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ABSTRACT 

This study was a longitudinal investigation into how learner individual differences (IDs) 

and linguistic factors shape developmental trajectories of second language (L2) production of the 

Spanish mid vowels /e/ and /o/.  Adult English-speaking learners enrolled in 2nd semester (Intro 

II, N = 13) and 6th semester (Advanced II, N = 31) university-level Spanish courses completed a 

written elicitation production task three times over the course of a semester and measures of ID 

variables (i.e., L2 aptitude, working memory capacity, phonological short-term memory, L2 

motivation, and L2 proficiency level) once during the semester.  The production measure elicited 

/e/ and /o/ in tonic syllables of Spanish target words. 

Acoustic analysis was used to measure vowel duration and normalized F1 and F2 formant 

values (Bark units) for each vowel.  Since even native and bilingual speakers produce vowels 

within a range of acceptable values, development was operationalized as movement toward the 

mean duration and mean F1 and F2 Bark values of bilingual speakers, as well as minimization of 

the dispersion of these values. 

Findings demonstrated that over the course of the semester, Intro II learners exhibited 

more movement toward the bilingual means than Advanced II learners. Statistical improvements 

were largely related to vowel duration, with less statistical change observed for F1 and F2 
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formant measures. The results also suggest that learners acquire accurate production of /e/ before 

/o/. 

 With regard to learner IDs, multiple regressions indicated a role for WMC, PSTM, and 

L2 proficiency level with the overall learner sample, yet the directionality of these correlations 

was mixed depending upon the production variable examined.  L2 aptitude (LLAMA D) also 

emerged as a predictor of development in course level regressions.  Most statistical correlations 

were observed at the Advanced II level, suggesting that cognitive IDs are more important at later 

stages of development for L2 phonology. This contrasts with Serafini & Sanz (2015), who found 

cognitive IDs to be important at earlier stages of development for morphosyntax. 

 These findings contribute to our understanding of L2 phonological development 

trajectories for Spanish vowels at different stages of acquisition and the role that learner IDs play 

in that development. 
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CHAPTER ONE: Introduction 

Statement of the problem 

Adult learners vary considerably in their acquisition of a second or foreign language.  

Unlike child language learners, who follow a fairly regular progression of language development 

and demonstrate nearly universal success in acquiring a first language (or languages) (L1) to a 

native level, despite differences in the input they received (Crain & Lillo-Martin, 1999), adult 

learners of a second language (L2) demonstrate much greater variability in both the process and 

outcome of acquisition of that language (e.g., Colantoni, Steele & Escudero, 2015; Montrul, 

2013).  These differences between child and adult learners, both in terms of the process and 

outcome, are particularly profound for the domain of second language phonological acquisition 

(Colantoni et al., 2015).  While child learners follow a fairly regular trajectory of phonological 

development in their native languages and demonstrate little to no L1 accent in additional 

languages if learned before five or six years of age (e.g., Best, 1994; Long, 2013; Montrul, 

2013), adult learners show great variability in terms of their ultimate attainment for L2 

phonological acquisition outcomes, as well as the trajectories of development that they follow.  

With regard to ultimate attainment, although some adult learners have been found to 

attain a level of target language production at which they can pass as native speakers in society 

(e.g., Abrahamsson & Hyltenstam, 2009; Ioup, Boustagoui, Tigi & Moselle, 1994; Moyer, 

1999), or have even demonstrated native-like performance in laboratory-based studies (e.g., 

Escudero & Boersma, 2002, 2004; Escudero, 2009; Escudero, Benders & Lipski, 2009 for 

perception; Birdsong, 2007; Bongaerts, Mennen & Slik, 2000; Colantoni & Steele, 2006; Ioup et 

al., 1994 for production), more commonly, adult learners exhibit noticeable discrepancies 

between their performance and that of bilinguals or native speakers in the L2.  These 
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discrepancies, while also observed in learners’ L2 perception, are most notable for L2 

production, where adult learners have difficulty producing the L2 with “fully correct phonetic 

details” (Best, 1994, p. 3), and will retain at least some degree of native language accent in their 

foreign language, even after years of study, and sometimes even after a study abroad experience 

(e.g., Brière, 1966; Colantoni et al., 2015).   

In addition to differences in ultimate attainment, adult learners also vary in the 

trajectories of learning that they follow (Colantoni et al., 2015; Derwing & Munro, 2015).  

Anecdotally, professors report that even within a single classroom, some learners develop 

relatively accurate L2 pronunciation within a month or two of beginning to learn a foreign 

language, while other learners are not able to achieve the same level of L2 pronunciation until 

they have studied the language for many years.  Empirical studies also reveal different 

developmental trajectories for L2 phonology among learners (Colantoni et al., 2015).  In fact, the 

trajectories of development for learners are quite diverse.  Some learners may demonstrate a 

slow, steady improvement over time.  Other learners follow a U-shaped curve, with large 

pronunciation gains at earlier stages of acquisition, followed by a regression, then later they 

become more accurate again (e.g., Carlisle, 1998, 2002; Abrahamsson, 1999, 2003).  

Alternatively, learners may show an early period of rapid development, followed by one or 

multiple learning plateaus (e.g., Flege, 1988; Flege, Munro & Skelton, 1992; Munro & Derwing, 

2008).  In other words, adult learners rarely follow exactly the same trajectory of pronunciation 

development. 

In the domain of L2 phonological acquisition, one of the principal aims has been trying to 

understand why such discrepancies in learners’ ultimate attainment and their trajectories of 

development of L2 pronunciation exist.  One branch of L2 phonological acquisition research that 
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has tried to explain differential interlearner outcomes has focused on understanding the 

component processes that contribute to accurate pronunciation.  Specifically, L2 phonological 

theory posits that L2 speech learning depends upon two different, but related processes: the 

perception of L2 sounds and the production of L2 sounds (e.g., Flege, 1995).  On a basic level, 

perception refers to how learners decode linguistic information from an acoustic signal and 

organize or categorize this information cognitively (Strange & Shafer, 2008), while production 

refers to the mapping of communicative intentions onto articulatory gestures (Indefrey & Levelt, 

2000).  Although most phonologists and phoneticians argue that perception and production are 

linked processes, no one complete theory or model exists that fully accounts for the patterns of 

both perception and production in L2 learners (Colantoni et al., 2015).  However, a variety of L2 

phonological acquisition models and frameworks exist for explaining aspects of each of these 

individual processes in L2 learners (e.g., the Perceptual Assimilation Model (PAM; Best, 1994, 

1995) & PAM-L2 (Best & Tyler, 2007); the Second Language Perception Model (L2LP; 

Escudero & Boersma, 2004; Escudero, 2005, 2009); the Speech Learning Model (SLM; Flege, 

1995, 2003); the Ontogeny and Phylogeny Model (OPM; Major, 2001); the Markedness 

Differential Hypothesis (MDH; Eckman, 1977; 2008); inter alia).  Consequently, although a 

great deal of empirical research has been conducted within these frameworks to try to prove the 

validity of these models and hypotheses for L2 phonological acquisition, many gaps still remain 

in our knowledge about perception and production and how these processes interact with each 

other over time.   

For example, the relationship between perception and production is not fully understood, 

and empirical research has not provided clear results as to whether or not they are independent or 

interconnected processes (see Sakai & Moorman, forthcoming, for a discussion of this issue and 
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a recent meta-analysis).  Most theoretical L2 phonological positions assume that learners’ 

difficulties with producing L2 sounds are most often rooted in perceptual issues, and thus, that 

perception precedes production (e.g., Eckman, 2004; Escudero, 2005, 2006).  Upon closer 

examination, one can see that this assumption is largely based on the field of L1 acquisition, in 

which babies perceive and are able to distinguish between phonemic and phonetic contrasts long 

before they are able to produce the same contrasts (Colantoni et al., 2015; Eckman, 2004).  Yet, 

adult language learners differ from babies in several important ways.  One crucial difference is 

that adults begin L2 acquisition with a fully developed articulatory system and usually attempt to 

produce the target language also immediately after their first contact with the language, while 

child learners are limited by anatomical development and only start producing the target 

language around a year of age (Colantoni et al., 2015).  Likewise, a few adult L2 studies have 

provided evidence that production may (or at least could) precede perception (e.g., Brière, 1966; 

Goto, 1971; Sheldon & Strange, 1982).  However, little empirical research has actually explored 

the relationship and interaction between perception and production within the same learners, 

leaving gaps in our knowledge about how these processes actually interact with each other 

(Colantoni et al., 2015).  Furthermore, due to the difficulties of conducting longitudinal speech 

language research, the body of research investigating how these two processes develop in 

learners over time is quite small. 

The gaps in our knowledge about perception and production are further compounded 

when considering that the majority of L2 speech studies have focused on consonants and 

consonantal contrasts, especially stop consonants, with substantially fewer studies focusing on 

the acquisition of L2 vowels (Colantoni et al., 2015; Hansen Edwards & Zampini, 2008; Tyler, 

Best, Faber & Levitt, 2014).  This is somewhat surprising given the heavy morphological weight 
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that vowels carry in many languages, and the fact that errors in the pronunciation of vowels can 

be particularly egregious in communication.  For example, in Spanish, chico ‘boy’ [ˈt∫i.ko] 

pronounced [ˈt∫i.kə] is ambiguous and could be interpreted as either chico ‘boy’ [ˈt∫i.ko] or chica 

‘girl’ [ˈt∫i.ka].  When considering solely L2 vowel studies, historically, many studies have been 

conducted on L2 learners of English from various linguistic backgrounds, yet significantly fewer 

studies have been conducted on native English learners of other languages, including Spanish 

(Colantoni et al., 2015).  Only in more recent years have researchers begun focusing on L1 

English learners of other L2s (e.g., Escudero & Boersma, 2004; Mayr & Escudero, 2010; Tyler 

et al., 2014).  Due to this more limited perspective of L2 vowel acquisition, it is possible for 

researchers to erroneously reach conclusions based on learners in one language pair, which may 

not hold true when examining L2 phonological development in other language pairs.  For 

example, Iverson & Evans (2007) concluded that learners with larger L1 vowel inventories 

(German and Norwegian) had fewer problems with perceptual categorization of L2 English 

vowels than learners with smaller L1 vowel inventories (Spanish and French).  However, 

Escudero & Boersma (2002) found counterevidence to this conclusion when they discovered that 

L1 Dutch learners of L2 Spanish demonstrated considerable difficulty with categorization of the 

Spanish vowels, confusing Spanish /e/ with Spanish /i/ in as many as 67% of cases, despite 

having a larger L1 vowel inventory.  Thus, it is necessary that researchers investigate various 

less-studied language pairs in order to contribute to creating a more complete picture of the L2 

phonological acquisition process across languages. 

However, even when focusing on L2 perception and production vowel studies for just 

one language pair, important gaps in the literature exist.  First, the body of studies that 

specifically examine L1 English learners of L2 Spanish vowels is relatively small (compared to 
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consonant studies for the same language pair).  Additionally, most studies have focused on either 

perception or production, which has not allowed the connection between these two processes to 

be fully explored.  To date, only one study (Morrison, 2003) has looked at both perception and 

production of L2 Spanish vowels within the same study.  Second, of the studies that have 

examined either perception or production (e.g., Cobb, 2009; Lansing, 2002; Menke & Face, 

2010) many have been cross-sectional, providing a snapshot of learners’ perception or 

production at just one moment in time, without examining learners’ development over time.   

Likewise, other studies have examined changes over time, but at only one stage of acquisition 

(e.g., Elliott, 1997; Stevens, 2011).  To the researcher’s knowledge, only one perception study 

(Gordon, 2008) has looked at development over time with learners at different proficiency levels.  

Furthermore, within this small body of literature, a variety of data collection and analysis 

methodologies have been used, making the comparison of results across studies and the reaching 

of general conclusions a challenging prospect.  Consequently, the research conducted has 

provided a piece-meal picture of the development of learners’ L2 perception and production and 

an incomplete picture of what is happening over time, and how or why some learners are more 

successful at developing accurate L2 pronunciation than others.  As suggested by Selinker 

(1992), it is only by looking at a longitudinal description of learners’ language that we can make 

inferences about the process that is occurring.  Likewise, Ortega & Iberri-Shea (2005, p. 26) 

argue that more longitudinal studies are needed since claims about learning or development are 

“most meaningfully interpreted only within a full longitudinal perspective”. 

Another key question that has arisen in L2 phonological acquisition research when 

examining perception and production in a foreign language classroom context is why learners 

with similar exposure to the L2 are differentially successful in developing accurate L2 
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pronunciation and what factors explain this interlearner variability.  Research into interlearner 

variability generally has generally focused on one of two main avenues or domains of research: 

linguistic variables, and variables specific to the learners being studied.   

With regard to linguistic variables, research has repeatedly shown that various linguistic 

factors, including segmental and prosodic context (e.g., Bayley, 1996; Hansen, 2004; Levy & 

Strange, 2008), word shape (e.g., Broselow, Chen & Wang, 1998; Steele, 2002), and the 

presence versus absence of orthography (e.g., Young-Scholten, 1995; Escudero & Wanrooij, 

2010) impact differences in L2 perception and production.    

Research into interlearner variability has also focused on two other types of variables that 

are more specific to the learners being studied.  These more learner-specific factors have 

generally been grouped into learner-external variables (e.g., quantity and quality of the input, 

opportunities for language use) and learner-internal variables (e.g., age at onset of acquisition, 

motivation, extraversion, musical ability or experience, cognitive abilities, such as phonetic 

encoding ability, phonological short-term memory, working memory capacity, and L2 aptitude).   

Over the past few decades, research has revealed that learner-external factors, especially 

quality and quantity of input (e.g., Moyer, 1999; Flege & Liu, 2001) tend to correlate with and be 

predictive of more general L2 acquisition outcomes, as well as with L2 phonological variability. 

Likewise, research into various learner-internal factors, especially age at onset of 

acquisition (e.g., Flege, Munro & MacKay, 1995; Abrahamsson, 2012) and individual difference 

variables, has indicated an important role for these factors in L2 learning.  In particular, 

individual difference (ID) variables and investigation into more general SLA outcomes has been 

a quite fruitful avenue of research for explaining the differential success of L2 learners in more 

general L2 acquisition and providing important insights into the impact of these factors on 
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various SLA outcomes (e.g., Long, 2007; Norris & Ortega, 2012; Sanz, 2005).  For example, 

learner-internal ID variables, such as working memory capacity (WMC), phonological short-

term memory (PSTM), L2 aptitude, and motivation have been found to be very powerful in 

explaining variance in learning outcomes for morphosyntax and vocabulary development (See 

Juffs & Harrington, 2011; Martin, 2009; Martin & Ellis, 2012; Williams, 2012 for reviews and 

Li, 2014 for a recent meta-analysis on the role of aptitude in L2 morphosyntax learning).  Yet, 

despite very promising results within other areas of second language acquisition (SLA), 

relatively few studies have controlled for or examined the role of these ID variables in L2 

phonological variability. 

Among those empirical studies that have explored IDs with regard to L2 phonological 

acquisition, the focus has been on a more global level of L2 phonology, such as global foreign 

accent, overall oral fluency, and native speaker judgments (e.g., Moyer, 1999; O’Brien, 

Segalowitz, Freed & Collentine, 2007), rather than the role that these variables play in L2 

perception and production of specific segments.  Some recent research has identified a role for 

phonological short-term memory in the perception of L2 consonants and vowels (Cerviño-

Povedano & Mora, 2011; Lengeris & Nicolaidis, 2014; MacKay, Meador & Flege, 2001) and the 

production of L2 English vowels by native Spanish speakers (Cerviño-Povedano & Ortega 

Durán, 2014), but see Safronova and Mora (2012) for evidence against the relationship between 

PSTM and L2 vowel identification.  More studies that explore and verify the relationships 

between these variables and L2 perception and production are needed, especially studies that 

look at both perception and production in the L2 and changes in these processes over time. 

Despite the vast knowledge that we have gained in the past few decades about L2 

perception and production, many gaps still remain.  Perhaps the key to better understanding the 
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L2 development trajectory and the link between perception and production is to take a more 

comprehensive look at how perception and production change over time for learners at different 

stages of acquisition, while also examining the individual difference variables that may be 

influencing each of these processes. 

Goals and context of the present study 

 In order to address the gaps described above, the following study has three principal 

aims.  The primary objective of this study is to contribute to our understanding of the trajectory 

of L2 phonetic and phonological development (i.e., perception and production) of Spanish 

vowels for L2 learners of Spanish at different stages of language learning (i.e., course level) over 

the course of a semester.  The second aim of this study is to provide insights into the relationship 

and interaction between L2 perception and production over time and at different stages of L2 

phonological acquisition within individual learners. The third aim is to investigate the role that 

various individual cognitive (i.e., working memory capacity, phonological short-term memory, 

L2 aptitude), affective (i.e., L2 motivation), and other ID variables (i.e., proficiency level, 

language history, language use, musical ability, hearing ability) play in moderating the rate and 

outcome of L2 phonological development (perception and production) at different stages of 

language acquisition over the course of a semester.  In order to achieve these goals, this study 

incorporates various measures of both L2 perception and production of the Spanish mid vowels 

for L1 English learners at earlier (2nd semester Spanish) and later (6th semester Spanish) stages of 

language acquisition and follows their phonological development over the course of a semester 

by collecting data at three different time points during the semester.  Importantly, this study also 

includes measures for the cognitive, affective and other ID variables mentioned to determine 

how these factors may modulate perception and production.  By being both a cross-sectional and 
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longitudinal study that examines both perception and production in L2 learners, this study 

contributes to the body of work on L2 perception and production and will help provide a more 

complete picture of the trajectory of phonological development in L2 learners. 

This study is conducted at a private university in a foreign language classroom context 

within the United States.  The participants in this study are adult native English-speaking 

learners of Spanish, with limited exposure to other languages.  The classes of students from 

which these participants are selected are non-intensive classes, with students receiving 

instruction in the target language for 150 minutes per week (fifty minute classes x three class 

days per week) for approximately fifteen weeks per semester.  Although the university is located 

within a larger city with ample opportunities for students to seek out additional occasions to use 

and practice Spanish outside of the instructed classroom, these opportunities for authentic input 

and interaction with native speakers of Spanish are largely dependent upon learners’ awareness 

of and willingness to participate in these opportunities.  

Within the foreign language classes at this university, Spanish is taught communicatively, 

with an emphasis on task-based activities for practicing grammatical concepts in meaningful 

ways within the classroom, while promoting more formal in-depth study of the grammatical 

concepts at home. In the classroom, instructors frequently provide oral and/or written feedback 

to their students and may provide feedback on students’ pronunciation, but pronunciation is not 

included as a specific part of the course curricula and instructors typically do not explicitly teach 

pronunciation as part of their lessons.   

Potential contributions to SLA theory and pedagogy 

 This study represents an effort to provide a comprehensive description of the 

development of L2 Spanish vowels among L1 English learners over time and the role that 
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individual cognitive and linguistic variables play in moderating L2 phonological development.  

Results from this study promise to make several important theoretical, pedagogical, and practical 

contributions to the SLA field. 

First, this study has the potential to make several contributions to multiple areas of SLA 

theory.  On a language-specific level, relatively few empirical studies have examined the 

development of L2 Spanish by L1 English speakers, and even fewer studies have examined 

development of L2 Spanish vowels.  Thus, this study will contribute to that body of research and 

help researchers to better understand the stages of L2 phonological vowel development that 

native English learners pass through as they acquire L2 Spanish. 

On a larger theoretical level, by looking at learners who are at different stages of 

development and by examining their development over the course of a semester, this study may 

provide a better understanding of the processes involved in development of L2 perception and 

production over time and at different stages of development.  Selinker (1992) argued that we can 

only draw inferences about the processes that are occurring when we look at longitudinal 

descriptions of learners’ language can we make inferences about the process that is occurring.  

Likewise, Levy and Law (2010) suggested that in order to explain the relationship and links 

between L2 perception and production, it is necessary to test the same learners on both abilities.  

Consequently, by studying learners at different stages of acquisition over time and by looking at 

both perception and production, this study contributes a more complete description of the L2 

phonological development of vowels in Spanish and we may be able to better understand the 

phonological processes that are occurring in L2 learners as they interact with the foreign 

language. 
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 Additionally, this study has implications for L2 phonological theory. By looking at both 

perception and production, and by examining these two processes, cross-sectionally, at different 

stages of acquisition (i.e., beginner learners and advanced learners) and over the course of a 

semester, this study will help to clarify the link or connection between perception and production 

in L2 phonological development (see Sakai & Moorman, forthcoming, for a meta-analysis 

exploring the relationship between these two processes).  By better understanding how L2 

perception and production develop simultaneously within the same individual learners, this study 

may provide insights about the link between perception and production and how these two 

processes interact during the process of learning a foreign language.  As a result, the study may 

be able to provide evidence for or against different models of L2 phonological acquisition.  For 

example, improvement in perception and production over the course of a semester or 

improvements at more advanced levels would provide evidence for tenets of Flege’s (1995) 

Speech Learning Model, that learners are able to develop new phonological categories and 

improve their perception and production with more exposure to and experience with the target 

language.   

 Furthermore, this study may help explain or understand the role of these factors in L2 

phonological acquisition by incorporating measures of various linguistic and individual 

difference variables. The role that ID variables play in L2 phonological acquisition has not been 

thoroughly studied previously and this study may help clarify how these variables affect the 

processes of perception and production, both individually and in conjunction with other 

individual difference variables at different points in time and at different stages of acquisition.  

Thus, this study may provide insights into why differences in L2 phonological attainment occur, 

that is, why some learners who receive the same input more quickly acquire accurate L2 
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pronunciation and which factors, individually or in conjunction, are most responsible for 

contributing to success in L2 acquisition. 

This study also has several potential pedagogical contributions.  First, by providing a 

more comprehensive look at how learners’ perception and production are developing at different 

stages of language acquisition, it may help to better understand which sounds are earlier or later-

acquired, and at which stages of L2 development learners are more receptive to learning 

pronunciation or to learning the pronunciation of specific sounds.  Consequently, it may help to 

shape pronunciation instruction curricula in the foreign language classroom so that the curriucal 

are appropriately scaffolded and best match the order of acquisition for phones that is observed 

among learners. 

Likewise, by providing a clearer understanding of the specific difficulties that native 

English learners experience with the perception and production of L2 Spanish vowels and why 

learners are making errors (e.g., issues with perception or issues with production), it may be 

possible to determine the vowel sounds that “are more easily acquired and how this acquisition 

relates to allophonic or phonemic differences between Spanish and English (Elliott, 1997, p. 97). 

Additionally, by understanding the role of individual differences in the acquisition of vowels, 

teaching methodologies for pronunciation instruction could be improved to build upon students’ 

learning strengths and develop their weaker areas.  By using the knowledge gained from this 

study about L2 phonological development, classroom pronunciation instruction could be 

improved and better targeted to address learners’ weaknesses and build on their strengths.  

Teaching methodologies could be tailored to focus on the areas where students struggle most, the 

areas where phonological instruction may be most beneficial, and the areas that are most 

receptive to improvement at different stages of development. 
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Finally, by looking at the role of individual differences in pronunciation development, 

this study may provide insights into factors that may more easily identify learners who are likely 

to be successful language learners.  This could have practical implications for businesses and 

government agencies that spend significant amounts of money and resources on identifying 

potentially successful language learners and on foreign language classes for these employees.  

With greater knowledge about the role of ID variables in L2 phonological acquisition, businesses 

and government agencies may be able to better identify more successful language learners so that 

they can target how and with whom they spend their money on foreign language courses. 

Organization of the study 

 In the remaining sections of this chapter, the researcher defines the dependent variables 

(i.e., perception and production), the independent variables (i.e., working memory capacity, 

phonological short term memory, L2 aptitude, L2 motivation, and L2 proficiency level), and 

other key terms relevant to this study.  Chapter Two reviews relevant theoretical frameworks and 

background and describes the methodology and findings of relevant empirical research that have 

guided the formulation of the research questions and hypotheses for this study.  Chapter Three 

describes the proposed design and methodology for this study, including a description of the 

participants, the materials and tasks used to measure the dependent and independent variables, 

the research procedure, the coding and scoring procedures, and the statistical analyses and results 

of a pilot study conducted to assess the validity and reliability of the instruments used.  This 

chapter also explains modifications made to these materials prior to the dissertation data 

collection, based on results from the pilot study.  Chapter Four reports the results of the analyses 

used to answer the research questions.  Chapter Five discusses these results in light of previous 

empirical research and theoretical frameworks, draws conclusions based on these findings, and 
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explores the implications of said findings for theory and pedagogy, and finally concludes with 

limitations of this study and potential areas for future research. 

Definition of terms 

Perception and production 

 Perception.  The term perception has been widely used across a wide variety of 

disciplines, from psychology and cognitive psychology to theoretical phonology to neuroscience, 

each with slight differences in meaning.  While Chapter Two will provide a more 

comprehensive, historical view of this term and its use in various disciplines, in a more domain-

general sense, perception can be defined as “the organization, identification, and interpretation of 

[sensory information] in order to form a mental representation” (Schacter, Gilbert & Wegner, 

2009, p. 123).  With regard to L2 speech learning and for the purposes of this study, perception 

refers to an individual’s ability to decode linguistic information from an acoustic speech signal 

and organize or categorize this information cognitively, by hearing, processing, and mapping 

these sounds to language-specific or language-general phonological or phonetic categories in the 

mind (Clark, Yallop & Fletcher, 2007; Schacter et al., 2009; Strange & Shafer, 2008). Within 

this process, perception can also refer more specifically to the ability to identify a linguistic unit 

in the speech signal or to discriminate between two sounds presented in the speech signal, either 

on a phonetic or a phonological level (e.g., Best, McRoberts, & Sithole, 1998; Bradlow, 1995; 

Flege, 1995). 

Importantly, perception is distinct from the process of audition (Johnson, 2003).  While 

audition is considered to be the physical process of acoustic sound waves hitting and being 

received by the ear and its component structures, perception involves the mapping of these sound 

waves to mental representations (Johnson, 2003).  Notably, unlike audition, perception can be 
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shaped by personal experiences, including a learner’s native language(s) and other linguistic 

experience, such as any L2s studied, which can influence the number and boundaries of phonetic 

categories (Johnson, 2003). 

 Production.  Similar to perception, production can also have different meanings or 

emphasize different aspects of the process, depending upon the field of study in which it used.  

Some domains focus more on the physical articulatory aspects of production, while other areas 

incorporate into their conceptualization the full cognitive process of the translation of an idea in 

the mind into a word that represents that idea, to the signal that is sent from the brain to the lips, 

tongue, and other articulators to indicate and control motor movements.  In other words, 

production involves the entire process of the mapping of communicative intentions onto 

articulatory gestures that generate an acoustic speech signal (Indefrey & Levelt, 2000).  Most, 

but not all, L2 phonological theories (see for example, Best, 1994, 1995; Best & Tyler, 2007) 

imply that production involves some type of mapping of the mental representations of linguistic 

units onto articulatory movements (e.g., Flege, 1995).  This mapping may be based upon mental 

representations that exist in the L1, the L2, or the interlanguage. 

 For the purposes of this study, production will refer to the mapping of communicative 

intention onto articulatory gestures that generate an acoustic speech signal (Indefrey & Levelt, 

2000).  However, importantly, accurate production will refer to the ability to regularly and 

accurately articulate a sound in such a way that a native speaker or highly proficient non-native 

speaker of the language would correctly categorize a given sound to the intended 

phonological/phonetic category or that the sound, when measured acoustically, falls within the 

normal acoustic parameters observed for native bilingual speakers of the language.  That is to 

say, that the sound is not produced with formant values or vowel duration values that are 
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statistically different from the values produced by native bilingual speakers of the language for 

the same sound (e.g., Menke & Face, 2010). 

 Development over time.  Disagreement exists between researchers about what qualifies 

as longitudinal research, in large part due to the vagueness surrounding how the term “period of 

time” is defined.  According to R. Ellis (2008), longitudinal studies are studies that 

“experimentally elicit data from a single learner over a period of time,” while pseudo-

longitudinal studies compare “groups of learners at different stages of development,” that is, in a 

cross-sectional manner (p. 588).  Yet, what constitutes “a period of time” varies drastically from 

study to study, with some longitudinal studies lasting only three to four months, and others 

lasting up to six years (Ortega & Iberri-Shea, 2005, p. 37).  Singer & Willett (2003) advocate 

using a time metric that makes the most sense for the research questions investigated and that 

implements an adequate number of data collection waves that are sufficiently spaced apart. In 

this study, changes in perception and production will be examined over the course of a semester, 

(approximately three to three and a half months), with data collected at the beginning of the 

semester, the middle of the semester (approximately seven to eight weeks into the semester), and 

at the end of the semester (during the last week of classes or the first week after the end of 

classes). Consequently, this study can be considered developmental in nature. 

Individual difference variables 

 According to Dörnyei (2005), learner individual differences (IDs) are defined as 

“enduring personal characteristics that are assumed to apply to everybody and on which people 

differ by degree” (p. 4).  The present study examines several ID variables (i.e., L2 Aptitude, 

Working Memory Capacity, Phonological Short-term Memory, Motivation, and Proficiency 
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Level), which are known to play a role in L2 learning, in order to examine their role in L2 

phonological development. 

 L2 aptitude.  L2 aptitude is considered a componential constellation of various 

individual cognitive skills or abilities that are helpful in language learning (Skehan, 2012).  In 

Carroll’s (1981) conceptualization of aptitude, this construct comprises (a) phonemic coding 

ability, (b) inductive language learning ability, (c) grammatical sensitivity, and (d) associative 

learning (Skehan, 2012).  

Language aptitude has long been purported to be a key variable predicting language 

learning success (e.g., Carroll, 1981; Sanz, Lin, Lado, Stafford & Bowden, 2014; Skehan, 2012).  

However, more recently, some researchers (e.g., Sawyer & Ranta, 2001) have argued that 

working memory capacity and language aptitude may tap into the same cognitive abilities, with 

Miyake & Friedman (1998, p. 339) even going so far as to say that working memory may be 

“one (if not the) central component of this language aptitude”. 

 Working memory capacity (WMC).  Working memory (WM) is typically conceived of 

as a limited capacity memory system comprised of both a temporary storage component and a 

processing component, that is responsible for controlling, regulating, and temporarily 

maintaining active certain task-relevant information in the face of distracting information 

(Baddeley, 2003; Linck, Osthus, Koeth & Bunting, 2013; Williams, 2012).  Thus, quite simply, 

working memory capacity is a measure of how much task-relevant information an individual can 

remember and maintain active in the face of distracting information. 

Various models of working memory exist, but at their core these models all conceptualize 

working memory as comprising domain-specific storage subsystems and a domain-general 

executive component that oversees the subsystems (Williams, 2012).  The domain-specific 
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subsystems are concerned with the storage of information in short-term memory, while the 

domain-general executive component is responsible for regulating and controlling this 

information (Williams, 2012).  This executive component is alternately referred to as either the 

central executive (Baddeley & Hitch, 1974; Baddeley, 2003, 2010) or as executive attention 

(Engle, Kane & Tuholski, 1999; Engle & Kane, 2004).   

Working memory is thought to underlie complex cognition and different types of tasks 

(e.g., remembering a phone number, performing mental arithmetic or playing a game of chess) 

that place different levels of demand on the working memory system (Williams, 2012).  As 

related specifically to language learning, WM assists in “regulating attention to relevant 

linguistic features, maintaining chunks of language in memory for further processing and 

inhibiting irrelevant stimuli and automatic response patterns” (Kormos, 2013). 

 Phonological short-term memory (PSTM).  The phonological loop, one component of 

working memory, is conceived of as a phonological store, that can maintain memory traces of 

verbal-acoustic information for about two seconds before they decay, and a subvocal articulatory 

rehearsal system that can refresh activation of verbal-acoustic information in order to maintain 

traces for longer periods of time (Baddeley, 2010).  Baddeley (2003; Baddeley, Gathercole & 

Papagno, 1998) has claimed that the phonological loop is critically important to the acquisition 

of language and has even proposed that “the phonological loop evolved to facilitate the 

acquisition of language” (p. 832). 

Unlike working memory, the construct of phonological short-term memory (PSTM) is said to be 

the storage capacity of the phonological store in the phonological loop (Martin, 2009). PSTM is 

only related to storage capacity and does not take into account processing capacity. 
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 L2 motivation.  In this study, L2 motivation is conceptualized as a dynamic and complex 

affective variable that can change from week to week, day to day, or even from moment to 

moment over the course of learning a foreign language, based on the interactions that the learner 

has with the L2 (Ushioda & Dörnyei, 2012).  This interpretation follows Dörnyei’s (2005; 

Dörnyei & Ryan, 2015) L2 Motivational Self Model, which is based on possible selves theory, in 

which one’s different possible selves are thought to shape one’s future actions (Markus & 

Nurius, 1986).  In an academic context, the two most relevant selves are the “ideal self” and the 

“ought self” (Higgins, 1987).  Dörnyei extended this concept to L2 learning with the Ideal L2 

self and the Ought-to L2 Self.  The Ideal L2 Self describes what type of L2 learner an individual 

ideally would like to be, that is his hopes, aspirations, and goals for his language learning 

(Dörnyei, 2009). The Ought-to L2 Self describes the type of L2 learner he thinks that he ought to 

be and the sorts of attributes that he believes he should possess (Dörnyei, 2009).  The basic 

underlying tenet of this model when applied to language learning is that if proficiency in the 

target language is important to one of the learner’s two selves (Ideal L2 self or Ought-to L2 Self), 

“this aspiration will serve as a powerful motivator to learn the language because of a 

psychological desire to reduce the discrepancy between current and future self-states” (Serafini, 

2013, p. 82; Ushioda & Dörnyei, 2012).  An additional third component of this model is the L2 

Learning Experience, the impact that a learner’s context of learning (i.e., the teachers, 

curriculum, peer group, and the experience of success) can have on a learner’s motivation 

(Dörnyei, 2009). 

 L2 proficiency level v. stage of L2 acquisition.  Often, in empirical studies, the term 

proficiency level is used interchangeably to describe learners’ institutional course levels, as well 

as their individual proficiency level (referring to their command of vocabulary and grammar).  
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Yet, learners within the same course level often possess quite different commands of vocabulary 

and grammar, thereby confusing and conflating these very different descriptors of a learner’s 

control of an L2.  

In order to avoid this conflation, in this study, the two terms Course Level and L2 

proficiency level will be used to distinguish between learners in these two different ways.  

Course Level will use institutional course levels to group learners at different stages of L2 

acquisition.  Learners in 2nd semester Spanish courses (Intro II Spanish) will be considered to be 

at an earlier stage of L2 acquisition, while learners in 6th semester Spanish courses (Advanced II 

Spanish) will be considered to be at a later stage of L2 acquisition.  L2 proficiency level will be 

used to refer to learners’ command of the L2 grammar and vocabulary on an individual level and 

will be measured using an objective instrument.   

With regard to Course Level, at the university where this study is administered, non-

intensive Spanish courses meet three days per week (Monday, Wednesday, Friday) for fifty 

minutes per class for approximately fifteen weeks per semester.  This corresponds to 

approximately 37.5 hours of instruction per semester (50 minutes/day x 3 days/week x 15 

weeks/semester).  At initial testing time, learners in the Intro II (2nd semester) group will have 

had approximately 37.5 hours of university-level instruction and learners in the Advanced II (6th 

semester) group will have had approximately 187.5 hours of university-level instruction (37.5 

hours/semester x 5 semesters). 

L2 proficiency level will be operationalized as performance on a Spanish Elicited 

Imitation Task (Ortega, 2000), in order to (i) provide an objective measure of proficiency level, 

(ii) to confirm that learners are grouped appropriately, and (iii) to identify differences that may 

exist between participants in the Course Level groups.  This operationalization of L2 proficiency 
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level provides a global proficiency level rating for each individual participant and will allow the 

researcher to examine proficiency level objectively, without relying upon impressionistic self-

reports of proficiency or institutional course levels, which can conflate proficiency with course 

level or years of study (Thomas, 1994, 2006).  It will also allow the researcher to look at the role 

that individual differences in L2 proficiency level may play in the development of L2 perception 

and production and better understand how L2 proficiency level interacts with other variables 

during development. 

Other key terms and variables 

 Language use.  As input from language use has been found to play a significant role in 

L2 phonological development (e.g., Flege & Liu, 2001; Moyer, 1999), this variable is important 

to control when examining learners’ L2 phonological development.  In this study, language use 

refers to a learner’s frequency of use of the target language on a weekly basis. Language use may 

involve learners’ reading in the target language (e.g., books, stories, emails, text messages, 

letters, class readings, etc.) writing in the target language (e.g., emails, text messages, letters, 

notes, class assignments, etc.), speaking in the target language (on the phone, in conversations 

with friends or family, within the community), or listening in the target language (TV, music, 

radio, conversations).  In this study, this variable will be operationalized in terms of the total 

number of hours of use of the target language per week while participating in certain activities, 

both inside and outside the classroom.  This information will be solicited on the Background 

Questionnaire (modified from Li, Zhang, Tsai & Puls’s (2014) Language History Questionnaire), 

by asking participants to estimate the number of hours per week that they use the target language 

while completing various language-based tasks. 



23 

 Language history.  Language history refers to a learner’s linguistic background, that is 

to say, which languages the learner has learned or studied, at what age the language(s) were 

learned, how long the learner has known or studied the language(s), if the learner has lived or 

studied in a non-English speaking country, and if there were any interruptions in the learning or 

use of that language (e.g., an individual who immigrated to the U.S. from Costa Rica at age five 

and stopped using Spanish upon arrival in the U.S.).   

This information will be collected with the Background Questionnaire and will also be 

used to filter out any participants who may not meet the inclusion criteria.  Additionally, 

language history information may be used to help explain variability observed between learners 

that may not be explained otherwise. 

 Hearing sensitivity.  In this study, hearing sensitivity will refer to an individual’s ability 

to hear within a normal audiological range.  To measure an individual’s range of hearing 

sensitivity, typically a pure-tone hearing test is used.  Pure-tone testing involves measuring an 

individual’s pure tone threshold (PTT), that is, the lowest intensity (i.e., loudness) at which a 

sound is audible to an individual at least 50% of the time, for different frequency tones 

(American Speech-Language-Hearing Association (ASHA), 2014).  In a typical pure tone test, 

intensity is measured in decibels (dB HL) and an individual’s hearing sensitivity is tested with 

tones at the following frequencies: 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 

Hz, and 8000 Hz (ASHA, 2014).  Results of the Pure Tone Test are plotted on an audiogram 

with frequencies on the x-axis, moving from lowest-frequency tones (125 Hz) on the left to 

highest frequency tones (8000 Hz) on the right and intensity on the y-axis with soft sounds (-10 

to 0 dB) at the top and louder sounds at the bottom (ASHA, 2014).  Normal hearing for a given 

tone is typically characterized as falling within -10 to 15 dB HL, slight hearing loss as 16 to 25 
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dB HL, mild hearing loss as 26 to 40 dB HL, and so forth with profound hearing loss being 

characterized as anything greater than 90 dB HL (Additional details at ASHA, 2014; Clark, 

1981). Since this study is interested in learners’ perception of sounds, this variable will be used 

as an inclusion criterion to objectively guarantee that all participants fall within a normal range 

of hearing sensitivity. 

 Musical experience.  Lastly, some previous studies have found musical ability to be a 

possible factor in L2 phonological tasks.  For example, various studies (e.g., Arellano & Draper, 

1972; Nakata, 2002; and Slevc & Miyake, 2006) found a positive correlation between musical 

ability and L2 production.  However, other studies (e.g., Dexter & Omwake, 1934; Flege, 

Munro, & MacKay, 1995; Pimsleur, Stockwell & Comrey, 1962; Tahta, Wood, & Loewenthal, 

1981) have not found a clear relationship between musical ability and production.  With regard 

to perception, the relationship with musical ability is also tenuous, in large part because few 

studies have been conducted.  Slevc & Miyake (2006) found that musical ability, as measured by 

the Wing Measures of Musical Talents (Wing, 1968) was correlated with L2 phonological ability 

on both receptive and productive phonology tasks, but Arellano & Draper (1972) and Nakata 

(2002) did not find any statistical relationships between these two variables. 

While there are some conflicting findings and this variable is not a primary independent 

variable in this study, some data will be collected on the background questionnaire about 

participants’ musical experience.  This information may serve to help explain the results, if 

necessary, or to potentially further probe participants for information at a later point. 

For the purposes of this study, musical experience will be assessed by looking at years of 

experience either playing an instrument or participating in a choral group.  Additionally, since 

individuals may gain musical experience and knowledge by being exposed to it regularly within 
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their families, the musical experience of immediate family members will also be included as 

questions on the Background Questionnaire. 
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CHAPTER TWO: Review of the Literature 

Overview 

 The following chapter begins by describing how the terms perception and production 

have been defined and used in a variety of fields and how these fields understand the link 

between these two processes.  The next section provides a historical overview of the theoretical 

frameworks and models of perception and productions that have guided the field of L2 

phonological acquisition.  The subsequent section outlines various factors that play a role in L2 

perception and production and reviews relevant empirical research related to these variables.  

The next section reviews empirical studies related to L2 vowel acquisition that have helped 

shape the methodology and design of this study.  The chapter will end with a summary of the 

gaps in the literature, the rationale for the present study, and the research questions and 

hypotheses of the present study. 

Defining perception, production, and the link between them 

The processes of perception and production are central to understanding L2 phonological 

acquisition.  On a basic level, perception in linguistics and related fields refers to how learners 

decode L1 or L2 linguistic information from an acoustic signal and organize or categorize this 

information cognitively (Strange and Shafer, 2008) while production refers to the mapping of 

communicative intentions onto articulatory gestures (Indefrey & Levelt, 2000).  Yet, the actual 

processes of perception and production are far more complex than these simple definitions 

convey.  In fact, both perception and production each entail many different sub-processes.   

For perception, the process involves the reception of acoustic waves, which are then 

transmitted into the ear and eardrum.  These sound waves cause vibrations in the eardrum that 

are converted into chemical neurotransmitters and transmitted to the brain as neural impulses 
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where they are analyzed by the auditory cortex (Clark, Yallop & Fletcher, 2007).  Importantly, in 

the fields of neuroscience and neurolinguistics, this process is only classified as perception if the 

signal reaches the auditory cortex.  Once arrived at the auditory cortex, the neural signal is 

analyzed and interpreted to create corresponding mental representations of linguistic units of 

speech (i.e., phonemes) (Clark et al., 2007; Schacter, Gilbert & Wegner, 2009). 

Importantly, perception is distinct from audition, or rather, audition may be considered a 

step in the process of perception (Johnson, 2003).  Audition is considered to be the physical 

process of sound waves hitting and being received by the ear and its component structures, while 

perception involves the mapping of these sound waves to mental representations and can be 

shaped by personal experiences, including the listener’s linguistic experience (Johnson, 2003). 

Similar to perception, the process of production involves a variety of steps.  First, the 

planning of a message occurs, which identifies what communicatively effective information to 

express.  Then, the information in the message is encoded into “linguistically expressible” 

conceptual structures, which are translated into morphosyntactic and phonetic surface structures 

and subunits (Indefrey & Levelt, 2000).  A chemical signal is then sent from the brain to the 

various articulatory organs and muscles, converting the mental representations of information 

into appropriate coordinated articulatory movements that result in speech sounds (Clark et al., 

2007; Indefrey & Levelt, 2000). 

As can be seen, both perception and production are complex processes.  Several different 

fields have conducted research on these processes, yet each domain emphasizes different aspects 

of these processes and interprets the terms slightly differently.  Additionally, differences in the 

definitions of these terms also influence the research and the theoretical models that have 

emerged from each of these fields to explain the links between perception and production.  The 
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following sections will briefly describe how various domains define perception and production, 

as well as some of the principal contributions these fields have made to our understanding of 

these processes. 

In psychology and psycholinguistics 

Perception in psychology and psycholinguistics.  Interest in the processes of perception 

and production has a long history within the field of psychology.  Within the field of cognitive 

psychology, perception is defined more broadly and refers to one’s recognition of and 

interpretation of various types of sensory input (Schacter et al., 2009).  Importantly, while the 

related process of sensation is the basic registration of sensory input as parts of one’s body 

interact with the physical world and creation of a neural signal in the central nervous system, 

perception is considered a separate event that occurs within the brain after a sensation registers 

with the central nervous system and is defined as “the organization, identification, and 

interpretation of [sensory information] in order to form a mental representation” (Schacter et al., 

2009, p. 123).  In the case of auditory perception, this sensory information comes in the form of 

acoustic sound waves.  Importantly, within psychology, auditory perception is not limited to 

linguistic input, but rather refers to understanding how individuals convert any acoustic sound 

waves into mental representations. 

Within the related field of psycholinguistics, researchers are interested in the 

psychological processes underlying language acquisition and use and they focus on the processes 

underlying speech perception (N. Ellis, 1997).  In other words, perception refers to how 

individuals “are able to identify in the human voice the meaningful patterns that define spoken 

language” (Cleary & Pisoni, 2001) and is interested in understanding how individuals convert 

acoustic sound waves into mental representations of the linguistic units of sound, i.e., phonemes, 
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which are then used to build words.  According to Cleary and Pisoni (2001), the field of speech 

perception has traditionally focused on identifying the parameters that allow individuals to 

identify specific consonants or vowels, that is, the focus of this area of study has been phoneme 

perception. 

Production in psychology and psycholinguistics.  While perception is more clearly 

defined in these related fields, production is usually defined simply as the translation or 

transduction of a mental representation of linguistic units into the articulation of speech sounds 

by the various articulatory muscles (Indefrey & Levelt, 2000).  In other words, perception and 

production were initially believed to be near inverse processes, that is, just the translation of the 

same grammar, but moving in opposite directions (Montrul, 2013). Speech perception involved 

the reception of an external stimulus (acoustic sound waves), the transmission of that stimulus to 

the brain, the decoding of the information (the message) in that stimulus, and the interpretation 

of the message (Montrul, 2013).  Production, on the other hand, involved the planning of a 

message, the encoding of the message in neural signals, the transmission of the message to the 

appropriate articulators, and the production of the message as an external stimulus (acoustic 

sound waves) (Montrul, 2013).  Although perception and production were initially interpreted as 

simply being inverse processes, more recent research in these and other related fields has 

indicated that the connection between these two processes is less straightforward and somewhat 

more complex. 

The link between perception and production in psychology and psycholinguistics.  

The fields of psychology and psycholinguistics have provided valuable contributions to our 

understanding of speech perception and production.  One very important theoretical contribution 

from the field of cognitive psychology has been Motor Theory (Liberman, Cooper, Shankweiler, 
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& Studdert-Kennedy, 1967; Liberman & Mattingly, 1985, 1989; Mattingly & Liberman, 1988).  

While this theory has received limited acceptance within the field of speech perception, it is also 

one of the most cited theories in cognitive psychology and one of the few theories of speech 

perception recognized outside of the field of speech (Galantucci, Fowler, & Turvey, 2006).  This 

theory makes three basic claims: (1) speech processing is special, (2) perceiving speech involves 

perceiving articulatory gestures, and (3) the speech motor system is recruited for perceiving 

speech (Galantucci et al. 2006).   More specifically, according to Motor Theory, an individual 

has a language-specific module in the brain that is dedicated to linguistic information and this 

module is separate and independent from the perception of non-linguistic information.  The task 

of this language-specific module is to “relate the articulatory gestures detected in speech to the 

more abstract phonological units and to translate abstract gestural structures such as words into 

neuromotor commands for producing specific utterances” (Best, 1994, p. 7).   

Over time, the second and third claims largely have been supported by empirical 

research, although debate exists regarding the interpretation of the somewhat ambiguous first 

claim that speech processing is special (see Galantucci et al., 2006 for a detailed review).  Yet, 

despite the debate about the first claim of Motor Theory, the theory has spurred important 

research about speech perception and has provided evidence of a link between perception and 

production, namely that both perception and production involve recruitment of the motor system.  

In particular, some studies have presented evidence that speech perception can produce neural 

activity in the motor cortex and some fMRI studies have demonstrated overlaps between the 

areas of the cortex that are activated during speech production and those that are activated during 

passive speech perception (See Galantucci et al., 2006 for a detailed review).  However, while 

there is evidence for a link between perception and production, as will be seen in the next 



31 

section, more recent insights from neuroscience and neurolinguistcs using fMRI and studies of 

patients with lesions also have provided evidence that perception and production are at least 

somewhat independent and dissociable processes (e.g., Buchsbaum, Hickok & Humphries, 2001; 

Paradis, 1983). 

In neurolinguistics 

The field of neurolinguistics is interested in understanding the neural bases and cognitive 

correlates of linguistic processes.  The field has a long history in examining the role that different 

areas of the brain have in comprehending, producing, and acquiring language.  This work began 

with studies of aphasic patients with various brain lesions that examined how certain aspects of 

their use of language were impaired, while other aspects of language use remained intact (e.g., 

work by Broca and Wernicke in the 19th century).  More recently, the field has also incorporated 

technologies such as PET, MEG, and fMRI to provide functional imaging of what occurs within 

the brain in real time during speech perception and production. 

Perception in neurolinguistics.  With regard to perception, neurolinguistics is primarily 

interested in how individuals extract speech sounds from an acoustic signal, how the 

phonological system of a language is represented in the brain, and which areas of the brain are 

implicated in perception processes.  At the most basic level, the input side (perception) is defined 

as the mapping of acoustic signals onto a conceptual representation, while on the output side 

(production), a conceptual representation is mapped onto a motor representation (Hickok, 2001).  

Importantly though, following Hickok (2001), speech perception (the “mapping of speech input 

onto an explicit (i.e., conscious) representation of sublexical structure (syllable 

identification/discrimination)”) is partially dissociable from auditory comprehension (the 

“mapping of speech input onto meaning”) in terms of the areas of the brain that are implicated.  
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More specifically, speech perception is described as a stage in the process of auditory 

comprehension that is responsible for “the construction of a sound-based representation of the 

speech input which is suitable for making contact with the mental lexicon” (Hickok and Poeppel, 

2000, p. 132). 

Hickok (2001) provides a review of various neurolinguistic studies, including aphasia 

studies as well as functional imaging studies, that all provide evidence that speech perception 

relies upon various regions of the superior temporal gyrus within both the left and right 

hemispheres of the brain.  Additionally, the syllable identification and discrimination aspects of 

perception seem to rely on a left dominant frontoparietal auditory-motor integration network 

(Hickok, 2001). 

Production in neurolinguistics.  Within the field of neurolinguistics, speech production 

is described as “our most complex cognitive-motor skill, designed by evolution to support 

communication in large clans of homo sapiens” (Indefrey & Levelt, 2000).  This process takes a 

mental representation of a message and through various neurocognitive processes involving 

areas of the brain responsible for phonological processing and articulatory and motor 

movements, converts this message into articulatory movements that produce speech sounds. 

Hickok (2001) reviews evidence that speech production relies upon various regions of the 

brain, located mostly in the left hemisphere.  These areas include the “posterior superior 

temporal, frontal, and perhaps, parietal cortex” (Hickok, 2001, p. 226).  In particular, speech 

production of phonemic aspects of speech is supported by neural systems in frontal regions and 

superior temporal lobe regions, predominantly in the left hemisphere, where language regions are 

generally located (Hickok, 2001).  Additionally, cases of conduction aphasias, “a disorder of 

cortical dysfunction,” provide evidence for the involvement of the left posterior superior 
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temporal lobe in production (Hickok, 2001).   

The link between perception and production in neurolinguistics.  The field of 

neurolinguistics has provided many important contributions regarding the areas of the brain 

implicated in the processes of perception and production.  As suggested by some of the findings 

above, research has demonstrated that while definitive overlaps exist in the areas of the brain that 

are activated for the two processes, perception and production are still at least somewhat 

independent and dissociable processes (e.g., Buchsbaum et al., 2001; Paradis, 1983).   

Specifically, a system in the posterior superior temporal gyrus has most consistently been 

identified as an area of activation involved in phoneme-level aspects of both speech perception 

and production (see Buchsbaum et al., 2001 and Hickok, 2001 for a review).  Likewise, both 

perception and production are posited to involve some level of phonological encoding, and rely 

upon some of the same neural correlates, such as areas of the left superior temporal lobe and the 

posterior superior temporal gyrus (Hickok, 2001). 

However, despite these overlaps, researchers disagree about whether perception and 

production processes involve the same phonological encoding system or rely upon different 

systems for each process, since distinct neural networks are involved in perception and 

production (Buchsbaum et al., 2001; Hickok, 2001).  Some researchers argue that a single 

phonological encoding system is involved in both perception and production (e.g., Allport, 1984; 

Coleman, 1998; MacKay, 1987), while other researchers argue that perception and production 

involve separate phonological encoding systems (e.g., Dell, Schwartz, Martin, Saffran, & 

Gagnon, 1997; Levelt, Roelofs, & Meyer, 1999).   

While more research is needed to better understand the phonological encoding systems 

for perception and production, the evidence is clear that speech perception and production are 
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linked and are truly neurally connected (Hickok, 2001).  Yet at the same time, the independence 

of the cognitive correlates for speech perception and speech production indicates that these 

processes are not simply inverse processes, but do rely upon separate areas of the brain (Hickok, 

2001). 

In first language acquisition 

In first language acquisition, the focus of research is on the steps that a child learner 

passes through as they acquire language.  Research examines the systematic patterns that 

children exhibit cross-linguistically, how they become attuned to the specific characteristics and 

properties of their native language, the types of errors that they make at different stages, how 

they respond to different input and types of feedback, and how all children, regardless of the 

input they receive, ultimately come to be fluent speakers of their native language. 

Perception in first language acquisition.  Within this field, perception refers to a child’s 

sensitivity to phonetic contrasts and his or her ability to identify and recognize “which sound 

properties distinguish word forms in his or her native language(s)” (Werker, Yeung & Yoshida, 

2012, p. 221).  Thus, it involves the mapping of acoustic signals to a mental representation of 

linguistic units (Werker et al., 2012).   

In the field of first language acquisition, it is clear that linguistic experience affects and 

shapes perception from a very early age.  Infants as young as one to four months of age 

demonstrate good discrimination of all phonetic contrasts across languages (Hardison, 2012; 

Strange & Shafer, 2008).  Yet, between six to eight months and ten to twelve months of age, 

infants’ perception of non-native contrasts declines, and simultaneously, perception of native 

contrasts improves (e.g., Kuhl, Stevens, Hayashi, Degucki, Kiritani, & Iverson, 2006; Werker & 

Tees, 1984).  Kuhl et al. (2006) attribute this shift in perceptual abilities to a perceptual 
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narrowing or attunement to the native language phonetic units. They believe this perceptual 

attunement facilitates the recognition of regularities in the native language and the suppression of 

patterns that do not conform to previously learned patterns of speech, both of which contribute to 

future word learning and future language abilities, i.e., word understanding, word production, 

and phrase understanding (Kuhl et al., 2006).    

Production in first language acquisition.  Production is defined simply as the 

articulation of speech sounds, but is a process that takes a long time to develop and passes 

through various stages, including cooing, babbling, which tends to follow certain, specific 

syllable patterns (i.e., CV syllables and utilize certain vowels and consonants more often) 

(Montrul, 2013).  Importantly, at the stages of cooing and babbling, the sounds children produce 

are not associated with a specific meaning (Montrul, 2013).  Eventually, around a year of age, 

children produce their first words in which they associate sounds with a specific meaning 

(Montrul, 2013).   

The link between perception and production in first language acquisition.  As 

described above, linguistic experience affects and shapes perception from a very early age.  

Children undergo a process of perceptual attunement that facilitates the recognition of 

regularities in the native language and the suppression of patterns that do not conform to 

previously learned patterns of speech (Kuhl et al., 2006).  Although the influence of linguistic 

experience on perception reduces cross-linguistic discrimination abilities, it simultaneously helps 

improve discrimination abilities in the L1 and also helps guide and develop children’s L1 

production.   

According to the Native Language Magnet (NLM) theory, children initially use auditory 

information (and later incorporate visual and motor information as well) to create mental maps of 
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speech that help develop their own articulatory skills in production (Kuhl & Iverson, 1995).  

Children then relate these different types of information to how they must move their own 

articulators in order to produce speech, and thus auditory input, as well as visual and motor 

input, help shape motor learning of speech (Kuhl & Iverson, 1995).  Crucially, in L1 acquisition, 

perception necessarily precedes production, since children always perceive phonetic contrasts 

prior to being able to produce these contrasts (Ingram, 1976; Menyuk, 1977; Smith, 1973).  

Thus, in first language acquisition, speech perception has been demonstrated to not only precede 

production, but also play an important role in developing the native language linguistic system 

that will allow children to both recognize and produce appropriate phonetic contrasts in their L1. 

In theoretical phonology and phonetics 

 In theoretical phonology and phonetics, despite the importance of the terms perception 

and production, they are rarely explicitly defined in studies.  Instead, perception and production 

are often defined the same way that they are in first language acquistion, yet this field also 

examines how additional linguistic experience in the L2 affects these processes. 

 Perception in theoretical phonology and phonetics.  As in L1 acquisition, L2 

perception is primarily concerned with “decoding the acoustic signal to recover the phonetic 

message” and mapping the acoustic signals to mental representations of linguistic units 

(phonemes) (Strange and Shafer, 2008).  Yet, despite the fact that this definition of speech 

perception mentions “decoding of the acoustic signal,” neither of the two most well-known 

models of L2 or non-native speech perception (Best’s Perceptual Assimilation Model (PAM and 

PAM-L2) and Flege’s Speech Learning Model) consider in detail the cognitive, online processes 

36nvolved in identifying and interpreting the phonetic message from acoustic signal, or how 

these online processes may differ for L1 and L2 perception or for naïve vs. experienced learners 
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(Strange & Shafer, 2008).  Instead, in these and other models, perception is most often described 

as the ability to accurately categorize non-native sounds or to discriminate between pairs of two 

non-native speech sounds or native/non-native pair of speech sounds (e.g., Best et al., 1988; 

Bradlow, 1995; Flege 1995; inter alia). 

 While researchers in this field seem to be in agreement about the definition of perception, 

there are some differences between models in terms of what is assumed to be the input and how 

this input is interpreted.  In particular, there are three main models of speech: the Psychoacoustic 

Theory, Motor Theory, and an ecological direct realist approach (Best, 1995).  In Psychoacoustic 

Theory (e.g., Aslin, Pisoni, & Juszcyk, 1983; Diehl & Kluender, 1989), the object of speech 

perception is “the proximal stimulus, or the raw acoustic components into which the speech 

signal is assumed to be decomposed by the auditory periphery” (Best, 1994, p. 5).  In other 

words, an individual must learn to associate specific combinations of acoustic features, such as 

bursts of noise, distributions of energy in the waveforms, silent pauses, etc. (which themselves 

are nonlinguistic and meaningless) with meaningful linguistic (e.g., words and phrases) and 

structural (e.g., phonemes and syllables) units (Best, 1994).  Thus, when an individual detects a 

sound in the speech signal, the sound is decoded by the brain and broken down into all of its 

component acoustic features and then associated with a mental representation. 

 In Motor Theory (e.g., Liberman & Mattingly, 1985, 1989; Mattingly & Liberman, 

1988), as detailed in an earlier section, the object of speech perception is “the distal events that 

shaped the signal,” that is, “the perceptual primitives for speech perception are the articulatory 

gestures of the vocal tract” (Best, 1994, p. 5).  In other words, this speech perception theory 

claims that gestural information is present in the speech signal and that individuals extract this 

gestural articulatory information directly from the speech signal (Best, 1994).  Individuals then 
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associate the gestures with meaningful linguistic units, rather than analyzing the speech signal 

and breaking down the information into acoustic features or mental representations.  In other 

words, articulatory gestures are directly related to phonetic units and thus, no translation of 

physical articulations occurs in the brain to break down the speech signal into acoustic features.  

Instead, a specific sound is directly related to a specific physical articulation.  Consequently, this 

model posits a direct link between perception and production. 

Lastly, an ecological direct realist view philosophy assumes that the primitives perceived 

when individuals hear speech are “constellations” or patterns of articulatory gestures necessary 

to produce that sound (Best, 1994, 1995).  This differs from the Psychoacoustic Approach that 

assumes that individuals perceive acoustic cues that must then be interpreted and matched to 

cognitive phonological representations of the sounds.  Instead, in this model, Best assumes that 

individuals hear a speech sound and are able to directly recognize the articulatory cues that were 

necessary to produce that sound, thereby relating the speech directly with its articulations and 

also creating a direct link between perception and production, without translation. 

Although Motor Theory and Ecological Theory both view articulatory gestures as the 

immediate objects of speech perception, Ecological Theory assumes that the information in the 

gestural information in the speech signal is nonlinguistic, while Motor Theory views these 

articulatory gestures as linguistic in nature, that is to say, they are considered to be phonetic.  

Thus, despite agreement about the definition of perception, different models within this field 

have different philosophies about how perception occurs and what the objects of perception are. 

 Production in theoretical phonology and phonetics.  While perception has a more 

complex definition, production again is often described simply as the articulation of speech 

sounds, yet in theoretical phonetics and phonology, the process of L2 production is described as 
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involving some type of mapping of mental representations of linguistic units onto articulatory 

movements (often focusing more on L2 speech sounds) (e.g., Flege, 1995).  This mapping may 

be based on mental representations or categories that exist in the L1, the L2, or the interlanguage. 

The link between perception and production in theoretical phonology and phonetics.  

As in first language acquistion, most L2 speech perception and production research assumes that 

these two processes are linked and most models argue that perception precedes production (e.g., 

Eckman, 2004; Escudero, 2005, 2006; Flege, 1995).  This conceptualization of the link between 

perception and production is largely carried over from the field of first language acquisition, in 

which babies are able to distinguish between phonemic contrasts long before they are able to 

produce them (Eckman, 2004).  However, it is also based on the evidence that many L2 

production errors have a basis in how learners perceive the L2 sounds (Flege, 1995).   

Within the field of theoretical phonology and phonetics, and particularly in the domain of 

SLA, the connection between perception and production is best explained by Flege’s (1995) 

Speech Learning Model.  This model posits a link between perception and perception in that how 

learners perceive and categorize L2 sounds affects how they also produce L2 sounds (Flege, 

1995).  More specifically, the Speech Learning Model (described in more detail in later sections) 

postulates that learners form phonetic categories in childhood, but with exposure to the L2, new 

phonetic categories can be formed and existing phonetic categories can be modified to reflect the 

properties of all L1 and L2 sounds (Flege, 1995).  The model asserts that how a learner produces 

an L1 or L2 sound corresponds to how the sound’s properties are represented in the learner’s 

phonetic categories (Flege, 1995).  Consequently, accurate production depends upon accurate 

perception. 
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Importantly though, as Flege (1995) explains, not all production errors are due to 

problems with L2 perception, but rather may be due to articulatory issues as well.  Additionally, 

a few empirical studies have provided evidence that suggests that production may (or at least 

could) precede perception (e.g., Brière, 1966; Goto, 1971; Sheldon & Strange, 1982). 

Summary  

As can be seen, different perspectives suggest different ways of understanding perception 

and production and how these processes are linked.  Based upon the review of perception and 

production in various related fields, we can see that perception and production are separate, 

somewhat dissociable processes, but there are overlaps in the activities required for both 

processes and the areas of the brain that are activated in each process. 

While all of these fields contribute to our understanding of perception and production, the 

following study will largely adopt the definitions of perception and production used in the fields 

of psycholinguistics and theoretical phonetics and phonology.  Perception will be defined as an 

individual’s ability to decode linguistic information from an acoustic speech signal and organize 

or categorize this information cognitively, by hearing, processing, and mapping these sounds to 

language-specific or language-general phonological or phonetic categories in the mind (Clark et 

al., 2007; Schacter et al., 2009; Strange & Shafer, 2008). More specifically, for this study, 

perception will refer to the ability to accurately identify a linguistic unit in the speech signal or to 

discriminate between two sounds presented in the speech signal, either on a phonetic or a 

phonological level (e.g., Best, McRoberts & Sithole, 1998; Bradlow, 1995; Flege, 1995; inter 

alia). 

 Production will be defined as the mapping of communicative intention onto articulatory 

gestures that generate an acoustic speech signal (Indefrey & Levelt, 2000).  Importantly, 
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accurate production will refer to the ability to regularly and precisely articulate a sound in such a 

way that a native speaker or highly proficient non-native speaker of the language would correctly 

categorize a given sound to the intended phonological/phonetic category or that the sound, when 

measured acoustically, falls within the normal acoustic parameters observed for native bilingual 

speakers of the language.  That is to say, accurate production refers to articulation of a sound 

with formant values or vowel duration values that are not statistically different from the values 

produced by native bilingual speakers of the language for the same sound (e.g., Menke & Face, 

2010). 

Models of L2 acquisition of perception and production overview 

 The following section reviews the dominant models and frameworks of L2 phonological 

acquisition that have helped to shape and motivate research in the field.  In general, these models 

address either perception or production, with only Flege’s Speech Learning Model directly 

addressing both processes and the link between them.  This section first details the relevant 

models of L2 perception, followed by the models of L2 production. 

Perception models 

Although theories of L2 speech production have a much longer history than theories of 

L2 speech perception theories, the models of L2 speech perception are much more 

comprehensive than the models of L2 speech production (Colantoni et al., 2015). Models of L2 

speech perception were developed as researchers began to observe that learners’ difficulties in 

L2 speech were not limited to production, but rather that learners also have difficulties in L2 

perception.  More specifically, researchers observed that learners exhibit evidence of cross-

linguistic interference in perception and manifest so-called “perceptual foreign accents,” 

meaning that they tended to identify and discriminate L2 sounds according to the categories of 
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their L1 phonological system (Strange, 1995, pp. 22, 39).  These observations also led 

researchers to conclude that many of learners’ difficulties in L2 speech production may be due to 

discrepancies in perception.  Consequently, a variety of L2 speech perception models have been 

proposed that try to account for and/or predict areas of difficulty in perception for L2 learners.  

Although different L2 speech perception models vary in their explanation of the difficulties that 

L2 learners may experience and the predictions that they make for learners, at their base, most 

models of L2 speech perception are rooted in the idea of a comparison of the sounds of the L2 

inventory with the existing sounds of the L1 inventory. 

The following section details the three L2 perception models most dominant in L2 

perception research.  Namely, these models are the Perceptual Assimilation Model (PAM; Best, 

1994, 1995) and its subsequent revision for SLA, the PAM-L2 (Best & Tyler, 2007); the Speech 

Learning Model (SLM; Flege, 1995, 2003); and the Second Language Linguistic Perception 

Model (L2LP; Escudero & Boersma, 2004; Escudero, 2005, 2009).  Additionally, a fourth 

perception model, Brown’s Phonological Interference Model (PIM; Brown, 1998; Brown & 

Matthews, 1997), exists, which is based purely on phonological theory.  This feature-based 

model shares some similarities with Lado’s (1957) Contrastive Analysis Hypothesis and is 

successful at explaining certain L2 perception phenomena, but its predictions fall short with 

regard to predictions for L2 vowels (Colantoni et al., 2015).  In fact, some vowel studies, such as 

Gottfried (1984) and Flege (1987b) have found results opposite of those predicted by Brown’s 

PIM.  For these reasons, this model will not be discussed in detail below. 

Best’s Perceptual Assimilation Model (PAM).  As mentioned earlier, Best’s Perceptual 

Assimilation Model (PAM) follows a direct realist version of Ecological Theory and views the 

patterns of articulatory gestures necessary to produce a given sound as the direct objects of 
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perception (Best, 1994, 1995).  Best’s Perceptual Assimilation Model (PAM) offers a model for 

how naïve listeners perceive and categorize non-native sounds, as well as predictions about how 

well or poorly an individual will discriminate between or perceive a contrast between two non-

native speech phones. Importantly, the predictions offered by this model are intended to describe 

the behaviors of naïve listeners, not L2 learners. 

In this model, Best posits that when individuals hear a non-native sound, they will 

categorize the sound in one of three possible ways:  

1) Categorized – An individual hears a phone and assimilates the phone to a native (L1) 

phoneme category.  The phone may be heard as a good or poor exemplar of that phoneme. 

2) Uncategorized – An individual hears a phone and recognizes it as a speech sound, but 

does not assimilate it to any native phoneme category.  The phone is viewed as unlike any native 

phoneme. 

3) Non-Assimilated – An individual hears a phone as does not recognize it as a speech 

sound.  Instead, it is viewed as a non-linguistic non-speech sound.  For example, a native English 

speaker may perceive some African clicks as non-speech sounds. 

Building upon these categorization ideas, Best makes predictions about how well or 

poorly an individual will be able to discriminate between two non-native phones.  The patterns of 

discrimination are detailed below: 

1) Two Category (TC) assimilation - If two non-native phones are both perceived as good 

exemplars of two different native phonemes, very good to excellent discrimination is predicted. 

2) Single Category (SC) assimilation - If two non-native phones are both perceived as 

equally good or poor exemplars of the same native phoneme, poor discrimination is predicted. 
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3) Category Goodness (CG) assimilation - If two non-native phones are both perceived 

as exemplars of the same native phoneme, but with differing goodness of fit (i.e., one is 

considered a good exemplar, while the other is a poor exemplar), intermediate discrimination is 

predicted. 

4) Uncategorized-Categorized assimilation – One phone is perceived as a speech sound 

that does not correspond to any native phoneme, while the other is perceived as a good or poor 

exemplar of a native phoneme.  Very good to excellent discrimination is expected. 

5) Uncategorized-Uncategorized assimilation - If two non-native phones are both 

perceived as sounds that do not correspond to native phonemes, poor to moderate discrimination 

is expected, depending on the proximity of these phones to each other and to one native phoneme 

or two different native phonemes. 

6) Non-assimilable – If both phones are perceived as non-linguistic non-speech sounds, 

good to excellent discrimination is predicted, depending upon how similar the two phones are 

perceived to be. 

PAM - L2.  Best initially designed the Perceptual Assimilation Model to address non-

native speech perception in naïve listeners, but she and her colleague, Michael Tyler, later 

extended the ideas presented in PAM to address perception and perceptual learning in L2 

learners.  In this model, they postulate a common space for L1 and L2 categories and argue that 

L2 learning occurs at two levels of extraction of articulatory gestural properties: lower-level 

phonetic properties and higher-order phonological properties (Best & Tyler, 2007). 

For naïve beginner learners, PAM-L2 offers the same predictions as those in PAM.  

However, by following the Ecological Theory (Gibson & Gibson, 1955), Best and Tyler extend 

the PAM model to suggest that, in general, with additional exposure to the L2, perceivers will be 
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able to detect higher-order articulatory invariants in the speech stimulus, should become more 

sensitive to L2 differences, and will demonstrate perceptual learning (Best & Tyler, 2007).  In 

particular, PAM-L2 makes the following predictions about the success or lack of success in 

perceptual learning: 

1) Category assimilation – If an L2 sound is considered a good exemplar of an L1 

category, it will be assimilated to that L1 category and no further phonetic learning is likely to 

occur.  Instead, a common L1-L2 category will be formed, which may shift to better 

accommodate the phonetic details of the L1 and L2 sounds, but will not result in large changes to 

the characteristics of the category. 

2) If an L2 sound is phonologically (but not phonetically) equivalent to an L1 category, 

then learners should easily form a new L2 phonetic category within the larger L1 phonological 

category. 

3) Category Goodness – If one member of an L2 contrast is a better exemplar of an L1 

category than the other, learners will more likely develop a new phonological category for the 

more different phoneme (i.e., L2 sounds that are more different from L1 categories are more 

easily learned). 

4) Single Category Assimilation – When both members of an L2 contrast are equally 

good or bad exemplars of the same L1 category, both phonemes will be phonetically and 

phonologically assimilated to the same L1 category and will be perceived as homophones. 

Although this model does argue that perceptual learning can occur, Best and Tyler 

emphasize that “the perceptual objects/events of interest depend upon the perceiver’s perceptual 

goals or focus of attention” (2007, p. 25).  Additionally, Best and Tyler claim that perceptual 

learning can be affected by the L2 lexicon, in particular in cases of single category assimilation.  



46 

That is to say, in a phonologically dense neighborhood with a large number of minimal pairs, 

learners may be more likely to form new L2 phonetic categories since they can more easily 

detect the contrasting function of L2 sounds in minimally different words (Bundgaard-Nielsen, 

Best & Tyler, 2011; Colantoni et al. 2015). 

Flege’s Speech Learning Model (SLM).  The Speech Learning Model (e.g., Flege, 

1995, 2003) offers a series of four postulates and seven testable hypotheses to explain how 

learners perceive and produce sounds as they acquire an L2.  This model offers predictions about 

the types of difficulties that an L2 learner may experience and why they experience these 

difficulties. 

First, Flege’s (1995) model posits that L2 learners are not subject to a Critical Period in 

L2 perception and production, but rather, that learners retain the ability to acquire the sound 

system of a target language across the lifespan (P1).  Importantly, this does not rule out the 

possibility of a sensitive period, in which learners are more sensitive and attuned to phonetic and 

phonological differences between sounds.  Furthermore, this postulate states that the same 

processes that are used to acquire one’s L1 sound system remain intact throughout the lifespan 

and can be applied to the learning of L2 sounds in order to incorporate these new sounds into the 

existing sound system (P1).  Secondly, Flege postulates that learners store language-specific 

aspects of speech sounds in long-term memory representations called phonetic categories (P2).  

This is done for L2 sounds, just as learners have done for L1 sounds.  Flege explains that during 

L1 acquisition, a learner develops L1-specific phonetic categories that are attuned to L1 sounds.  

However, as a learner is exposed to more and more L2 input, the phonetic categories that were 

established during L1 acquisition change over time to reflect the properties of all L1 and L2 

phones (P3).  More precisely, learners will hear an L2 sound and compare it to existing L1 
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categories and then, will either form a new L2 category or will assimilate the new L2 sound to an 

existing L1 category, in a process called equivalence classification.  Lastly, Flege posits that L1 

and L2 phonetic categories exist in the same phonological space and bilinguals must strive to 

maintain contrast between the L1 and L2 phonetic categories (P4). 

Using these postulates, Flege (1995) offers several testable hypotheses about perception 

and production in L2 sound acquistion.  First, the SLM hypothesizes that the position of sounds 

in a word is highly relevant to the difficulty of the acquisition because sounds in the L1 and L2 

are perceptually related to each other at a “position-sensitive allophonic level, rather than at a 

more abstract phonemic level” (H1) (Flege, 1995, p. 239).  Next, the SLM claims that bilinguals 

can form a new phonetic category for an L2 sound if they can discern at least some of the 

phonetic differences between the L1 and L2 sounds (H2).  Then, the more dissimilar an L2 sound 

is perceived to be from the closest L1 sound, the more likely it is that the phonetic differences 

between an L1 and L2 sound will be discerned and a new L2 phonetic category will be formed 

(H3).  Although Flege argues against a Critical Period, he does recognize that learners are more 

sensitive to phonetic differences at a younger age, and posits that as age of onset of learning 

increases, the likelihood of perceiving phonetic differences between L1 and L2 sounds decreases, 

due to cognitive maturational constraints (H4).  The SLM also argues that if phonetic differences 

are not detected between L1 and L2 sounds, then the L2 sounds will be assimilated to an L1 

category in the process of equivalence classification, and the sounds will be processed as 

diaphones (H5).  Additionally, according to H5, since the L1 and L2 sounds exist in the same 

phonetic category, eventually these L1 and L2 sounds will come to resemble each other in 

production (H5).  Flege also hypothesizes that since bilinguals have a common L1-L2 

phonological space and must strive to maintain phonetic contrast between their categories, they 
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may possess different L2 phonetic categories than a monolingual (H6).  Specifically, Flege 

argues that bilinguals may “deflect” their L2 category away from an L1 category to maintain 

contrast, or bilinguals may have a different representation because they base their phonetic 

categories on different features (H6).  Lastly, Flege claims that production of L2 sounds depends 

upon perception, in that production of L2 sounds reflects their phonetic category representation 

(H7). 

While not all aspects of the SLM have been fully supported empirically, the model has 

served as an important model for planning and evaluating research in both perception and 

production.  

Second Language Linguistic Perception (L2LP) Model.  The Second Language 

Linguistic Perception (L2LP) Model (Escudero & Boersma 2004; Escudero, 2005, 2009) is the 

most recently developed speech perception model and it was designed to explain individual 

variation in perception of a language’s sounds among non-native speakers at varying proficiency 

levels.  Escudero (2009) argues that speech perception is a “language-specific phenomenon that 

involves linguistic knowledge,” as evidenced by the fact that how one perceives and categorizes 

sounds in the speech signal is shaped by fine-grained acoustic information specific to one’s L1 

linguistic background.  Additionally, this model asserts that learners perceive L2 sounds 

according to the specific acoustic values of their own L1 variety, and the acoustic values of a 

learner’s L1 categories are a good predictor of how the learner also perceives their L1 categories 

and will perceive L2 categories. 

Consequently, the L2LP uses a comprehensive comparison of the acoustic values of a 

learner’s L1 categories and the categories of the specific dialect of the L2 that the learner is 

acquiring in order to map the L1 and L2 categories and thereby, predict cross-linguistic patterns 
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of categorization (Colantoni et al., 2015).  These patterns are then used to generate an individual 

developmental sequence that a learner will follow with regard to the perception of L2 speech 

sounds (Colantoni et al., 2015). 

In terms of its predictions, the L2LP model focuses on a learner’s ability to discriminate 

between two L2 phones, rather than between an L1 phone and L2 phone (Colantoni et al., 2015).  

Consequently, many of the predictions are the same as those posited by the PAM and PAM-L2 

(Colantoni et al., 2015).  More specifically, this model classifies an L2 phonemic contrast as a 

“new contrast” if the two L2 sounds are equated to the same L1 phonological category and as a 

“similar contrast” if the two L2 sounds are categorized as belonging to two different L1 

phonological categories (Escudero, 2009). 

In order to determine if a contrast is a new contrast or a similar contrast, the L2LP argues 

that learners rely upon a perception grammar, which is “a system that weighs and parses 

incoming acoustic values, and ultimately maps these acoustic values onto abstract phonological 

representations” (Colantoni et al., 2015, p. 45).  Similar to L1 acquisition, the L2LP states that 

development of L2 categories depends upon distributional learning, with L2 input playing a very 

important role in the development of L2 categories.   

Similar to the SLM and PAM-L2, the L2LP agrees that a learner’s ability to learn and 

develop L2 categories remains intact into adulthood.  However, importantly, unlike the SLM and 

PAM in which L1 and L2 phonetic categories exist in the same phonological space, in the L2LP 

model, learners maintain two separate perception grammars, one for the L1 and one for the L2, 

allowing L2 learners to develop a separate phonological system for the L2 without impacting the 

L1 phonological system.   
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While this model has strong predictive power because of its reliance upon individualized 

acoustic comparisons between a learner’s first and second languages, for the same reason its 

predictions are also very personalized and difficult to generalize cross-linguistically. 

Summary of perception models 

 As can be seen, each of these models offers a slightly different focus on L2 perception in 

terms of how they explain or predict the L2 perception difficulties observed among learners.  

These models are not necessarily at odds with each other in terms of their predictions, but rather 

offer different perspectives about how learners interact with L2 speech sounds and categorize 

these sounds in relation to L1 speech sounds.  At their core, each of these models’ predictions 

about the difficulties that a given L1 group will have with specific L2 sounds rely upon the idea 

of cross-linguistic interference (Colantoni et al., 2015).  This section summarizes some of the 

key differences and similarities between these models and some key predictions that are relevant 

to the present study.   

First, the PAM’s predictions are focused on groups of naïve listeners, while the SLM 

focuses its predictions on more advanced learners.  While the PAM-L2 offers the same 

predictions as the PAM for naïve learners, it also offers additional predictions for more advanced 

learners.  The L2LP seeks to explain L2 perception throughout the entire acquisition process 

from the first contact with the L2 to learners’ end state, however, rather than focusing on 

generalizations across groups of learners, it makes explicit predictions for an individual learner. 

These perception models also make different predictions about learners’ ultimate 

attainment.  The L2LP argues that because learners have separate perception grammars for their 

L1 and L2, learners are able to modify phonetic categories in one language’s perception 

grammar without affecting the grammar of the other language.  Consequently, the L2LP argues 
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that it is possible to eventually achieve native-like performance in the L2.  In contrast, the 

PAM/PAM-L2 and SLM argue that L1 and L2 categories exist in the same phonological space.  

Over time, exposure to the L2 will cause changes in the learner’s phonetic categories that allow 

for more native-like perception of L2 sounds, but simultaneously, modifies the learner’s L1 

categories.  For this reason, both the PAM/PAM-L2 and SLM argue that learners will never be 

able to fully achieve native monolingual-like performance in the L2. 

 Lastly, the models differ regarding which types of sounds will be most difficult for 

learners to acquire.  The SLM claims that L2 sounds that are most similar to existing L1 

categories will be the most difficult to acquire because learners are more likely to assimilate the 

L2 sounds to existing L1 categories and thus, will have more difficulty detecting the phonetic 

differences between the L1 and L2 sounds (Colantoni et al., 2015; Escudero, 2009).  

Additionally, in order for learners to be able to master these L2 sounds, their L1 categories must 

be affected.  In contrast, the PAM and L2LP argue that L2 sounds that are assimilated to two 

separate L1 categories will be the easiest for learners to acquire because learners are able to rely 

upon the phones, acoustic features, or phonetic dimensions that already exist in their L1 

(Escudero, 2009).  Consequently, those L2 contrasts that are similar to an L1 contrast will not 

pose a problem to learners in terms of perceptual learning (Escudero, 2009). 

Production models 

In contrast with perception models, which are fairly comprehensive in nature, as 

Colantoni and colleagues explain, no one unified theory of L2 phonological production exists 

(Colantoni et al., 2015).  Rather, researchers have focused on different elements of L2 speech 

development in order to explain aspects of the L2 speech acquisition process and the difficulties 

that L2 learners exhibit during L2 acquisition.   
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At their core, most L2 production models and theories attribute difficulties in L2 

production to cross-linguistic interference.  While a few models and theories are more phonetic 

in nature, placing some emphasis on the physical mechanisms of articulation to account for 

errors in L2 learner speech (i.e., Articulatory Settings Theory and Articulatory Constraints), 

other models are more phonological in nature (i.e., the Markedness Differential Hypthesis and 

the Ontogeny and Phylogeny Model), in terms of how they attempt to explain cross-linguistic 

interference.   

As will be seen, some of the initial L2 production models explained learner patterns of L2 

speech development by claiming that those L2 sounds and features of speech that were different 

or absent from the L1 would be most difficult for learners (e.g., Contrastive Analysis 

Hypothesis; Lado, 1957).  However, as empirical studies to test these theories uncovered many 

counterexamples (e.g., Brown, 1998; Flege, 1987b), researchers began moving away from this 

approach and towards models that explained difficulties in L2 production in other ways.  The 

following section details the most dominant production models that have helped shape L2 

production research.   

Articulatory Settings Theory.  One theory of L2 production, Articulatory Settings 

Theory (Honikman, 1964) explains the factors underlying cross-linguistic interference in terms 

of the physical mechanisms involved in L1 and L2 speech.  Specifically, in Articulatory Settings 

Theory, the difficulties that L2 learners have and the patterns of production errors that they 

exhibit are attributed to the different articulatory settings that exist for different languages.  

According to Honikman (1964, p. 73), each language has its own articulatory setting, which is 

defined as “the overall arrangement and manoeuvring of the speech organs necessary for the 

facile accomplishment of natural utterance … [that] determines the phonetic character and 
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specific timbre of a language”.  A language’s articulatory setting is largely conditioned by the 

consonants, vowels, and phonotactics that are most common in the language (Colantoni et al., 

2015).   

Any two given languages may or may not share their articulatory settings (AS).  

Consequently, when the learner’s L1 and L2 have dissimilar articulatory settings, the learner 

must acquire the new target language articulatory settings in order to effectively coordinate the 

movements and articulations necessary for native-like pronunciation (Colantoni et al., 2015).  

This theory does not argue that L2 learners will forever produce L2 sounds using their L1 AS.  

Rather, the new AS can be learned, and, in fact, Honikman (1964) argues that L2 speech learning 

can be facilitated by focusing on teaching the L2 articulatory setting to learners. 

Articulatory Constraints.  A similar idea, related to that of the Articulatory Settings 

Theory, focuses on the role of physical articulatory constraints in explaining patterns or 

sequences of L2 development.  Given that certain speech sounds, sequences, and combinations 

are more easily realized than others, these sounds tend to occur more frequently cross-

linguistically (Colantoni et al., 2015).  For example, stops tend to be voiceless, due to the 

articulatory conflict between the segment’s manner of production (occlusion of the airstream) 

and voicing (a process which requires moving air across the glottis to cause the vibration 

necessary for voicing) (Colantoni et al., 2015).  Additionally, certain sounds tend to occur more 

frequently within certain phonological contexts.  For example, due to the same articulatory 

constraint mentioned above, voiced stop consonants tend to occur more frequently word-initially, 

rather than word-finally (Colantoni et al., 2015). 

With regard to L2 acquisition, those sounds that tend to be easier to produce cross-

linguistically also tend to be the L2 sounds acquired first by L2 learners.  Consequently, learners 
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may demonstrate a consistent developmental order, even amongst learners with different L1s 

(Colantoni et al., 2015).  Similarly, language-specific phonetic constraints may also help explain 

L2 development sequences, as well as L2 learners’ relative accuracy in production of L2 sounds 

(Colantoni et al., 2015).  For example, if an L2 learner’s L1 does not allow consonants in 

syllable coda, the learner is likely to learn voiceless stops first, since they are easier to realize, 

and even upon having learned voiced and voiceless stops, the learner may be more accurate with 

the voiceless stops than the voiced stops (Colantoni et al., 2015).   

Contrastive Analysis Hypothesis (CAH).  This early model of L2 production, 

formulated by Robert Lado, hypothesized that those L2 sounds and structures that were absent 

from a learners’ L1 would be most difficult for the learner (Lado, 1957).  Conversely, those L2 

sounds and structures that have an equivalent in the L1 would be easier for learners to produce 

(Lado, 1957).  Although Lado was able to provide examples of difficulties that learners 

experienced with unfamiliar L2 sounds and ease with L2 sounds that appear in the L1, other 

researchers have provided many counterexamples to this model (e.g., Brown, 1998; Flege, 

1987b), demonstrating that this model does not hold up to empirical testing. 

Eckman’s Markedness Differential Hypothesis (MDH).  Eckman (1977) built upon 

Lado’s Contrastive Analysis Hypothesis, but he proposed modifying the model by attributing 

difficulty with certain sounds to the markedness of the sounds, rather than their absence from the 

learners’ L1.  Markedness is a measure of “relative phonological complexity,” such that in a set 

of structures, an unmarked structure would be considered the simpler or more natural structure, 

while a marked structure is the more complex or “less natural” one (Colantoni et al., 2015).  The 

determination of which structures are typologically marked or unmarked depends upon various 

criteria, including implicational universals, frequency across languages, and order of acquisition 
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in the L1 (Colantoni et al., 2015).  Implicational universals, which are derived from work with 

cross-linguistic typologies, argue that if a language has a given criteria, then the language will 

also possesses phonemes with certain other criteria (Colantoni et al., 2015).  For example, cross-

linguistically, if a language that has voiced stops, then it also possesses voiceless stops, but the 

reverse is not necessarily true.  In this case, phonologists would conclude that voiced stops are 

the marked structure, while voiceless stops are the unmarked structure. 

 Using the concept of markedness, Eckman’s Markedness Differential Hypothesis (MDH) 

makes three basic predictions about the relative ease of acquiring two or more target structures, 

based on their typological markedness (Eckman, 2004).  First, L2 structures that are not present 

in the learner’s L1 and are typologically marked will be difficult to acquire.  Second, L2 

structures that are more marked will be relatively more difficult to acquire.  Lastly, if L2 

structures are not present in the learner’s L1, but are typologically less marked than the structures 

in the L1, they will not be difficult to acquire (Eckman, 2004).  In summary, the MDH boils 

down to the idea that L2 sounds that are more marked will be more difficult for learners to 

produce (Eckman, 1977). 

 While this model was an improvement over CAH in terms of explaining learners’ 

difficulties in L2 phonological acquisition, it does have some limitations.  First, the model lacks 

explanatory adequacy, in terms of explaining why certain structures are relatively marked or 

unmarked cross-linguistically (Colantoni et al., 2015).  Second, the concept of markedness can 

only be applied to structures that are in an implicational relationship, that is, a relationship in 

which one structure is more marked than another one.  Consequently, the model is limited in 

terms of the types of phenomena in L2 phonological acquisition that it can explain (Colantoni et 

al., 2015). 
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Ontogeny and Phylogeny Model (OPM).  The Ontogeny and Phylogeny Model (OPM) 

attempts to explain both individual behavior (ontogeny) and group behavior (phylogeny) in 

language and how they change over time (Major, 2001), yet, only the Ontogeny element is 

relevant to L2 phonological acquisition.   

As adult learners acquire an L2, they often produce errors that are representative of an 

underlying linguistic system (Major, 2001).  This incomplete linguistic system of an adult 

nonnative speaker is referred to as the interlanguage (IL), a term coined by Selinker (1972).  The 

OPM (and its previous version, the Ontogeny Model (Major, 1986, 1987)) emerged from the 

observation that as adult learners acquire an L2, their IL often contains errors and nonnative 

substitutions that are the result of transfer from the L1 or the L2, but also contains errors that are 

not characteristic of either the L1 or L2.   Rather, some of these errors are the results of universal 

processes of language acquisition (Major, 2001). According to the OPM, a learner’s 

interlanguage is a dynamic system that is influenced by the interactions between a learner’s L1 

system, L2 system, and language universals (Major, 2001).  The model attempts to explain how 

these three factors influence an individual’s IL differently at various stages of learning.   

The OPM claims that development of the IL follows this basic pattern of influence: L2 

increases, L1 decreases, and language universals will first increase and then decrease (Major, 

2001). The model also offers four specific corollaries that explain how these three factors 

interact and affect speech style in certain circumstances. 

 1) Chronological corollary – Over time, the influence of the L1 on the interlanguage will 

decrease and the influence of the L2 will increase.  The influence of language universals will 

first increase and then decrease over time. 



57 

2) Stylistic corollary – With increased stylistic formality (e.g., reading vs. 

extemporaneous speech), the influence of the L1 on the interlanguage will decrease and the 

influence of the L2 will increase.  The influence of language universals will first increase and 

then decrease over time. 

3) Similarity corollary – For L2 structures that are very similar to L1 structures, change 

in the interlanguage is slow.  The influence of the L2 will slowly increase as the influence of the 

L1 slowly decreases.  The role of language universals will also slowly increase and slowly 

decrease.  Consequently, the L1 will have a larger influence on the interlanguage with L2 

structures that are similar to L1 structures, while language universals will have a larger influence 

on the interlanguage with L2 structures that are less similar to L1 structures. 

4) Markedness corollary – Since more-marked structures tend to be acquired later, the 

L1, L2, and language universals affect the interlanguage differently at different stages of 

development.  The influence of the L2 increases slowly throughout development, but more 

slowly than for other phenomena.  At early stages of development, the role of the L1 will 

decrease at a normal rate, while the influence of language universals increases rapidly.  At later 

stages of development, the influence of the L1 decreases more slowly and the influence of 

language universals decreases slowly. 

In general, this model posits that the L1 is a dominant influence at earlier stages of 

development, that language universals emerge as an influence on the IL over time, and native-

like production is a possibility at later stages of development (Colantoni et al., 2015).  While 

Major argues for a general pattern of development of the interlanguage, he also maintains that 

individual differences, such as language aptitude, psychological factors, and social factors can 

also exert influence on development and result in interlearner variability. 
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Flege’s Speech Learning Model (SLM).  The SLM was described in detail above with 

regard to perception models, the model’s key predictions for learners’ L2 productions will be 

summarized here as well.  In short, a learner’s L2 production is dependent upon their perception 

and categorization of L2 speech sounds (Flege, 1995).  According to this model, a learner’s 

production of an L2 sound corresponds to and reflects the properties represented in the learner’s 

phonetic category representation of that sound (H7, Flege, 1995).  Thus, if the properties 

ascribed by a learner to the phonetic categories of the L2 sounds match the properties of phonetic 

categories that a native or balanced bilingual speaker has, then the L2 sounds will be produced 

accurately.  However, if there are discrepancies between the learner’s phonetic categories of the 

L2 sounds and the phonetic categories of a native or balanced bilingual, then the learner will 

exhibit those same discrepancies in their production of the L2 sounds.  Flege (1995) provides a 

couple examples of situations in which a learner’s phonetic categories differ from a native 

speaker’s categories and affect the learner’s production of these sounds. 

First, if a learner assimilates an L2 sound to an L1 category through equivalence 

classification, then that single phonetic category will be used to perceptually process both the L1 

and L2 sounds in that category (Flege, 1995).  These perceptually linked sounds (diaphones) will 

both exert influence on the properties of that phonetic category (P2) and eventually, both the L1 

and L2 sounds will come to resemble each other in production due to their perceptual link in the 

same phonetic category (Flege, 1995).  Flege, Munro and MacKay (1995a) provided concrete 

evidence for this bidirectional effect by examining the VOT values of stops among native Italian 

speakers who had started learning English either before or after age 12. 

 The SLM also hypothesizes that since bilinguals have L1 and L2 sounds in the same 

phonological space and need to maintain this phonetic contrast, they may slightly distort their 
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phonetic categories in order to create greater distance between the similar L1 and L2 sounds (H6, 

Flege, 1995).  This “deflection” would be observed in bilinguals’ productions of these sounds, 

which would exhibit some differences from a monolingual’s categories (H6) (Flege, 1995). 

Summary of production models 

While most of the L2 production models are not as comprehensive in nature as the L2 

perception models, they all help contribute to our understanding of L2 production.  While all of 

the models seek to explain how and why cross-linguistic interference occurs, some models base 

their explanations in a more phonetic perspective (Articulatory Settings Theory and Articulatory 

Constraints), while most are more phonological in their explanation of the development of L2 

production (Markedness Differential Hypothesis, Ontogeny and Phylogeny Model, and Speech 

Learning Model).  Additionally, while none of the models claim that L2 production is static, but 

rather argue that learners can develop and improve their L2 production over time, some of these 

models are better suited to explaining development in L2 production, namely the OPM and SLM.   

When comparing all of the models, the Ontogeny and Phylogeny Models and the Speech 

Learning Model both emerge as the most comprehensive in their predictions about the 

development of L2 production.  The Ontogeny and Phylogeny Model offers fairly specific 

predictions about the development of L2 production and the influences of the L1, the L2, and 

language universals at different stages of development.  However, the Speech Learning Model is 

more specific and comprehensive, in terms of its specific predictions about L2 production and its 

ability to provide testable hypotheses.  Furthermore, the SLM has the advantage of providing a 

clear link to L2 perception, in that Flege argues that perception of L2 sounds affects production 

of L2 sounds, which adds to the explanatory adequacy of this model. 
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Despite the fact that these models help to explain patterns of development observed in L2 

production, as suggested by Major (2001), it is clear that other individual differences and other 

factors are also at play that contribute to the interlearner variability observed in L2 production 

(as well as L2 perception).  The next section will consider some of these individual difference 

factors that can exert an influence on L2 phonological development. 

Factors affecting L2 phonological development overview 

The frameworks and models of phonological acquisition described above allow us to 

make many predictions regarding learners’ perception and production of L2 sounds at different 

stages of acquisition and over time.  Yet, as with any area of SLA, many other factors also play a 

role in learners’ L2 phonological development. 

This section provides an overview of various factors that are important when considering 

interlearner variability in L2 phonological development and have been important in the design of 

this study.  These factors can be grouped as learner-internal variables, learner-external variables, 

and linguistic factors.  This section will describe how the variables are defined in the literature, 

provides a review of the relevant empirical literature for each factor, and a summary, which 

considers the variables in light of phonological learning. 

Learner-internal variables 

 The learner-internal variables refer to variables that affect learners’ ability to acquire a 

second language.  These variables are often referred to as individual difference (ID) variables, 

which Dörnyei defines as “enduring personal characteristics that are assumed to apply to 

everybody and on which people differ by degree” (2005, p. 4).  In other words, these factors are 

considered to be more stable traits that are applicable to all people and are able to discriminate 

between individuals (Dörnyei, 2005).  ID variables can refer to factors such as L2 aptitude, 
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working memory capacity, phonological short-term memory, and motivation.  Additionally, 

factors such as age (including the age of onset of acquisition and age at learning), current 

proficiency level, prior knowledge, and hearing sensitivity, which are not traditionally 

considered IDs due to their changing nature, will also be considered in this section. 

 The following sections first describe various individual difference variables (i.e., L2 

aptitude, working memory capacity, phonological short-term memory, and motivation) that are 

posited to play a role in L2 learning, how they are typically measured, and reviews some relevant 

empirical studies related to these variables.  Then, some other learner-internal variables (i.e., age 

effects, current proficiency level, prior knowledge, and hearing sensitivity) that are relevant to 

language learning, especially L2 phonological acquisition, are discussed. 

Individual difference (ID) variables. 

Defining and measuring L2 aptitude.  Language aptitude has long been purported to be 

a key variable in predicting language learning success (e.g., Carroll, 1981; Sanz, 2005; Sanz et 

al., 2014; Skehan, 2012).  However, defining language aptitude is not as straightforward.  First, 

over time, the term and conceptualization of aptitude itself has changed, originally referring to a 

learner’s readiness to learn another language, and later coming to mean a learner’s capacity to 

acquire an L2 (Kormos, 2013). 

 Additionally, while most researchers agree that language aptitude, or L2 aptitude, is 

componential in nature and refers to a constellation of various cognitive abilities that contribute 

to second/other language learning (e.g., Sanz et al., 2014; Skehan, 2012; Snow, 1992), not all 

researchers are in agreement about the cognitive abilities that underlie L2 aptitude.  For example, 

in the field of educational psychology, researchers tend to agree that crystallized intelligence and 

fluid intelligence are the most important elements underlying aptitude (Kormos, 2013).  
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Crystallized intelligence is a construct that refers to knowledge and skills that are gained through 

experience and learning and encompasses verbal abilities, such as comprehension and fluency, as 

well as domain-specific knowledge (Cattell, 1957).  Fluid intelligence refers to one’s ability to 

adapt to novel situations, and consists of abstract reasoning skills and short-term memory-related 

skills (Horn & Knoll, 1997).  At the same time, researchers have differing opinions about which 

other cognitive abilities contribute to aptitude, and how these abilities interact with crystallized 

and fluid intelligence in different learning contexts (Kormos, 2013).  

  In contrast, in SLA, researchers have largely relied upon Carroll’s conceptualization of 

L2 aptitude, which claims that the components that underlie L2 aptitude are (a) phonemic coding 

ability, (b) inductive language learning ability, (c) grammatical sensitivity, and (d) associative 

learning (Skehan, 2012).  Yet, this conceptualization has been criticized for not being based in 

theory; instead, it defines language aptitude in terms of the tasks on the MLAT, which were 

selected by administering a variety of language tests to language learners, then selecting those 

tasks that best differentiated between good and poor language learners and did not correlate 

highly with each other (Carroll & Sapon, 1959).  The problem with this conceptualization is that 

it means that “language aptitude is what language aptitude tests measure” and nothing more or 

less (Dörnyei, 2005, p. 35). 

Understanding L2 aptitude is further complicated when contemplating whether this 

variable is a stable, innate trait or a dynamic trait.  Some researchers have described language 

aptitude as a relatively stable trait (e.g., Carroll, 1993; Skehan, 2012) that is not modified or 

affected by training or prior experience (Skehan, 1998).  Other researchers have posited that L2 

aptitude is a dynamic characteristic that can change over time and interacts with both internal 

and external factors, as was proposed in educational psychology (e.g., Dörnyei, 2010; 
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Grigorenko, Sternberg & Ehrman, 2000; McLaughlin, 1990).  In particular, Grigorenko et al. 

(2000) argue that language aptitude is not a permanent trait that is fixed from birth, but rather is a 

form of developing expertise.  These different conceptualizations of L2 aptitude can be 

reconciled though by remembering the componential nature of aptitude and the fact that the 

individual abilities that constitute aptitude interact dynamically with each other and with the 

learning context under diverse learning conditions (Snow, 1992).  For example, Ackerman 

(1996) found crystallized intelligence to be more important in language learning for adults than 

for children and a better predictor of learning outcomes than fluid intelligence in more 

naturalistic learning contexts.  Consequently, as different sets of cognitive abilities interact with 

each other and the learning context, L2 aptitude may appear to be more or less stable and more 

or less important at different stages of acquisition (Granena, 2013; Kormos, 2013). 

In more recent years, various researchers have tried to provide more theoretically 

motivated constructs of L2 aptitude (e.g., Kormos, 2013; Robinson, 2001).  In particular, 

Kormos (2013) offers a new, theoretically-based conceptualization of language aptitude by 

carefully considering the different stages of language learning (i.e., input processing, noticing, 

integrating new knowledge, and automatization) and the mechanisms involved at each stage of 

language acquisition.  Within the input processing stage, Kormos (2013) identifies working 

memory capacity, phonological short-term memory, phonological sensitivity, inductive ability, 

and metalinguistic awareness as key cognitive abilities.  At the noticing stage, Kormos identifies 

working memory as the key cognitive ability required.  At the stage of integrating new 

knowledge, the cognitive abilities required can vary, depending on whether learning is explicit or 

implicit, but working memory is posited to be important at this stage regardless of the type of 

learning (Kormos, 2013).  Kormos hypothesizes that processing speed and inductive language-
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learning ability are most relevant for implicit learning, while inductive ability and metalinguistic 

awareness are most relevant to explicit language learning.  Lastly, at the automatization stage, 

working memory and perceptual speed are posited to be the most important cognitive abilities 

(Kormos, 2013).  In summary, many of the components of aptitude in Carroll’s (1981) 

conceptualization are also related to the cognitive abilities identified by Kormos as necessary for 

language learning success, which explains the success of this model in predicting language 

learning outcomes (Kormos, 2013).  Yet at the same time, Kormos (2013) recognizes the 

importance of some cognitive abilities not identified by Carroll and provides a theoretical basis 

for the conceptualization of L2 aptitude given. 

In terms of measuring language aptitude, traditionally, tests have been designed to tap 

into the underlying cognitive abilities purported to underlie language learning success.  One of 

the most commonly used tests of L2 aptitude is the MLAT, developed by Carroll and Sapon in 

1959.  Although the MLAT is a highly reliable test and a very good predictor of L2 learning 

performance, it has also been criticized for including subtests that do not have a one-to-one 

correspondence with the purported underlying cognitive skills that make up L2 aptitude (Skehan, 

2012).  Other L2 aptitude tests, such as the PLAB (Pimsleur, 1966) DLAB (Petersen & Al-Haik, 

1976), and CANAL-FT (Grigorenko et al., 2000) have also been developed to try to improve 

upon the MLAT, although few have demonstrated the reliability observed with the MLAT 

(Skehan, 2012) and none have demonstrated superiority over the MLAT in terms of predicting 

language-learning success (Sawyer & Ranta, 2001; Skehan, 2012). 

 In recent years, as the MLAT and some of the other aptitude tests have become restricted 

to government and commercial uses, and L2 aptitude has become a more commonly explored 

variable in SLA research, scholars have attempted to develop tests that (a) better match the 
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concept of L2 aptitude as it is defined and (b) are more easily accessible and technologically 

advanced.  One of the tests developed with these goals in mind is the Hi-LAB (Linck et al., 

2013), however, unlike other aptitude tests that predict success in earlier stages of language 

learning, this test was developed to identify which learners may learn a foreign language to a 

very advanced level, using a battery of cognitive behavioral tasks.  Another aptitude test, the 

LLAMA language aptitude test, was developed by Paul Meara and colleagues and is more 

similar to previous aptitude tests (Meara, 2005).  In fact, the tasks in the LLAMA are largely 

based on the tasks in the MLAT, but with some important methodological improvements 

(Granena, 2013).   First, the LLAMA aptitude test removes much of the verbal content, making 

the test language-independent, meaning it can be used with participants from different L1 

backgrounds.  Additionally, the removal of verbal content ensures that the test is assessing 

participants’ language learning skills rather than confounding aptitude with learners’ verbal 

skills.  This change has the added benefit of making the test easier to use with children and low-

literacy participants.  Lastly, the LLAMA is administered on a computer and automatically 

scored, making the test more accessible to researchers, as well as simplifying its administration 

and scoring. 

The LLAMA language aptitude test consists of four subtests (LLAMA B, D, E, and F) 

that are loosely based upon the tasks in the MLAT.  LLAMA B is a vocabulary learning task, 

which measures one’s ability to learn a relatively large amount of vocabulary in a short period of 

time (Meara, 2005).  LLAMA D is a sound recognition task, which measures a participant’s 

ability to recognize patterns in short stretches of spoken language (Meara, 2005).  This task does 

not correspond to any of the MLAT tasks, but instead is based on work by Service (Service, 

1992; Service & Kohonen, 1995) and Speciale (Speciale, Ellis & Bywater, 2004).  LLAMA E is 
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a sound-symbol correspondence task, which measures a participant’s phonetic coding ability by 

testing their ability to figure out the relationships between heard sounds and an unfamiliar 

writing system (Meara, 2005).  Lastly, LLAMA F is a grammatical inferencing task, which 

measures one’s ability to figure out grammatical rules in an unfamiliar language (Meara, 2005).  

Empirical research on L2 aptitude.  Carroll’s concept of L2 aptitude was originally 

developed to account for learner success in instructional contexts that required more explicit 

learning, but as teaching methodology has moved towards communicative classrooms that are 

thought to require more implicit learning, the relevance of this conceptualization of aptitude has 

been questioned (Kormos, 2013).  Consequently, an abundance of research has been conducted 

exploring the role of aptitude in various learning contexts and learning conditions. 

In terms of learning context, Reves (1983) found that aptitude was predictive of learning 

success in both classroom settings and in naturalistic immersion settings, however, Skehan 

(1989) suggests that L2 aptitude may have a more important role in naturalistic settings than 

classroom settings.  Skehan (2002) argues that in naturalistic settings, in which learners cannot 

rely upon explicit explanations, certain components of Carroll’s concept of aptitude, namely 

grammatical sensitivity and inductive ability, may have a facilitative role in language learning. 

With regard to the age of learners, Harley and Hart (1997) found that aptitude was not 

predictive of success for younger learners in an immersion context, but was highly correlated 

with most proficiency measures for older learners.  Likewise, Horwitz (1987) and Ehrman and 

Oxford (1995) found L2 aptitude to be predictive of language learning success among older 

learners in communicative classrooms.  Similarly, several studies have found L2 aptitude to be 

predictive of language learning success among older learners in naturalistic settings (e.g., 

Abrahamsson & Hyltenstam, 2008; DeKeyser, 2000; DeKeyser et al., 2010).  DeKeyser (2000) 



67 

offers a possible explanation for these findings, attributing it to different learning mechanisms 

among learners with earlier and later ages of onset of acquisition.  In particular, DeKeyser (2000) 

argues that learners with a later age of onset rely upon explicit learning and domain-general 

mechanisms to supplement their declining capacity for incidental learning, and thus, L2 aptitude 

may play a more important role and be more predictive of performance among these learners. 

However, Robinson (1997, 2002), De Graaff (1997) and Williams (1999) provide a 

counterexample to this argument, in that they found language aptitude to be predictive of 

language learning success under both explicit and implicit learning conditions. 

In short, language aptitude largely has been found to be predictive of language learning 

success, in a variety of learning contexts and learning conditions.  These findings are 

unsurprising given the multi-component character of this construct and the dynamic ways in 

which these components can interact with each other, with the learning context, and can 

influence language learning at different stages of acquisition. 

As the present study plans to use the LLAMA test to measure L2 aptitude, this section 

will also summarize some of the key findings specifically related to studies that use of the 

LLAMA or the Swansea LAT (an earlier version of the LLAMA) to measure L2 aptitude. 

Several studies have found scores on the LLAMA (or its subtests) to be predictive of 

performance for a variety of L2 skills.  First, L2 aptitude has been found to be predictive of L2 

vocabulary and collocation learning in advanced adult L2 learners (Forsberg Lundell & 

Sandgren, 2013; Granena & Long, 2013).  Interestingly, in both of these studies the LLAMA D 

subtest was the subtest most strongly correlated with collocation knowledge (Granena, 2013).   

Researchers have also found that L2 aptitude correlates with morphosyntactic 

performance and development in a variety of contexts.  Namely, L2 aptitude was predictive of 
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morphosyntactic performance among early L2 learners on Grammaticality Judgment Tasks 

(GJTs) measuring ultimate attainment (Abrahamsson and Hyltenstam, 2008; Granena, 2012); 

among study abroad and classroom learners (e.g., Serrano & Llanes, 2012); and among learners 

in form-focused instruction contexts (Yalcin, 2012) and in explicit corrective feedback contexts 

(Yilmaz, 2013).  However, in these studies LLAMA scores did not correlate with performance 

on auditory GJTs (Granena, 2013), spontaneous oral production tasks (Yalcin, 2012), or word-

monitoring tasks (Granena, 2013).  Yet, Granena (2012) did find that the LLAMA D (sound 

recognition) subtest did emerge as predictive of L2 learners’ grammatical sensitivity to gender, 

number, and person agreement on the word-monitoring task.   

Taken together, Granena (2013) concludes that LLAMA scores were able to predict 

performance on L2 measures that require “the use of analytic, metalinguistic abilities and with 

L2 learning under explicit instructional treatments or feedback conditions” (p. 112).  Granena 

(2013) also points out that LLAMA scores did not demonstrate statistical correlations with tasks 

that required automatic use of L2 knowledge (e.g., word monitoring and spontaneous oral 

production tasks), with the exception of the LLAMA D, which did predict grammatical 

sensitivity on a word-monitoring task.  Granena (2013) concludes that the LLAMA D subtest 

seeemed to tap into a different type of knowledge that relies more upon item learning, rather than 

rule learning, and perhaps is tapping into implicit language aptitude. 

The role of L2 aptitude has not been explored as fully with regard to L2 perception and 

production development.  However, one study (Granena & Long, 2013) has examined the 

relationship between L2 aptitude scores and L2 phonology, in terms of the pronunciation ratings 

learners received from native-speaker judges on a read-aloud task.  The results identified a 

positive correlation between LLAMA scores and pronunciation ratings on a read-aloud task for 
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those adult L2 learners with a later age of onset of learning (Age of Onset = 16 – 29 years of 

age).  In a finer-grained analysis by LLAMA subtest, Granena and Long (2013) found that the 

LLAMA E (sound-symbol association) and LLAMA F (grammatical inferencing) subtests had 

the strongest correlations with learners’ pronunciation ratings, but again, only in the group of 

late-onset learners. 

Summary of L2 aptitude.  The review of the literature has revealed that language 

aptitude is predictive of language learning success for a variety of L2 skills.  However, these 

findings are largely limited to the realms of morphosyntax and vocabulary learning, as few 

studies have even explored the role of aptitude in L2 phonological development (Granena & 

Long, 2013).  One of the few studies examining L2 aptitude in L2 phonology, Granena and Long 

(2013) found that only the LLAMA E and F subtests of the LLAMA were predictive of success 

in L2 phonology. 

In addition to predicting success for a variety of L2 skills, L2 aptitude has also been 

found to be predictive of language learning success in a various language learning contexts (e.g., 

naturalistic and classroom) and under a range of learning conditions (e.g., implicit and explicit).   

L2 aptitude has also tended to be more predictive for learners with an older age of onset of 

acquisition, supporting DeKeyser’s (2000) claim that language aptitude plays a different role in 

language learning at different stages of acquisition. 

Despite the importance of L2 aptitude in predicting language learning success, it is a 

difficult trait to define since at its core, L2 aptitude is a componential construct comprised of 

several different cognitive abilities (e.g., Sanz et al., 2014; Skehan, 2012; Snow, 1992).  

Additionally, the cognitive abilities that comprise aptitude have been defined differently in 

different fields and the concept of aptitude itself has changed substantially over time (Kormos, 
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2013).  While some researchers (e.g., Miyake & Friedman, 1998) have argued that working 

memory capacity may be the key component underlying language aptitude, recent research in 

SLA has reinforced the idea that L2 aptitude is a componential construct comprised of various 

cognitive individual difference variables (Granena, 2013; Kormos, 2013). 

In recent years, researchers have attempted to provide clearer conceptualizations of 

language aptitude than Carroll’s (1981) definition, by identifying the cognitive abilities that 

underlie L2 aptitude (e.g., Miyake & Friedman, 1998; Sawyer & Ranta, 2001) and/or using a 

theoretical basis to define the components that underlie L2 aptitude (e.g., Kormos, 2013).   This 

type of theoretically motivated work has led some researchers (e.g., Miyake & Friedman, 1998; 

Sawyer & Ranta, 2001) to conclude that working memory capacity and language aptitude may 

tap into the same cognitive abilities.  In fact, Miyake and Friedman (1998, p. 339) have gone so 

far as to say that working memory may be “one (if not the central) component of this language 

aptitude”.   While Kormos’s (2013) theoretically-based conceptualization of L2 aptitude aligns 

with these other researchers’ conclusion that working memory is a key component in language 

aptitude, she also identifies other key cognitive abilities underlying L2 aptitude and also 

concludes that many of the components in Carroll’s (1981) conceptualization of L2 aptitude are 

relevant for the underlying cognitive abilities that promote language learning success.  Of 

particular interest for this study is Carroll’s concept of phonetic coding ability, which Kormos 

(2013) claims may play an important role in the acquisition of L2 phonology and orthography. 

 As can be seen, L2 aptitude has been liked with language learning success.  Likewise, 

research has indicated that WMC and L2 aptitude seem to be related, with some researchers 

asserting that WMC may be the key element underlying the cognitive abilities that are 
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collectively known as L2 aptitude.  Thus, the following section defines and reviews the construct 

of working memory and its role in SLA. 

Defining and measuring working memory capacity (WMC).  Working memory often is 

defined as “the ability to maintain information in an active and readily accessible state, while 

concurrently and selectively processing new information” (Conway, Jarrold, Kane, Miyake, & 

Towse, 2007, p. 3) and is said to be responsible for controlling, regulating, and temporarily 

maintaining active certain task-relevant information in the face of distracting information 

(Baddeley, 2003; Linck et al., 2013; Williams, 2012).  Importantly, because it involves both 

storage capacity and processing capacity, working memory (WM) is considered to be distinct 

from both long-term and short-term memory (Gass & Mackey, 2011).  More specifically, WM 

refers to the ability to both store and manipulate information that is relevant to a task, whereas 

related phonological short-term memory or phonological memory is considered to refer to just 

the storage component. 

A few different models of WM exist, with two of the most prevalent models in SLA 

research being the Canadian model (e.g., Daneman & Carpenter, 1980; Just & Carpenter, 1992) 

and the British model (e.g., Baddeley, 2003, 2010; Baddeley & Hitch, 1974; Gathercole & 

Baddeley, 1989, 1993).  The Canadian model suggests that individuals have a limited pool of 

cognitive resources upon which they can draw, and that there is a trade-off between storage and 

processing (Daneman & Carpenter, 1980, 1983).  Consequently, how much information can be 

stored during processing depends upon how efficiently one can process said information 

(Daneman, 1980, 1983).  In contrast, the British model does not describe working memory 

capacity as being dependent upon a limited pool of cognitive resources.   
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At their core these two models conceptualize WM as multi-component construct, 

consisting of domain-specific storage subsystems and a domain-general executive component 

that oversees the subsystems (Williams, 2012).  The domain-specific subsystems are concerned 

with the storage of information in short-term memory, while the domain-general executive 

component is responsible for regulating and controlling this information (Williams, 2012).  This 

executive component is alternately referred to as either the central executive (Baddeley & Hitch, 

1974; Baddeley, 2003, 2010) or as executive attention (e.g., Engle, Kane & Tuholski, 1999; 

Engle & Kane, 2004).   

In Baddeley and Hitch’s (1974) model of working memory, the different domain-specific 

components that interact with one another are the phonological loop and the visuo-spatial 

sketchpad.  Subsequent revisions of this model (Baddeley, 2000, 2003, 2010) added another 

component, the episodic buffer.  These three components are then overseen by the domain-

general central executive (Baddeley, 2000, 2003, 2010).  The visuo-spatial sketchpad and the 

phonological loop are responsible for storing visual and spatial information and verbal-acoustic 

material, respectively, in short-term memory (Baddeley, 2010).  The episodic buffer is seen as a 

limited capacity store that integrates information from the phonological loop and the visuo-

spatial sketchpad with information already present in long-term memory, while also interacting 

with the central executive (Baddeley, 2003, 2010).  The last component, the central executive, is 

an attentional control system that oversees the other subsystems and manages the information in 

these subsystems (Baddeley, 2010).  For a visual representation of Baddeley’s (2010) model of 

working memory, see Figure 1. 
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Figure 1.  Baddeley’s model of working memory. (From Baddeley, 2010). 

 Since working memory capacity refers to both a storage component and a processing 

component, tasks to measure working memory capacity (WMC) must require individuals to 

simultaneously store and process information, for example, a task that requires participants to 

pay attention to certain details, while disregarding other non-relevant information (Conway, 

2005).  A critical characteristic of the processing component of a WMC task is that it must 

interfere with rehearsal (Conway, Kane, Bunting, Hambrick, Wilhelm & Engle, 2005).  

Consequently, WMC tasks require participants to complete two tasks simultaneously (Conway et 

al., 2005).  Some of the most-commonly used instruments for measuring WMC are the Operation 

Span (OSPAN) task, in which participants solve math problems while trying to remember words 

for later; the Reading Span (RSPAN) task, in which participants evaluate sentences for semantic 

plausibility, while remembering letters for later; or the Counting Span task, in which participants 

count the number of target shapes (e.g., yellow triangles) among a field of distractors of the same 

color or shape, then remember the totals from each field for later (Conway et al., 2005).   
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Typically, WMC tasks are administered in the learner’s L1 because if the task is 

administered in the L2, it may simply be measuring learners’ L2 proficiency or verbal skills, 

rather than innate cognitive abilities. Working memory capacity tasks can also be scored in a 

variety of ways, which can affect how well they distinguish between participants.  These 

different scoring procedures and their consequences will be detailed in Chapter 3. 

Empirical research on working memory capacity.  A large body of research has found 

WMC to play an important role in language learning with regard to a large variety of language 

learning skills. Although not all empirical studies have found a role for WMC in L2 skills (e.g., 

Chun & Payne, 2004; Juffs, 2004; Mizera, 2006; Taguchi, 2008), overwhelmingly, the majority 

of studies investigating the role of WMC in L2 learning have found WMC to be a fairly reliable 

predictor of performance and learner outcomes for various L2 skills (e.g., Linck et al., 2013; 

Linck & Weiss, 2015 and see Juffs & Harrington, 2011 and Williams, 2012 for reviews).  In fact, 

based on the results of a recent meta-analysis (Linck et al., 2013), Linck and colleagues suggest 

that in general, individuals with higher WMC are “better equipped to handle the cognitive 

processing demands of learning an L2” (Linck & Weiss, 2015, p. 2).   

However, when evaluating these empirical studies, Linck and Weiss (2015) insist that it 

is important to consider the task used to measure WMC, since some tasks that are termed 

working memory tasks actually are measuring storage capacity only (i.e. PSTM), and not both 

storage and processing.  For example, Juffs (2004) found no relationship between performance 

on a reading span task and online L2 sentence comprehension, yet Linck and Weiss (2015) claim 

that these findings may be due to methodological factors related to the task used to measure 

WMC. 
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Among those studies that have found a role for WMC in L2 learning, WMC has been 

found to correlate strongly with performance on various L2 skills.  For example, Kormos and 

Sáfár (2008) found that WMC correlated with five out of six measures of L2 language abilities, 

including reading, speaking, and listening.  Researchers have also found that WMC correlates 

with performance on L2 reading comprehension tasks (Harrington & Sawyer, 1992; Miyake & 

Friedman, 1998), L2 grammar tasks (Harrington & Sawyer, 1992), L2 proficiency measures, 

such as the TOEFL (Harrington & Sawyer, 1992), differences between learners in terms of L2 

online processing (see Michael & Gollan, 2005 for a review), and L2 learners’ use of feedback in 

conversational interactions  (Mackey, Adams, Stafford & Winke, 2010; Mackey, Philp, Egi, Fujii 

& Tatsumi, 2002).  Furthermore, individual differences in WMC are also related to differences in 

the speed and efficiency of acquisition of L2 knowledge (Dörnyei, 2006). 

Additionally, WMC has been found by some researchers to have a changing role as 

proficiency increases, with WMC playing a larger role and being more involved in the language 

learning process at early to intermediate stages, but having a lesser role at later stages (e.g., 

Serafini & Sanz, 2015; Winke, 2005). 

To the researcher’s knowledge, the role of WMC in L2 phonological development or 

acquisition has not been explored.  However, phonological short-term memory, which is 

considered to be a component of working memory has begun to be explored in a few studies of 

L2 phonology, as will be described in the next section. 

Summary of working memory capacity.  Working memory capacity is conceived of as a 

multi-component construct, comprised of various storage systems that are overseen by a central 

executive.  Working memory is said to be “crucial to the processing, storage, and retrieval of 

information in memory” (Linck & Weiss, 2015, p. 1) in that it helps learners to attend to relevant 
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linguistic features and remember certain chunks of information from the speech signal, while 

inhibiting irrelevant stimuli (Kormos, 2013).  For these reasons, WMC is a very important 

individual difference in language learning and has been found to be an important predictor of 

learning outcomes for many different L2 skills.  While the ways in which WMC helps learners to 

acquire language in other realms of language seem to also be relevant for L2 phonological 

acquisition, the role of WMC in L2 perception and production has yet to be fully explored.  

However, one of the components of WMC, phonological short-term memory, has begun to be 

explored in L2 phonological acquisition with some interesting findings, as will be detailed 

below. 

Defining and measuring phonological short-term memory (PSTM).  Phonological 

short-term memory (PSTM), also called phonological memory, is one subcomponent of the 

phonological loop, a key element of working memory.  PSTM and the sub-vocal articulatory 

rehearsal system work together to comprise the phonological loop and are the element of 

working memory responsible for the processing of verbal-acoustic information (Baddeley, 2003).  

Importantly, PSTM refers to a storage-only subcomponent of working memory and is 

responsible for storing spoken utterances for brief periods of time (approximately two seconds) 

or longer if they are refreshed through articulatory rehearsal (Baddeley, 2003). In language 

learning, PSTM helps with remembering verbal material, decoding sequences of sounds, and 

creating associations between words and meanings (Kormos, 2013).  In short, Baddeley, 

Papagno & Vallar (1998) have claimed the primary purpose of the phonological loop is to 

support language acquisition. 

 Unlike WMC tasks, PSTM is typically measured using tasks that only require storage of 

information, not storage and processing.  PSTM has most frequently been measured using non-
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word repetition (NWR) tasks in the literature; however, the serial non-word recognition (SNWR) 

task is another measure of PSTM that has been used more recently and which has several 

advantages over NWR tasks. 

In a NWR task, participants hear a string of nonce words and must repeat them back in 

the same order as best they can.  In contrast, a SNWR task removes the articulatory component 

found in a NWR task.  Instead, for each trial, participants hear two strings of nonce words 

(ranging in length from four to six words per string) and must identify whether the two strings 

heard are identical or not, that is, whether the component words in the two strings occur in the 

same order or in a different order (Gathercole & Pickering, 1999; Gathercole, Pickering, Hall & 

Peaker, 2001).  Although SNWR tasks use non-words, the strings of syllables conform to the 

phonotactics of a particular language (Cerviño-Povedano & Mora, 2010).   

While both NWR and SNWR tasks have been used to measure PSTM, the SNWR task 

has several advantages over NWR tasks (see O’Brien, Segalowitz, Freed, & Collentine, 2007 for 

a comprehensive review).  First, since the SNWR task removes the articulatory component found 

in NWR tasks, the test is solely a measure of participants’ memory capacity and not of their 

ability to both accurately perceive and then reproduce a string of nonce words.  Furthermore, 

since participants’ answers do not need to be transcribed, it reduces coding errors and reliance 

upon the researcher’s perception of the participants’ utterances. Both the articulation and 

transcription elements of the NWR task could confound the PSTM results (Cerviño-Povedano & 

Mora, 2010), while these disadvantages do not exist with the SNWR task. 

 Empirical research on phonological short-term memory.  Phonological short-term 

memory (PSTM) is one of the cognitive variables that has been most investigated in L2 learning.  

Empirical studies have demonstrated an important predictive role for PSTM in both L1 and L2 
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learning outcomes, and in both instructed and naturalistic contexts (Kormos, 2013). In L1 

development, PSTM has repeatedly been found to be predictive of vocabulary acquisition (e.g., 

Baddeley et al., 1998; Gathercole & Pickering, 1999; Gathercole et al., 1999a), as reflected in 

vocabulary learning, vocabulary production, mean length of utterances, and expressive language 

performance in children (Martin, 2009).  Likewise, Willis and Gathercole (2001) found PSTM to 

be a predictor of sentence comprehension and repetition.  PSTM has also been found to be a 

statistical predictor of semantics and syntax development (e.g., Adams & Gathercole, 2000).  For 

a comprehensive review of the role of PSTM in predicting L1 learning outcomes, see Martin 

(2009).  In general, researchers argue that PSTM has been found to play such an important role 

in L1 language development because phonological memory skills allow individuals to develop 

representations of novel phonological content (Baddeley et al., 1998). 

PSTM has been found to be important with regard to a variety of L2 skills (See Martin, 

2009 or Martin & Ellis, 2012 for a more detailed review).  A large body of research has found 

PSTM to be predictive for L2 vocabulary learning (e.g., Atkins & Baddeley, 1998; Baddeley et 

al., 1988; Ellis & Sinclair, 1996; Martin & Ellis, 2012; Masoura & Gathercole, 1999; O’Brien, 

Segalowitz, Collentine, & Freed, 2006; Papagno, Valentine, & Baddeley, 1991; Papagno & 

Vallar, 1995).  Likewise, various studies have identified relationships between PSTM and L2 

grammar learning (e.g., Ellis & Sinclair, 1996; French & O’Brien, 2008; Martin & Ellis, 2012; 

Service, 1992; Service & Kohonen, 1995), learners’ ability to generalize grammatical gender 

(Williams & Lovatt, 2003), and L2 writing (Kormos & Sáfár, 2008).   

Additionally, researchers have found a relationship between PSTM and phonological 

sequence learning (Speciale et al., 2004) and development of L2 oral fluency (e.g., Ellis & 

Sinclair, 1996; French & O’Brien, 2008; O’Brien et al., 2006; O’Brien et al., 2007; Service, 
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1992; Service & Kohonen, 1995).  Additionally, positive correlations have been found between 

PSTM and overall L2 proficiency (e.g., O’Brien et al., 2007) and PSTM has been posited to 

influence both the rate of learning and ultimate attainment in adult onset L2 users (Bolibaugh & 

Foster, 2013). 

Jacquemot and Scott (2006) have also proposed a role for PSTM in both perception and 

production aspects of speech processing, yet relatively little research has examined the role of 

PSTM in L2 phonological acquisition.  In recent years, this has begun to change and researchers 

have started to investigate the role of PSTM in L2 perception and production.  For example, 

some researchers have found connections between PSTM and perception of L2 vowels (Aliaga-

García, Mora, & Cerviño-Povedano, 2010; Cerviño-Povedano & Mora, 2011; MacKay, Meador 

& Flege, 2001), perception of L2 consonants (Cerviño-Povedano & Mora, 2011; MacKay et al., 

2001) and L2 English consonant identification in quiet and noisy conditions by L1 Greek 

learners (Lengeris & Nicolaidis, 2014).  However, see Safronova & Mora (2012) for evidence 

against the relationship between PSTM and L2 vowel identification.  Likewise, Isaachs & 

Trofimovich (2010) investigated the role of PSTM in ratings of L2 speech for accentedness, 

comprehensibility and fluency, but did not find that PSTM was significantly correlated with the 

ratings that listeners assigned to L2 speech.  Furthermore, PSTM was found to be an important 

predictor in the production performance of English /i-ɪ/ by L1 Catalan-Spanish speakers of L2 

English (Cerviño-Povedano & Ortega Durán, 2014). 

 Summary of phonological short-term memory.  The above results indicate that PSTM is 

an important individual difference variable for predicting many different types of L2 outcomes 

from vocabulary learning to grammar development to development of L2 oral fluency.  In fact, 

Baddeley et al. (1998) have claimed the primary purpose of the phonological loop is to support 
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language acquisition.  However, relatively little research has investigated the role of PSTM in L2 

phonological development up until now.  Although more research into the role of PSTM in the 

perception and production of L2 sounds is needed, these initial studies indicate that PSTM may 

play an important role in these processes and may be an important predictor of both the rate of 

development and L2 learners’ ultimate attainment for the perception and production of L2 

vowels.   

Defining and measuring L2 motivation.  The concept of motivation has a long history in 

the field of SLA, with research spanning more than five decades (Dörnyei & Ryan, 2015).  

Dörnyei and Ryan (2015) define L2 motivation generally as the “primary impetus to initiate L2 

learning and later, the driving force to sustain the long, often tedious learning process” (p. 72), 

yet over the more than five decades of research on L2 motivation in LSA, the construct has 

changed, moving through several different phases, each with its own focus and perspective.  

Dörnyei and Ryan (2015) divide these phases into three periods: the Social Psychological Period, 

the Cognitive-situated Period, and the Process-oriented Period.   

The Social Pyschological Period, which began in 1959 and continued through 1990, is 

characterized by the work of Robert Gardner and colleagues in Canada.  This phase focused on 

motivation in language learning from a more societal perspective, and with regard to learners’ 

attitudes towards and ability to identify with the “target” community, since according to Gardner 

and Lambert (1972), students’ success in learning a language is influenced by their attitudes 

towards the language and language group (Dörnyei & Ryan, 2015; Ortega, 2009).  Gardner 

broke motivation into two types: integrative motivation and instrumental motivation (Gardner, 

1985).  Gardner believed that integrative motivation was the “highest and most facilitative form 
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of motivation” for language learning and thus, focused most his research on this construct 

(Ortega, 2009).   

Over the next few decades, Gardner and colleagues, using this perspective as a basis, 

produced a large body of research that ultimately helped found the basis for Gardner’s Socio-

Educational Model of SLA (1979) and subsequent revisions.  This model posits that second 

language achievement is largely influenced by integrative motivation, and language aptitude, as 

well as a number of other factors (Dörnyei & Ryan, 2015).  The motivation element of this 

construct, integrative motivation, has three primary constituents: integrativeness, attitudes 

towards the learning situation, and motivation (Gardner, 1979).  Gardner then used this model of 

SLA to create the Attitude/Motivation Test Battery (Gardner, 1985), a multi-component Likert 

scale questionnaire that operationalizes Gardner’s concept of integrative motivation, as well as 

three additional components thought to affect language learning, namely language anxiety, 

parental encouragement, and instrumental orientation.  This questionnaire has been a key 

contribution from this period of motivation research to the field of SLA and has been widely 

used in a large body of empirical research. 

Over time though, dramatic changes began to occur in motivation research, particularly in 

the field of educational psychology in the 1980s, yet Gardner’s theory remained relatively 

unmodified (Dörnyei & Ryan, 2015).  As a result, a conceptual gap began to develop between 

the fields of SLA and educational psychology regarding the construct of motivation.  

Subsequently, as the field of SLA tried to catch up with the advances being made in the field of 

educational psychology with regard to L2 motivation, the field began to change its focus 

(Dörnyei & Ryan, 2015).   
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This change in focus marked the beginning of the Cognitive-situated Period, which began 

in 1990 and extended throughout the 1990s (Dörnyei & Ryan, 2015).  In the Cognitive-situated 

Period, research is characterized by work drawing on cognitive theories in educational 

psychology (Dörnyei & Ryan, 2015).  In particular, researchers began to look at motivation 

through the lens of Self-Determination Theory (e.g., Deci & Ryan, 1985), which looks at 

different types of intrinsic and extrinsic motives (Dörnyei & Ryan, 2015; Ortega, 2009).  This 

framework focused less on the quantity of motivation that learners possessed, and more on the 

quality and nature of learners’ motivation, and examined the impact of the classroom learning 

situation (e.g., the teacher, curriculum, and instructional quality) on learners’ motivation 

(Dörnyei & Ryan, 2015; Ortega, 2009).  In other words, this framework built upon Gardner’s 

concept of motivation, but sought to link motivation to contextual factors on a more local level, 

i.e., within the classroom (Dörnyei & Ryan, 2015).  This avenue of research also led to the 

creation of the Language Learning Orientations Scale (Noels, Pelletier, Clément & Vallerand, 

2000), an instrument designed to measure the principles of Self-Determination Theory (Deci & 

Ryan, 1985, 2000; Ryan & Deci, 2000) within the language learning context.  Using this 

instrument, researchers were able to explain a significant portion of the variance in students’ 

motivation and offer potentially useful information to language instructors about conditions that 

improve L2 motivation (Dörnyei & Ryan, 2015).  

However, as researchers began to situate motivation within the classroom, they also 

began to notice that although there was some stability in learners’ motivation (i.e., trait-like 

quality), there were also situation-specific variations in individuals’ motivation levels, related to 

factors such classroom context, or the type of tasks students were asked to complete (i.e., state-

like quality).  This observation led Dörnyei (2002) to propose that “task motivation may be more 
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complex than the state-trait dichotomy” because engaging certain tasks can affect learners’ 

motivation levels.   

These observations led to the beginning of the Process-oriented Period, which began in 

2000 and continues today (Dörnyei & Ryan, 2015).  The Process-oriented Period is characterized 

by an interest in motivational change and claims that motivation has a dynamic character that 

displays temporal variation (Dörnyei, 2005).  In this socio-dynamic conceptualization, L2 

motivation is seen as a dynamic and complex affective variable that can change from week to 

week, day to day, or even from moment to moment over the course of learning a foreign 

language, based on the interactions that the learner has with the L2 (Ushioda & Dörnyei, 2012).  

This interpretation follows Dörnyei’s (2005, 2015) L2 Motivational Self Model, which is based 

on possible selves theory, in which one’s different possible selves are thought to shape one’s 

future actions (Markus & Nurius, 1986).  In an academic context, the two most relevant selves 

are the “ideal self” and the “ought self” (Higgins, 1987).  Dörnyei extended this concept to L2 

learning with the Ideal L2 self and the Ought-to L2 Self.  The Ideal L2 Self describes what type 

of L2 learner an individual ideally would like to be, that is his hopes, aspirations, and goals for 

his language learning (Dörnyei, 2009). The Ought-to L2 Self describes the type of L2 learner he 

thinks that he ought to be and the sorts of attributes that he believes he should possess (Dörnyei, 

2009).  The basic underlying tenet of this model when applied to language learning is that if 

proficiency in the target language is important to one of the learner’s two selves (Ideal L2 self or 

Ought-to L2 Self), “this aspiration will serve as a powerful motivator to learn the language 

because of a psychological desire to reduce the discrepancy between current and future self-

states” (Serafini, 2013, p. 82; Ushioda & Dörnyei, 2012).  An additional third component of this 

model is the L2 Learning Experience, the impact that a learner’s context of learning (i.e., the 
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teachers, curriculum, peer group, and the experience of success) can have on a learner’s 

motivation (Dörnyei, 2009).   

Dörnyei’s model of motivation has typically relied upon the L2 Selves Questionnaire, a 

Likert-style questionnaire that provides statements about L2 learning, targeting the three 

components of the L2 Motivational Self Model and asks participants to indicate how much they 

agree or disagree with the statement on a scale from 1 to 6.  Participants’ responses can then be 

examined as a composite score or broken down individually, according to each component. 

 Empirical research on L2 motivation.  L2 motivation has long been purported to be an 

important individual difference variable in SLA.  In fact, Sanz and Lado (2013) report that 

motivation is such an important predictor of success in language learning that frequently it is 

necessary to parse out motivation in order for other variables to emerge as significant predictors.  

However, with regard to L2 phonological acquisition specifically, the results about the effect of 

motivation have been mixed.   

Motivation has most often been considered with regard to L2 production and has been 

examined in terms of learners’ degree of foreign accent.  While several studies have claimed that 

degree of motivation is a factor in determining the degree of one’s foreign accent in the L2 (e.g., 

Bongaerts, Mennen, & van der Slik 1995; Bongaerts, van Summeren, Planken, & Schils, 1997; 

Elliott, 1995; Flege, Munro & MacKay, 1995: Moyer, 1999; Purcell & Suter, 1980; Seliger, 

Krashen, & Ladefoged, 1975; Suter, 1976), other studies (e.g., Oyama, 1976; Thompson, 1991) 

found that motivation did not affect degree of foreign accent (Piske, MacKay & Flege, 2001).  

Additionally, among those studies that did attribute degree of foreign accent to degree of 

motivation, several of these studies found that motivation only accounted for a small amount of 

the variance among learners (e.g., Flege, Yeni-Komshian & Liu, 1999).  Likewise, Slevc & 
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Miyake (2006), in a larger study examining L2 proficiency, also found that motivation did not 

correlate with any of their measures of L2 proficiency, which included both receptive and 

productive measures of L2 phonology.  Piske et al. (2001) conclude that while motivation does 

seem to have at least some influence on L2 production, it has little general effect and high levels 

of motivation do not necessarily guarantee accent-free speech, particularly among late learners.  

However, Piske et al. (2001) also point out in their review that motivation has not always been 

quantified very precisely, making it difficult to distinguish between high and low motivation 

learners, and perhaps leading to some of the mixed results.  

 Summary of L2 motivation.  The construct of motivation has a very long history in 

language learning and has undergone various conceptualizations over the more than five decades 

in which it has been investigated in L2 research.  Specifically, the three major phases of 

motivation research have been Social Psychological Period, the Cognitive-situated Period, and 

the Process-oriented Period.  Each of these periods have had a different focus and perspective 

with regard to motivation.  In recent years, SLA research has begun to adopt Dörnyei’s L2 

Motivational Self System, which conceives of motivation as a dynamic trait that changes over 

time and in different contexts. 

 While motivation has been found to be an important variable in other aspects of language 

learning (Sanz and Lado, 2013), the results are more mixed with regard to L2 phonology.  

Whereas some researchers have found that degree of motivation predicts degree of L2 foreign 

accent, others have found no role for motivation (Piske et al, 2001).  Yet, Piske et al. (2001) also 

point out that this finding could be in part due to the fact that motivation has not always been 

precisely quantified in different studies and various ways of measuring motivation have been 

used. 
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Other learner-internal variables.  The following section reviews other learner-internal 

variables that are important to consider in L2 learning, but are not usually considered ID 

variables, in large part because they change over time for individuals.  These factors include age 

effects, proficiency level, and prior knowledge.  Additionally, hearing sensitivity is also 

discussed in this section, as a relevant variable for this study. 

Age effects.  Age plays a very important role in SLA and can be considered on multiple 

dimensions, namely, age of onset of acquisition and chronological age.  The following sections 

define these age effects and how they affect language learning. 

Age of onset of acquisition.  First, age of onset of acquisition (AO) is widely recognized 

as one of the most robust predictors of success in L2 learning, both in terms of ultimate 

attainment and rate of learning (Granena & Long, 2013; Long, 2013).  Most researchers agree 

that these age effects can be attributed to biological maturational constraints, including one or 

more sensitive periods for L2 learning (Long, 1990, 2013).  Sensitive periods consist of a period 

of peak sensitivity followed by an offset period (Long, 2013).  According to Long (2013), if the 

AO of L2 learning occurs during the period of peak sensitivity, then eventual native-like 

attainment is very likely; if the AO of L2 learning occurs during the offset period, native-like 

attainment is possible, but less likely over time; if the AO of L2 learning occurs after the close of 

the sensitive period, native-like attainment is considered impossible.  Notably, Long (1990, 

2013) posits different sensitive periods for different aspects of language learning, summarized in 

Table 1.  For all aspects of L2 learning, Long (2013) postulates that native-like attainment is 

most likely if the AO occurs between ages 0 and 6 years of age, while the offset period closes at 

different ages, depending upon the language aspect targeted.   
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As can be seen in Table 1, the sensitive period for L2 pronunciation closes earlier (around 

age 12) than the sensitive period for morphology and syntax (Granena & Long, 2013).  Thus, 

after age 12, learners’ degree of foreign accentedness is more strongly influenced by other 

individual differences than AO, including proportions of L1 and L2 exposure and use, 

motivation, aptitude, and external factors, such as pronunciation training (Long, 2013).  While 

Granena and Long (2013) find evidence that the sensitive period for L2 lexis and collocations 

closes somewhat earlier than the other aspects of L2 learning, they argue that L2 lexis and 

collocational knowledge can continue to develop throughout the lifespan, yet learners must rely 

more on explicit learning as they get older since their capacity for incidental learning decreases 

with age. 

Table 1. 

Sensitive periods for various aspects of L2 learning, based on Granena and Long (2013) and 

Long (2013). 

 

 Peak Sensitivity Offset Period 

L2 Phonology 0 – 6 years of age 6 – 12 years of age 

L2 Lexis and 

Collocations 

0 – 6 years of age 6 – between 9 and 12 

years of age 

L2 Morphology and 

Syntax 

0 – 6 years of age 6 – ~15 years of age 

 

In this study, since all participants will be adult onset L2 learners, who began learning 

Spanish after the closing of the sensitive period for L2 pronunciation, AO is not expected to play 

a significant role in the rate or end stage of development of L2 Spanish vowels (other than to 

limit all participants’ ultimate attainment in pronunciation). 

Chronological age.  Age can also refer to learners’ chronological age, independently of 

their age of onset, and should be considered with respect to cognitive plasticity and the decline of 

cognitive capacities over the lifespan.  Younger learners tend to have greater cognitive plasticity 
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than older learners (Bowden, Sanz, & Stafford, 2005) and consequently, interact with the L2 in 

different ways. Whereas in L1 acquisition, neural connections and architecture are being formed 

and constructed, in L2 acquisition, a neural system is already in place for the L1 and acquisition 

of the L2 entails a reorganization of the existing architecture (Bowden, Sanz, & Stafford, 2005).  

Thus, as adults, many cognitive connections have already been formed and it can be more 

challenging to rework some of these connections for acquisition of the L2.  At the same time, 

older adults also show evidence of general cognitive decline in a variety of cognitive capacities, 

meaning that language learning will often be slower and less successful among older adults 

(Bowden et al., 2005).  This is especially true with regard to learners’ capacity for implicit 

learning (Granena & Long, 2013).  Additionally, chronological age can also play a role in the 

rate of acquisition, with adults and older children initially tending to learn faster than children 

during early stages of acquisition (Long, 2013; R. Ellis, 1994).  However, over time, younger 

children tend to make up that discrepancy and surpass older children and adults in terms of 

ultimate attainment (R. Ellis, 1994). 

In this study, chronological age is not expected to play a significant role in the 

development of vowels since (a) all learners will be more or less in the same age range, (b) are 

expected to have similar degrees of cognitive plasticity and (c) will be at an age at which they are 

at or close to the peak of their cognitive capacity (Bowden et al., 2005). 

Summary of age effects.  In conclusion, age can have a variety of effects on second 

language acquisition.  Age of onset of acquisition can affect learners’ ultimate attainment for 

certain aspects of L2 learning, especially for L2 phonology.  Additionally, age can affect 

learners’ rate of acquisition, with older learners developing more quickly initially, but later being 

surpassed by younger learners, in large part due to learners’ cognitive plasticity and biological 
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maturational constraints.  However, since all learner participants in this study will be college-age 

students, more or less within the same age range, who began learning their L2, Spanish, after age 

12, age is not expected to play a large role in explaining interlearner variability.  

L2 proficiency level.  In SLA research, proficiency level should be taken into account, as 

it is an important moderating variable when examining other L2 phenomena (Wu & Ortega, 

2013).  Proficiency level is especially important in the field of L2 phonological acquisition, 

where it is considered to be one of the most important factors for explaining interlearner 

differences in L2 perception and production (Colantoni et al., 2015).  In general, L2 proficiency 

level refers to the degree to which an individual has mastered the L2, or more specifically, refers 

to “learners’ knowledge and automated ability for use of core vocabulary and grammar delivered 

with reasonably intelligible pronunciation and fluency” (Wu & Ortega, 2013).  However, despite 

the importance of this variable in SLA research, and especially in L2 phonological research, 

proficiency level has often been operationalized in SLA research in a variety of ways that do not 

accurately reflect this definition, nor provide objective, valid, and reliable measures of 

proficiency level.  In fact, Tremblay (2011) found that only 37% of the studies published 

between 2000 and 2008 utilized a valid and reliable independent measure of L2 proficiency.  

Likewise, Plonsky & Derrick (2016) continued to find a lack of validity and reliability for a 

variety of study instruments, including measures of proficiency level, among studies published 

between 2009 and 2013. 

According to two separate syntheses by Thomas (1994, 2006), one of the most common 

ways of operationalizing proficiency in most published empirical SLA studies was to use 

institutional course levels. Yet, as most instructors will attest, there can be a lot of variability in 

proficiency level, even among students in the same course level, which can make comparisons 
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between learners and drawing conclusions about learners, even within the same university at the 

same course level, to be quite challenging.  Furthermore, course levels are specific to a given 

university, each with their own curricula, which only exacerbates the challenge of trying to 

compare results across studies for learners at different universities. 

Another common practice has been to use impressionistic descriptors, such as beginner, 

intermediate, advanced, or have described proficiency in terms of years of study or with other 

self-reported proficiency measures (Thomas, 1994, 2006).  However, these impressionistic 

descriptor levels may not be valid or reliable.  For example, some studies that use impressionistic 

descriptors have defined intermediate level learners as being in their third and fourth semester of 

college-level Spanish, while other studies have classified students in their fifth and sixth 

semester as intermediate learners.  Likewise, years of study assumes that more years of study 

necessarily guarantees a higher proficiency level (Thomas, 1994, 2006; Wu & Ortega, 2013).  

All of these operationalizations of proficiency make comparisons of results between studies 

challenging (Thomas, 1994, 2006), and furthermore, as Wu and Ortega (2013, p. 682) argue, 

“without a trustworthy and interpretable estimation of participants’ proficiency that goes beyond 

indirect or subjective indicators, the internal and external validity of research can be called into 

question, because interpretations of main study findings are obscured and generalization to other 

contexts beyond a given study is problematic”. 

Yet, one of the reasons that researchers rely upon less valid or reliable measures of 

proficiency in empirical research is that most standardized measures of proficiency, such as the 

Oral Proficiency Interview (OPI) and its variants (the OPIc, SOPI, or COPI) can be both time-

consuming and costly (Wu & Ortega, 2013).  Additionally, many L2 proficiency tests, such as 

the OPI, are more concerned with exploring participants’ full communicative and functional 
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abilities, rather than simply providing a more global measure of L2 proficiency in order to be 

able to group participants by their basic linguistic ability (Wu & Ortega, 2013).  Although 

several shorter tests, such as vocabulary size tests, cloze tests / c-tests, and grammaticality 

judgment tests, have been developed to provide quick, easily administered measures of 

proficiency, they tend to have various drawbacks as well, in terms of the types of knowledge and 

skills that they tap into (Wu & Ortega, 2013).  However, Elicited Imitation Tasks (EITs), such as 

the Spanish EIT developed by Ortega, Iwashita, Rabie, and Norris (2002) and used in Ortega’s 

(2000) dissertation, are valid, reliable, objective measures of proficiency that have several 

advantages over all of these other tests. 

The underlying technique of an EIT is to have participants listen to and repeat utterances 

that become increasingly longer and usually, more complex (Slobin & Welsh, 1973).  Each of 

these utterances is long enough that it cannot simply be retained in short-term memory and thus, 

participants must process and decode the sentence, then reconstruct the sentence, using their own 

internal grammar (Slobin & Welsh, 1973).  Therefore, participants must integrate their own 

syntactic and semantic knowledge from long-term memory with their short-term memory in 

order to be able to recall the sentence accurately (Slobin & Welsh, 1973). 

Although elicited imitation tasks are not as comprehensive in scope as standardized 

proficiency instruments, they are adequate for research that just needs to classify or group 

participants based on their general proficiency levels, rather than measure the full range of 

participants’ communicative and functional linguistic abilities (Wu & Ortega, 2013). 

EITs also have several advantages over other types of shorter proficiency tests that have 

been used, in that they are able to access “implicit grammatical knowledge available for online 

use” instead of tapping into explicit knowledge (grammaticality judgment tasks) or non-
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communicative knowledge (vocabulary size tests) (Wu & Ortega, 2013).  Furthermore, since 

EITs simply require oral repetition, they do not require high levels of reading literacy (as 

compared to c-tests and cloze tests) and can be used with low-literacy or beginner learners (Wu 

& Ortega, 2013). 

Lastly, EITs have also been shown to correlate with other widely known and used 

standardized measures of proficiency, such as the OPI, OPIc, SOPI, or COPI, while not being 

nearly as time-consuming or expensive as these other instruments (Slobin & Welsh, 1973; Wu & 

Ortega, 2013).  Furthermore, EITs have been found to have good discriminability betweem 

speakers with different proficiency levels (Yan, Maeda, Lv, & Ginther, 2016).  Lastly, EITs have 

been used as valid and reliable measures of global proficiency level across various fields, 

including psycholinguistics, child first language acquisition, and bilingualism (Slobin & Welsh, 

1973; Wu & Ortega, 2013). 

Prior knowledge.  For the purposes of this study, prior knowledge can be defined as 

one’s knowledge of another linguistic system or the experience of learning another language 

besides the native language (Bowden et al., 2005). With regard to L2 phonological acquisition, 

prior knowledge can refer to a learner’s knowledge of their L1 sounds, as well as their 

knowledge of sounds from other languages that they have studied.  Third language (L3) 

acquisition research has indicated that it is not just one’s L1 that causes cross-linguistic 

influence, but also any other L2s that a learner has acquired (Colantoni et al., 2015).  In 

particular, relevant to this study are various studies that have examined the role of cross-

linguistic influence in the L3 from learners’ L2s for vowels (e.g., Bailey, 2012; Bannert, 2005; 

Díaz Granado, 2011; Escudero, Boersma & Simon, 2013; Gallardo del Puerto, 2007; Llisteri & 
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Poch, 1987) and articulatory settings and overall accentedness (Hammarberg, 2009; Wrembel, 

2010). 

Additionally, prior knowledge might also refer to having explicit knowledge about 

languages and linguistics, such as the knowledge one might gain in a linguistics course.  This 

knowledge could make one more aware of and attentive to the differences between sounds in 

different languages. 

As the participants for this study are expected to all be adult L1 English learners of L2 

Spanish with limited exposure to other L2s, prior knowledge is not expected to be an important 

factor in explaining interlearner variability in the development of L2 phonology of vowels.  

Likewise, the Background Questionnaire will be used to control for learners’ linguistic 

knowledge by asking about Linguistics and Phonetics courses that learners may have taken. 

Hearing sensitivity.  Countless studies have explored learners’ perception of sounds in an 

L2, yet in the field of linguistics and SLA, few (if any) studies of L2 phonological acquisition 

have included measures of hearing sensitivity, other than self-reported instances of hearing 

impairments.  Consequently, this gap confounds whether individual differences in perception and 

subsequently, production are truly due to differences in perception and production or rather, are 

simply due to differences in hearing sensitivity. 

By incorporating a measure of hearing sensitivity, such as a brief pure tone threshold 

(PTT) test to measure learners’ range of hearing ability, some of these confounding variables can 

be avoided or eliminated.  A PTT test can serve as an inclusion criterion to objectively exclude 

any participants whose hearing may not fall within a normal hearing sensitivity range.  

Additionally, during later analysis, examination of individual hearing sensitivity may determine 
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whether any correlations exist between participants’ hearing sensitivity and variations in their 

perception, as measured on the different perception tests. 

Hearing sensitivity is generally measured with a pure tone threshold test.  This type of 

testing involves measuring an individual’s pure tone threshold (PTT), that is, the lowest intensity 

(i.e., loudness) at which a sound is audible to an individual at least 50% of the time, for different 

frequency tones (American Speech-Language-Hearing Association (ASHA), 2014).   In a typical 

pure tone test, individuals’ hearing sensitivity is tested with tones at the following frequencies: 

125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 4000 Hz, and 8000 Hz (ASHA, 2014).  

Intensity is measured in decibels (dB HL) (ASHA, 2014).  Results are plotted on an audiogram 

with frequencies on the x-axis, moving from lowest-frequency tones (125 Hz) on the left to 

highest frequency tones (8000 Hz) on the right and intensity on the y-axis with soft sounds (-10 

to 0 dB) at the top and louder sounds at the bottom (ASHA, 2014).  Typically, normal hearing 

for a given tone is characterized as falling within -10-15 dB HL, slight hearing loss as 16-25 db 

HL, mild hearing loss as 26-40 dB HL, and so forth with profound hearing loss being 

characterized as anything greater than 90 dB HL (Additional details at ASHA, 2014; Clark, 

1981).  

While administering a full clinical PTT test is not feasible for an empirical study such as 

this one, due to cost and time constraints, some simplified versions of this type of test are 

available via cellular apps that can provide a quick assessment of participants’ hearing 

sensitivity.  Specifically, the uHearingTest app (Version 1.0.3) is a tool that assesses listeners’ 

hearing sensitivity by adaptively measuring listeners’ threshold of six pure tones at varying 

frequencies: 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz (uHearingTest App 

description, 2014).  Although it is not quite as sensitive as those tests administered in an 
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audiologist’s office, this app still covers the range of frequencies in which most speech occurs 

(Kutz, Mullin, & Campbell, 2013), and provides a quick (tests range from 2-6 minutes long), 

convenient (can be administered with an iPhone and standard iPhone headphones), and cost-

effective (the app is free) way in which to assess learner’s hearing sensitivity in a way that is 

adequate for this study.  The app also provides easy-to-read results immediately and allows the 

researcher to see from the audiogram if a learners’ hearing sensitivity does not fall within a 

normal range (-10 to 15 dB HL). 

 To the researcher’s knowledge, no empirical studies investigating L2 phonological 

acquisition have utilized hearing sensitivity as an inclusion criterion or measured hearing 

sensitivity as a variable. While this variable is not being examined directly as an individual 

difference variable, it is important to address hearing sensitivity since this variable has the 

potential to significantly affect perception and production results if a learner’s hearing sensitivity 

were not within a normal range.  Consequently, hearing sensitivity will be used as a control 

variable to make sure that participants have hearing sensitivity that falls within a normal range. 

Learner-external variables 

Certain factors that can affect interlearner variability are external to learners, but can still 

exert important influences on learners.  External factors can include aspects of the learning 

context, the teaching style, and the quantity and quality of input.  Additionally, certain aspects of 

the learner’s L1 and L2 languages might also be considered learner-external factors, however, 

these will be considered separately in the section on linguistic factors.  The following section 

will refer to quality and quantity of input. 

Quantity and quality of input.  Both quantity and quality of input are known to be 

important factors that can affect rate of development and ultimate attainment (Flege, 1995, 2009; 
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Moyer, 2004).  While numerous studies have found that the quantity of L2 exposure that learners 

receive is important and has been linked to accuracy in L2 perception and production (e.g., 

Flege, Bohn, & Jang, 1997; Flege & Liu, 2001), quantity of input has often been operationalized 

as length of residence or age of onset of acquisition, which are often confounded with other 

social and cognitive factors that affect language learning (Flege, 2009; Moyer, 2004).  More 

recently, researchers have instead argued that the quality of L2 input, that is, a learner’s 

engagement with and use of the target language may be far more important than the quantity of 

input, as it has traditionally been measured in most L2 phonological development studies 

(Moyer, 2004) 

The quantity of input is also a potentially important factor that should be considered, but 

since all participants will be learning in a foreign language classroom context, for approximately 

three hours per week, the quantity of input is relatively controlled and not expected to differ 

substantially between participants and be an important predictor of development in this study.  

Information about extra-curricular language use can also be collected on a background 

questionnaire to further measure and control for quantity and quality of input.   

Linguistic factors 

Linguistic factors refer to elements or aspects of a learner’s L1 and L2 that can play a 

role in the success of language learning.  Unlike ID variables that tend to differentially affect 

learners, linguistic factors have more uniform effects on all learners.  However, importantly, ID 

variables can interact with linguistic factors to result in differential effects across learners.  

Linguistic factors are particularly important to consider when investigating L2 phonological 

acquisition and include factors such as the L1 and L2 language varieties, the frequency of the 
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targets in the input, cognate status, the role of orthography, prosodic position and salience, 

speech rate, task type. 

 The following sections review some important linguistic factors that should be 

considered in studies of L2 phonological acquisition, and in particular, focuses on how these 

factors are relevant or not to the present study. 

Language varieties.  In general, the specific varieties of a learner’s L1 and L2 can be 

very important to consider, as these are the source of a learner’s phonological system (L1) and 

the target for a new phonological system.  As argued in the L2LP model, the specific varieties of 

a learners’ L1 and L2 are very important because while a learner may have the same 

phonological categories for given sounds in both languages, the categories may have different 

phonetic boundaries in the L1 and L2, which could affect how a learner perceives the L2 sounds 

(Escudero, 2005, 2009; Escudero & Boersma, 2004).  Likewise, as the Speech Learning Model 

(Flege, 1995) hypothesizes, how learners perceive and categorize the L2 sounds can have an 

impact on their L1 and L2 phonetic categories and their boundaries, which can be modified or 

adjusted with more exposure to the L2.  Furthermore, the Speech Learning Model also 

hypothesizes that one’s production reflects one’s perception and phonetic categories, thus, the 

specific varieties of L1 and L2 can affect production as well. 

The specific varieties of the L1 and L2 of participants in this study will be reviewed in a 

later section detailing the vowel inventories of English and Spanish. 

Frequency of the targets in the input.  As with vocabulary or morphosyntax, frequency 

effects have also been observed in phonology and phonological acquisition (N. Ellis, 2002; 

Colantoni & Steele, 2007).  As N. Ellis (2002) explains, learners have to figure language out and 

learn the rules or structural regularities that exist within the target language.  Thus, with greater 
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frequency of the sounds in the input, learners may be able to establish or modify phonetic 

categories more quickly and effectively, and thus, more frequent sounds may be less difficult to 

acquire (Colantoni & Steele, 2007). 

However, while the frequency of targets in the input can influence how rapidly learners 

are able to become attuned to a target structure, this factor is not likely to play much of a role in 

this study.  Frequency analyses have found that vowels make up approximately 48% of spoken 

speech in Spanish (Guirao & Jurado, 1990; Moren Sandoval, Toledano, de la Torre, Garrote & 

Guirao, 2008; Quilis & Esgueva, 1980).  By limiting the targets to just the mid Spanish vowels 

/e/ and /o/, this reduces the frequency of the targets in the input somewhat, yet the targets are still 

abundantly plentiful in speech, with /e/ and /o/ representing just over 25% of spoken speech 

(Moren Sandoval et al., 2008). Both /e/ and /o/ are high frequency targets and it is expected that 

even classroom exposure of 3 hours per week will provide learners with thousands of exemplars 

of the target forms each week, providing learners with ample exposure to the targets and an 

adequate number of exemplars to observe development of L2 Spanish perception and production.  

Thus, due to the high frequency of both targets in the input, frequency is expected to be 

relatively uniform across learners and not expected to be a significant predictor of individual 

learners’ development of the L2 vowels. 

Effects of orthography and cognate status.  While providing written presentation of the 

target language can certainly help learners to make connections and simplify learning, it can also 

negatively impact how learners perceive and produce sounds in the L2.  This is particularly 

important when designing perception and production tests.  Research has repeatedly shown that 

the presence or absence of orthography can impact differences in L2 perception and production 

(e.g., Young-Scholten, 1995; Escudero & Wanrooij, 2010).  In particular, orthography has been 
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found to affect how learners perceive L2 sounds and their recognition of words, in both positive 

and negative ways (e.g., Escudero & Wanrooij, 2010; Showalter & Hayes-Harb, 2015; Simon, 

Chambless, & Alves, 2010).  Likewise, L2 production can also be facilitated or negatively 

affected, by allowing learners to create different orthographic representations for sounds that 

they do not distinguish between perceptually (e.g., Bassetti, 2009; Escudero, Hayes-Harb & 

Mitterer, 2008). 

On a related note, cognate status should also be considered.  Cognates may be either 

frequent or infrequent in either language and may be true cognates or false cognates, but can 

exhibit an important influence on how the sounds are produced by learners in the L2 (e.g., 

Hammerly, 1982; Lansing, 2002; Mora & Nadeu, 2012).  For example, an L1 English learner of 

L2 Spanish may see the Spanish word bloque /’blo.ke/ and associate it with its cognate in 

English block /blɑk/ and thus, incorrectly produce, /blɑ.ke/, a production somewhere between the 

L1 and the L2.  In fact, both Hammerly (1982) and Lansing (2002) found that production errors 

were more prevalent among learners for cognates than for non-cognates.  Thus, if a task includes 

cognates and provides orthographic representations, production may be doubly impacted by 

these two factors. 

Prosodic position and salience.  In terms of salience, vowels in tonic syllables are 

acoustically more salient than the atonic syllables, since naturally, tonic syllables carry the stress 

in a word (Barcroft & VanPatten, 1997).  This is due to the fact that stressed syllables are 

produced by the speaker pushing more air out of the lungs, as compared to unstressed syllables, 

and simultaneously, usually increasing the tension of the vocal folds (Ladefoged & Ferrari 

Disner, 2012).  Both actions give the sounds of the syllable greater respiratory energy, causing 

the pitch to go up, the amplitude of the vibrations to increase, resulting in a louder sound, and the 
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syllable to be longer in duration (Ladefoged & Ferrari Disner, 2012).  All of these factors make 

stressed syllables more salient to learners.  However, atonic Spanish syllables might also be 

salient to learners because they often carry a high phonemic load.  In Spanish, the final syllables 

of two-syllable or longer words are commonly atonic, since stress naturally falls on the 

penultimate syllable of words ending in “n”, “s” or a vowel.  At the same time, the final syllable 

of a word carries important morphological or lexical information that is frequently indicated 

simply by changing the vowel of the final syllable.  Examples are found in pairs where the vowel 

changes the meaning of the word (e.g., cuenta “bill, check” v. cuento “story”), the gender of the 

noun (e.g., hermanos v. hermanas), verbal person (e.g., como v. come), or verbal mood (e.g., 

habla v. hable).  Thus, while not necessarily acoustically salient, given the phonemic load carried 

by these vowels, atonic vowels are expected to be salient to learners because they cause changes 

in meaning.  Colantoni & Steele (2007) argue that more salient sounds may be easier to acquire 

as learners are better able to attend to the phonetic features of the sounds. 

In addition to salience, Flege (1995) also argued that L2 perception and production 

depend upon the position of the sounds in a word, as the differences between certain allophones 

may be more robust in certain prosodic and word positions.   This claim that prosodic position 

can affect L2 perception and production has been supported by studies that found prosodic 

postion to impact how vowels are both perceived and produced (e.g., Bayley, 1996; Hansen, 

2004; Levy & Strange, 2008).  For example, while some researchers (e.g., Hualde, 2005) claim 

that native Spanish speakers generally produce vowels with the same quality across phonological 

contexts, various researchers (e.g., Cobb, 2009; Cobb & Simonet, 2015; Menke and Face, 2010) 

found evidence that not only learners, but also native Spanish speakers produced vowels with 

shorter duration and more centralization of vowels in unstressed positions.  Likewise, Lansing 
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(2002) found that learners’ production of vowels was affected by the prosodic position of the 

vowels within the word, with pre-tonic vowels being particularly subject to reduction. 

Speech rate.  Rate of speech can certainly affect the duration of vowels (Zsiga, 2013).  

Additionally, vowel quality can also be affected by speech rate (Guitart, 2004).  As Guitart 

(2004) explains, there is a connection between the rate of speech and the appearance of certain 

phonological processes that results in allophonic variation.  In particular, phonological processes 

that result in allophonic variation due to processes of simplification, are more likely to be applied 

with faster speech rates and are less likely to be applied when the speaker is speaking more 

slowly and carefully (Guitart, 2004). 

For example, a speaker is more likely to centralize their vowels in faster speech, due to 

articulatory constraints, since centralized vowels require less tongue and lip movement.  

Likewise, reduction of vowels, which can refer to producing the vowel with shorter duration, 

devoicing the vowel, or even deleting the vowel, is favored by faster speech rates (Campos-

Astorkiza, 2012).   

Task type.  The type of task that participants are asked to complete can also affects 

pronunciation.  Tarone (1979, p. 181) argues that pronunciation is more accurate in more formal 

tasks, due to the level of attention that learners pay to their speech.  Major (1987) follows this 

same line of thought and states that “variation due to style or register is universal in human 

language. Accordingly, such variation should be expected in second language learning as well”.  

Specifically, “in general, it has been found that the more formal the style, the less L1 transfer and 

the greater the frequency of targetlike forms” (Major, 2004, 170). 

 Despite empirical evidence supporting this theory, other researchers have concluded that 

L2 speech production is more accurate and target-like in less formal tasks (e.g., Diaz-Campos, 
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2006; Major, 1987; Zampini, 1994).  These researchers explain that this finding could be due to 

the learners having received more native input in informal settings. 

Summary.  As described above, a large number of linguistic factors can affect how 

learners perceive and produce L2 sounds.  Sometimes these factors can have facilitative effects 

on learners’ development of L2 perception or production (e.g., orthography, salience, frequency 

in the input), while other times they can be hindrances to development of perception and 

production (e.g., orthography, cognate status).  Other factors are neither facilitative nor an 

impediment, but they do affect how speakers, and especially learners, produce the sounds of a 

language (e.g., speech rate, task type).  Consequently, researchers should, at a minimum be 

aware of the effects of these factors on perception and production, and if feasible, should strive 

to control for these factors in empirical studies. 

Vowels of Spanish and English overview 

 When characterizing the vowel inventories of Spanish and English, the vowels can be 

described in a variety of ways: in terms of how the vowels are articulated and in terms of their 

acoustic characteristics.  Additionally, when comparing these inventories, it is also important to 

consider the phonetic and phonological processes that are typical in each language and can affect 

production of the vowels.  The following section will describe the vowel inventories of Spanish 

and English, both articulatorily and acoustically.  The subsequent section will describe typical 

phonological and phonetic processes that can cause variation in the production of the vowels in 

each language.  By understanding the differences between these two vowel inventories, one can 

better predict the difficulties that native English speakers may encounter when learning Spanish 

vowels, as well as the types of errors that learners of Spanish are likely to make. 
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Vowel inventories of Spanish and English 

Articulatory characterization of the vowel inventories.  Whereas consonants are 

produced with some sort of obstruction or constriction in the vocal tract, such as from the tongue, 

the teeth, or the lips, vowels are produced without obstruction in the vocal tract.  They are 

produced with the vocal tract completely open (Hualde, 2005). 

Consequently, vowels are generally described and differentiated articulatorily according 

to three characteristics: (i) tongue position on the vertical dimension (i.e., tongue height), (ii) 

tongue position on the horizontal dimension (i.e., tongue backness), and (iii) shape of the lips 

(i.e., lip rounding) (Hualde, 2005).  Using these three characteristics, it is possible to represent 

each of the vowels in each language. 

Articulatory characterization of the Spanish vowel inventory.  The Spanish vowel 

inventory is a relatively simple one, consisting of five vocalic phonemes /i, e, a, o, u/, as 

indicated by the following minimal pairs: piso, peso, paso, poso, puso (Dalbor, 1997; Hualde, 

2005).  In terms of vowel height, on the vertical dimension, /i/ and /u/ are high vowels, produced 

with the tongue high in the oral cavity (and simultaneously, with the mouth more closed) vowels, 

/e/ and /o/ are mid vowels, produced with intermediate tongue height, and /a/ is the low (and 

more open) vowel, produced with the tongue low in the oral cavity (Hualde, 2005).  On the 

horizontal dimension, that is, tongue backness, /i/ and /e/ are classified as front vowels, /a/ is a 

central vowel, and /o/ and /u/ are the back vowels (Hualde, 2005).  While in some languages, lip 

rounding is necessary to distinguish between certain pairs of vowels.  In the relatively simple 

vowel inventory of Spanish though, lip rounding is not a contrastive feature, but rather, is 

redundant with the back/non back dichotomy of tongue backness (Campos-Astorkiza, 2012; 

Hualde, 2005).  That is to say, the back vowels demonstrate lip rounding, while the front and 
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central vowels do not have lip rounding (Hualde, 2005).  These characteristics of the Spanish 

vowel system are summarized in Table 2 below.  

Table 2.   

The vowel phonemes of Spanish. 

 

 Front Central Back 

High i  u 

Mid e  o 

Low  a  

 Unrounded Rounded 

 

Articulatory characterization of the English vowel inventory.  In contrast with the 

Spanish vowel inventory, the English vowel inventory is much larger and more complex.  In 

addition, the English vowel inventory is much more variable, with the size of the inventory and 

the specific phones present in the inventory varying substantially depending upon the dialect 

examined, as well as depending upon certain classifications or distinctions made by various 

researchers.  For the purposes of this study, the following inventory description will focus on 

General American English since it is expected to be the dialect of the majority of participants in 

this study. 

 The General American English vowel inventory is most often described as comprising 

either eleven vowel phonemes /i, ɪ, e, ɛ, æ, ɑ, ʌ, ɔ, o, ʊ, u/ (e.g., Dalbor, 1997; Hualde 2005) or a 

total of fourteen or fifteen distinct vowel phonemes, consisting of nine or ten monophthong 

vowel phonemes: /iː, ɪ, ɛ, æ, ɑː, ʌ, ɝ, ɔː, ʊ, uː/ and five or six diphthongs, that is, “sounds that 

have a change in vowel quality during the course of the syllable”: /eɪ, oʊ, aɪ, aʊ, ɔɪ, ɪu/ 

(Ladefoged & Ferrari Disner, 2012, p. 29).  The discrepancy in the number of vowels in 

Ladefoged and Ferrari Disner’s inventory is due to the fact that speakers in some dialects of 

American English produce pairs of words like cot and caught with two different vowel 
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phonemes, as [kɑːt] and [kɔːt], respectively, while speakers in other dialects of American English 

do not make a distinction in the pronunciation of these words, producing both words as either 

[kɑːt] or [kɔːt] (Ladefoged & Ferrari Disner, 2012). 

In general, an articulatory description of the vowels of the English inventory uses the 

same characteristics that are used to describe the Spanish inventory (i.e., tongue height, tongue 

backness, and lip roundedness).  However, different researchers choose to characterize the 

vowels of English in different ways.  The following description will follow the discussion in 

Ladefoged and Ferrari Disner (2012), with notable differences between their description of the 

English vowel inventory and other inventories pointed out here.  First, Ladefoged & Ferrari 

Disner’s vowel inventory includes more vowel sounds than Dalbor or Hualde’s characterizations, 

specifically, the diphthongs and /ɝ/.   

Additionally, while the characteristics of tongue height, tongue backness, and lip 

roundedness are sufficient for distinguishing between each of the vowels of the English 

inventory (as long as finer distinctions of vowel height are used), some researchers distinguish 

between certain vowel pairs (e.g., /i/ - /ɪ/, /u/-/ʊ/, /e/-/ɛ/, /ɑ/-/æ/) using a tense-lax distinction 

(Colantoni et al., 2015).  Other descriptions suggest that the feature advanced tongue root (ATR), 

which refers to the vowels being produced with the root of the tongue in a more forward 

position, can be used to distinguish between tense and lax vowels (Ladefoged & Ferrari Disner, 

2012).  However, many researchers that use the tense-lax distinction, such as Dalbor (1997) and 

Hualde (2005), also note that tense vowels, such as /i, e, ɑ, ɔ, o, u/ tend to be longer in duration 

than corresponding lax vowels /ɪ, ɛ, æ, ʌ, ʊ/.  Ladefoged & Ferrari Disner (2012) directly 

incorporate this observation about duration into their inventory, by using the ː symbol to indicate 

that the tense vowels are longer in duration than their lax counterparts.  Importantly, the tense-
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lax distinction does not exist in Spanish; rather, all vowels of Spanish are said to be tense 

(Hualde, 2005). 

Furthermore, Ladefoged & Ferrari Disner do not include /e/ or /o/ as monophthongs, 

since as they explain, English speakers tend to both produce these phones with somewhat longer 

duration and as the diphthongs /eɪ/ and /oʊ/ respectively, rather than as monophthongal vowels.  

Consequently, following Ladefoged & Ferrari Disner’s inventory, for the monophthongs, on the 

vertical dimension, referring to tongue height, the high vowels are /iː, ɪ, uː, ʊ/, the mid vowels 

are /ɛ, ʌ, ɔ/ and the low vowels are /æ, ɑː/. On the horizontal dimension, referring to tongue 

backness, the front vowels are /iː, ɪ, ɛ, æ/, the central vowels are /ʌ, æ, ɔː/, and the back vowels 

are /ɑː, ʊ, u/.  As with Spanish, lip roundedness is not a contrastive feature, but instead is 

redundant with the back / not back dichotomy (Ladefoged & Disner, 2012). 

With regard to the diphthongs, Ladefoged and Disner (2012) classify the diphthongs 

according to the height of the principal vowel, not the glide.  Thus, the high diphthongs are /ɔɪ, 

ju/, the mid diphthongs are /eɪ, oʊ/, and the low diphthongs are /aɪ, aʊ/. 

Lastly, Ladefoged and Ferrari Disner (2012) mention one other important vowel, the 

schwa [ə], in their General American English inventory.  Despite being the most common vowel 

sound in English (Mines, Hanson & Shoup, 1978), the schwa [ə] is not included as a vocalic 

phoneme because it does not phonemically contrast with other vowels, but rather is an allophone 

of many of the vowel phonemes that only occurs in unstressed syllables (Ladefoged & Ferrari 

Disner, 2012). 

These vowel classifications are summarized in Table 3.  However, the high and low 

diphthongs do not appear in this table, as they exhibit much more movement across the acoustic 

space over the duration of the vowel. 
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Table 3.   

The monophthongal vowel phonemes and mid diphthongs of English. 

 

 Front Central Back 

High iː  uː 

Mid-High           ɪ ɝ                         ʊ                                                          

Mid                     eɪ ə1           oʊ 

Mid-Low  ʌ 

ɛ                           

 

ɔː 

Low  æ         ɑː  

 Unrounded Rounded 
1Although the schwa [ə] is not a phoneme of English, but rather an allophone of most of the 

English vowels, it is often classified as the most common vowel of English (Mines, Hanson & 

Shoup, 1978).  For this reason, it is included in the above table of English vowels. 

 

Acoustic characterization of vowels.  While articulatory descriptions give us a general 

idea of the ways in which speakers are moving their tongues to produce a particular vowel, 

another more precise way to describe vowels is with their acoustic characteristics.  When vowel 

sounds are produced in the vocal tract, a complex sound wave is produced consisting of quasi-

periodic repetitions of the same wave pattern, as seen by examining the waveform of a produced 

sound.  The frequency of repetition of this quasi-periodic wave, given in cycles per second or 

hertz (Hz), is called the fundamental frequency and corresponds with the perceived pitch of the 

sound (Hualde, 2005).   Differences in fundamental frequency, which in part, are due to physical 

differences in the size and shape of the oral cavity, affect the perceived pitch (Hualde, 2005).  

For example, since females tend to have smaller vocal tracts, female voices tend to have a higher 

fundamental frequency than male voices, resulting in the higher perceived pitch of female voices 

(Hualde, 2005).   

While perceived pitch of a sound corresponds with the fundamental frequency of a sound 

wave, that is, the number of repetitions of the wave per second, sounds can also vary in their 

quality or timbre, which roughly corresponds with the smaller variations, or overtones, within a 

waveform (Ladefoged & Ferrari Disner, 2012). 
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When examining a waveform, one can see that speech sound waves are actually quite 

complex, consisting of a larger wave, that repeats at a certain frequency (the fundamental 

frequency), but that these larger waves are also made up of overtone waves, that occur at 

different frequencies and can be seen as “different patterns of peaks and valleys within each 

cycle” (Hualde, 2005, p. 61; Ladefoged & Ferrari Disner, 2012).  As observed in Figure 2, the 

pattern of smaller peaks and valleys is different for different vowels.  Each of these component 

waves that make up the complex waveform are known as harmonics and have a frequency that is 

a multiple of the fundamental frequency (Hualde, 2005).  The ratio of these harmonics is specific 

for each vowel (Hualde, 2005). 
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Figure 2.  Waveforms of stressed /a/, /e/, and /o/, showing the complexity of sound waves with  

different timbres. 

 

In addition to waveforms, speech analysis programs, such as Praat, also provide 

spectrograms, another way to examine speech sounds.  When inspecting the spectrogram of a 
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vowel sound, dark horizontal bars appear at certain frequencies, indicating concentrations of 

energy at those frequencies (Hualde, 2005).  These dark horizontal bands, known as formants, 

indicate bundles of harmonics and occur at different ratios or patterns of frequencies depending 

upon the vowel produced (See Figure 3). 

 

Figure 3.  Spectrogram showing the formants of a vowel. 

Formants correspond to the resonant frequencies of sound waves in a cavity (Ladefoged 

& Ferrari Disner, 2012).  Many factors can influence the resonant frequency of a cavity, 

including the size and shape of the cavity.  In the vocal tract, the space can be divided into two 

cavities, the body of air behind the tongue, in the throat, and the body of air in front of the 

tongue, in the mouth (Ladefoged & Ferrari Disner, 2012).  The size and shape of these two 

cavities can be modified through movement of the tongue and lips, resulting in the production of 

different vowels.  Consequently, formants can provide information about the place of articulation 

for a given vowel, as well as the preceding and following consonants (Hualde, 2005). 

While more precisely the F1 formant corresponds to the resonant frequency of the cavity 

behind the tongue, traditionally, the F1 formant is described as corresponding with tongue 

height, or movement of the tongue on the vertical dimension (Hualde, 2005; Ladefoged & Ferrari 

Disner, 2012).  Similarly, the F2 formant corresponds to the resonant frequency of the cavity in 

front of the tongue, but traditionally, the F2 formant is described as corresponding with tongue 
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backness, or movement of the tongue on the horizontal dimension, yet it is also somewhat related 

to lip rounding (Ladefoged & Ferrari Disner, 2012). 

While looking at the individual frequencies is informative, often it is useful to chart both 

the F1 and F2 acoustic values on a vowel plot in order to be able to compare the vowels visually.  

As would be expected, the F1 values are plotted on the y-axis, while the F2 values are plotted on 

the x-axis.  However, in order to align formant frequencies with the traditional conception of the 

acoustic vowel space, the point of origin (0,0) is placed in the upper right hand corner, and both 

axes are graphed inversely, such that values increase moving down the y-axis for F1 formant 

values and moving to the left on the x-axis for F2 formant values.  Thus, since the F1 formant is 

inversely correlated with tongue height, a lower vowel, such as /a/ will have a higher F1 value, 

whereas a higher vowel, such as /i/ will have a lower F1 value (Hualde, 2005).  The F2 formant 

is also inversely correlated with tongue backness, such that a posterior vowel such as /u/ will 

have a lower F2 value, while a more fronted vowel, such as /i/ will have a higher F2 value 

(Hualde, 2005).  The F3 formant can also provide information about lip roundedness, but since 

lip roundedness is redundant with tongue backness for the vowels English and Spanish, usually 

the F1 and F2 values are sufficient for uniquely describing the vowels of English and Spanish 

(Ladefoged & Ferrari Disner, 2012).  The one exception is the English vowel /ɝ/, which has 

similar F1 and F2 values to the vowel /ʌ/, but differs significantly for F3, giving it its unique 

quality (Ladefoged & Ferrari Disner, 2012). 

As can be seen in Figure 4 below, when the vowels of Spanish are plotted on a chart, they 

result in the customary vowel triangle of Spanish.  The vowels of English when plotted tend to 

have a more quadrilateral shape, with more vowels occupying the acoustic space, particularly in 

the mid and lower mid regions (see Figure 5). 
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Figure 4.  The vowels of Spanish in the acoustic space. (From Quilis, 1999, p. 163). 

 

Figure 5.  The vowels of English in the acoustic space. (From Ladefoged & Ferrari Disner, 

2012). 

 

It is important to note however, that each vowel does not always occur at the exact same 

point or spot in the acoustic space.  Rather, each production of a vowel is slightly different, 
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resulting in “clouds” or regions in the acoustic space that a listener corresponds with each vowel 

category.  This can be observed clearly by plotting speakers’ vowels on a formant chart, as seen 

in Figure 6. 

Figure 6.  Example of clouds of vowel distributions in the acoustic space. (From the University 

College London Experimental Phonetics website). 

 

Additionally, although some vowels of Spanish and English are near equivalents and may 

be represented with the same International Phonetic Association (IPA) symbol, acoustically, 

none of the vowels of Spanish and English are exactly the same.  Rather, each vowel has a 

slightly different distribution in the acoustic space, as was observed long ago by researchers, 

such as Delattre (1965; see Figure 7). 

 

 

 



114 

 

 

 

 

 

 

 

 

 

Figure 7.  The vowels of English and Spanish in the acoustic space. (From Delattre, 1965, p. 51). 

Variation in the production of Spanish and English vowels 

As can be seen in the above comparison of the articulatory and acoustic characteristics of 

the Spanish and English vowels, there are some clear differences between the two vowel 

inventories.  There are also more general differences between vowels of Spanish and English in 

terms of the presence of tense vs. lax vowels, the duration of vowels, and the degree of 

diphthongization in the vowels.  The vowels of both languages also exhibit some allophonic 

variation due to different phonological processes that affect the quality and duration of the 

vowels.  Lastly, the vowels of both languages are subject to some dialectal variation that can 

affect vowel quality and duration.  These factors that lead to allophonic variation are summarized 

in the next few sections. 

 General differences between the vowels of Spanish and English. 

Length of vowels.  As mentioned in a previous section, some researchers distinguish 

between certain English vowel pairs using a tense-lax distinction.  In Spanish however, all of the 



115 

vowels are tense.  In general, tense vowels tend to be produced somewhat higher and with 

somewhat longer duration (Zsiga, 2013).  This is true for English, where the tense-lax quality of 

the vowels does condition the duration of the vowels (Zsiga, 2013).  While length is not a 

contrastive feature in English, the tense vowels of English do tend to be somewhat longer than 

their lax counterparts (Hualde, 2005). 

Additionally, although the Spanish vowels are near acoustic correspondences to the tense 

English vowels, the English tense vowels tend to have longer duration than Spanish vowels, 

especially for the high vowels (Hualde, 2005). For example, English see [ˈsiː] and sue [ˈsuː] have 

the same vowels as Spanish sí [ˈsi] ‘yes’, su [ˈsu] ‘his/her/their’, but are produced with longer 

duration (Hualde, 2005).   

In contrast, in Spanish, vowels tend to have essentially the same length of duration, 

regardless of word position, vowel type, or stress (Hualde, 2005) 

 Diphthongization.  Although researchers may refer to diphthongs in both Spanish and 

English vowel inventories, it is important to distinguish between true diphthongs and 

diphthongized vowels.  Diphthongs are “vowels that require a change in tongue and/or lip 

position, often a drastic change, over the course of their duration,” while monophthongs have a 

steady state over the course of their duration, as reflected in the vowel’s formants (Zsiga, 2013, 

p. 67).  In contrast, dipthongized vowels may also exhibit some change in tongue and/or lip 

position over the course of their duration, as reflected in the formants, but importantly, 

diphthongized vowels are not phonologically contrastive (Zsiga, 2013).  As O’Grady, Archibald, 

Aronoff, and Rees-Miller (2010) explains, although English diphthongized vowels do exhibit 

formant movement over the duration of the vowel, and thus, are phonetically complex in nature, 
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they are still considered simple vowels phonologically (O’Grady et al., 2010).  In contrast, 

Spanish does make a phonological contrast between monophthongs and diphthongs. 

When examining the spectrograms and formants of an English diphthongized vowel 

versus Spanish diphthong, one can see in English, the glide of a diphthongized vowel, such as 

[eɪ], tends to be shorter and somewhat more centralized than the glide in a Spanish diphthong 

(/ei/  [ej]) (Hualde, 2005).  The phonological contrast of a Spanish monophthong vs. diphthong 

can be observed by comparing /e/ and /ei/ in Spanish pena [ˈpe.na] ‘pain’ and peina [ˈpej.na] 

‘he/she combs’ (Hualde, 2005).  However, in English, no words are distinguished by the contrast 

between [e] and [eɪ], as seen with [pen] and [peɪn], which would both be heard as pain, even 

though the first pronunciation may sound less-native to a native English speaker. 

Lastly, Ladefoged and Ferrari Disner (2012) also note that English tense vowels tend to exhibit a 

slight amount of diphthongization and formant movement, even among monophthongal vowels, 

like /iː/ and /uː/ that do not represent two vowel sounds together or exhibit substantial changes in 

vowel quality over the duration of the vowel.  

 Contextual factors and phonological processes affecting vowel quality.  In general, 

Campos-Astorkiza (2012) and Hualde (2005) claim that Spanish vowels remain relatively stable 

across phonetic contexts.  Navarro Tomás (1977) claims though that some allophonic variation 

does occur with the Spanish mid vowels, depending upon the phonetic contexts in which they 

occur (Campos-Astorkiza, 2012; Hualde, 2005).  Importantly, for Spanish, although the mid 

vowels /e, o/ have more open (i.e., lower in the oral cavity; higher F1 value) or closed (i.e., 

higher in the oral cavity; lower F1 value) allophones in certain contexts, the open allophones of 

these mid vowels are still not as open as the typical realizations of the phonemes /ɛ/ and /ɔ/ found 

in other Romance languages (Hualde, 2005).  Additionally, acoustic studies examining the 
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production of mid vowels concluded that there were “no systematic distinctions in the degree of 

openness for the mid vowels” (e.g., Monroy, 1980; Martínez Celdrán, 1984; Morrison 2004).  

Likewise, Martínez Celdrán and Fernández Planas (2007) examined the acoustic and articulatory 

realizations of the mid vowels and found that although the vowels may be produced 

articulatorily more open or closed, acoustically, they were not significantly or systematically 

different from the standard realization of the vowels (Campos-Astorkiza, 2012).  Based upon 

their results, these authors concluded that “the allophonic distinction between open and close mid 

vowels exists in Spanish, although it is not manifested in the acoustic analysis, possibly due to 

the nonlinear relationship between articulation and acoustics” (Martínez Celdrán and Fernández 

Planas, 2007; Campos-Astorkiza, 2012). 

 The vowels of English are also subject to some allophonic variation.  In many cases, 

similar phonetic contexts affect both English and Spanish vowels, but sometimes in different 

ways.  The following section will review processes that affect the mid vowels, as these processes 

are most relevant to the present study. 

 Effects of neighboring consonants on vowel quality. 

 Contact with nasals.  The quality of Spanish vowels can be affected when they are in 

contact with nasals.  Vowels can become partially nasalized when they are in contact with nasal 

consonants (e.g., Campos-Astorkiza, 2012; Hualde, 2005; Navarro Tomás, 1977; Piñeros, 2006).  

Specifically, vowels that occur between two nasal consonants or in word-initial position, but 

followed by a nasal consonant are most subject to nasalization (Campos-Astorkiza, 2012; 

Navarro Tomás, 1977).  However, unlike some languages like French or Portuguese, where 

nasalization is contrastive, in Spanish, nasal vowels do not contrast with oral vowels (Campos-

Astorkiza, 2012). 
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Likewise, in English, vowels are also subject to nasalization, in particular, vowels that 

precede nasals tend to exhibit a fair degree of nasalization, as observed in can’t [k˜æːʔ], ban 

[b˜æːn], sing [s˜ɪːŋ], tome [tʰo˜ʊːm] (Zsiga, 2013).  Although nasal vowels do not contrast 

phonemically with oral vowels in English, a noticeable difference in vowel quality can be 

observed, as reflected in the formants of nasal versus oral vowels (Zsiga, 2013).  

 Contact with other consonants and glides.  The quality of Spanish vowels can also be 

affected when they are in contact with other consonants. Navarro Tomás (1977; c.f. Hualde, 

2005) states that the vowels /e/ and /o/ tend to be more closed (i.e., higher variants) when they 

occur before a palatal consonant /t∫/ (e.g., pecho, coche).  Additionally, Navarro Tomás (1977) 

states that these vowels become more open when they occur in contact with the trill /r/ (perro, 

gorro), before /x/ (lejos, recoger), in syllables that are closed with a consonant, and in rising 

diphthongs with a palatal glide [j] (Campos-Astorkiza, 2012; Hualde, 2005). 

In English, the consonants adjacent to vowels can affect the duration and quality of 

neighboring vowels, especially the vowels that precede these consonants (Hualde, 2005; Zsiga, 

2013).  In general, English vowels tend to be lengthened when they precede voiced consonants 

(Hualde, 2005; Zsiga, 2013).  Given that longer vowels tend to demonstrate greater degrees of 

diphthongization in English, vowels that precede voiced consonants can be doubly affected in 

this position. 

More specifically, in English certain consonants can modify the quality of the preceding 

vowel in somewhat dramatic ways, due to co-articulation.  For example, contact with rhotics can 

color the quality of vowels (Ladefoged & Ferrari Disner, 2012; Zsiga, 2013).  Vowels in contact 

with rhotics in English will often assume some of the acoustic characteristics of the rhotics, or 

become “rhotacized” (Zsiga, 2013).  In particular, vowels in unstressed syllables (usually 
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produced as schwa [ə]) tend to be produced as the rhotacized schwa [ɚ] when in contact with 

rhotics (Zsiga, 2013).  Likewise, mid central vowels /ɛ, ʌ, ɔː/ that precede rhotics tend to be 

produced as [ɝ], as observed in bird [bɝd] and fur [fɝ] (Zsiga, 2013).  Lastly, due to these 

changes in vowel quality, before [ɹ], the distinction between vowels in a tense-lax pair can be 

lost, since both tense and lax vowels can become rhotacized (Zsiga, 2013). 

Finally, vowels that are in contact with laterals can also be colored by these consonants and 

assume some of their acoustic qualities (Zsiga, 2013).  This is particularly true if the lateral is 

produced as a “dark l” [ɫ] (Hualde, 2005). 

 Open vs. closed syllables.  In Spanish, both /e/ and /o/ vowels tend to be produced 

slightly more open in closed syllables, that is, syllables with a coda (Campos-Astorkiza, 2012).  

However, Campos-Astorkiza (2012) notes that /e/ is not produced with a more open allophone if 

the coda of the syllable is /m, n, s, d, θ/. 

 In English, while tense vowels can occur in both open and closed syllables, lax vowels 

can only occur in closed syllables, with the exception of /ɔ/, which can occur in open and closed 

syllables (Zsiga, 2013).  Additionally, vowels tend to be lengthened in open syllables, which can 

lead to greater degrees of diphthongization, as longer vowels tend to be more diphthongized in 

English. 

 Summary of effects of neighboring consonants on vowel quality.  The effects of 

neighboring sounds that influence Spanish vowel quality and English vowel quality are 

summarized in Tables 4 and 5. 
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Table 4.   

Allophonic variation of Spanish mid vowels according to phonetic context. 

 

 /e/ Realization /o/ Realization 

In contact with /r/ More open (lower), perro More open (lower), gorra 

Before /x/ More open (lower), lejos More open (lower), recoger 

In closed syllables More open (lower), cerca, 

inepto, piel 

*** Does not open if syllable 

is closed by /m, n, s, d, θ/  

More open (lower), corto, 

hostil 

In rising diphthongs with a 

palatal glide 

More open (lower), muero More open (lower), cuota 

In contact with nasals 

(Affects all vowels) 

Partially nasalized, amén 

*Not contrastive 

Partially nasalized 

*Not contrastive 

Before a palatal consonant More closed (higher), pecho  More closed (higher), coche 

 

Table 5.   

Allophonic variation of General American English vowels according to phonetic context. 

 

 Realization 

In unstressed syllables Vowel reduced to schwa or deleted, (e.g., photograph 

[ˈfo.tə.gɾæf], risen [ɹizn̩]) 

Tense vowels Vowels tend to be diphthongized 

In open syllables Vowels are lengthened 

Before voiced consonants Vowels are lengthened 

Before nasal consonants Vowels are nasalized (Not phonologically contrastive) 

Before rhotics  - Vowel quality affected by the rhotic 

- Distinction between tense and lax vowels often lost 

- Mid central vowels are rhotacized [ɝ] bird, fur 

In contact with “r” in 

unstressed syllables 

Schwa is rhotacized [ə]  [ɚ] 

Before /l/ Vowel quality affected by the lateral. 

 

 Effects of prosodic position on vowel quality.  When considering the effects of prosodic 

position on vowel production, it is important to clarify some of the ways in which prosodic 

position can affect vowel production.  Reduction, a very common phonological process affecting 

unstressed syllables (especially in English), can be both temporal (i.e., the vowel’s duration) and 

spectral, that is, a change in the quality (height, backness, rounding, etc.) of the vowel, which 

results in a more centralized vowel.  Reduction can also come in the form of devoicing, which 
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tends to affect the sonority, or voicing of the vowel, but not its spectral qualities (Delforge, 

2008). 

 Reduction of unstressed vowels in Spanish.  In Spanish, reduction of unstressed vowels 

can occur in a variety of ways.  First, some studies have found that temporal reduction of atonic 

vowels does occur, in the form of devoicing and elision of vowels (e.g., Boyd-Bowman, 1952; 

Canellada de Zamora & Zamora Vicente, 1960; Delforge, 2008; Gordon, 1980; Hundley, 1983; 

Lipski, 1990; Lope Blanch, 1963), and centralization of atonic vowels (Harmegnies & Poch-

Olivé, 1992).  Willis (2005), an acoustic study that examined Spanish vowel productions, found 

evidence of some vowel reduction, however, concluded it was much less than the reduction 

observed in English vowels.  This conclusion is supported by studies that have found that 

stressed vowels are produced between 10% longer (Delattre, 1966) and 20-30% longer in 

duration than unstressed vowels (Quilis & Esgueva, 1983) in Spanish, as compared to a 50% 

difference in duration observed in English stressed and unstressed vowels (Colantoni et al., 

2015). 

Other studies have provided evidence of reduction that affects vowel quality.  However, 

some of these studies that have argued that reduction of atonic vowels does occur, have said that 

it results in only very slight differences in vowel quality that may be below the perceptual level 

(e.g., Navarro Tomás, 1957; Quilis & Esgueva, 1983). 

In general, the vowel reduction that does occur happens mostly in unstressed syllables, 

and notably, vowel reduction in Spanish occurs in the form of devoicing, rather than the vowel 

centralization observed in English atonic vowels (Campos-Astorkiza, 2012; Delforge, 2008).   

Although this process can occur with any of the vowels, this process is especially prevalent with 

/e/, and most frequently occurs in vowels before word-final coda /s/, especially in faster speech 
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(Campos-Astorkiza, 2012).  According to an acoustic study by Delforge (2008), devoicing of the 

vowels affected the sonority of the vowels, but not the spectral quality of the vowels.  Delforge 

(2008) and Lipski (1990) attribute the frequency of devoicing /e/ to the articulatory similarity 

between /e/ and /s/, which causes more interaction between these two sounds. 

Lastly, several studies (Cobb, 2009; Cobb & Simonet, 2015; Menke and Face, 2010), 

found acoustic differences between vowels produced in stressed versus unstressed syllables, with 

some centralization of the unstressed vowels, even among native Spanish speaker controls. 

Reduction of unstressed vowels in English.  In English, the role of prosodic position, or 

stress in a word, is very important to the production of the vowels and can affect production in 

various ways.  First, in English, vowels tend to show a substantial difference in duration, 

depending upon the stress assigned to the vowel.  In fact, stressed vowels may be up to 50% 

longer than unstressed vowels in English (Colantoni et al., 2015). 

In English, unstressed vowels also very frequently reduce both temporally and spectrally 

to the shorter, centralized vowel, schwa [ə] (Hualde, 2005).  In fact, Mines et al. (1978) found [ə] 

to be the most common phone in English adult conversational speech (7.3% of all phones), and 

Delattre (1965) found that [ə] was produced in nearly a quarter of all vocalic productions 

(22.99%).  Reduction of vowels in unstressed syllables is so common in English that speakers 

actually may delete the reduced vowel as in risen, produced [ɹɪzn̩] (Zsiga, 2013).  In contrast 

with other languages, in a study comparing English, French, German, and Spanish, Delattre 

(1981) found English to have more reduction than any of the other languages, while Spanish had 

the least amount of reduction. 

 While more recent acoustic studies (e.g., Cobb & Simonet, 2015; Menke & Face, 2010) 

have found that some reduction occurs in native Spanish speakers’ vowels as well, the frequency 
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and degree of reduction in Spanish vowels was still substantially less than that observed in 

English vowels. 

 Dialectal variation. 

 Dialectal variation in Spanish.  As described in a previous section, Spanish vowel 

inventories are relatively stable across dialects, in comparison with English vowel inventories 

that vary substantially across dialects.  However, some variation does exist in certain dialects that 

can affect the production of vowels.  In particular, Spanish vowels tend to demonstrate some 

variation when in contact with other languages.  For example, Guion (2003) and O’Rourke 

(2010) found reduced vowel inventories for bilingual Spanish-Quechua speakers in Ecuador and 

Peru, especially based on speakers’ knowledge of Quechua.  Willis (2005) identified vowel 

variation in speakers of Southwestern US Spanish that was not present in Mexican Spanish 

speakers. 

In other noncontact situations, some vowel variation does occur, most notably with the 

mid vowels in unstressed syllables (Campos-Astorkiza, 2012).  For example, raising of mid 

vowels in word-final position has been observed for western Puerto Rican Spanish (e.g., 

Holmquist, 1998, 2001; Navarro Tomás, 1974; Oliver Rajan, 2007).  In Dominican Spanish, mid 

vowels have been observed to show notable variation and demonstrate overlaps with neighboring 

high vowels.  Mid vowels have also exhibited reduction, in the form of shortening, devoicing, or 

perceptual deletion, in unstressed syllables, especially in Mexican and Andean Spanish 

(Campos-Astorkiza, 2012).  This process is particularly present with /e/, and most frequently 

occurs in vowels before word-final coda /s/, especially in faster speech (Campos-Astorkiza, 

2012). 
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 Another dialectal variation in vowels that has been observed in Eastern Andalusia, where 

word-final /s/ is frequently deleted in casual speech.  Speakers seem to preserve the distinction 

between singular and plural forms of words by producing the final vowel of singular form of a 

word like pino [ˈpi.no̝] ‘pine tree’ with a higher, more closed vowel, while the plural form (with 

the deleted word-final /s/ is produced with a markedly lower, more open final vowel, as in pinos 

[ˈpi.nɔ] ‘pine trees’ (Hualde, 2005).  This process is particularly present with the mid vowels /e, 

o/, but has also been observed with /a/, which is produced like the English /æ/ sound: libra 

[ˈli.βɾa] ‘pound’ vs. libras [ˈli.βɾæ] ‘pounds’ (Hualde, 2005).  Additionally, the more open or 

closed varieties of the final mid-vowels have also been observed in stressed and even pre-tonic 

vowels when all of the vowels in a word are mid vowels, e.g., lobo [ˈlo̝.βo̝] ‘wolf’ vs. lobos 

[ˈlɔ.βɔ] ‘wolves’ and peroles [pɛ.ˈɾɔ.lɛ] ‘pots’ (Hualde, 2005). 

 Although nasalization is not contrastive in Spanish vowels, in certain Andalusian and 

Caribbean dialects, word-final nasal deletion occurs simultaneously with nasalization of the 

preceding vowel (e.g., pan [ˈpãŋ] ~ [ˈpã]) and seems to be developing a contrastive role, as the 

conditioning environment (i.e., the nasal consonant) is disappearing (Campos-Astorkiza, 2012; 

Hualde, 2005). 

 Dialectal variation in English.  The relative lack of dialectal variation in Spanish vowels 

contrasts greatly with the large amount of dialectal variation observed in English vowels.  In 

English, vowels vary substantially across dialects (Hualde, 2005).  Although much variation 

exists in the production of vowels when comparing English dialects from the United States, 

Great Britain, Australia, etc., as the majority of participants in this study are from the United 

States and are expected to speak the General American English dialect as their native language, 

discussion will focus on dialectal variation in this dialect.  In particular, this discussion will 
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primarily focus on dialectal differences that affect the mid vowels, as these are the ones most 

relevant to the present study. 

Even among General American English speakers, there are some variations in vowel 

inventories according to dialect.  One of the most common dialectal differences in General 

American English is the cot/caught distinction described in the Vowel Inventory section.  

Whereas primarily East Coast speakers have different pronunciations for cot [kɑːt] and caught 

[kɔːt], Midwest and Western speakers do not tend to make this distinction, producing both words 

as either [kɑːt] or [kɔːt] (Ladefoged & Ferrari Disner, 2012).   

Additionally, various linguists have noted that in Southern dialects, mid vowels tend to 

be raised before nasal consonants, resulting in the pin/pen merger, in which pin and pen are 

produced as homophones with the same vowel (Zsiga, 2013).  The Southern dialect is also 

known for the Southern Vowel Shift, which has affected how many vowels of English are 

produced (See Labov, Ash, & Boberg, 2006 for a comprehensive review).  Of note for this study, 

is the fact that the back diphthong /oʊ/ has become more fronted and /eɪ/ has moved down in the 

vowel space, while /ɛ/ has moved up in the vowel space (Labov et al., 2006). 

Another difference is that some speakers around Boston and New York have r-less 

dialects, resulting in a vowel somewhere between /æ/ and /ɑː/, that is used in words like park and 

car, when the /r/ is deleted (Ladefoged & Ferrari Disner, 2012).  A somewhat similar 

phenomenon, r-dropping, has been observed in certain Southern dialects, with post-vocalic [ɹ] 

not being pronounced, which can affect the production of the preceding vowel (Zsiga, 2013). 

Furthermore, in the North Central region, which includes Minnesota, North and South 

Dakota, Wisconsin, and Northern Michigan, the mid tense vowels are not diphthongized, but are 
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produced with longer duration (Zsiga, 2013).  For example, boat and goat are produced as [bo:t] 

and [go:t], instead of [boʊt] and [goʊt]. 

Lastly, some dialects in the West, such as in California, tend to exhibit fronting of back 

vowels (Ladefoged & Ferrari Disner, 2012; Zsiga, 2013). 

 Summary of dialectal variation.  As the L2LP and SLM models point out, the specific 

dialect of L1 English that participants use is an important factor in both perception and 

production, as it can affect both processes in terms of how learners hear and process sounds of 

Spanish and then, subsequently, produce those sounds.  Although this can be a difficult factor to 

completely control among participants, by eliciting demographic information on a background 

questionnaire, this can be taken into account when analyzing learners’ perception and production 

data. 

 Likewise, the specific dialect of L2 Spanish that participants are trying to acquire is also 

an important factor in both perception and production, in that the L2 has its own parameters and 

phonetic boundaries, which are compared to the phonetic boundaries of categories in English.  

Although this study mentioned several variations in the production of vowels in different dialects 

of Spanish, in the present study, the most extreme examples of dialectal variation tend to be 

found in more rural areas of Spanish-speaking countries.  Additionally, most of the instructors at 

this university that exhibit stronger dialectal variation in their speech tend to “standardize” their 

pronunciation to some degree in the classroom.  Furthermore, most students at a given level all 

will have the same instructor and thus, if they exhibit dialectal variation should exhibit the same 

types of change across all participants at a given level. 
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Empirical research on the phonological development of L2 Spanish vowels 

In comparison with the number of studies examining acquisition of L2 Spanish 

consonants by L1 English learners or the number of studies investigating acquisition of L2 

English vowels by L1 Spanish learners, relatively few studies have examined the acquisition of 

L2 Spanish vowels by adult L1 English learners.  To the researcher’s knowledge, to date only 

fifteen studies have looked specifically at this topic, and this number dwindles even further when 

looking only at studies that are focused on acquisition or development of production of L2 

Spanish vowels by adult L1 English learners.  Studies that have examined the impact of 

pronunciation instruction on development are not discussed here unless relevant to the present 

study. 

The following section reviews those studies that have investigated the acquisition of L2 

Spanish vowel production by adult L1 English learners.  Although a few of the studies discussed 

also examined perception or production in L1 Spanish speakers learning English, this review will 

focus only on those portions of the studies related to L1 English speakers’ acquisition of L2 

Spanish vowels.  This review of empirical studies orders the studies chronologically, so as to see 

the progression of L2 production research in the field.  For each study, the researcher will 

summarize the methodology used and provide a summary of the key findings, as are relevant to 

the present study. 

Production studies 

Hammerly (1982).  Hammerly (1982) was the earliest empirical study that looked at 

acquisition of L2 Spanish vowels by L1 English learners.  Hammerly used a contrastive analysis 

approach and his own informal observations of learners to create an a priori list of forty-five 

predicted production errors, arranged hierarchically by predicted difficulty, in terms of the 
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persistence of these errors in learners’ speech.  Although this a priori list did not represent all of 

the observed pronunciation errors, it represented the most common production errors, of which 

vowel errors accounted for fourteen of the forty-five errors listed.  The specific vowel errors 

mentioned were: mispronunciation of the glide in various diphthongs, particularly the palatal 

glide (/áw/, /´Vj/, /ej/); a tendency to diphthongize word-final /e/ and /o/; reduction of pre-tonic 

and post-tonic vowels, especially /a/, to [ə]; formation of diphthongs and elision of vowels across 

word boundaries; nasalization of vowels in contact with nasal consonants; production of stressed 

/á/ as [æ]; and production of /CéɾC/ as [ɚ] instead of opening the /e/ vowel to [ɛ]. 

Hammerly then conducted error analysis of the L2 speech of fifty Canadian English 

speakers in a first semester Spanish course, after they had received eight weeks of pronunciation 

instruction, with two or three 10-15 minute sessions per week, for a total of four to five hours of 

pronunciation instruction.  The instruction sessions used exercises and explanations, as needed, 

from Bowen and Stockwell’s Patterns of Spanish Pronunciation – A Drillbook.  Learners could 

also practice individually in the language lab.  At the end of the ninth week (approximately forty-

five hours of classroom instruction), Hammerly tape-recorded each participant as they completed 

four production tasks: (1) audiolingual imitation of known words and phrases; (2) audiolingual 

imitation of unknown words and phrases; (3) read-aloud of known words and phrases; and (4) 

read-aloud of unknown words and phrases.  The tasks were designed to test the forty-five 

predicted production errors, although some targets only appeared in two or three of the tasks. 

Although Hammerly did not detail how he analyzed the tape recordings (e.g., 

impressionistically, acoustically, with native speaker judges, etc.), he ranked the forty-five 

problems tested in decreasing order of difficulty (presumably based upon the relative frequency 

of the error in learners’ L2 speech).  Based upon this ranking of errors, Hammerly concluded that 



129 

the use (or non-use) of allophones was more problematic than the use or non-use of phonemes 

for L1 English learners of Spanish.  This was particularly relevant to the vowel errors, as most of 

the vowel production errors described represent the application of English phonological 

processes and the use of English allophones, rather than substitution of a different Spanish 

phoneme or allophone. 

Hammerly also concluded that the difficulty of a sound was in part dependent upon the 

phonological context in which it occurred, emphasizing the importance of tightly controlling the 

phonological context, since the frequency and type of errors can be affected by context.  For 

example, reduction of vowels to [ə] was much more frequent in unstressed syllables, and 

specifically /a/ much more frequently reduced to [ə] in a pre-tonic environment than in a post-

tonic environment.  Hammerly also found that errors occurred more frequently in known words, 

especially cognates, than unknown words, suggesting that learners may be relying on their L1 

phonological system to produce words that look similar to English words, rather than using their 

developing L2 phonological system.  Lastly, Hammerly found that errors were markedly more 

frequent when reading aloud versus imitating audiolingually, indicating the importance of 

controlling the type of task, and the important effect of orthography on the frequency and types 

of error made. 

Although Hammerly’s results reveal some of the more persistent errors in learners’ L2 

Spanish speech, even with pronunciation training, it is important to note that most of 

Hammerly’s learners were not true monolingual speakers of English.  Rather, most learners had 

taken at least one year, and for many students, several years of French courses.  Consequently, it 

is difficult to determine whether the observed errors were due to transfer from the L1 (English), 

from the influence of learners’ previous French courses, or from some combination of both 
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influences.  Understanding the origin of errors is further compounded by the fact that no pre-test 

was administered at the beginning of the course, prior to pronunciation training.  With no pre-

test, the results are not able to identify which areas may not have existed prior to learning and 

may have developed during instruction, the areas in which learners perhaps never had any 

trouble with production, or the areas in which learners made substantial improvements quickly 

and which types of errors are easier to overcome.  Finally, since learners were in their first 

semester of Spanish courses and had received relatively little instruction, the results do not 

necessarily represent true “persistence” of errors.  By adding a pre-test prior to training and by 

looking at learners in more advanced courses, Hammerly could have provided a better picture of 

how learners’ production was developing over time and which errors were truly persistent errors. 

Simões (1996).  Simões (1996) examined changes in the production of the Spanish 

vowels for five Intermediate Low to Advanced level learners of Spanish participating in a five-

week long study abroad program in Costa Rica, in the context of looking at changes in learners’ 

overall fluency.  Simões defined fluency as “the ratio of the number of accurately produced 

syllable nuclei in sequences of words found acceptable over the duration of phonetic continua in 

spontaneous oral discourse”.  Using this definition, the analysis for this study centered on 

vowels. The author conducted and tape-recorded participants as they completed an oral 

proficiency interview, similar to the ACTFL Oral Proficiency Interview, one week prior to 

participants’ departure for Costa Rica and one week after their return.  Simões then utilized the 

CECIL speech analyzer to analyze and transcribe twenty-five to thirty randomly selected two-

second long phonetic continua from each speaker and calculate the number of accurately 

produced syllable nuclei for each two-second long segment. 
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Since controlling the phonological context of the vowels was not possible due to the 

elicitation measure used, nor was it necessary for the aim of overall fluency, Simões’s analysis 

examined vowels in all phonological contexts (e.g., open and closed syllables, stressed and 

unstressed syllables, monophthongal vowels and vowels that were part of a diphthong).  Further 

analysis of the monophthong and diphthong nuclei separately, as well as according to their 

phonological contexts could have been informative, since these variables can substantially 

impact how participants produce the vowels (e.g., Hualde, 2005; Campos-Astorkiza, 2012).  In 

general, the author observed that the errors in participants’ incorrect targets most often included 

cases of repeated words, lengthened vowels, reduction of vowels to schwas [ə], incorrect lexical 

stress, and the presence of glottal stops, all of which are not typical features of Spanish. At post-

test Simões did notice fewer reduced vowels (schwas [ə]), less vowel lengthening, more use of 

linking between words, and less use of hesitations in their speech.  Using his measure of fluency, 

Simões concluded that two of the five participants made significant improvements in their 

fluency over the course of the study abroad program, and that his measure of fluency 

corresponded with the results found in the ACTFL OPI rating of learners. 

Although learners in Simões’s study did show improvements in their production of L2 

Spanish vowels over the course of a five-week study abroad program, since the study looked at 

vowels in a wide variety of phonological contexts, without a more detailed analysis, the results 

are difficult to generalize.  However, the study did demonstrate that production of vowels 

continues to be problematic for L2 learners at intermediate and advanced levels and many of the 

specific issues observed by Simões were the same issues observed in Hammerly’s (1982) 

beginner-level participants. 
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Elliott (1997).  Elliott (1997) examined the Spanish production of sixty-six adult learners 

in a 3rd semester Intermediate level Spanish course.  Participants were from three intact classes, 

with two classes (n = 43) in the experimental group, which received pronunciation instruction, 

while one class (n = 23) served as the control group, which did not receive pronunciation 

instruction.  The experimental group received 10-15 minute sessions of formal pronunciation and 

practice, focused on nineteen different sounds, over the course of twenty-one class periods.  The 

nineteen different sounds selected, which included the five Spanish vowels, were based on 

results from a survey of Spanish instructors, professors, and graduate students who identified the 

Spanish sounds that they felt most contributed to foreign accent in Spanish.  The pronunciation 

instruction sessions were comprised of multimodal, student-centered instruction that was 

designed to appeal to a variety of preferred learning styles among learners, as well as some 

practice exercises.   

Participants’ were recorded as they completed four different tasks eliciting these sounds 

during the second week of the semester and again, at the end of the semester.  The tasks included 

1) discrete word repetition, 2) sentence-level repetition, 3) discrete-word reading, and 4) free 

speech elicitation with a picture description task.  To analyze the recordings, for tasks 1-3, three 

native or near-native Spanish speaker judges scored the target sounds based on how native-like 

they were on a scale from 1 (Incorrect target sound) to 3 (Correct target sound).  For task 4, the 

free speech elicitation, the judges awarded overall scores ranging from 1 (Almost unintelligible) 

to 5 (Native accent). 

Elliott’s results showed that the experimental group did show significant improvement in 

pronunciation, specifically for tasks 1, 2, and 3, while the control group did not significantly 

improve.  In particular, the experimental group showed the most improvement on discrete-word 
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reading, followed by sentence-level repetition, then discrete-word repetition.  Elliott concluded 

that learners may not have shown significant improvements in the free speech elicitation task 

because in this task, they were more focused on communicating meaning, whereas the other 

tasks allowed or required them to focus more on pronunciation.  Consequently, when the focus 

was on communicating meaning, they were more likely to commit more errors due to application 

of L1 phonological processes. 

Elliott’s results also examined improvement by sound class and found that the 

experimental group significantly improved for liquids and stops and showed improvements in the 

vowels, but this improvement did not achieve statistical significance.  More detailed analysis of 

the vowel results found that the experimental group learners showed statistically significant 

improvements for the Spanish back vowels /u/ and /o/, but the front and central vowels /a, e, i/ 

did not significantly improve.  Elliott notes that some of the most common errors for the vowels 

included diphthongization of the mid vowels, vowel lengthening, and centralization (i.e., use of 

the schwa [ə] instead of the Spanish vowel).  This study was interested in providing a more 

holistic look at the overall production errors observed in learners and whether or not they 

demonstrated improvements with pronunciation instruction.  However, specifically for the 

vowels, more information about the phonological context for each vowel would provide better 

and more complete information about the types of errors that learners are committing.  

Additionally, the use of acoustic analysis, rather than native and near-native judges, could 

provide a finer-grained analysis of the errors that learners made and the types of improvements 

that learners made over the course of the semester. 

Lansing (2002).  Lansing (2002) examined the acquisition of stress in vowels in Spanish 

by L1 English learners of Spanish at three different proficiency levels (beginner, intermediate, 
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and advanced).  Lansing compared learners’ production of stressed and unstressed vowels in 

controlled and spontaneous speech by eliciting speech samples on two separate production tasks.  

On the more-controlled task, participants at all three proficiency levels read aloud a paragraph to 

elicit more formal speech, while on the less-controlled task, participants in the intermediate and 

advanced levels responded to brief written prompts.  Lansing then transcribed the vowels 

produced in each task and marked them as correct or incorrect. 

Lansing’s results found that across levels, /a, e, o/ were the most problematic of the 

Spanish vowels for learners.  She also discovered that stressed vowels were produced correctly 

more often than unstressed vowels.  In stressed positions, learners tended not to produce the mid 

vowels /e/ and /o/ as diphthongs, as compared to unstressed positions.  Likewise, unstressed 

vowels were more subject to quality changes than stressed vowels.  More specifically, the results 

showed that for /e/, learners exhibited vowel quality changes most frequently on pre-stress 

vowels, but also on word-final /e/.  For /o/, learners exhibited vowel quality changes most 

frequently on post-stress and word-final vowels.  Lastly, Lansing observed that cognates were 

particularly susceptible to errors among learners.   

In general, Lansing’s results suggest that accurate vowel production continues to be 

problematic for learners at all proficiency levels and that prosodic position is a very important 

factor in learners’ production of the Spanish vowels.  However, although Lansing’s results did 

compare vowels in different prosodic positions, she did not control for phonological context, in 

terms of the neighboring consonants and the type of syllable in which the vowels occurred, both 

of which could affect learners’ production of the vowels.  Additionally, Lansing’s categorical 

classification of the vowels as correct or incorrect presents a more simplistic analysis of the 
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vowels that does not provide information about the specific types of errors the learners made, as 

might be found with an acoustic analysis.  

Morrison (2003).  Morrison (2003) is a study that examined both perception and 

production of the five Spanish vowels by L1 Canadian English speakers learning Spanish.  

However, only those portions related to production will be described and discussed here.  In this 

study, Morrison examined perception and production of the five Spanish vowels in utterance-

final open syllables, preceded by /s/.  In particular, tasks elicited production of /i, e, o/ in stressed 

syllables, and production of /a, o/ in unstressed, post-tonic syllables. 

For the production tasks, twelve Canadian English speaker participants, with between 0.5 

and five years of experience studying Spanish, were recorded as they read aloud, three times 

each, five Spanish sentences containing the target syllable in utterance-final position.  The target 

syllable from each sentence was then extracted from the speech signal and presented alone to 

four native Spanish speakers, who had to identify the vowel produced as one of the five Spanish 

vowels /a, e, i, o, u/ or as “None of the above”.  In production, the native Spanish speakers 

correctly identified 96% of the L1 English speakers’ Spanish vowels as the intended Spanish 

vowels.  With the exception of Spanish /a/ and /o/, this was a higher rate of correct identification 

than was observed for identification of native Spanish speakers’ vowels (91%).  Morrison claims 

that these results suggest that L1 English speakers exhibited less variation than native Spanish 

speakers in their production of Spanish vowels.  

  Spanish /a/ was identified as “None of the above” 3% of the time and Spanish/o/ was 

identified as /a/ 8% of the time.  According to Morrison, the L1 English speakers’ productions of 

Spanish /a/ was frequently longer and lower than the Spanish speakers’ productions of /a/ and 

provide evidence of less vowel reduction than observed in native Spanish speakers. 
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Although Morrison’s analysis of the Spanish vowel productions seems to center on native 

speaker identification of the vowels, rather than an acoustic analysis of English speakers’ 

vowels, he does claim that L1 English speakers produced Spanish /i/, /e/, /a/, /o/, and /u/ as 

English /i/, /e/, /æ/, /o/, and /u/ respectively.  These production results match the mapping of 

Spanish vowels to English vowel categories observed for the L1 English speakers in the 

perception component of the study.  The production data could have been more informative if 

acoustic measurements of the participants’ vowels had been taken, rather than solely relying on 

native speaker judgments of the vowels.  This is especially important since Morrison observed 

that the extracted, isolated syllables, especially those from the /a/ vowels were particularly short, 

since they came from unstressed syllables, and may have been categorized differently as a result.  

Additionally, since word position and stress can affect vowel quality, including targets in both 

stressed and unstressed syllables may have provided important insights into the phonological 

processes that learners apply to vowels in different phonological contexts.  

Cordero, Munson, and Face (2006).  Cordero, Munson, and Face (2006) used acoustic 

analysis to compare the production of English and Spanish vowels produced by nine very 

advanced bilingual L1 English – L2 Spanish speech language pathologists.  The study also used 

ratings by native Spanish speakers to evaluate learners’ production of the Spanish vowels. 

In this study, participants were recorded as they produced four Spanish CVCV words in a 

Spanish carrier phrase and four English CVC words in an English carrier phrase.  For the native 

speaker ratings, the Spanish vowel tokens were extracted and presented individually, in random 

order, to native Spanish speakers who rated the tokens for native-likeness on a scale from 1 (Not 

native-like) to 5 (Native speaker).  The acoustic analysis compared the formant values of the 

bilinguals’ English and Spanish vowel tokens. 
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With regard to the native-likeness ratings, native Speakers assigned the vowels ratings 

that ranged from 2.31 to 2.75.  The results from the acoustic comparison found only minimal 

differences in the formant values of these bilingual speakers’ English vowels and Spanish 

vowels.  The researchers did find a trend towards slightly higher F1 formant values for the 

Spanish vowels (i.e., the vowels were produced lower in the acoustic vowel space), but there was 

not a statistical difference between the F1 formant values for the vowels of each language.  

Additionally, the researchers found that the participants tended to produce their Spanish vowels 

with lower F2 values (i.e., further back in the acoustic space), but the difference between the 

Spanish and English F2 values was only significant for /u/. 

These results from the ratings task first suggest that Spanish vowels are quite difficult for 

L1 English speakers to acquire to a level that is considered native-like.  The fact that the 

speakers’ formants for English vowels and Spanish vowels did not differ significantly from each 

other also suggests that the vowels continue to be a problematic area of production, even for very 

advanced learners.  These results also provide support for Flege’s Speech Learning Model, in 

that the similar production of vowels in both languages may be reflective of learners having 

phonetic categories that have been modified and affected by the L2, so that the phonetic 

categories do not match the phonetic category boundaries that monolinguals have in either the L1 

or the L2. 

Cobb (2009) and Cobb and Simonet (2015).  Cobb (2009) and Cobb and Simonet 

(2015), which appear to present results from the same study, compared the production of the five 

Spanish vowels /i, e, a, o, u/ among five intermediate and five advanced learners of Spanish to 

five bilingual native speakers of Spanish.  The learners were all female, native English speakers 

who were either intermediate third year learners or graduate students working towards a degree 
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in Spanish, respectively.  Target vowels were located in either stressed or pre-tonic unstressed 

position of target words, and all surrounding consonants were coronals in order to reduce 

articulatory effects on the vowels.   

Cobb and Simonet used a delayed imitation task to elicit vowels in fifty target words and 

fifteen distractor words.  In this task, participants heard a target word in the carrier phrase María 

dice… [María says], followed by the question ¿Qué dice María? [What does María say?], then 

responded by answering with the first sentence María dice…  This task eliminated the need to 

have subjects read words or sentences, thereby minimizing the influence of orthography and the 

delay in repetition is believed to require deeper processing than simple imitation or acoustic 

shadowing and hypothesized to cause participants to produce the words by depending on their 

long term phonological representation of the word or its phonemes.  The task had participants 

produce each word three times, first with an orthographic representation of the target word 

present during the first block, but without the orthographic representation during the second and 

third blocks.   

The researchers then analyzed the vowels acoustically by measuring the F1 and F2 values 

of each target vowel.  The researchers then normalized the formant values, using Lobanov’s 

(1971) procedure, as well as calculating the Euclidean distance between each vowel and the 

centroid of the vocalic system of each speaker. 

Interestingly, Cobb and Simonet identified systematic differences between the production 

of vowels in stressed and unstressed syllables in all groups.  The vowels in unstressed syllables 

were systematically reduced and produced in a smaller vowel space among all groups, especially 

among the intermediate learners.  These data also provided evidence that vowel reduction, 

specifically centralization, occurs in Spanish as well as in English.  However, the degree of 



139 

reduction present in native Spanish speakers was somewhat less than that presented in the groups 

of learners.  Additionally, Cobb (2009) found evidence that all three groups reduced their 

unstressed vowels, as compared to stressed vowels, and surprisingly, the native speaker group 

seemed to have the greatest degree of reduction for /e/ among the three groups. 

The researchers also found evidence of a hierarchy for the acquisition of the Spanish 

vowels.  For stressed vowels, /e/ was the most difficult for learners, followed by /a/ and /u/, then 

/o/ and /i/.  For unstressed vowels, /e/ and /o/ were found to be most difficult, followed by /a/ and 

/u/, then /i/.  In general, the advanced learners were more similar to the native speakers than the 

intermediate learners were for atonic vowels, suggesting the positive effect of experience and 

providing support for Flege’s SLM.   

More specifically, Cobb and Simonet (2015) attributed learners’ difficulty with /e/ to the 

strong acoustic similarities between Spanish /e/ and English /eɪ/.  When analyzing stressed and 

unstressed /e/ together, no significant differences were found between the groups, but when 

looking at stressed and unstressed /e/ separately, the researchers found significant differences 

between groups, but discovered that the groups utilized different strategies.  Whereas 

intermediate learners exhibited centralization of unstressed /e/ on the vertical dimension by 

producing /e/ higher in the acoustic space (i.e., with a lower F1 value), advanced and native 

speakers showed more centralization of the unstressed /e/ on the horizontal dimension, with the 

advanced learners producing vowels with an intermediate degree of centralization.   

With regard to /u/, production was found to differ significantly across groups, with 

intermediate learners producing a very fronted /u/, while the bilingual native speakers of Spanish 

had a very backed /u/ (i.e., lower F2 values), and advanced learners actually produced /u/ even 

further back in the vowel space than native speakers.  Cobb and Simonet concluded that the /u/ 
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demonstrated evidence for Flege’s Speech Learning Model, in that intermediate learners 

demonstrated full transfer from the L1, but due to the large differences between the L1 /uː/ and 

L2 /u/, as learners gain experience with the L2, they are able to form a new phonetic / 

phonological category and consequently, their subsequent production more closely approximates 

the native speaker model.  

Menke and Face (2010).  Menke and Face (2010) compared the production of stressed 

and unstressed Spanish vowels in three groups of learners of Spanish to one group of bilingual 

native Spanish speakers.  The learner groups consisted of 20 students in an intermediate 4th 

semester Spanish course, 20 graduating Spanish majors and 20 Ph.D. students in Spanish, while 

the bilingual native Spanish speakers were six native Spanish speakers from various Spanish-

speaking countries. 

For the production task, participants were recorded reading aloud an authentic Spanish short 

story (Aniversario by Luis Romero), with 20 tokens of each vowel as the targets.  Ten tokens 

were in stressed syllables and ten tokens were in unstressed syllables, although it is unclear if the 

unstressed syllables were pre-tonic or post-tonic.  For each of the two prosodic positions, half of 

the tokens were in open syllables, while the other half occurred in closed syllables. The 

researchers then conducted an acoustic analysis, looking at the F1 and F2 values of each target 

vowel. 

Overall, Menke and Face found that the intermediate learners struggled to produce 

vowels in a native-like way, but that the graduating major participants and the Ph.D. students 

produced the vowels similarly to the bilingual Spanish speakers.  More specifically, the 

intermediate learners produced the Spanish vowels with statistically different acoustic properties 

than the native speakers and in a substantially reduced vowel space, as compared to the other 
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groups.  Most notably, the intermediate learners produced the front and central vowels more back 

and the /u/ more fronted than the native speakers. 

Although Menke and Face did find some significant differences between the bilingual 

native Spanish speakers and the two more advanced groups, they found that these two groups 

had made substantial movement towards the native speaker norms as compared to the 

intermediate learners.  Within the two advanced groups, overall the learners tended to produce 

the vowels with lower F1 values (i.e., higher tongue position).  They also tended to produce the 

front and central vowels /i, e, a/ with higher F2 values (i.e., more fronted), but with lower F2 

values (i.e., more back) for /u/.  Additionally, Menke & Face found that unstressed vowels 

showed some degree of centralization in all the groups. 

 However, this study did not use a standardized measure of proficiency level and the 

groups had significant differences not only in the amount of time they had studied the language, 

but also in terms of their use of Spanish and their time spent in Spanish-speaking countries.  

Additionally, although the researchers note that half of the vowel tokens were produced in open 

syllables and half of the vowel tokens were produced in closed syllables, they seem to group 

vowels in open and closed syllables together and ignore this factor in their analysis. 

Stevens (2011).  Stevens (2011) compared changes in learners’ production of Spanish 

vowels while participating in a four-week study abroad (SA) program in Spain (n = 11) or a four-

week at-home (AH) summer course (n = 11).  Specifically, Stevens looked at the duration of the 

Spanish vowels since English learners of Spanish have a tendency to elongate stressed vowels, 

and consequently, are more likely to diphthongize longer vowels (Stevens, 2011; Zsiga, 2013). 

At the same time, learners also tend to reduce the duration of and centralize unstressed vowels 

(Hualde, 2005; Stevens, 2011).   
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All twenty-two learners were at the Novice High to Intermediate Low proficiency level 

on the ACTFL scale at the beginning of their respective programs.  The researcher elicited 

production by having participants read aloud a randomized list of sentences in which the target 

vowels appeared in two prosodic positions.  All five Spanish vowels were elicited in absolute 

word-final position, with half the tokens in stressed syllables and half in unstressed syllables of 

two-syllable words.  The pre-test was administered just prior to departure for study abroad 

participants and during the first week of classes for the at-home participants.  The post-test was 

administered during the final week of the respective programs for both groups. 

Stevens conducted an acoustic analysis of the duration of the five Spanish vowels 

produced by learners to examine changes in vowel duration over the course of the programs 

between the two groups of learners.  He also compared learners’ vowel durations to the duration 

of vowels produced by a group of native Spanish speakers (n=6). 

Stevens determined that the SA learners did make significant reductions overall in the 

duration of their Spanish vowels, and individually for /i, a, u/, over the course of the four-week 

program, but the at-home group did not.  However, at post-test, both groups still produced 

vowels with significantly longer duration than the vowels of native Spanish speakers.  Stevens 

also conducted a variable rule analysis of predictive factors and found that stress (i.e., prosodic 

position) was found to be an important predictor of “accurate” native-like production for both 

groups.  In particular, unstressed vowels were more likely to be produced with accurate duration 

in both the AH and the SA groups. Additionally, years of formal instruction was found to be 

significantly related to accurate pronunciation for the AH group.  And for the SA group, the 

specific vowel targeted, the amount of learners’ exposure to Spanish television and the learners’ 

use of spoken English were found to be important predictors of accurate pronunciation.   
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Although Stevens’s study did show significant improvements for the SA group over the 

AH group, there were some important differences between the two groups that may have 

affected the results.  Comparing study abroad and at-home learners can be an arbitrary 

comparison to begin with, since the two groups may represent substantially different learners 

academically, financially, and in terms of motivation.  Additionally, the instructor for the SA 

group was a native speaker of Spanish, while the at-home instructor was a near-native, but still 

non-native speaker of Spanish, which could represent a difference in the input provided to the at-

home group.  Furthermore, the learners were compared to monolingual native speakers as the 

norm, yet it may make more sense and be more realistic to compare to bilingual Spanish-English 

speakers, instead of monolingual Spanish speakers.  Finally, the variable rule analysis coded the 

vowels in a binary manner, as accurate or inaccurate, rather than looking at the duration of the 

vowels in a more continuous manner, which tends to provide a simplified, less nuanced analysis 

of the data. 

Díaz and Simonet (2015).  Díaz and Simonet (2015) conducted a cross-sectional 

acoustic analysis of native English speaker learners of L2 Spanish vowels, focusing specifically 

on the degree of diphthongization in Spanish /e/ and /ei/.  The learners in this study were twelve 

late-onset learners of Spanish who were classified as highly proficient (n = 6) or intermediate (n 

= 6) learners of Spanish.  The highly proficient learners were all students pursuing a graduate 

degree in Spanish and used both English and Spanish on a daily basis, while the intermediate 

learners were students enrolled in 300-level Spanish courses.  The learners were compared to a 

group of six native Spanish speaker controls who were all born and raised in Mexico and had not 

moved to the United States or other English-speaking environments prior to age twenty. 
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All of the participants in Díaz and Simonet (2015) were recorded as they read aloud 

thirty-two target items, three times each, in a delayed imitation task (Guion, 2003).  The target 

words elicited Spanish /e/ and /ei/ in stressed syllables within paroxytone and oxytone words, 

with eight words for each vowel and stress type.   

After data collections, an acoustic analysis was used to extract the F1 and F2 formant 

frequencies from each vowel at three different points over the duration of each vowel, namely at 

the 25% point, the 50% point, and the 75% point of each vowel.  The formant frequencies were 

then transformed to Bark units, a logarithmic scale that approximates human perception of 

frequency distance between vowels.  Next, the Bark units for each vowel were used to calculate 

vector length, a measure of formant change over time.  According to Díaz and Simonet, 

diphthongs are hypothesized to have a higher vector length than monophthongs, due to greater 

formant movement in diphthongs. 

The researchers found that across groups produced the /e/ vowels similarly, 

monophthongal in paroxytone words and slightly diphthongal in oxytone words.  In contrast, 

there were differences between the groups with regard to the production of /ei/.  The highly 

proficient learners were similar to the native speakers in terms of producing /ei/ with a high 

degree of diphthongization, while intermediate learners produced /ei/ with less diphthongization.  

Díaz and Simonet concluded that learners acquired the monophthongal quality of /e/ earlier in 

initial stages of acquisition, while learners acquire the diphthongal quality of /ei/ at a later stage 

of acquisition.  They also argue that the intermediate learners’ production of the /ei/ vowels with 

less diphthongization may be a case of phonetic category assimilation, in which intermediate 

learners are assimilating Spanish /ei/ to English /eɪ/, providing support for Flege’s (1995) SLM.  

Diaz and Simonet also hypothesize that since intermediate learners did not have issues producing 
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Spanish /e/ as a monophthong, these learners may have assimilated Spanish /e/ to English /ɛ/ 

rather than to English /eɪ/. 

The researchers also found that stress type (i.e., paroxytone vs. oxytone) had some impact 

on the production of the vowels, with greater differences observed between the production of /e/ 

and /ei/ in paroxytones than in oxytones, especially among the highly proficient learners.  Díaz 

and Simonet in fact found that the highly proficient learners maintained a more robust distinction 

between /e/ and /ei/ than the native speakers.  They argue that this strong distinction between /e/ 

and /ei/ could be due to hyperarticulation and also claim that it may be support for Flege’s (1995) 

SLM, in that these advanced bilingual learners are trying to maintain a distinction between 

phonetic categories and thus, are trying to maximize the contrast between the phonetic 

categories. 

In general, this study provides a robust acoustic analysis of the production of Spanish 

vowels by L1 English-speaking learners of L2 Spanish.  It uses a clever elicitation technique to 

reduce the effects of orthography among learners.  However, the study does not use objective 

measures of proficiency level, which could be informative in terms of trying to better understand 

at what stage or stages of acquisition learners are acquiring accurate production of the vowels. 

Summary of findings from empirical studies 

 In general, the studies show that learners do demonstrate improvements over time (e.g., 

Elliott, 1997; Simões, 1996; Stevens, 2011) and as they progress into later stages of acquisition 

(Cobb, 2009; Cobb & Simonet, 2015; Díaz & Simonet, 2015; Menke & Face, 2010), yet the 

studies also conclude that L2 vowel production continues to be a persistent problem or source of 

errors, even for learners at later stages of acquisition or that are considered to be highly 

proficient in Spanish (e.g., Cobb, 2009; Cobb & Simonet, 2015; Cordero et al., 2006; Menke & 
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Face, 2010).  Some of the most common errors observed include reduction of the Spanish vowels 

in unstressed syllables, in terms of both duration and spectral qualities; producing 

monophthongal vowels with diphthongization; producing the vowels with different formant 

frequencies, usually with more centralization. 

 The studies also found that task type, prosodic position, cognate status of target words, 

and orthography were important factors affecting the production of the vowels.  Several studies 

found that prosodic position influenced learners’ production of vowels, suggesting application of 

L1 English phonological processes in Spanish (e.g., Cobb, 2009; Cobb & Simonet, 2015; Díaz & 

Simonet, 2015; Hammerly, 1982; Lansing, 2002; Menke & Face, 2010).  In particular, while 

reduction was observed in all unstressed syllables, Lansing (2002) found that pre-tonic vowels 

were particularly subject to reduction.  However, several studies also found that not only 

learners, but also native speakers of Spanish, produced vowels in unstressed syllables with 

reduction or centralization (e.g., Cobb, 2009; Cobb & Simonet, 2015; Díaz & Simonet, 2015; 

Menke & Face, 2010). 

 In terms of methodology, as the following studies show, substantial improvements have 

been made in how vowels are studied in recent years.  Over the years, more and more studies 

have begun to rely upon acoustic analysis rather than impressionistic judgments (e.g., Lansing, 

2002; Simões, 1996) or native speaker ratings (e.g., Cordero et al., 2006; Morrison, 2003).  

However, most studies have used a cross-sectional design instead of a longitudinal design.  Only 

Elliott (1997), Hammerly (1982), Simões (1996), and Stevens (2011) used a longitudinal design, 

but each had very different methodologies, making comparison between these studies difficult, 

and Hammerly (1982), although claiming to be longitudinal, did not include a pre-test that would 

have allowed for intralearner comparison over the course of the semester.  While cross-sectional 
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designs are helpful for understanding what is occurring at different stages of acquisition, the fact 

that none of the studies were cross-sectional and longitudinal leaves a large gap in our 

understanding of the L2 phonological development of Spanish vowels by native English 

speakers.  This gap is exacerbated when considering that few of the studies (i.e., Simões, 1996; 

Stevens, 2011) used objective measures of proficiency level.  Instead, the studies typically 

conflated proficiency level with institutional course level, yet several studies still often made 

claims about certain features of L2 Spanish vowel production being acquired earlier or later in 

the development trajectory.  

 In short, while these studies have provided valuable insights into our understanding of L2 

phonological development of Spanish vowels, many gaps in our understanding still remain and 

will be outlined in the next section. 

Summary of gaps in previous research investigating relationships between learner ID 

variables and L2 phonological development 

A review of the literature has revealed several gaps in our understanding of the L2 

phonological development of Spanish vowels and the role that ID variables may play in this 

development. 

 First, in comparison with the number of studies examining the acquisition of Spanish 

consonants or the number of studies examining the acquisition of English vowels by Spanish 

speakers, relatively few studies have focused on the acquisition of Spanish vowels by native 

English speakers.  Although vowels can represent a more challenging area to study than 

consonants because they can vary simultaneously on a variety of dimensions within the same 

vowel (F1 and F2 formant values, duration, diphthongization (i.e., changes in vowel quality)), 
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they still can be measured with acoustic measurements.  This allows for quantifiable changes in 

vowel quality to be observed. 

Second, of those studies that have examined the acquisition of Spanish vowels, most 

studies have focused on either the perception of the vowels or the production of the vowels.  To 

the researcher’s knowledge, only one study (Morrison, 2003) has examined both perception and 

production in the same study.   Since most studies do not look at both perception and production, 

it is hard to know what the origin of learners’ production errors is with the vowels.  The errors 

could be due to perception errors, providing support for Flege’s (1995) Speech Learning Model, 

due to simple L1 transfer in terms of the application of English phonological processes to 

Spanish vowels, or due to articulatory execution errors.  Research that investigates both 

perception and production in the same study is needed to better understand the relationship 

between these two processes (Colantoni et al., 2015). 

Furthermore, while a few studies have examined development of vowels over time (e.g., 

Elliott, 1997; Gordon, 2008; Simões, 1996; Stevens, 2011), with the exception of Gordon (2008), 

all of these studies have used participants at only one course level or stage of development (e.g., 

all beginners or all intermediate).  In contrast, most studies have examined L2 phonological 

development by using a cross-sectional comparison of learners at different course levels or 

stages of development, but have only examined the learners at one point in time.  To the 

researcher’s knowledge, no studies have examined changes in perception and production over 

time with learners at different course levels.   

Additionally, while various individual difference variables have been found to be 

predictive of success in several areas of L2 language learning, in the field of L2 phonology, 

significantly less research has been dedicated to trying to understand the relationship between 
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these individual differences and L2 phonological development.  More research is needed that 

investigates the role that these important factors play in explaining interlearner variability in L2 

phonological development.  In particular, researchers (e.g., Jacquemot & Scott, 2006; Kormos, 

2013) have proposed a role for PSTM in L2 phonological development, but few studies have 

tested this hypothesis explicitly.  Furthermore, the scarce research that exists has provided mixed 

results with regard to the role of PSTM in both perception and production. 

Lastly, among the vowel studies examined, certain methodological issues could be 

improved upon to provide a more robust analysis.  For example, many of the production studies 

have utilized more impressionistic and categorical coding and analysis, such as (near) native 

speaker judgments of participants’ production (e.g., Hammerly, 1982; Elliott, 1997; Morrison, 

2003).  Even Simões (1996), who claims to make use of the CECIL speech analysis program to 

analyze the participants’ vowels, simply classifies the vowels as target-like or non-targetlike.  

Only in more recent years have researchers (e.g., Cobb, 2009; Cobb & Simonet, 2015; Cordero 

et al., 2006; Díaz & Simonet, 2015; Menke & Face, 2010;) begun to utilize acoustic 

measurements for the analysis of vowels, which allow researchers to see finer-grained and more 

gradual development in learners’ production.  Additionally, for perception, most measures that 

have been used previously rely upon short-term memory or acoustic memory (e.g., ABX tasks; 

identification of a target vowel within a discrete word or syllable), rather than tapping into 

working memory, which we might expect to play a role in classroom or immersion-style 

language learning. 

Rationale for the current study 

The current study aims to address the gaps and methodological limitations of previous 

literature outlined above by investigating trajectories of L2 phonological development for the 
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Spanish mid vowels among adult native English-speaking learners and the role of individual 

difference variables in explaining variability in learners’ trajectories of development.  In 

particular, this study aims to provide a more comprehensive picture of L2 phonological 

development of vowels by examining both perception and production (i) cross-sectionally, at two 

different stages of acquisition (i.e., Course Level) and (ii) longitudinally, at three different points 

over the course of a semester (i.e., beginning, middle, and end of a semester).  Additionally, this 

study examines the role that individual differences play in learners’ L2 phonological 

development at different stages of acquisition and over time.  Lastly, this study aims to improve 

upon methodological limitations in this line of research in three ways.  First, the study includes 

more objective measures of certain ID variables (i.e., proficiency level).  Second, the study will 

use perception tasks that not only require learners to utilize short-term or acoustic memory, but 

also tasks that require them to pay attention to phonemic and phonetic detail in the vowels as 

they complete another task and thus, are designed to tap into working memory and learners’ 

existing phonological system(s) for the L1 and L2.  Lastly, this study will utilize acoustic 

analysis of the vowels to be able to have an objective, quantitative measure of L2 production that 

can detect finer-grained changes in development. 

Target phones 

 The following study will look at the development of the perception and production of the 

mid vowels of Spanish, /e, o/, by native English speakers.  More specifically, the study will focus 

on /e/ and /o/ in both stressed and unstressed (pretonic and posttonic) open syllables. 

This study decided to focus on vowels and, specifically, the mid vowels for several 

reasons.  First, vowels represent 48.4%, nearly half, of the phonemes that occur in Spanish 

speech (Guirao & García Jurado, 1990).  More specifically, /e/ and /o/ represent, respectively, 
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the first and third most frequent phonemes in Spanish, with /e/ representing 15.0% and /o/ 

representing 10.7% of all phonemes (Guirao & García Jurado, 1990).  Consequently, these two 

phonemes alone represent over a quarter of all the phonemes in Spanish speech, indicating a high 

prevalence in the learners’ second language and that learners will receive sufficient input.  

Additionally, vowels in Spanish tend to carry a high phonemic load and mispronunciation or 

misinterpretation of the vowels can substantially impact meaning and comprehensibility to other 

speakers. 

Second, as discussed in the summary of results of the empirical studies, the mid vowels 

tend to be somewhat later acquired than /i/ and /u/, and thus, represent an area of L2 

phonological development that is more problematic for learners.  At the same time, since 

relatively few studies have examined the acquisition of L2 Spanish vowels by native English 

speakers, there is still a need for investigation into the L2 phonological development of these 

vowels. 

Thirdly, although ideally this study would look at vowels in both open and closed 

syllables to provide a more complete picture of the phonological processes affecting learners’ 

perception and production of the vowels, doing so would result in exponentially larger, more 

complex, and longer tasks.  Consequently, in order to keep the tasks more manageable, the 

following study only focused on vowels that occurred in open syllables.  Additionally, this 

decision was also made because open syllables with just one vowel (CV, V, or CCV) represent 

over 65% of the syllables present in Spanish speech, and specifically, CV syllables alone 

represent over 51% of the syllables of Spanish (Moren Sandoval et al., 2008).  Lastly, by 

focusing on just vowels in open syllables, the effect of neighboring consonants and 
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coarticulation, and the number of phonological processes that might affect production is reduced, 

thereby hopefully simplifying interpretation of the results. 

Research questions and hypotheses 

 The following research questions motivated this dissertation research.  The research 

questions are then followed by hypotheses for each research question. 

Research questions 

Research question 1a. What is L2 learners’ trajectory of development for the perception 

of Spanish mid vowels? 

Research question 1b. How does the trajectory of development for the perception of 

Spanish mid vowels differ for beginner and advanced L2 learners? 

 

Research question 2a. What is L2 learners’ trajectory of development for the production 

of Spanish mid vowels? 

Research question 2b.  How does L2 learners’ trajectory of development for the 

production of Spanish mid vowels differ for beginner and advanced learners? 

 

Research question 3a.  Is L2 learners’ development of perception of Spanish mid vowels 

significantly related to their development of production of Spanish mid vowels? 

Research question 3b.  If so, to what degree is perception predictive of production for 

beginner levels of L2 Spanish over time? 

Research question 3c.  If so, to what degree is perception predictive of production for 

advanced levels of L2 Spanish over time? 
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Research question 4a. Are individual differences and linguistic factors significantly 

related to L2 learners’ development of perception of the Spanish mid vowels? 

Research question 4b.  If so, to what degree are they related to perception at beginner l

 evels of L2 Spanish? 

Research question 4c.  If so, to what degree are they related to perception at advanced 

levels of L2 Spanish? 

 

Research question 5a. Are individual differences and linguistic factors significantly 

related to L2 learners’ development of production of the Spanish mid vowels? 

Research question 5b.  If so, to what degree are they related to production at beginner 

levels of L2 Spanish? 

Research question 5c.  If so, to what degree are they related to production at advanced 

levels of L2 Spanish? 

 

Hypotheses 

Hypothesis 1a.  As learners progress in their study of the Spanish language and receive 

more L2 input, L2 Spanish learners’ perception of the Spanish mid vowels will improve to more 

closely resemble bilingual Spanish-English speakers’ perception of the Spanish mid vowels.   

According to Flege (1995), a learner’s ability to detect phonetic distinctions is not static, but 

rather dynamic, and can change with increased language input.   Additionally, the three dominant 

L2 speech perception theories (SLM - Flege, 1995; PAM / PAM-L2 - Best and Tyler, 2007; and 

L2LP Model - Escudero & Boersma, 2004; Escudero, 2005, 2009) indicate that learners’ ability 

to perceive L2 sounds is not static or fixed, but rather, may change over time with greater L2 
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input.   Specifically, Flege (1995), Best and Tyler (2007), Escudero and Boersma (2004) and 

Escudero (2005, 2009) suggest that with greater exposure to the L2, learners become more 

sensitive to various phonetic and phonological distinctions in the L2 that do not exist in the L1.  

Consequently, as learners receive more input in the L2 and become sensitive to these phonetic 

and phonological differences, they will begin to form new phonetic categories that more closely 

and accurately reflect the categories of the phonological system that bilinguals possess.  These 

changes in the organization of phonetic categories may be particularly noticeable in the Multiple 

Category Assimilation task.  Learners may initially categorize L2 sounds more according to L1 

categories and later in the semester, may demonstrate categorization that is more similar to that 

of bilinguals and / or with less certainty regarding certain vowels, that is demonstrating a shift in 

how vowels are perceived. 

Hypothesis 1b.  It is hypothesized that the trajectory of development for the perception 

of Spanish mid vowels for learners at different stages of L2 study will demonstrate some 

important differences.  At the beginning of the semester, beginner learners are expected to start 

with an overall lower baseline level of perception of the Spanish mid vowels than advanced 

learners, while advanced learners are expected to be more similar to bilingual Spanish-English 

speakers since they will have had more L2 input and are predicted to have already developed 

sensitivity to phonetic and phonological distinctions in the L2 (Best & Tyler, 2007; Flege, 1995).  

This will be reflected in lower accuracy scores on the Identification Task and in a pattern of 

categorization of the vowels in the Multiple Category Assimilation task that more closely 

resembles the phonetic categories of learners’ L1 phonological system. 

 Rate of development may also differ at the two different stages of development, however, 

it is hard to predict exactly how learners will differ at the two levels due to the complicated 
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interaction between many variables, which could allow a few possible scenarios to play out.  On 

the one hand, since beginner learners are predicted to be at an earlier stage of establishing their 

phonetic categories and would begin at a lower baseline level, they may be able to demonstrate 

greater and more rapid improvement than advanced learners, simply because there is more room 

for development in the shaping of their phonetic categories.  Advanced learners are predicted to 

have already started to form phonetic categories for the L2 sounds and would likely only be 

making minor adjustments to their phonetic categories, so would show smaller and more gradual 

improvements. 

On the other hand, one could argue that since advanced learners generally have a higher 

overall proficiency level and mastery of other aspects of the language (e.g., morphosyntax, 

vocabulary), they may have more cognitive resources available to dedicate to paying attention to 

the specific sounds of the language.  Or following VanPatten’s (1990) Processing Instruction 

hypotheses, beginner learners’ cognitive resources would be dedicated to simply understanding 

the basic meaning of the language, with less attention to form.  In contrast, since advanced 

learners can already understand more of the meaning, they are better able to focus on the form of 

the language (i.e., the specific phonemes and allophones of the language in this case and their 

phonetic features), and for this reason, advanced learners may be expected to demonstrate greater 

development in their perception of the Spanish mid vowels over the course of a semester.  In 

short, both groups will demonstrate improvements, but from different starting points and are 

likely to exhibit different rates of improvement. 

Hypothesis 2a.  Similar to the predictions for perception, as learners advance in their 

study of the Spanish language, L2 Spanish learners’ production of the Spanish mid vowels will 

improve to more closely resemble bilingual Spanish-English speakers’ production of the Spanish 
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mid vowels (e.g., Menke & Face, 2010).  Following the SLM, it is also anticipated that as 

learners’ perception improves, their production will also improve.  However, the production 

trajectory is likely to lag behind the perception trajectory, since it may take learners some time to 

adjust their production to match their new phonetic categories (Flege, 1995).  Additionally, since 

more processes are involved in production, L2 Spanish learners’ production may also be subject 

to articulatory constraints or other (unconscious) phonological processes from the L1 that may 

slow development of production (Flege, 1995).  The most improvement is anticipated to be 

observed in the Written Elicitation Task since fewer cognitive resources are required to complete 

the task, allowing participants to focus more on their pronunciation as they produce the target 

words. 

Hypothesis 2b.  As with perception, at the beginning of the semester, advanced learners 

are expected to be more similar to bilingual Spanish-English speakers than beginner learners 

while beginner learners are expected to start at a lower baseline level.  The SLM (Flege, 1995) 

posits that a learner’s production is largely dependent upon their perception and categorization of 

L2 sounds.  Advanced learners will have had more exposure to the L2 and thus, are predicted to 

have developed more sensitivity to phonetic differences and more time to develop or modify 

phonetic categories so that they more closely mirror the bilingual phonetic categories.  

Consequently, production in advanced learners is expected to more closely mirror bilingual 

production. 

 Rate of development is also predicted to differ at the two different stages of development, 

however, it is hard to predict exactly how learners will differ at the two levels due to the 

complicated interaction between many variables.  As with perception, many different factors are 

at play and interact, which could result in a few possible different scenarios.  On the one hand, 
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beginner learners are predicted to begin at a lower baseline level and thus, may be able to 

demonstrate greater and more rapid improvement than advanced learners, simply because there 

is more room for development.  Whereas advanced learners would have already started to 

modify their phonetic categories and production of the vowels, beginner learners would still be 

establishing their phonetic categories and learning the production differences between the 

English and Spanish vowels and could show greater development as they made larger changes. 

On the other hand, one could argue that since advanced learners generally have a higher overall 

proficiency level and mastery of other aspects of the language (e.g., morphosyntax, vocabulary), 

they may have more cognitive resources available to dedicate to paying attention to the specific 

sounds of the language.  Or following VanPatten’s (1990) Processing Instruction hypotheses, 

beginner learners’ cognitive resources would be dedicated to simply understanding the basic 

meaning of the language, with less attention to form.  However, since advanced learners can 

already understand more of the meaning, they are better able to focus on the form of the 

language (i.e., the specific phonemes and allophones of the language in this case and their 

phonetic features), and for this reason, advanced learners may be expected to demonstrate greater 

development in their production of the Spanish mid vowels over the course of a semester. 

Hypothesis 3a.  Yes, L2 learners’ perception of Spanish mid vowels is significantly 

related to their production of Spanish mid vowels. This follows from Flege’s (1995) Speech 

Learning Model, that postulates a link between perception and production, in that based on how 

a learner perceives the L2 sounds, he will either create new phonetic categories for the L2 sounds 

(Hypothesis 2) or assimilate the L2 sounds to existing L1 categories (Hypothesis 5). These 

phonetic categories are then responsible for guiding learners’ production of L2 sounds, in that 

the learner tries to produce L2 sounds that match the perceived phonetic categories (Hypothesis 
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7).  Rochet (1995) provided concrete evidence for these hypotheses, suggesting that one’s 

perception guides one’s production.  In Rochet’s study, native English and Portuguese 

participants listened to and classified French vowels. While English participants tended to 

classify the French front rounded vowel /y/ as a front, unrounded vowel /i/, Portuguese 

participants classified it as a back rounded vowel /u/. When asked to produce the same French 

vowel, English and Portuguese participants’ productions matched their respective perceptions of 

the vowel, suggesting a clear link between L2 perception and production (Rochet, 1995). 

Additionally, Flege (1995) predicts that if a learner assimilates an L2 sound to an L1 phonetic 

category and is unable to create a new phonetic category, then “a single phonetic category will 

be used to process perceptually linked L1 and L2 sounds (diaphones). Eventually, the diaphones 

will resemble each other in production” (H5, Flege, 1995, p. 239). Cordero et al.’s (2006) 

production data for highly advanced English-Spanish bilinguals who produced their English and 

Spanish vowels with very similar acoustic properties seems to provide possible evidence for this 

hypothesis. 

Hypothesis 3b and 3c.  Since perception is predicted to influence production, if 

perception improves, production is also expected to improve (Hypothesis 7), however it may not 

be immediate, as suggested by Flege (1995). With beginning learners, there are likely to be 

improvements in perception over the course of the semester. However, improvements in 

production may lag somewhat as learners work to make their L2 production match their newly-

formed and still changing L2 phonetic categories (H2, H7; Flege, 1995). Thus, at the beginning 

of the semester, participants’ L2 perception and production may both be at quite low levels. At 

the end of the semester, beginning learners may demonstrate notable improvements in 

perception, but the improvements in production may not be as substantial, with production 
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lagging a little behind perception, resulting in what appears to be a weaker correlation between 

perception and production. 

With advanced learners, both perception and production are expected to be at overall 

higher levels than with beginner learners at the beginning of the semester.  At this level, 

perception may be more closely correlated with production. Additionally, since learners’ overall 

proficiency level is higher, they are predicted to have more cognitive resources available to 

dedicate to paying attention to phonological and phonetic differences. Consequently, when they 

detect differences in pronunciation, they may be better able to incorporate that information right 

away and incorporate those changes in their production.  At the same time, improvements in both 

perception and production may be more incremental for advanced learners since they have had 

more exposure to the L2 and more time to make adjustments to their perception and production. 

Hypothesis 4a.  Yes, it is predicted that certain individual differences and linguistic 

factors will be significantly related to L2 learners’ perception of mid vowels. However, the 

specific relationships depend upon which individual difference is analyzed.  Previous research 

has found PSTM, WM, aptitude, and motivation to be predictive of language learning success in 

many different domains of L1 and L2 language learning (see Juffs & Harrington, 2011; Martin, 

2009 or Williams, 2012 for a review of WM and PSTM; Sanz et al., 2014 or Skehan, 2012 for 

aptitude; Sanz & Lado, 2013 for motivation). And in particular, recent research has shown 

PSTM to be predictive for perception of L2 vowels (e.g., Aliaga-García, Mora & Cerviño 

Povedano, 2010; Cerviño-Povedano & Mora 2011; MacKay, Meador & Flege, 2001), thus 

PSTM is expected to be significantly related to L2 learners’ perception of the mid vowels. But 

with the exception of PSTM, the other ID variables have not been explored as much in L2 

perception.   
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Due to the lack of literature investigating the role of these variables in L2 perception in 

general, and especially over time in conjunction with each other, no directional hypotheses are 

offered, except with PSTM. 

Hypothesis 4b and 4c.  There is some evidence that some of the cognitive variables 

investigated (aptitude, WM, and PSTM) may have a changing role as proficiency increases (e.g., 

Serafini & Sanz, 2015; Winke, 2005). In particular, there is some empirical evidence that PSTM 

and WM may be more involved in the language learning process at early to intermediate stages 

(e.g., Kormos & Sáfár, 2013; O Brien et al., 2007; Serafini & Sanz, 2015; Winke 2005).  

However, as with H 4a, due to the lack of literature investigating the role of these variables in L2 

perception, and especially over time and in conjunction with each other, no directional 

hypotheses were made for these RQs for either beginner or advanced learners. 

Hypothesis 5a.  Yes, individual differences and linguistic factors are expected to be 

significantly related to L2 learners’ production of vowels. However, the specific relationships 

again depend upon which individual difference variable is analyzed. There is evidence that all of 

these cognitive variables and motivation are predictive of learning in many different domains of 

L1 and L2 language learning (see Juffs & Harrington, 2011; Martin, 2009 or Williams, 2012 for 

a review of WM and PSTM; Sanz et al., 2014 or Skehan, 2012 for aptitude; Sanz & Lado, 2013 

for motivation). And there is also evidence that PSTM (e.g., Cerviño Povedano & Ortega Duran, 

2014) and motivation (e.g., Elliot, 1995; Flege, Munro & MacKay, 1995; Levis, 2005; Moyer, 

1999) are predictive for L2 production. However, due to the lack of literature on some of the 

variables’ (e.g., WM and aptitude) role in phonological production, directional hypotheses are 

not offered for these variables. 
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Hypothesis 5b and 5c.  As with H4b, there is some evidence that some of these cognitive 

variables (aptitude, WM, and PSTM) may have a changing role as proficiency increases (e.g., 

Serafini, 2013; Serafini & Sanz, 2015; Winke, 2005). In particular, there is some empirical 

evidence that PSTM and WM may be more involved in the language learning process at early to 

intermediate stages (e.g., Kormos & Sáfár, 2013; O Brien et al., 2007; Serafini & Sanz, 2015; 

Winke 2005). However, as with H 4b and c, due to the lack of literature investigating the role 

these variables have in L2 production in general, and especially over time in conjunction with 

each other, no directional hypotheses were made for these RQs. 

 

While the larger study is interested in a large range of research questions, the analysis for 

the present dissertation will address only those questions related to L2 production and learners’ 

individual differences.  Consequently, the present study will only address Research Questions 2a, 

and 2b and 5a, 5b, and 5c and will refer to these research questions as Research Question One 

and Research Question Two, respectively. 

  



162 

CHAPTER THREE: Research Design and Methodology 

Overview 

 In this chapter, the researcher first describes the three groups of participants, together 

with the inclusion criteria for participation in the study. Then, each of the dependent and 

independent variables, as well as any other terms relevant to this study are operationalized, in 

terms of the tests and instruments used to assess each variable.  Specifically, this refers to 

perception and production (Dependent Variables), and Course Level vs. Proficiency Level, 

Working Memory Capacity (WMC), Phonological Short-Term Memory (PSTM), L2 Aptitude, 

and L2 Motivation (Independent Variables).  Additional materials and questionnaires used in the 

study are also described in the subsequent section.  The researcher then describes the data 

collection procedure, followed by the scoring and coding procedures used for each instrument.  

In the analysis section, the statistical analyses that will be used in the full study are explained.  

Finally, preliminary results from the pilot study are discussed and recommended changes to the 

instruments are explained. 

Description of participants 

L2 learner participants 

For the purposes of this study, L2 learners are defined as individuals who are in the 

process of actively learning the L2 (Spanish) within a classroom environment.  For the present 

study, all participants were students who were learning Spanish as a second language in a private 

American university.  In order to verify that participants met inclusion criteria, prior to 

completing the other tasks, all participants completed a hearing test to control for hearing 

sensitivity and a Language Background Questionnaire.  Both the hearing sensitivity test and the 

background questionnaire were used to control for certain language background variables and to 
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insure that the participants represented students with a more uniform language history.  In 

particular, these criteria excluded participants who demonstrated impaired hearing and who had 

significant influences from the learning of other languages, both of which might confound 

results.  If L2 learner participants did not meet the inclusion criteria summarized in Table 6, they 

were excluded from the analysis.  Both of these tasks are detailed below. 

As summarized in Table 6 below, for L2 learner participants to be included in the study, 

they needed to a) be between 18 and 40 years of age, b) currently be enrolled in either Intro II 

(2nd semester) or Advanced II (6th semester) Spanish at the university level, c) have a native 

language (from birth) of English and only English, d) have started studying Spanish at or after 

the onset of puberty (i.e., 12 years of age), e) report spending two weeks or less living or 

studying abroad in a Spanish-speaking country, f) report no or minimal proficiency in any 

additional languages (i.e., a month or less of formal study), and g) have hearing sensitivity within 

a normal range (0 – 25 dB), according to Audiological Association guidelines, on a basic Pure 

Tone Threshold test. 

Table 6. 

Participant inclusion criteria for L2 learners for pilot study. 

 

Variables Inclusion criteria 

a) Age 18 – 40 years of age 

b) Spanish course level Intro II (2nd semester) or Advanced II (6th 

semester) Spanish 

c) Native language English; Any additional native languages had to be 

learned after 6 years of age. 

d) Spanish L2 background First exposure to Spanish at ≥ 12 years of age 

e) Study abroad: Spanish-speaking country ≤ 2 weeks living or studying abroad 

f) Formal study of additional languages ≤ 1 month studying a language other than English 

or Spanish. 

g) Hearing sensitivity Within normal hearing range (0-25 dB) on a Pure 

Tone Threshold test 
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Due to declines in cognitive function with age, especially with regard to learners’ 

working memory capacity (e.g., Bowden et al., 2005; Salthouse, 1991, 1996) any L2 learner 

participants over age 40 were excluded from the analysis.  Additionally, given the very diverse 

sample of students at the university used for this study, it is possible that some students may have 

additional native languages besides English.  However, since some researchers (e.g., Long, 1990; 

2013) report a briefer sensitive period for phonological development that begins showing 

declines after age six, instead of approximately age twelve, as cited by the Critical Period 

Hypothesis (e.g., Lenneberg, 1967), if participants reported having another native language 

besides English that was learned after age six, they were still included in the analysis. 

To compensate participants for their time, they were awarded three extra credit points on 

their lowest test grade in their Spanish class if they completed all of the sessions.  All subject 

recruitment and compensation procedures were approved by the university's human subjects 

committee (IRB approval # 2016-0125; project expiration − May 2018). 

Hearing sensitivity test: uHearing Test.  The hearing sensitivity test utilized was an 

iPhone app called the uHearing Test app and was developed by a team at UCLA as a way to 

quickly and efficiently evaluate listeners’ hearing sensitivity.  The uHearing Test app is a 

simplified Pure Tone Threshold (PTT) test that assesses individuals’ hearing sensitivity by 

adaptively measuring their threshold of hearing for six pure tones with different frequencies 

(250, 500, 1000, 2000, 4000, and 8000 Hz) in each ear.  In this experiment, the uHearing Test 

app was used to identify and eliminate from the analysis any participants whose hearing was not 

at a normal level (0 – 25 dB) and, at a later stage, to potentially identify differences in perception 

that may be due to differences in hearing sensitivity. 



165 

 The hearing test was administered in a quiet room using the uHearing Test app on the 

researcher’s personal cell phone with a set of Apple Generation II earbud headphones or the 

participant’s personal earbud headphones, if they preferred.  Larger headphones that covered the 

participants’ ears were not permitted.  The test was administered at a medium speed, balancing 

the need for a test that could be administered quickly with a test that would be sufficiently 

accurate.  The hearing sensitivity test took approximately five minutes to complete.  

 Language background questionnaire.  The background questionnaire (Appendix A) 

was adapted from the Language History Questionnaire (LHQ) developed by Li, Zhang, Tsai, and 

Puls (2014).  Although this questionnaire was largely based upon the LHQ, the LHQ 2.0 online 

platform did not offer the flexibility required to add certain questions of interest to the 

researcher.  Consequently, the researcher adapted the questionnaire to be administered in Survey 

Monkey, and added questions that targeted participants’ experience with phonetics or linguistics 

training, as well as the musical experience and ability of the participants and their immediate 

family members. 

 The background questionnaire included questions about demographic data (age, sex, class 

year, course level), language history, language use, phonetics and linguistics training, and 

musical ability and experience.  Specifically, the language history section asked about 

participants’ age of first exposure to Spanish (and any other languages that participants indicated 

that they knew), prior use and study of these languages, self-rated proficiency in these languages, 

and any study abroad experience.  The language use section asked about participants’ current use 

of Spanish in their lives in terms of frequency and ways in which they interact with or use the 

language.  An additional question asked about students’ study of linguistics or phonetics, since 

knowledge in these fields could influence participants’ explicit linguistic knowledge about the 
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vowels and could potentially affect their perception and production of these vowels.  Lastly, a 

section was included about the musical experience and ability of the participants and their 

immediate family members, since musical experience has been demonstrated to play a role in L2 

perception and production (Slevc & Miyake, 2006). 

The background questionnaire was administered in Survey Monkey and took 

approximately fifteen to twenty minutes to complete. 

Bilingual (baseline) participants 

In addition to the L2 learner participants, two highly proficient bilingual Spanish-English 

or English-Spanish speakers between the ages of 31 and 33 years of age served as baseline 

participants in the pilot study.  These bilingual participants were bilingual Spanish-English or 

English-Spanish graduate students with a high level of proficiency in both languages.  Bilingual 

participants for this study had to have a proficiency level high enough in both Spanish and 

English to be able to pursue a graduate level degree in a Spanish department at a US university. 

The decision to use a bilingual group was used as the baseline comparison group, rather 

than a monolingual group, is based in Grosjean’s (1989) view of bilingualism, which claims that 

bilinguals inevitably will mix their L1 and L2 since both languages are constantly engaged, 

meaning that bilinguals will exhibit influences from the L1 on their L2, as well as influences 

from the L2 on their L1.  Furthermore, various studies have provided evidence specific to L2 

phonological acquisition that not only does one’s L1 influence one’s L2, but also that one’s L2 

may affect one’s L1 perception and production (e.g., Flege, 1987a, 1995; Flege, Munro & 

MacKay, 1995a; Mack, 1990).  Consequently, as learners acquire an L2, a bilingual baseline is 

more realistic in terms of what learners should be aiming to achieve, rather than a monolingual 

baseline. 
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The bilingual baseline participants also completed both the Hearing Sensitivity Test and 

the Background Questionnaire described above and were subject to certain inclusion criteria to 

guarantee certain criteria were met among these participants.  The inclusion criteria for the 

bilingual baseline participants are summarized in Table 7.  

Table 7. 

Bilingual participant inclusion criteria. 

 

Variables Exclusion criteria 

a) Bilingual status Spanish-English or English-Spanish bilinguals 

with a proficiency level in both languages high 

enough to pursue a graduate level degree in a 

Spanish department at a US university. 

b) Additional native languages Learned additional languages (besides English 

or Spanish) at ≥ 6 years of age. 

c) Hearing sensitivity Within normal hearing range (0-25 dB) on a 

Pure Tone Threshold test 

 

Operationalizations 

The following section details how each of the dependent variable (production) and 

independent variables (proficiency level, working memory capacity (WMC), phonological short-

term memory (PSTM), L2 Aptitude, and L2 Motivation) in this study are operationalized, in 

terms of the tests and instruments used to assess each variable.   

It is important to note that this study is part of a larger study that also evaluates 

perception as a dependent variable.  The perception tasks utilized are briefly mentioned in this 

section and below, as part of the procedure, but are not described in detail here, as they are not 

the target of this analysis. 

Dependent variables 

Perception.  Perception is operationalized in this study as participants’ performance on 

two different perception tasks that require them to identify or categorize a given sound that is 
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heard.  Namely, the two tasks are a Multiple Category Assimilation (MCA) task (Appendix B), 

and an Identification Perception Task (Appendix C).  A Vocabulary Familiarization Task was 

also administered prior to the Identification Perception Task.  While details and examples of the 

tasks are provided in Appendices B and C, further details of these tasks are not provided here 

since they are not the target of this analysis. 

 Production.  Production is operationalized in this study as acoustic performance on three 

different production tasks that elicit speech in a different contexts, ranging from very controlled 

(Written Elicitation Task) to less controlled (Text Read-Aloud Task) to extemporaneous (Picture 

Narration Task).  Each of the tasks require participants to produce the target vowels (the Spanish 

mid vowels /e/ and /o/) in open syllables with the following prosodic contexts (pre-tonic, 

stressed, and post-tonic).  More specifically, for each target vowel, production is measured in 

terms of (a) the duration of each vowel (in milliseconds), starting at the beginning of periodicity 

and ending where periodicity diminishes or disappears, and (b) the F1 and F2 formant values of 

each vowel.   

Although a variety of ways exist to measure formant values of vowels, depending upon 

the specific aims of the research questions, following Baker & Trofimovich (2005) and 

Colantoni et al. (2015), in this study, formants were measured at the midpoint of the vowel (see 

Figure 8), where formants are believed to be most stable and have the least influence from 

neighboring consonants (Campos-Astorkiza, 2012; Hualde, 2005).  Following recommendations 

from Baker and Trofimovich (2005), the F1 and F2 formant values are then converted into Bark 

units to normalize for variations in pitch due to sex and age. 
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Figure 8.  Acoustic measurement of F1 and F2 formants in a vowel. 

All of the production tasks were completed in a soundproof booth, using a head-mounted 

Shure SM-35 microphone connected to a Shure X2U signal digitizer and then to the researcher’s 

laptop.  All recordings were completed with Audacity sound recording program at settings of 

44,100 Hz. Prior to beginning the recordings, each individual participant was asked to speak and 

adjustments were made to ensure that the microphone was neither too close nor too far away 

from the participant’s mouth and was adequately capturing each participant’s speech. 

 Written elicitation task.  Participants were recorded as they read aloud seventy-four 

target words and eleven distractor words presented within the carrier phrase “Digo ________ 

porque sí”  (I say ________ just because).  This resulted in a total of 118 target vowels per 

participant, with forty-nine /e/ tokens and sixty-nine /o/ tokens with a minimum of fifteen 

exemplars of each vowel in each prosodic position (pre-tonic, stressed, post-tonic) (See 

Appendix D for the list of target words and distractors included.).  Originally, the researcher 

aimed to have just one target vowel per word, but in order to have enough exemplars of each 

vowel in each prosodic position to create a representative sample of participants’ productions, 

this resulted in more /o/ tokens, particularly post-tonic /o/ tokens. 
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Presenting the words within the carrier phrase forced participants to produce the target 

sounds with similar intonation and in the same prosodic context.  The words were presented one 

at a time in SuperLab on the researcher’s computer.  For each word, participants saw the target 

word in the middle of the screen and the carrier phrase at the top of the screen to remind them to 

produce the word in the carrier phrase (See Appendix D). 

Participants were instructed to speak naturally at a normal speed, using their best Spanish 

pronunciation.  Each participant completed four practice trials prior to beginning the real trials to 

ensure that he or she understood how the task functioned.  Participants then advanced through 

the words at their own speed by pressing the SPACE BAR on the computer to advance to the 

next word. This task was administered in SuperLab on the researcher's computer in order to 

randomize the presentation of the words and took approximately five minutes to complete. 

 Text read-aloud task.  Participants were recorded as they read aloud a 441-word excerpt 

from the short story Mi caballo mago by Sabine Ulibarri (See Appendix E).  The text was chosen 

because it contained few cognates between Spanish and English, thereby pushing participants to 

rely upon their knowledge of Spanish phonology and pronunciation and to be less likely to 

utilize English pronunciation for cognates.  The text also contained many lower frequency words 

that participants were not as likely to have encountered in their classes or in their daily lives. 

Participants were instructed to read the text aloud, speaking as naturally as possible, while also 

speaking clearly and using their best Spanish pronunciation.  Prior to beginning the recording, 

participants were given a moment to look over the passage and briefly familiarize themselves 

with the text.   This task took approximately five minutes to complete. 

 Picture narration task.  For the picture narration task, participants were shown a series of 

twelve illustrations by Alex Brychta from the children’s story “A Monster Mistake” by Roderick 
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Hunt (2003; See Appendix G.)   The illustrations conveyed a story, but were not captioned at all, 

nor did they include any words in the illustrations.  

Participants were instructed to take a few moments to look at the illustrations in order to 

figure out the story that was occurring, and were told that they then would be asked to narrate the 

story that they saw in the illustrations in Spanish, as best they could, as if they were retelling the 

story to a friend.  Participants were instructed not to worry about their grammar being perfect, 

but rather, to try to say as much as they could and use as much detail as they could to narrate the 

pictures, and were told that they should try to speak clearly and as naturally as possible. 

Participants were given as much time as they needed to look over the pictures and 

prepare their story (most took approximately five minutes), however, they could not write 

anything down.  Participants also were allowed to ask questions about any vocabulary they might 

need for the narration prior to beginning the recording.   An a priori list of vocabulary was not 

generated for the pilot study both to encourage participants to rely on their own knowledge and 

also, so that the researcher could determine which words participants might need to know and 

should be added to a vocabulary list for the full study.  Additionally, the researcher sat in the 

recording booth near the participant during the recording, in case participants needed a 

vocabulary word during the recording.  The pictures for this task were presented in a Word 

document.  The total task took approximately ten minutes to complete. 

Independent variables 

L2 aptitude: LLAMA language aptitude test – LLAMA D & E subtests.  In Carroll’s 

(1981) conceptualization, language aptitude, is a componential construct that predicts language 

learning success and is comprised of several different cognitive abilities, namely (a) phonetic 

coding ability, (b) inductive language learning ability, (c) grammatical sensitivity, and (d) 
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associative learning (Skehan, 2012).  All of these cognitive abilities are believed to play a role in 

language learning and a numerous tests of L2 aptitude exist.  However, based on findings from 

empirical research and logistical feasibility, L2 aptitude is operationalized here as performance 

on the LLAMA language aptitude test (Meara, 2005), and in particular, performance on those 

subtests thought to be most relevant to L2 perception, production, and phonological 

development, namely the LLAMA D and LLAMA E subtests. 

The LLAMA D, a test of sound recognition, measures a learner’s ability to recognize 

patterns in spoken language and is thought to be relevant to L2 perception, in that it may help 

learners to attend to patterns in L2 sounds and differences between L1 and L2 sounds.  For the 

LLAMA D, participants were required to listen to ten words in an unknown non-romance foreign 

language. Participants then heard twenty words in the same language, some familiar and some 

new, and had to decide for each stimulus item if they had heard the word before or not. The test 

provided immediate feedback after each response.  The LLAMA D subtest took approximately 

five minutes to complete. 

The LLAMA E, a test of sound-symbol association, measures a learner’s phonemic 

coding ability. Phonemic coding ability (as measured with the LLAMA E) has been found to 

correlate with L2 production (Granena & Long, 2013), and likewise, Kormos (2013) 

hypothesized a role for phonemic coding ability in all aspects of L2 phonological development.  

For the LLAMA E, participants saw an array of buttons with symbols in a non-English spelling 

system. By clicking on each button, participants heard the sound associated with the spelling of 

this language. Participants were given scratch paper and two minutes to try to determine the 

orthographic system of this unknown language by clicking on the buttons and hearing the 

associated sound. Afterwards, they heard a series of sounds, one by one.  For each sound, 
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participants had to choose between two possible spellings, relying upon the information they had 

obtained during the familiarization phase. The test provided immediate feedback after each 

response.  The LLAMA E subtest took approximately ten minutes to complete.  

Both of these tasks were administered on the researcher's computer and together took 

approximately fifteen minutes to complete.  The participant instructions used for these tasks are 

provided in Appendix H and further details can be found in the LLAMA Manual (Meara, 2005). 

 WMC: Reading span (RSPAN) task.  The construct of working memory refers to one’s 

ability to attend to relevant linguistic features while inhibiting attention to irrelevant stimuli, in 

this study, and is operationalized here as performance on the Reading Span (RSPAN) Working 

Memory Test (Appendix I).  The test was administered in learners’ L1 (English) in order to 

avoid a confound between L2 WMC and L2 proficiency level. 

In the RSPAN task, participants were asked to read aloud a sentence in English and judge 

the sentence for semantic plausibility, that is, whether the sentence logically made sense, 

regardless of whether or not the sentence seemed grammatically correct.  Following each 

sentence, participants read aloud a letter, which they were asked to remember for later.  

Sentences and letters were presented in sets of three, four, or five sentences, and at the end of 

each set, participants were asked to recall and write down the letters from that set in the order 

they were presented.  The task included a total of twelve sets, as well as three practice sets with 

two sentences each.   

This test was administered on the researcher’s computer using PowerPoint to present 

each slide, as participants read aloud the sentences and letters and wrote down their responses on 

a paper answer sheet.  The researcher advanced the slides for participants in order to control the 
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speed of the presentation of slides and to prevent participants from going back to previously seen 

slides. 

 PSTM: Serial non-word recognition (SNWR) task.  In this study, PSTM was 

operationalized as performance on a serial non-word recognition (SNWR) task (O’Brien, 2005; 

See Appendix J).  The SNWR task was chosen over the non-word repetition (NWR) task, more 

traditionally found in the literature, for several reasons, described earlier in Chapter 2 (also see 

O’Brien et al., 2007 for a more comprehensive review).   

In the SNWR task, for each set participants heard a set of two strings of nonce words, 

presented aurally.  The two strings in each set contained the same nonce words, but presented the 

words either in the same order or in a different order.  Participants had to decide if the two 

strings in the set presented the words in the same order or a different order.  For example, in a 

“SAME” set, participants may hear: 

A: barch kip mot merd  B: barch kip mot merd 

In a “DIFFERENT” set, participants may hear: 

A: barch kip mot merd  B: barch mot kip merd 

 Half of the sets presented the two strings of words in the same order, while half of the 

sets presented the strings of words in a different order. The test had a total of twenty-four sets, 

with strings that varied in length.  Eight sets contained five-word strings, eight sets contained 

six-word strings, and eight sets contained seven-word strings.  Additionally, the task began with 

four sets of four-word strings to familiarize participants with the task.  This task was 

administered in SuperLab on the researcher's computer and took approximately fifteen minutes 

to complete. 
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 L2 motivation: Possible selves questionnaire.  In this study, motivation was 

operationalized as the composite score on a slightly adapted version of the Possible Selves 

Questionnaire, a thirty question Likert-style motivation questionnaire (Dörnyei, 2010; See 

Appendix K).  This questionnaire asked participants to rate their motivation towards learning 

Spanish and improving their pronunciation on a scale from 1 (Strongly disagree) to 6 (Strongly 

agree) for each question.  This test examined motivation from the perspective of Dörnyei’s 

(2005; Dörnyei & Ryan, 2015) L2 Motivational Self Model and asked questions that were 

designed to tap into the three components of the L2 Motivational Self Model: the Ideal L2 self, 

the Ought-to L2 Self, and the L2 Learning Experience (Criterion/Intended Effort).  Motivation 

was primarily examined in terms of the composite score from the three subcomponents.  

Additional post-hoc analyses examine the role of each individual component. 

Participants completed this survey online through Survey Monkey and it required 

approximately five minutes to complete. 

Course level and L2 proficiency level.  Whereas many previous empirical SLA studies 

have operationalized L2 proficiency level in a variety of ways, perhaps most frequently by 

institutional course level, as most any foreign language instructor can verify, students within one 

single class often differ dramatically in terms of their individual proficiency levels.  

Additionally, Thomas’s (1994, 2006) syntheses identified major discrepancies and overlaps in 

the classifications used by researchers to define the proficiency level of their learners.  To avoid 

these confounds between course level and L2 proficiency level, the present study classifies 

participants both according to Course Level and by L2 proficiency level.   

Course level.  In this study, Course Level was used to more broadly group learners at 

different stages of development and is operationalized as learners’ institutional course level.  
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Participants in Intro II Spanish courses (2nd semester college Spanish) were classified as being at 

an earlier stage of acquisition, while learners in Advanced II Spanish courses (6th semester 

college Spanish) were classified as being at a later stage of acquisition.  Additionally, a few 

Spanish-English / English-Spanish bilinguals, who had native/near-native level proficiency in 

both languages were used as a baseline comparison group. 

 L2 proficiency level: Spanish elicited imitation task (EIT).  In this study, L2 proficiency 

level was used to provide a finer-grained, more continuous measure of global L2 proficiency 

level and was operationalized as performance on the Spanish Elicited Imitation Task (Ortega, 

2000; Ortega et al., 2002; See Appendix L).  In this task, participants listened to a sentence in 

Spanish, ranging in length from 7-17 syllables, then waited for a tone before repeating the 

sentence out loud as accurately as possible.  Participants listened to and repeated thirty Spanish 

sentences in total, as well as six English practice sentences, to familiarize them with the format 

of the task.   

Importantly, the target sentences in this task were long enough and had enough of a delay 

after them that participants could not rely on acoustic memory, but rather, participants had to rely 

upon their working knowledge of the Spanish language in order to be able to reconstruct the 

sentences.  The sentences also became progressively longer and more grammatically complex as 

they completed the task.  This task argues that participants with a higher proficiency level are 

better able to reconstruct the sentences accurately, while those at a lower proficiency level tend 

to remember only certain words or chunks of the sentence without being able to fully reconstruct 

the sentences. 

 For this task, the participants listened to the sentences with Apple Generation II earbud 

headphones in a quiet room, and were recorded on the researcher’s laptop in Audacity, using a 
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Logitech USB microphone since these recordings were not being analyzed acoustically. The task 

took approximately 10 minutes to complete. 

Other materials 

 Debriefing questionnaire.  At the conclusion of the final session, participants completed 

a brief debriefing questionnaire (Appendix M), which asked them what they thought the aim of 

the study was and why they thought that.  The questionnaire was administered in Survey Monkey 

and took approximately 5 minutes to complete. 

Research design 

 The design of this study is quasi-experimental in nature in that learners were not 

randomly assigned to treatment groups.  Instead, the learners were grouped based upon their 

institutional course level (i.e., Intro II or Advanced II).  The study is also correlational and 

predictive in nature in that it seeks to find relationships between variables and identify whether 

some of the independent variables are able to predict performance on the dependent variables.  

There are six primary independent variables in this study: L2 aptitude (more specifically, sound 

recognition – LLAMA D and sound-symbol association – LLAMA E), WMC, PSTM, 

Motivation, and Proficiency Level.  The dependent variable of perception was measured with 

performance on the Multiple Category Assimilation task and the Identification Task.  The 

dependent variable of production was based on three acoustic measurements (F1 and F2 formant 

values and duration) taken from three separate production tasks: Written Elicitation Task, Text 

Read-Aloud Task, and Picture Narration Task. 

Procedure 

 In the pilot study, the tasks were administered over the course of two different sessions 

that lasted approximately an hour and a half each (summarized in Table 8).  In the first session, 
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the hearing ability task was administered first to verify that students met the minimum inclusion 

criterion of having normal hearing sensitivity.  This task was followed by the tasks measuring 

each of the individual difference variables (EIT, SNWR task, RSPAN task, LLAMA D and E, 

and Motivation Questionnaire) and the Background Questionnaire.  In the second session, 

participants completed the production tasks (Written Elicitation, Text Read-Aloud, Picture 

Narration) and the perception tasks (MCA task, Vocabulary Familiarization and Identification 

task, Identification Task).  The production tasks were conducted prior to the perception tasks to 

minimize the possibility that participants would become aware of the study’s aim in the 

perception tasks and subsequently, adjust their pronunciation of the vowels. 

All of the production measures and the EIT were conducted individually with the 

researcher in a soundproof booth, using a head-mounted Shure SM-35 microphone connected to 

a Shure X2U signal digitizer and then to the researcher’s laptop.  All recordings were completed 

with Audacity or Praat sound recording program at settings of 44,100 Hz.  (Audacity was used in 

the pilot study, but due to a technological issue, Praat was used in the full study.)  Prior to 

beginning the recordings, each individual participant was asked to speak and adjustments were 

made to ensure that the microphone was neither too close nor too far away from the participant’s 

mouth and was adequately capturing each participant’s speech. 

The Hearing Sensitivity Task, the perception measures and other tasks were administered 

individually in a quiet laboratory, using SuperLab, PowerPoint, or the LLAMA software.  The 

Motivation Questionnaire and Background Questionnaire were administered using Survey 

Monkey. 
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Table 8. 

Task administration procedure for pilot study. 

 

Session I 

(1 hour, 20 minutes) 

Session II 

(1 hour, 25 minutes) 

Hearing Sensitivity Task 

(5 min.) 

Written Elicitation Production Task 

(10 min.) 

Elicited Imitation Task (Proficiency) 

(10 min.) 

Text Read-Aloud Production Task 

(10 min.) 

RSPAN Task (WMC) 

(15 min.) 

Picture Narration Production Task 

(10 min.) 

Serial Non-word Recognition Task (PSTM) 

(15 min.) 

Multiple Category Assimilation Perception Task 

(15 min.) 

LLAMA D Subtest (L2 Aptitude) 

(5 min.) 

Vocabulary Familiarization Task and Quiz 

(10 min.) 

LLAMA E Subtest (L2 Aptitude) 

(10 min.) 

Identification Task 

(20 min.) 

Motivation Questionnaire 

(5 min.) 

 

Background Questionnaire 

(15 min.) 

 

 

For the full study, three different data collection points occurred (at the beginning, 

middle, and end of the semester).  While the procedure outlined for the pilot study is the same 

that is used at Time 1 (T1), at Time 2 and 3 (T2 and T3), only perception data and production 

data were collected.  The procedure for the full study is outlined in Table 9.   
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Table 9. 

Task administration procedure for full study. 

 

T1 T2 T3 

Session I 

(1 hour, 20 minutes) 

Session II 

(1 hour, 15 minutes) 

Session III 

(1 hour, 15 minutes) 

Session IV 

(1 hour, 20 minutes) 

Hearing Sensitivity 

Task 

(5 min.) 

Written Elicitation 

Production Task 

(10 min.) 

Written Elicitation 

Production Task 

(10 min.) 

Written Elicitation 

Production Task 

(10 min.) 

Elicited Imitation 

Task (Proficiency) 

(10 min.) 

Text Read-Aloud 

Production Task 

(10 min.) 

Text Read-Aloud 

Production Task 

(10 min.) 

Text Read-Aloud 

Production Task 

(10 min.) 

RSPAN Task (WMC) 

(15 min.) 

Picture Narration 

Production Task 

(10 min.) 

Picture Narration 

Production Task 

(10 min.) 

Picture Narration 

Production Task 

(10 min.) 

Serial Non-word 

Recognition Task 

(PSTM) 

(15 min.) 

Multiple Category 

Assimilation 

Perception Task 

(15 min.) 

Multiple Category 

Assimilation 

Perception Task 

(15 min.) 

Multiple Category 

Assimilation 

Perception Task 

(15 min.) 

LLAMA D Subtest 

(L2 Aptitude) 

(5 min.) 

Vocabulary 

Familiarization Task 

and Quiz 

(10 min.) 

Vocabulary 

Familiarization Task 

and Quiz 

(10 min.) 

Vocabulary 

Familiarization Task 

and Quiz 

(10 min.) 

LLAMA E Subtest 

(L2 Aptitude) 

(10 min.) 

Identification Task 

(20 min.) 

Identification Task 

(20 min.) 

Identification Task 

(20 min.) 

Motivation 

Questionnaire 

(5 min.) 

  Debriefing 

Questionnaire 

(5 min.) 

Background 

Questionnaire 

(15 min.) 

   

 

Scoring and coding procedures 

Perception tasks.  The scoring and coding procedures for the perception tasks are not 

detailed here since these tasks are not part of the present analysis. 

 Production tasks.  For all of the production tasks, the researcher used the Praat sound 

analysis program to acoustically analyze the recordings of the participants, using both visual 

examination of the waveform, as well as auditory analysis.  In Praat, the target vowels in each 
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target stimulus word were segmented out from the rest of the word and labeled by vowel and 

prosodic position.  Specifically, following Colantoni et al. (2015), the beginning of each vowel 

was marked by hand as the first point that the waveform crossed the x-axis at the onset of 

periodicity (i.e., the beginning of the first well-formed period) and the end of the vowel was 

marked by hand at the end of the last well-formed period or where the next consonant sound 

began (See Figure 9). 

 

Figure 9.  Acoustic segmentation of a vowel, showing vowel onset and offset. 

From the Written Elicitation Task, a total of 118 possible exemplars were coded.  From 

the Text Read-Aloud Task, the first five tokens of each of the two target vowels /e/ and /o/ in 

each of the three prosodic contexts (pre-tonic, stressed, post-tonic) for a total of 15 /e/ tokens and 

15 /o/ tokens, giving a possible total of 30 tokens per participant.  For the Picture Narration task, 

the researcher first transcribed each participant’s narration of the pictures.  All tokens of each of 

the two target vowels /e, o/ in each of the three prosodic contexts (pre-tonic, stressed, post-tonic) 
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were coded.  However, since this task was much less controlled, the number of /e/ and /o/ tokens 

per participant was not equal. 

During the segmentation process, some tokens were eliminated from analysis if the 

completely wrong vowel was produced (e.g., /a/ instead of /o/) or if the token was unclear due to 

noise interference, speaking at too low or too high a volume, etc. 

After segmenting out all the target vowels for each participant, a script was run to 

measure the duration of each vowel and the F1 and F2 formants at the midpoint of each vowel.  

Following Baker & Trofimovich (2005), the F1 and F2 formant values were then converted to 

Bark units to normalize for differences in production due to sex and age of the speakers.  For 

example, males tend to have lower frequency voices (i.e., lower F0, or fundamental frequency) 

than female speakers. 

Once these measurements and calculations were made, mean duration and mean F1 and 

F2 values were calculated for each participant, broken down by production task, vowel, and 

prosodic position.  Thus, within each production task, each participant had a mean F1 value for 

/e/, mean F1 value for /o/, mean F2 value for /e/, mean F2 value for /o/, mean duration for /e/, 

and mean duration for /o/ for each prosodic postion. 

 L2 aptitude: LLAMA D & LLAMA E.  For each of these tasks, the LLAMA program 

automatically scored participants as they completed the tasks.  After completion of the first 

session, the researcher recorded each individual’s score.  Scores ranged from 0 to 100 for each 

task.   

On the LLAMA D, a score of 0 – 10 points is considered a very poor score, 15 – 35 

points is considered an average score, 40 – 60 points is a good score, and 75 – 100 is an 
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outstandingly good score, with very few people managing to score in this range (Meara, 2005 – 

LLAMA Manual). 

On the LLAMA E, a score of 0 – 15 points is considered a very poor score that is 

probably due to guessing, 15 – 35 points is considered an average score, 40 – 60 points is a good 

score, and 75 – 100 is an outstandingly good score, with few people managing to score in this 

range (Meara, 2005 – LLAMA Manual).  According to Meara (2005 – LLAMA Manual), those 

people who do score in this range are often trained linguists. 

 Working memory capacity: RSPAN task.  Due to a technological issue, the 

automatized RSPAN could not be used.  Instead, a self-paced version of the RSPAN was 

administered in which the researcher advanced each slide.  With this version, participants 

recalled the letters at the end of each set by writing them down in order on a pencil-and-paper 

answer sheet.  Each participant’s answers were then scored using partial-credit unit scoring 

(Conway et al., 2005).   

In partial-credit unit scoring, for each set, the mean proportion of correctly recalled 

elements is calculated.  For example, if a participant correctly recalled two letters in a three-letter 

set, the score would be 2/3 or 0.66 for that set.  The scores from each of the sets are then summed 

and divided by the total possible points possible to convert the raw score into a percentage.  For 

this RSPAN task, the scores from each of the twelve sets were summed and divided by twelve to 

calculate the overall percentage. 

Although there are many ways to score an RSPAN test, for this study, the researcher used 

a partial-credit unit scoring since it allows for the greatest differentiation in performance between 

participants (Conway et al., 2005).  Partial-credit scoring allows for greater differentiation 

between participants by creating a larger possible range of scores than would be found with all-
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or-nothing scoring (Conway et al., 2005).  Likewise, partial-credit scoring was selected over 

load-weighted scoring for a few reasons.  First, load-weighted scoring assigns a greater weight to 

harder items, such as a longer set.  However, since both longer sets and shorter sets are 

measuring the same construct, this assignment of greater weight to harder items is not justified 

(Conway et al., 2005).  Secondly, load-weighted scoring has the consequence of creating positive 

skew in the results rather than a more normal distribution (Conway et al., 2005).  Thus, while 

other scoring procedures are possible, partial-credit unit scoring offers the greatest amount of 

differentiation between participants by having a larger possible range of scores. 

 Phonological short-term memory: SNWR task.  With the Serial Non-word 

Recognition Task, participants received 1 point for a correct response (i.e., correct recognition of 

the same string presented twice or of a different order presented in the two strings of a set) and 0 

points for an incorrect response (i.e., incorrect recognition of the same string presented twice or 

of a different order presented in the two strings of a set) for each of the 24 sets of strings of non-

words.  Participants’ total possible score on this task was 24 points. 

 L2 motivation: Possible selves questionnaire.  The Motivation Questionnaire consisted 

of three subparts, related to the constructs of (a) Ideal L2 Self, (b) Ought-to L2 Self, and (c) L2 

Learning Experience.  For each of the thirty questions, responses could range from 1 (Strongly 

disagree) to 6 (Strongly agree).  Scores were calculated for each of the subtests by summing 

participants’ responses for each of subtests, as well as calculating a composite Motivation score 

that was the sum of the three subtest scores.  Scores could range from 30 to 180 possible points. 

 L2 proficiency level: Spanish EIT.  The researcher first transcribed the recorded spoken 

sentences of each participant and verified that each transcription was correct, or as close as 

possible if the participant spoke a nonsense word or made a mistake.  These written 



185 

transcriptions were then compared to the answer key from Ortega (2000) and scored using the 

rubric from Ortega (2000).  Following this scoring rubric, participants received a score from 0 to 

4 for each sentence, resulting in possible scores ranging from 0-120 points per individual. A 

score of 4 corresponded to a perfect repetition of the sentence with no errors or modifications, 

while a 0 corresponds to nothing being produced or very minimal repetition.  The responses were 

coded using Ortega’s (2000) rubric for awarding points from 0 to 4 points per sentence. 

 Hearing sensitivity task: uHearing test.  This task was used to verify that all 

participants had hearing sensitivity levels that fell within a normal range.  This pure tone 

threshold test was administered using the uHearing app, and each participant’s results were 

graphed onto an audiogram.  The researcher recorded the results at each of the determined tone 

frequencies and verified that each participant fell within the normal hearing level range of 0 to 25 

dB at each tone frequency according to the Audiological Association’s standards (Audiological 

Association). 

Statistical procedures 

Overview 

 The following section briefly explains the statistical procedures that were applied in the 

principal study and the reasoning for these decisions.  First, an a priori power analysis was 

conducted.  Next, the statistical procedures used to answer each research question are discussed 

below.  All analyses were run using the Statistical Package for Social Sciences (SPSS, version 

24), unless otherwise indicated. 

 In order to decrease the likelihood of committing a Type I error, that is, concluding that 

there was a difference between groups or a relationship between variables when in fact none 

exists, the alpha (α) level was set to .05.  At this level, there is only a 5% chance of incorrectly 
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rejecting the null hypothesis when it is in actuality true (i.e., no difference between groups exists 

or no relationship exists) (Larson-Hall, 2010).  In order to decrease the likelihood of committing 

a Type II error, that is, concluding that no difference exists between groups or no relationship 

exists between variables when in fact one does (Larson-Hall, 2010), power analyses were 

conducted to determine the number of participants needed for optimal statistical power.  With 

higher power, there is greater probability of correctly rejecting a false null hypothesis.  Ideally, 

the power level of a statistical test is at .80 or above.  The power of an experiment is principally 

based upon effect size (such as Cohen’s d or f, Pearson’s r or R2, or partial eta-squared) and the 

sample size, as well as the type of statistical test being performed. 

Power analysis 

 As mentioned above, the power of an experiment depends upon three factors: effect size, 

sample size (N), and the type of statistical test being performed.  Effect size refers to the 

magnitude of the difference between groups, or the magnitude of the impact of an independent 

variable or the interaction between two variables on the dependent variable (Larson-Hall, 2010).  

A variety of different effect sizes exist and depend upon the statistical test used.  Typically, 

Cohen’s d, f, or eta-squared (η2) are used in tests of the differences between means of groups 

(e.g., t-tests and ANOVAs) and Pearson’s r or R2 is used for measures of relationships, that is 

how much an independent and dependent variable vary together (e.g., correlations and 

regressions).  When interpreting effect sizes, generally the scales developed by Cohen (1988) 

and summarized in Table 10 have been used to interpret effect size. 
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Table 10.   

Effect size scales. (Developed by Cohen, 1988). 

 

Effect size 

measure 

Type of 

statistical test 

Small effect size Medium effect size Large effect size 

Cohen’s d Difference 

between means 

d = .20 d = .20 - .50 d = .50 - .80 

Cohen’s f Difference 

between means 

f = .10 f = .25 f = .40 

Eta-squared 

(η2) 

Difference 

between means 

η2 = .01 η2 = .06 η2 = .14 

Pearson’s r Correlation r = .10 r = .30 r = .50 

R2 Correlation  

(% of variance); 

Regressions 

R2 = .01 R2 = .09 R2 = .25 

 

 However, more recently, Plonsky (2015) has offered revised scales for interpreting 

Cohen’s d and Pearson’s r effect sizes that are specific to L2 research.  These scales from 

Plonsky (2015) are reproduced in Table 11. 

Table 11.   

Revised scales for interpreting d and r effect sizes in L2 research. (Developed by Plonsky, 2015). 

 

Effect size 

measure 

Type of statistical test Small effect 

size 

Medium effect 

size 

Large effect 

size 

Cohen’s d Difference between means: 

Between-groups 

d = .40 d = .70 d = 1.00 

Cohen’s d Difference between means:  

Within-groups 

d = .60 d = 1.00 d = 1.40 

Pearson’s r Correlation r = .25 r = .40 r = .60 

 

For this study, power analysis was conducted using the open-source statistical software R 

and guided by the detailed explanation in Larson-Hall (2010, p. 104 – 111).  Larson-Hall (2010) 

recommends conducting power analysis prior to conducting an experiment in order to determine 

the ideal sample size needed to obtain sufficiently high power (i.e. above .50 and ideally at or 

above .80) (Murphy & Myors (2004) (c.f. Larson-Hall, 2010) and observe an effect in the 

population.  If power is at .50 or below, the researcher has only a 50% chance of detecting the 
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effect.  When conducting power analysis, Murphy and Myors (2004, c.f. Larson-Hall, 2010) 

advise researchers to expect a small or small to medium effect size, since if the effect is larger, it 

will also be detected, but the reverse is not true. 

 In the power analysis for this study, power level was set at .80, significance level (alpha) 

was set at p = .05, and a medium effect size was used.  Table 12 below summarizes the ideal 

sample size to obtain high power when running correlations, analyses of variance (ANOVAs), 

and multiple regressions, since these are the statistical tests to be used in this study. 

Table 12.  

Study sample size determined by a priori analysis. 

 

 Effect size Significance Power Desired N 

Correlation (two-

tailed) 

r = .4 p = .05 0.80 45.9 total 

Correlation (one-

tailed) 

r = .4 p = .05 0.80 36.5 total 

ANOVAs & 

Regressions 

(3 groups) 

f = .4 p = .05 0.80 21.1 (per 

group) 

ANOVAs & 

Regressions 

(3 groups) 

f = .4 p = .05 0.80 19 (per group) 

 

These a priori power analyses show that if statistical analyses are expected to produce a 

medium effect size, then a sample of 46 or more participants would be desired to be able to 

observe the relationship in the population with sufficient power in a two-tailed correlational 

analysis.  However, if a one-tailed test is used to test the hypothesis of a positive correlation 

between variables, then the desired sample size decreases to 37 participants.  For ANOVAs and 

regressions using three groups, the desired sample size is at least 21 participants per group.  For 

ANOVAs and regression analyses with just two groups, the ideal sample size is 19 participants 

per group. 
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Research Question One: Development of the production of the mid vowels over time by 

course level 

Research question 2a.  What is L2 learners’ trajectory of development for the 

production of Spanish mid vowels? 

Research question 2b.  How does L2 learners’ trajectory of development for the 

production of Spanish mid vowels differ for beginner and advanced learners? 

 

All statistical analyses were conducted using the Statistical Package for Social Sciences 

(SPSS, version 24) and the alpha level was set at 0.05.  It is important to note that while vowels 

were coded by prosodic position, that variable was not examined in the present analysis.  Instead, 

/e/ and /o/ vowels in all prosodic positions were examined together, and prosodic position will be 

examined at a later point. 

To respond to the first research question (RQ 2a and 2b), descriptive statistics (mean, 

standard deviations, minimum, maximum) were first calculated for each of the dependent 

variables, namely, the F1 Bark values, F2 Bark values, and duration for each vowel (/e/ and /o/) 

at each testing time.  These descriptive statistics were calculated overall across all production 

tasks, as well as broken down by production task.   

Then, mean F1 Bark values, F2 Bark values, and duration values for each vowel (/e/ and 

/o/) were submitted to a series of one-way Analyses of Variance (ANOVAs) with Course Level 

(Intro II, Advanced II, Bilinguals) as the between-groups factor.  These were followed by post-

hoc tests when ANOVAs found the Course Level groups to be statistically different from each 

other. 
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To compare the effect of the production task on performance, a series of 3 x 3 Factorial 

ANOVAs were conducted for each of the acoustic values (mean F1 Bark values, F2 Bark values, 

and duration values) of /e/ and /o/.  These Factorial ANOVAS compared the three Course Level 

Groups (Intro II, Advanced II, Bilinguals) on each of the three production tasks (Written 

Elicitation, Text Read-Aloud, Picture Narration). 

Next, to test for between-group differences at each of the time sessions, multivariate 

ANOVAs were run for the acoustic values (mean F1 Bark values, F2 Bark values, and duration 

values) of each vowel.  For each ANOVA, Course Level was entered as the between-groups 

Fixed Factor, while the acoustic values at each session were entered as dependent variables. 

To examine changes over time within each of the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with Session (Sessions 1, 2, 3) as the within-

groups variable and the acoustic values as dependent variables.   

Finally, to test for statistical differences in Course Level groups’ development trajectories 

over time, a series of 3 x 3 Repeated Measures ANOVAs were conducted with Session (Sessions 

1, 2, 3) as the within-groups variables, Course Level as the between-groups variable, and the 

acoustic values as dependent variables.  In these tests, a Session*Course Level interaction would 

indicate that the groups had different trajectories of development over time. 

When considering development for acoustic data, the relationship between “better” or 

“more native-like” is not as straightforward as is observed with most other performance 

measures, such as a vocabulary or grammar test.  Unlike scores on a test of a particular grammar 

point, in which the ideal target is a score of 100% and higher scores are better, for phonological 

production, learners can produce acoustic values either above or below the Bilingual mean 
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values.  Interpreting duration values is more straightforward, in that shorter duration vowels 

generally are more native-like, but formant values must be considered differently.   

For formant values, if learners produce a vowel with formant values either substantially 

above or below a certain range of acceptable values, it results in the production of a completely 

different vowel.  Consequently, for learners to become more “native-like” in their productions of 

F1 and F2 formants of the vowels, not all learners should be trying to produce higher F1 and F2 

formant values.  Instead, the goal for learners should be to produce formant values that are close 

to the Bilingual mean and within an acceptable range of values. 

These facts also have implications when considering development over time, and the 

calculation of development in a way that accurately reflects improvement.  Development is 

defined here as movement towards the Bilingual mean values on each of the acoustic measures 

(F1 Bark values, F2 Bark values, and duration values).  When calculating development over 

time, it is important to consider learners’ distance from the Bilingual mean, rather than just their 

raw acoustic values.  For example, a learner could have an F1 value that is 0.5 above the 

Bilingual mean F1 value at Session 1 and 0.3 below the Bilingual mean F1 value at Session 3.  In 

this case, the learner showed improvement by moving closer to the Bilingual mean.  However, if 

the learner had an F1 value that was 0.3 above the Bilingual mean at Session 1 and 0.5 below the 

Bilingual mean at Session 3, this change would indicate that the learner had gotten worse over 

time by moving away from the Bilingual mean.  Thus, it is important to consider learners’ 

distance from the Bilingual mean, rather than just their raw acoustic values when thinking about 

development with acoustic values.   
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Research Question Two: The role of IDs in the development of the production of the mid 

vowels over time by course level 

Research question 5a. Are individual differences and linguistic factors significantly 

related to L2 learners’ development of production of the Spanish mid vowels? 

Research question 5b.  If so, to what degree are they related to production at beginner 

levels of L2 Spanish? 

Research question 5c.  If so, to what degree are they related to production at advanced 

levels of L2 Spanish? 

 

All statistical analyses were conducted using the Statistical Package for Social Sciences 

(SPSS, version 24) and the alpha level was set at 0.05.  To address the second research question, 

which examines the relationship between learners’ development of production over time and 

various individual difference (ID) factors, first, descriptive statistics (mean, standard deviation, 

minimum, maximum) were provided for each of the individual difference variables.  Next, a 

series of independent samples t-tests were conducted to compare the two learner groups and 

ensure (a) that the Intro II and Advanced II groups truly reflected learners at different stages of 

acquisition (i.e., the groups possess different proficiency levels) and (b) to assess the 

comparability of the Intro II and Advanced II groups for the other ID variables. 

Next, a series of standard multiple regressions were used to determine which ID factors 

were significantly related to development of production, as measured on each of the acoustic 

measures (F1 Bark values, F2 Bark values, and duration values) for each of the vowels (/e/ and 

/o/).  Multiple regressions were conducted first on the overall learner sample and then by Course 

Level to determine if the ID factors had a differential effect or predictive value at different stages 
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of acquisition (i.e., Course Levels).  The multiple regressions examined the role of the ID 

variables in the development of production from Session 1 to Session 3.   

As with RQ One, learners were compared to a group of highly proficient bilingual 

Spanish-English/English-Spanish speakers, who served as a baseline for comparison.  Again, 

development was defined as movement towards the Bilingual mean values on each of the 

acoustic measures (F1 Bark values, F2 Bark values, and duration values) over time.  In order to 

calculate development of the learners for the regressions, it was necessary to think in terms of the 

change in the distance between the learners’ mean values and the Bilinguals’ mean values for 

each of the acoustic values (F1 Bark value, F2 Bark value, and duration).  This is particularly 

important for formant values, where learners may produce values above or below the Bilingual 

mean, as described in the analysis for RQ One.  For these reasons, in this study, development 

was calculated by looking at the change in the absolute values of the distance from the Bilingual 

mean from Session 1 to Session 3.  Furthermore, since improvement is considered a decrease in 

the distance from the Bilingual mean, the following formula was used so that improvement was 

reflected as a positive change: 

Improvement in Formant Values = |Distance from MeanBil at S1| -|Distance from MeanBil at S3| 

Pilot study 

Overview 

 The primary purpose of the pilot study was to test out the materials with participants in 

order to assess the difficulty of the tasks and make sure participants had appropriate linguistic 

scaffolding where necessary (e.g., vocabulary list for Picture Narration task), to make sure 

participants understood instructions for the various measures and questionnaires, and to gauge 

the timing and logistics of test administration (e.g., timing, use of technology, testing location). 
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For this reason, the analyses and results for the pilot study do not examine or report changes in 

production over time.  Instead, results from the pilot study primarily report descriptive statistics, 

initial comparisons between the groups, and the relationship between individual differences and 

production at one moment in time.  Although the larger study is interested in both production and 

perception and their relationships with individual differences, the current analysis for this 

dissertation will focus only on production results and their relationship with individual 

differences. 

Pilot participants 

 A total of twenty-two L2 learner participants and two bilingual participants completed the 

pilot study.  Four L2 learner participants’ results were not included in the analysis because they 

did not complete all of the data collection sessions (n = 1), their native language was a language 

other than English (n = 2) or they grew up with both English and Spanish as native languages (n 

= 1).   The remaining L2 learner participants were all native speakers of English and had a 

hearing sensitivity level that fell within the normal range, as measured by the uHearing app.   

As described earlier, the inclusion criteria required that participants’ first exposure to 

Spanish be at twelve years of age or older, that participants had not spent more than one month 

studying a language other than English or Spanish, and that participants had spent no more than 

two weeks living or studying abroad in a Spanish-speaking country.  However, the Background 

Questionnaire revealed that almost half of the eighteen remaining participants (n = 8) had begun 

studying Spanish before age twelve, but most (n = 5) were still first exposed to Spanish after age 

six years of age, which Long (1990, 2013) considers to be the end of the period of peak 

sensitivity for L2 phonological development, and the remaining three were first exposed at five 

or six years of age.  Additionally, eleven of the eighteen participants had studied at least one 
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other language besides Spanish (French, n = 5; German, n = 2; Latin, n = 4; Portuguese, n = 1; 

Tagalog, n = 1).  Three participants had lived or studied abroad in a Spanish-speaking country 

for more than two weeks, however, for two participants, they reported only spending two to three 

weeks in a Spanish-speaking country, and the last one reported only spending three to four weeks 

in a Spanish-speaking country.   

If all of these participants were excluded, it would have resulted in only one participant in 

the sample.  Since the pilot study’s primary purpose was to test out the materials with 

participants in order to assess the difficulty and clarity of the tasks and their instructions, to make 

sure participants had appropriate linguistic scaffolding where necessary, and to gauge the timing 

and logistics of test administration (e.g., timing, use of technology, testing location), the 

researcher made the decision to relax some of the inclusion criteria for the pilot study and also to 

use this information to make modifications to the inclusion criteria for the full study.  

Consequently, all of these eighteen participants were included in the pilot study and analysis. 

Thus, the participants included in the analysis (see Table 13) consisted of eighteen 

participants between eighteen and twenty-three years of age.  22.2% of the sample was male (n = 

4) and 77.8% of the sample was female (n = 14).  Seven participants (three male, four female) 

were from the Intro II course, while eleven participants (one male, ten female) were from the 

Advanced II course.  

  The two bilingual participants were both bilingual Spanish-English or English-Spanish 

graduate students in a doctoral program in Spanish at the same university as the learner 

participants.  One bilingual was a native Spanish speaker from Venezuela who had moved to the 

United States at a young age and had developed native proficiency in English.  The other 
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bilingual was a native English speaker who had developed a very high level of proficiency in 

Spanish. 

Table 13.  

Demographic information about the pilot study participants. 

 

Participant 

Number 

Course 

Level 

Sex Age Hearing 

Sensitivity 

Proficiency Level 

04 Intro II F 19 Normal 30 

07 Intro II M 20 Normal 38 

11 Intro II F 19 Normal 27 

12 Intro II M 19 Normal 31 

15 Intro II F 19 Normal 24 

20 Intro II M 18 Normal 16 

21 Intro II F 23 Normal 75 

      

02 Advanced II F 19 Normal 79 

03 Advanced II F 18 Normal 106 

06 Advanced II F 19 Normal 92 

08 Advanced II M 19 Normal 96 

09 Advanced II F 19 Normal 88 

13 Advanced II F 20 Normal 88 

14 Advanced II F 19 Normal 87 

16 Advanced II F 19 Normal 74 

17 Advanced II F 20 Normal 52 

19 Advanced II F 19 Normal 64 

22 Advanced II F 20 Normal 78 

      

Bil A Bilingual F 33 Normal Native 

Bil B Bilingual F 31 Normal Near-native 

 

As can be observed in Table 13 and Figure 11 (below), within each course level, learners 

demonstrated a large degree of variability in their proficiency level as measured by the Spanish 

Elicited Imitation Task.  Within the Intro II course level, proficiency ranged from 16 to 75 out of 

a possible 120 points, while at the Advanced II course level, proficiency ranged from 52 to 106 

out of a possible 120 points.   These scores demonstrate the wide variability that exists within a 

single classroom of learners.  It is also notable that there is overlap in the Intro II scores and the 



197 

Advanced II scores, despite the fact that these courses that are more than four semesters apart in 

the curricular sequence of the Spanish language program at this university. 

Although it is possible that the large range of scores within both course levels may be an 

artifact of the type of task, one which relies heavily on participants’ ability to remember and 

reconstruct the phrases heard, the task also confirms that institutional course level is not the best 

indicator of proficiency level.  As can be seen, a more objective measure of proficiency, such as 

the Elicited Imitation Task, allows for a finer-grained and more continuous measure of 

proficiency and provides researchers a way to base their conclusions on an objective measure 

and facilitates comparisons of results across studies. 

Method 

 The purpose of the pilot study was not to test development over time, but rather, to test 

out the materials with participants to assess the difficulty and clarity of the tasks and their 

instructions, to make sure participants had appropriate linguistic scaffolding where necessary 

(e.g., vocabulary list for Picture Narration task), and to gauge the timing and the logistics of 

administration.  Consequently, participants only completed perception and production tasks one 

time.  Additionally, the Picture Narration task did not have a vocabulary list provided, but the 

researcher sat with the participants during the task and allowed them to ask for vocabulary they 

needed in order to be able to generate a list of commonly-needed vocabulary (See Appendix G). 

 Methodological issues.  After the pilot data collection had been completed, the 

researcher discovered that the SNWR task that measured PSTM had not recorded participants’ 

responses for each individual question, due to an error how it had been programmed in 

SuperLab.  Consequently, this data was not included in the analysis of the pilot study data.  After 
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the pilot study, the task was modified in SuperLab to be able to collect this data for the full 

study. 

 Likewise, in the Written Elicitation Task due to an error in programming in SuperLab, a 

few target words were not displayed to some participants. After the pilot study, the task was 

modified in SuperLab to be able to collect this data for the full study.  

Pilot study results 

Production data.  For this analysis, the target tokens utilized were the /e/ and /o/ vowels 

from the three production tasks.  In the Written Elicitation task, there were a total of forty-nine 

/e/ tokens and sixty-nine /o/ tokens per participant, with a minimum of fifteen tokens per 

prosodic position per vowel.  This resulted in a total of 118 possible vowel tokens per 

participants.  In the Text Read-Aloud Task, the researcher originally planned to code all /e/ and 

/o/ tokens, but due to logistical feasibility, limited the coding to just the first five tokens in each 

prosodic position per vowel, for a total of 15 /e/ tokens and 15 /o/ tokens per participant in order 

to create a representative sample of the participant’s production.  This resulted in a total of 60 

possible vowel tokens per participant.  Lastly, in the Picture Narration task, the number of /e/ and 

/o/ tokens varied tremendously by participant, depending on the length of participants’ narrations 

and the specific vocabulary they utilized.  The number of tokens ranged from nine to sixty-five 

tokens per participants for /e/ and eleven to seventy-five tokens per participant for /o/.  More 

specifically, the number of tokens ranged from zero to thirty tokens per prosodic position for /e/ 

and from zero to fifty-eight tokens per prosodic position for /o/. 

So that all tokens used in the analysis were comparable in terms of their phonological 

context, some of the learner participants’ tokens were eliminated if the participant produced the 

token with a different onset consonant (e.g., the second syllable of boceto [bo.se.to] produced as 
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[bo.t∫e.to]) or completely omitted the onset consonant (e.g., gozoso [go.so.so] produced as 

[go.o.so]).  Likewise, a few tokens were eliminated because the wrong vowel was produced (e.g., 

/a/ instead of /o/), or the target vowel was mispronounced in such a way that it completely 

distorted the quality of the vowel (e.g., “ligüero” instead of “ligero”).  Lastly, a few tokens were 

eliminated because they were unclear due to noise interference, or because the participant was 

speaking at too low or too high a volume, etc.  After all of the erroneous tokens were eliminated, 

a total of 1,574 /e/ tokens and 2,251 /o/ tokens were included in the analysis. 

By production task.  On the Written Elicitation Task, due to a technological issue, a few 

target words were not displayed for some participants.  Thus, after all erroneous tokens were 

eliminated, 887 /e/ tokens and 1,358 /o/ tokens were coded for the Written Elicitation task, 

resulting in 2,245 tokens overall included in the analysis. 

In the Text Read-Aloud Task, one learner participant’s text recording was not saved 

appropriately, so only seventeen L2 learner participants’ data were analyzed for this task.  After 

all erroneous tokens were eliminated, this resulted in a total of 299 /e/ tokens and 326 /o/ tokens, 

resulting in 625 tokens overall included in the analysis. 

 Lastly, in the Picture Narration Task, there was a lot of variability between participants, 

but after all erroneous tokens were eliminated, a total of 388 /e/ tokens and 567 /o/ tokens were 

coded, resulting in 967 tokens overall included in the analysis. 

As described in the coding procedures, prior to conducting statistical analyses, the F1 and 

F2 formant values were normalized for sex and age differences across participants by converting 

the values (in Hertz) to Bark units.  The Bark scale is a logarithmic scale that allows direct 

comparison of acoustic information between individuals of different ages and sexes. 
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Research Question One: Development of the production of the mid vowels over time 

by course level.  As the pilot study did not examine development over time, the pilot study 

results related to RQ One primarily report descriptive statistics and some initial comparisons 

between the groups and production tasks.   

Descriptive statistics and inferential statistics: Production measures by course level.  In 

this section, results are presented by course level across all sessions for each of the three acoustic 

measures of performance (F1 Bark values, F2 Bark values and duration values) for each vowel 

(/e/ and /o/).  Summary statistics (means, standard deviations, and minimum and maximum 

values) are presented, followed by the results of one-way ANOVAS comparing the three Course 

Level groups for statistical differences.  While it is important to note that the sample size for 

each of the Course Level groups was small for conducting ANOVAs, these were just intended to 

provide some initial comparisons. 

 

Figure 10.  Graph of mean F1 and F2 Bark values for /e/ and /o/ by course level from pilot study. 

Figure 10 provides a visual summary of the productions of /e/ and /o/ by learners and 

Bilinguals across all sessions. 
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Mean F1 Bark values.  As can be seen in Table 14, the learners at a later stage of 

acquisition (Advanced II) were closer to the Bilingual Mean with regard to F1 Bark values of /e/.  

However, for the F1 Bark values of /o/, the Intro II and Advanced II groups were more similar 

and in fact, the Intro II group was slightly closer to the Bilingual Mean F1 Bark value of /o/. 

Table 14.  

Mean F1 Bark values for stressed /e/ and /o/ vowels by course level from pilot study. 

 

Group Mean F1 Bark values of /e/ Mean F1 Bark values of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 7) 

5.11 (0.52) 4.40 5.59 4.89 (0.37) 4.44 5.32 

Advanced II 

(N = 11) 

5.17 (0.40) 4.29 5.78 4.82 (0.43) 2.70 5.52 

Bilinguals 

(N = 2) 

5.33 (0.05) 5.29 5.36 5.46 (0.31) 2.90 5.67 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences between 

groups for each vowel.  For each ANOVA, Course Level was entered as the between-groups 

Fixed Factor while F1 Bark value was entered as the dependent variable.  The one-way ANOVA 

for F1 Bark values of /e/ revealed that the groups were not statistically different from each other 

(F(2,17) = .206, p = .816, eta-squared = .024).  The one-way ANOVA for F1 Bark values of /o/ 

revealed that the groups were not statistically different from each other (F(2,17) = 2.076, p = 

.156, eta-squared = .196). 

Mean F2 Bark values.  As can be seen in Table 15, the learners at a later stage of 

acquisition (Advanced II) were closer to the Bilingual Mean with regard to F2 Bark values of /e/.  

However, interestingly, the Intro II learners’ Mean F2 Bark value for /e/ was substantially below 

the Bilingual Mean F2 Bark value, while the Advanced II learners were slightly above the 
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Bilingual Mean.  In contrast, for the F2 Bark values of /o/, the Intro II learners were more similar 

to the Bilinguals than the Advanced II learners. 

Table 15.  

Mean F2 Bark values for stressed /e/ and /o/ vowels by course level from pilot study. 

 

Group Mean F2 Bark values of /e/ Mean F2 Bark values of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 7) 

12.54 (0.68) 11.63 13.25 9.12 (0.62) 8.22 9.77 

Advanced II 

(N = 11) 

13.23 (0.39) 12.45 13.77 8.95 (0.36) 8.30 9.45 

Bilinguals 

(N = 2) 

13.09 (0.36) 12.83 13.34 9.24 (0.38) 8.97 9.51 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences between 

groups for each vowel.  For each ANOVA, Course Level was entered as the between-groups 

Fixed Factor while F2 Bark value was entered as the dependent variable for each test. 

The one-way ANOVA for F2 Bark values of /e/ revealed that the groups were statistically 

different from each other (F(2,17) = 3.966, p = .039, eta-squared = .318).  Since Levene’s Test of 

Equality of Error Variances found that the groups did not exhibit homogeneous variance (F(2,17) 

= 4.642, p = .025), Games-Howell post-hoc tests were used for pairwise comparisons, yet the 

pairwise comparisons did not reveal any statistical differences between any of the groups.  The 

one-way ANOVA for F2 Bark values of /o/ revealed that the groups were not statistically 

different from each other (F(2,17) = .463, p = .637, eta-squared = .052).   

 Mean duration values.  As seen in Table 16, for both /e/ and /o/, the learners at a later 

stage of acquisition (Advanced II) produced vowels with shorter duration than the Intro II learner 

and closer to the mean duration of the Bilinguals’ /e/ and /o/ vowels. 
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Table 16.  

Mean duration values (ms) for stressed /e/ and /o/ vowels by course level from pilot study. 

 

Group Mean duration values of /e/ Mean duration values of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 7) 

159 (21) 126 193 162 (25) 126 188 

Advanced II 

(N = 11) 

125 (19) 104 161 136 (21) 109 183 

Bilinguals 

(N = 2) 

105 (29) 85 126 123 (47) 89 156 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences between 

groups for each vowel.  For each ANOVA, Course Level was entered as the between-groups 

Fixed Factor while Duration value was entered as the dependent variable for each test. 

The one-way ANOVA for Duration values of /e/ revealed that the groups were 

statistically different from each other (F(2,17) = 8.251, p = .003, eta-squared = .493).  Levene’s 

Test of Equality of Error Variances did not find the groups to be statistically different in their 

variances, so Gabriel post-hoc tests were used for pairwise comparisons.  Post-hoc tests found 

the Intro II group to be statistically different from both the Advanced II group (p = .009) and the 

Bilingual group (p = .009). 

Descriptive statistics: Production measures by course level and task.  In this section, 

results are presented by course level across all sessions for each of the three production measures 

(Written Elicitation Task, Text Reading Task, Picture Narration Task), to compare production of 

the vowels based upon the speech style elicited.  For each production task, results are presented 

for each of the three acoustic measures of performance (F1 Bark values, F2 Bark values and 

duration values) for each vowel (/e/ and /o/).  Summary statistics (means, standard deviations, 
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and minimum and maximum values) are presented.  Due to the small sample size, the three 

Course Level groups for each task were made using the descriptive statistics, but not with 

factorial ANOVAs. 

Mean F1 Bark values.  First, as can be seen in Table 17, there was some variability in 

participants’ production of the F1 Bark values of each vowel depending upon the production task 

they completed.  In general, all of the groups had the highest F1 Bark values for /e/ on the Text 

Read-Aloud Task and the highest F1 Bark values for /o/ on the Picture Narration Task. 

When comparing the F1 Bark values of the Course Level groups by production task, 

different patterns can be observed for different production tasks.  On the Written Elicitation task, 

the Intro II group’s mean F1 Bark value for /e/ was fairly close to the Bilingual group’s mean F1 

Bark value, with a slightly higher F1 Bark value while the Advanced II group’s mean F1 Bark 

value was a bit lower than the Bilingual group’s mean F1 Bark value.  On both the Text Read-

Aloud Task and the Picture Narration Task, there was a wider range of values between the 

course level groups, but again, the Intro II group’s mean F1 Bark value for /e/ was closer to the 

Bilingual group’s mean than the Advanced II group’s mean was. 

With regard to the /o/ vowels, on all of the production tasks, there were a range of values 

between the groups, but the Intro II group consistently had mean F1 Bark values for /o/ that were 

closer to the Bilingual mean value than the Advanced II group’s mean F1 values. 

These results are a little surprising, since one might expect that learners in the Advanced 

II group would be progressing closer to Bilingual-like production and would have mean values 

closer to the Bilingual mean values than the Intro II group. 
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Table 17. 

Mean F1 Bark values for stressed /e/ and /o/ vowels by course level and by production task from 

pilot study. 

 
Course Task F1 values (Bark units) of /e/ F1 values (Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 7) 

Written Elicitation Task 5.29 (0.26) 4.90 5.60 4.93 (0.51) 4.08 5.55 

Text Read-Aloud Task 5.31 (0.25) 5.03 5.64 5.00 (0.48) 4.27 5.86 

Picture Narration Task 5.22 (0.28) 4.86 5.63 5.24 (0.47) 4.40 5.75 

Adv. II 

(N = 11) 

Written Elicitation Task 5.03 (0.55) 4.21 5.72 4.71 (0.42) 4.16 5.43 

Text Read-Aloud Task 5.13 (0.51) 4.50 5.91 4.77 (0.41) 4.24 5.61 

Picture Narration Task 5.06 (0.56) 4.23 5.85 5.08 (0.58) 4.08 6.07 

Bil. 

(N = 2) 

Written Elicitation Task 5.20 (0.01) 5.19 5.20 5.11 (0.18) 4.98 5.24 

Text Read-Aloud Task 5.54 (0.44) 5.22 5.85 5.27 (0.02) 5.25 5.28 

Picture Narration Task 5.41 (0.18) 5.28 5.53 5.40 (0.25) 5.22 5.57 

 

 Mean F2 Bark values.  As can be seen in Table 18, there was some variability in 

participants’ production of the F1 Bark values of each vowel depending upon the production task 

they completed.  In general, all of the groups had the highest F2 Bark values for /e/ on the 

Written Elicitation Task and the highest F2 Bark values for /o/ on the Picture Narration Task. 

When comparing the F2 Bark values of /e/ vowels between Course Level groups and by 

production task, we see much less variability between the Course Level groups or between the 

production tasks for /e/ than was observed with the F1 Bark values.  In fact, across all three 

tasks, the entire range of values was 12.87 to 13.04 and the task that shows the largest range of 

values was the Written Elicitation task, which ranged from 12.99 to 13.04.  These results indicate 
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that the two learner groups were both producing their F2 Bark values for /e/ very close to the 

Bilingual mean F2 Bark value and well within a normal bilingual range of values. 

When comparing the F2 Bark values of /o/ vowels between Course Level groups and by 

production task, we see more variability between the Course Level groups on each of the 

production tasks.  Additionally, on all of the production tasks, the Intro II and Advanced II 

group’s mean F2 Bark values were fairly close together and were somewhat lower than the 

Bilingual mean F2 value of /o/.  Furthermore, with the F2 Bark values of /o/, learners showed 

some progression towards the Bilingual Mean F2 Bark values of /o/ as they progressed to later 

stages of acquisition. 

Table 18. 

Mean F2 Bark values for stressed /e/ and /o/ vowels by course level and by production task from 

pilot study. 

 
Course Task F2 values (Bark units) of /e/ F2 values (Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 7) 

Written Elicitation Task 12.99 (0.74) 11.49 13.87 8.90 (0.45) 8.17 9.45 

Text Read-Aloud Task 12.87 (0.49) 11.83 13.31 8.84 (0.43) 8.19 9.27 

Picture Narration Task 12.91 (0.53) 11.90 13.38 9.22 (0.51) 8.65 10.01 

Adv. II 

(N = 11) 

Written Elicitation Task 13.04 (0.66) 11.90 13.77 8.98 (0.48) 8.19 9.66 

Text Read-Aloud Task 12.91 (0.71) 11.83 13.71 8.87 (0.44) 8.16 9.37 

Picture Narration Task 12.93 (0.69) 11.90 14.00 9.24 (0.59) 8.33 10.58 

Bil. 

(N = 2) 

Written Elicitation Task 13.01 (0.05) 12.97 13.04 9.34 (0.59) 8.92 9.76 

Text Read-Aloud Task 12.89 (0.26) 12.70 13.07 9.05 (0.28) 8.85 9.25 

Picture Narration Task 12.91 (0.06) 12.87 12.95 9.53 (0.93) 8.87 10.19 

 



207 

 Mean duration values.  As can be seen in Table 19, there was some variability in 

participants’ production of the F1 Bark values of each vowel depending upon the production task 

they completed.  In general, all of the groups had the shortest duration values on the Written 

Elicitation Task for /e/ and on the Text Read-Aloud Task for /o/.  All of the groups had the 

longest duration values for both /e/ and /o/ on the Picture Narration Task. 

When comparing the duration values between Course Level groups across production 

tasks, we see different patterns for different production tasks.  Interestingly, on the Written 

Elicitation Task, the Intro II group and the Advanced II group had mean duration values that 

were fairly close together and actually, both groups had shorter duration values for /e/ than the 

Bilingual group’s mean duration and in fact, the Advanced II group had the shortest mean 

duration value.  On the Text Read-Aloud Task, the three groups had almost identical mean 

duration values for /e/.  Lastly, somewhat surprisingly, on the Picture Narration Task, the 

Bilingual group had the longest duration values for /e/, which is opposite of what much of the 

literature reports (e.g., Campos-Astorkiza, 2012; Hualde, 2005), that English vowels tend to have 

longer duration than Spanish vowels. 
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Table 19. 

Mean duration values (ms) for stressed /e/ and /o/ vowels by course level and by production task 

from pilot study. 

 
Course Task Duration values of /e/ Duration values of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 7) 

Written Elicitation Task 118 (26) 81 154 129 (34) 78 165 

Text Read-Aloud Task 133 (25) 102 169 108 (20) 83 127 

Picture Narration Task 165 (62) 84 264 198 (59) 101 279 

Adv. II 

(N = 11) 

Written Elicitation Task 114 (23) 86 151 126 (29) 84 174 

Text Read-Aloud Task 134 (25) 111 193 117 (23) 91 167 

Picture Narration Task 191 (64) 104 319 207 (50) 152 (303) 

Bil. 

(N = 2) 

Written Elicitation Task 131 (25) 113 148 146 (34) 123 170 

Text Read-Aloud Task 135 (15) 125 146 125 (24) 108 142 

Picture Narration Task 202 (43) 172 232 227 (33) 203 250 

 

Research Question Two: The role of IDs in the development of the production of the 

mid vowels over time by course level.  As the pilot study did not examine development over 

time, the pilot study results related to RQ Two primarily report descriptive statistics for the ID 

variables, provide initial comparisons between the groups, and examine the relationships 

between individual differences and production at one moment in time. 

Descriptive statistics: Individual difference variables.  Table 20 reports the summary 

statistics (means, standard deviations, and minimum and maximum values) for each of the 

individual difference variables (Proficiency Level, WMC, PSTM, L2 Aptitude – LLAMA D and 

LLAMA E, and Motivation).  These results are also presented graphically in Figures 11 – 15.  
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Due to a technological issue, participants’ responses on the PSTM test were not recorded.  

Consequently, no summary statistics are provided or analyses run on the PSTM data. 

Table 20.   

Summary statistics of individual difference factors from pilot study. 

 

* Due to a technological issue, participant responses on the PSTM test were not recorded. 

Next, a series of independent samples t-tests were conducted with each of the Individual 

Difference Variables as test variables and Course Level as the grouping variable.  Levene’s tests 

for homogeneity of variance found the two Course Level groups to have equal levels of variance 

for each of the cognitive IDs, thus, independent samples t-tests assuming homogeneous variances 

were calculated.  A statistical difference was found between the Intro II and Advanced II groups 

for Proficiency Level, t(16) = -5.906, p < .0001, d = -2.855, with a large effect size. 

Measure Group Summary Item Statistics 

  M SD Min. Max. 

EIT (Proficiency Level) 

(Possible range = 0 – 120) 

All Learners (N = 18) 63.61 (28.93) 16.00 106.00 

Intro II (N = 7) 34.43 (19.12) 16.00 75.00 

Advanced II (N = 11) 82.18 (15.11) 52.00 106.00 

      

RSPAN (WMC) 

(Possible Range = 0 – 100) 

All Learners (N = 18) 74.33 (14.38) 51.50 97.92 

Intro II (N = 7) 72.25 (14.34) 51.58 89.17 

Advanced II (N = 11) 75.65 (14.93) 51.50 97.92 

      

SNWR Test (PSTM)* 

(Possible Range = 0 – 100) 

All Learners (N = 18) -- -- -- -- 

Intro II (N = 7) -- -- -- -- 

Advanced II (N = 11) -- -- -- -- 

      

LLAMA D (L2 Aptitude) 

(Possible Range = 0 – 100) 

All Learners (N = 18) 27.78 (14.06) 0.00 55.00 

Intro II (N = 7) 23.57 (9.45) 10.00 35.00 

Advanced II (N = 11) 30.45 (16.20) 0.00 55.00 

      

LLAMA E (L2 Aptitude) 

(Possible Range = 0 – 100) 

All Learners (N = 18) 79.44 (29.60) 0.00 100.00 

Intro II (N = 7) 82.86 (25.64) 30.00 100.00 

Advanced II (N = 11) 77.27 (32.89) 0.00 100.00 

      

Motivation (Composite score) 

(Possible Range = 30 – 180) 

All Learners (N = 18) 110.89 (28.63) 48.00 153.00 

Intro II (N = 7) 113.00 (29.24) 56.00 139.00 

Advanced II (N = 11) 109.55 (29.59) 48.00 153.00 
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No statistical differences were found between the Intro II and Advanced II groups for any 

of the other IDS: WMC, t(16) = -0.478, p = .639, d = -0.231; LLAMA D, t(16) = -1.013, p = 

.326, d = -0.490; LLAMA E, t(16) = 0.380, p = .709, d = 0.184; Motivation (Composite score), 

t(16) = 0.243, p = .811, d = -0.072.  Due to a technological issue, individuals’ results from the 

PSTM test were not recorded, so there was no data to submit to an independent samples t-test. 

Figure 11.  Spanish proficiency level (EIT) by course level of pilot study participants. 
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Figure 12.  Working memory capacity by course level of pilot study participants. 

Figure 13.  L2 Aptitude – Sound recognition (LLAMA D) by course level of pilot study 

participants. 
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Figure 14.  L2 Aptitude – Sound-symbol association (LLAMA E) by course level of pilot study 

participants. 

Figure 15.  Motivation (composite score) by course level of pilot study participants. 
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Correlational analyses with overall learner sample.  Next, a series of correlational 

analyses were run to examine the relationship between the ID variables and the acoustic values.  

The following section reports the results of the correlations examining the relationships between 

the independent variables (the ID variables) and the dependent variables (each of the acoustic 

measures, namely F1 Bark value, F2 Bark value, and duration values) for the overall learner 

sample.   

In the larger study, regressions will be run with the overall learner sample instead of 

correlational analyses, but due to the small sample size and large number of variables, only the 

results of correlational analyses are reported for the pilot study data.  Additionally, in the full 

study, regressions will also be run by Course Level to identify whether the ID variables may 

differentially predict performance on the acoustic measures at different stages of acquisition.  

However, due to the small sample size in the pilot study, these regressions were not conducted. 

 Before reporting the results of these correlations between the ID variables and the 

performance measures, any statistical relationships between the independent variables should be 

noted.  Correlational analyses revealed that for all learners, Proficiency and LLAMA D were 

statistically correlated (r = .437, p = .035). 

Correlations for mean F1 Bark values.  Correlational analyses were run to examine the 

role of the individual difference variables in the mean F1 Bark values for /e/ and for /o/.  As seen 

in Table 21, the correlations for the mean F1 Bark values of /e/ found that LLAMA E was a 

statistical predictor for performance on the F1 Bark values for /e/ (r = .596, p = .005).  As 

reported in Table 22, for the mean F1 Bark values of /o/, none of the ID variables emerged as 

statistically correlated with performance. 
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Table 21.   

Correlations between ID variables and mean F1 Bark values of /e/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

F1 Bark 

value of 

/e/ 

Pearson’s r .056 .262 -.009 .596 .271 

Significance  

(1-tailed) 

.412 .147 .485 .005* .138 

N = 18 

 

Table 22.   

Correlations between ID variables and mean F1 Bark values of /o/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

F1 Bark 

value of 

/o/ 

Pearson’s r .071 -.116 .086 .339 .174 

Significance  

(1-tailed) 

.390 .323 .367 .084 .245 

N = 18 

 

Correlations for mean F2 Bark values.  Correlational analyses were run to examine the 

role of the individual difference variables in the mean F2 Bark values for /e/ and for /o/.  As seen 

in Table 23, the correlations for the mean F2 Bark values of /e/ found that Proficiency Level was 

statistically correlated with performance (r = .603, p = .004).  As reported in Table 24, for the 

mean F2 Bark values of /o/, none of the ID variables emerged as statistically correlated with 

performance. 

Table 23.   

Correlations between ID variables and mean F2 Bark values of /e/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

F2 Bark 

value of 

/e/ 

Pearson’s r .603 .333 .237 .294 .275 

Significance  

(1-tailed) 

.004* .088 .172 .118 .135 

N = 18 
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Table 24.   

Correlations between ID variables and mean F2 Bark values of /o/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

F2 Bark 

value of 

/o/ 

Pearson’s r .026 .077 .025 .280 .342 

Significance  

(1-tailed) 

.459 .381 .461 .131 .082 

N = 18 

 

Correlations for mean duration values.  Correlational analyses were run to examine the 

role of the individual difference variables in the mean Duration values for /e/ and for /o/.  As 

seen in Table 25, the correlations for the mean Duration values of /e/ found that Proficiency 

Level was statistically correlated with performance, but was negatively correlated with duration 

values of /e/ vowels (r = -.629, p = .003).  Likewise, as seen in Table 26, Proficiency Level was 

also statistically correlated with performance for the mean Duration values of /o/, and again was 

negatively correlated with duration values of /o/ vowels (r = -.542, p = .010). 

Table 25.   

Correlations between ID variables and mean duration values (ms) of /e/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

Duration 

value of 

/e/ 

Pearson’s r -.629 -.093 -.285 .090 .090 

Significance  

(1-tailed) 

.003* .356 .126 .361 .361 

N = 18 

 

Table 26.   

Correlations between ID variables and mean duration values (ms) of /o/ from pilot study. 

 

  Proficiency 

Level 

WMC LLAMA D LLAMA E Motivation 

(Composite) 

Duration 

value of 

/o/ 

Pearson’s r -.542 -.086 -.191 -.018 .186 

Significance  

(1-tailed) 

.010* .367 .224 .471 .229 

N = 18 
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Summary of findings from correlations with overall learner sample.  While the pilot 

study was not examining the role of the individual difference variables on development, the 

correlations did indicate a relationship between some of the ID variables and the acoustic 

measures.  Specifically, LLAMA E was statistically correlated with performance for the F1 Bark 

values of /e/ and Proficiency Level was statistically correlated with performance for the F2 Bark 

values of /e/ and for Duration of /e/ and /o/.   

LLAMA E was positively correlated with performance for the F1 Bark values of /e/, 

meaning that learners with higher proficiency level produced values that were more similar to the 

Bilingual Mean F2 Bark values.  For the F2 Bark values of /e/, Proficiency Level was positively 

correlated, meaning that learners with higher proficiency level produced values that were more 

similar to the Bilingual Mean F2 Bark values.  For Duration of /e/ and /o/, Proficiency Level was 

negatively correlated, meaning that learners with a higher proficiency level produced vowels 

with a shorter duration.  Shorter duration vowels are desirable, since native English speakers tend 

to produce vowels with longer duration than typical Spanish vowels produced by native Spanish 

speakers. 

Changes resulting from pilot study 

The pilot study was incredibly useful for testing out and refining the test materials, as 

well as identifying a few small technological glitches in a few tests.  It was also useful for 

evaluating the inclusion criteria in order to strike an appropriate balance between control over 

certain variables and being able to recruit an adequate number of participants or the inclusion 

criteria. 

The changes that were made are described in detail below and then summarized at the 

end of the chapter. 
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Inclusion criteria.  A few changes were made to the inclusion criteria with regard to 

language history, since they were found to be too strict and would eliminate too many potential 

participants from the sample pool.  Recruiting a large number of participants and not eliminating 

too many was very important, since participants had to be involved in several data collections 

over the course of a few months, and attrition can be a major concern with longitudinal studies. 

First, the criterion requiring participants to have had their first exposure to Spanish at age 

12 or later was found to be too strict.  Many participants indicated exposure to Spanish before 

age twelve, due to limited exposure to Spanish in elementary school or because they grew up in 

areas of the United States with large Spanish-speaking populations (e.g., New Mexico).  Yet, 

most of the participants had been exposed to Spanish after age six, which marks the period of 

peak sensitivity for L2 phonological development (Long, 1990, 2013).  As this inclusion 

criterion would eliminate many potential participants, the decision was made to use the 

information collected on the Background Questionnaire to evaluate a learner’s entire language 

history in order to determine if he or she should be included in the study.  By examining 

participants’ entire language history, some participants who had been exposed to Spanish before 

age twelve, but with limited exposure could be included in the study. 

Second, the original inclusion criteria required that learners spend less than two weeks 

living or studying in a Spanish-speaking country.  On the Background Questionnaire, among 

those participants who reported that they had visited Spanish-speaking countries for more than 

two weeks, most had only spent three to four weeks, usually for vacation.  Since this inclusion 

criterion again could also eliminate many potential participants, it was slightly relaxed to permit 

inclusion if participants had lived or studied in a Spanish-speaking country for one month or less.   
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Lastly, the original inclusion criteria stated that participants could only have spent a 

month or less learning languages besides English or Spanish.  However, the participants in this 

study came from a prestigious university with a focus on international affairs, and nearly half of 

the participants had studied at least a third language, if not a fourth or fifth language, and all for 

at least a year.  Consequently, the inclusion criterion was modified to allow participants who had 

studied other languages to still participate in the study, as long as they had started studying the 

language at age six or above.  The Background Questionnaire will also collect information about 

study of other languages to be analyzed on a more individual basis. 

The revised inclusion criteria are summarized in Table 27. 

Table 27. 

Updated participant inclusion criteria for L2 learner participants. 

 

Variables Inclusion criteria 

a) Age 18 – 40 years of age 

b) Spanish course level Intro II (2nd semester) or Advanced II (6th 

semester) Spanish 

c) Native language English; Any additional native languages had 

to be learned after 6 years of age. 

d) Spanish L2 background  

 

First exposure to Spanish at ≥ 12 years of age 

(evaluated individually if at < 12 years of age) 

e) Study abroad: Spanish-speaking country ≤ 1 month living or studying abroad 

f) Hearing sensitivity Within normal hearing range (0-25 dB) on a 

Pure Tone Threshold test 

 

Production tasks.  The majority of the suggested changes came from the production 

tasks, in large part to make the tasks more manageable for participants to complete within an 

amount of time that would not fatigue or cognitively overburden the participants. 

 First, the number of target and distractor words in the Written Elicited Imitation 

production task was reduced substantially from a total of 85 words (74 target words and 11 

distractors) to a total of 34 words (23 target words and 11 distractors) in order to reduce 
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participants’ time on task and their level of fatigue and boredom with the task.  First, the total 

number of target words used was reduced and also became more targeted by using only target 

words that contained three target vowels.  Additionally, words that were found to be particularly 

difficult for participants in the Pilot Study were removed, such as ligero (often pronounced 

[li.ˈge.ɾo] or [li.ˈgwe.ɾo] instead of [li.ˈxe.ɾo]), triguero (often pronounced [tɾi.ˈgwe.ɾo] instead of 

[tɾi.ˈge.ɾo], and ballena (often pronounced [ba.ˈle.na]) instead of [ba.ˈʝe.na]).   

On a related note, while the pilot study aimed to examine the vowels in a variety of 

phonological contexts, the researcher found that when the target vowels were located adjacent to 

rhotics [r, ɾ], laterals [l, ʎ], or nasals [m, n, ɲ], the target vowels were subject to substantial co-

articulation or “coloring” of the vowels.  This co-articulation was caused both by consonants that 

preceded or followed the target vowels, despite the consonants always being located in the 

syllable onset position.  The presence of these sonorant consonants not only affected the vowel 

quality, but also made segmentation of the vowels from the consonants a more complicated 

process. For these reasons, the target list was also modified to make the adjacent consonants to 

target vowels be only the occlusives /p, t, k, b, d, g/, fricatives /f, s, x/, or the affricate /t∫/.  

Lastly, the presentation of the task was modified in SuperLab so that the order of words was 

randomized across participants.  The updated target and distractor words can be found in 

Appendix D. 

 Next, for the Text Read-Aloud task, the researcher found that the selected text “Mi 

caballo mago” was very challenging for participants in both Intro II and Advanced II classes.  

The text was selected because it contained fewer cognates and contained many lower frequency 

words.   It was thought that these lower frequency words would reduce participants’ reliance 

upon their English pronunciation of the words, in particular for cognates, or their use of a 
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fossilized pronunciation, as might happen with higher-frequency words.  Instead, it was thought 

that use of lower frequency words would cause participants to produce words in a way that 

accurately reflected their L2 phonological representation of the sounds.  However, learners found 

the text very long and difficult and many participants struggled with unfamiliar vocabulary, as 

well as with common verbs, when they were presented in grammatical structures with which 

they were less familiar and comfortable.  This difficulty was particularly evident for participants 

at the Intro II level. 

For these reasons, the researcher changed the text for this task to a shorter excerpt from 

the short story Aniversario by Luis Romero (See Appendix F).  This new text had previously 

been used successfully in Menke & Face (2010) with learners at different proficiency levels, who 

would be relatively comparable to the levels of students in this study.  Additionally, this text 

contains less complex grammar and vocabulary that is more frequent, while still avoiding too 

many cognates.  However it should be noted that, in contrast with Menke and Face (2010) who 

had their participants read aloud the entire short story Aniversario, that study only included the 

one production task, while the present study includes three different production tasks, with 

varying levels of control over the elicited speech.  For that reason, only an excerpt of Aniversario 

was used rather than the entire short story. 

Lastly, during the pilot study, for the Picture Narration task, learners were not provided 

with a written vocabulary list, although the researcher sat with them and answered questions 

about needed vocabulary prior to beginning the recording.  Based upon the most frequent words 

asked, a vocabulary list was generated to provide to participants during this task in the full study 

(See Appendix G). 
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Analysis.  Although all three production tasks will be conducted in the full study, due to 

some comparability issues in the Picture Narration Task (mentioned below) and logistical 

feasibility, the present analysis for this dissertation will only use the data from the Written 

Elicitation Task.  This task is the most controlled task and predicted to be the task in which 

participants who have demonstrated improvement in their production are most likely to exhibit 

that improvement, as they can attend to pronunciation most in this task. 

Likewise, the current analysis will only focus on stressed vowels.  Stressed vowels are 

most salient to learners, and are less subject to reduction and centralization effects due to their 

phonological context.  Additionally, while future research may examine the differences between 

vowels produced in different prosodic positions, focusing on just stressed vowels significantly 

simplifies the analysis.  

The Picture Narration Task was problematic due to a large amount of variability between 

participants in terms of the length of their stories and the number of /e/ and /o/ tokens produced.  

Additionally, since learners were making up their stories, many participants lengthened words, 

and consequently their vowels, as a filler while they thought about their next phrase or sentence.  

While this task will still be conducted in the full study, the researcher decided not to examine its 

data in this particular analysis due to the large degree of variability. 

Lastly, for each of the acoustic analysis, analyses will also look at the dispersion of 

learners’ acoustic values for F1 Bark values, F2 Bark values, and duration values, relative to the 

Bilingual dispersion of values, as well as how these dispersions change or develop over time.  

Looking at dispersion of values offers insight into whether participants are producing these 

acoustic values by chance or because they have become more precise in their production of the 

values. 
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Summary of changes resulting from pilot study 

• Inclusion criteria modified to be less strict. 

o Spanish L2 background evaluated individually as part of complete language history. 

o Study of other languages ≥ 1 month removed. 

o Study abroad in Spanish-speaking country increased from ≥ 2 weeks to ≥ 1 month. 

• Production tasks modified to be shorter, simpler, and have appropriate scaffolding. 

o Written Elicitation Task shortened. 

▪ Difficult target items (e.g., liguero) removed. 

▪ Number of items reduced to 23 target words and 11 distractors. 

▪ All target words contain 3 target vowels. 

▪ No adjacent lateral, nasal, or rhotic consonants in target words. 

o Text Read-Aloud Task 

▪ Changed from Mi caballo mago excerpt to shorter, simpler Aniversario 

excerpt. 

o Picture Narration Task 

▪ Vocabulary list generated to provide linguistic scaffolding to learners. 

• Analysis 

o Only used tokens from the Written Elicitation Task 

o Only looked at stressed vowels 

o Picture Narration Task eliminated from analysis due to too much variability between 

participants for number of tokens produced. 

o Dispersion of the acoustic values added into analysis in order to address precision of 

production. 
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CHAPTER FOUR: Results 

Overview 

In order to examine the developmental trajectories of L2 production of the Spanish mid 

vowels over time and identify which individual difference and linguistic factors significantly 

relate to this development, a series of quantitative statistical analyses were performed both within 

and between Course Level groups.  First, descriptive information is provided about the learner 

participants and the bilingual participants.  This information is followed by the results of 

descriptive and inferential statistical analyses used to answer each research question.  For ease of 

interpretation, results are presented by research question.  For each research question, descriptive 

statistics are provided first, followed by the inferential results of statistical analyses performed to 

answer each research question.  At the end of the chapter, summaries of the results according to 

each research question are provided. 

Participant samples 

 In this section, descriptive, demographic information is provided about the background of 

the learner participants and the bilingual participants in the study.  This section also explains the 

reasons that certain participants were not included in the final analysis. 

Biodata and language background information 

L2 learner participants.  A total of sixty-three native English-speaking L2 learners of 

Spanish enrolled in non-intensive Spanish courses at a mid-size, private American university 

participated in the study.  Although participants were recruited from several sections of Intro II 

classes and only a few sections of Advanced II classes, many more Advanced II participants 

volunteered for the study.  Forty-four participants were enrolled in a 6th semester Spanish course 

(Advanced II Spanish) and nineteen participants were enrolled in a 2nd semester Spanish course 
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(Intro II Spanish) in the spring semester.  However, only fifty-nine of these participants 

completed all four sessions (Intro II: N = 16; Advanced II: N = 43).  One participant completed 

only the first session, while the other three participants completed just the first two sessions 

(Session 1: Production Data, Session 2: ID Data).  Since the four partial participants did not 

complete enough sessions to track any development, these four participants could not be 

included in the analysis.  

  Based on information gathered from the background questionnaire, several participants 

(N = 15) also had to be excluded because they did not meet the inclusion criteria.  Three 

participants (N = 3) were excluded because they reported being non-native speakers of English, 

although all had begun learning English by age five or earlier.  The rest of the subjects reported 

English as their native language, but several participants (N = 6) reported speaking an additional 

native language, including Bengali (1), Chinese (1), German (1), Hindi (1), Vietnamese (1) and 

Yoruba (1).  Additionally, a few participants (N = 4) reported having substantial exposure to 

other languages (Arabic (1), Chinese (1), French (1), and Korean (1)) before six years of age. 

Lastly, a couple participants (N = 2) reported having spent more than a month living or studying 

abroad in a Spanish-speaking country. 

The remaining forty-four participants were between eighteen and twenty-two years of age 

(M = 18.86, SD = .93) and all had normal hearing sensitivity. All were native speakers of English 

and only English and had started learning languages other than English or Spanish after six years 

of age.  Among the forty-four participants included in the final analysis, 29.5% of the 

participants were enrolled in Intro II Spanish (N = 13), while 70.5% of the participants were 

enrolled in Advanced II Spanish (N = 31).  Among the sample, 70.5% of the sample was female 

(N = 31) and 29.5% was male (N = 13).  The average age of first exposure to Spanish was 11.1 
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years of age (SD = 4.21).  Although this was a slightly younger age of first exposure to Spanish 

than desired, within the present sample of participants, it would have been very difficult to obtain 

an adequate sample size if all participants had absolutely no exposure to Spanish before age 12.  

Many participants reported some infrequent exposure to Spanish in elementary school or having 

grown up in a state with a large Spanish-speaking population, but also explained that they hadn’t 

started studying Spanish in earnest until late in middle school or in high school.  Additionally, 

some participants reported infrequent exposure to Spanish from an early age through Spanish-

speaking family members, but again said they had not formally studied the language until a later 

age.  Since the exposure to Spanish before age 12 was reported as infrequent, these participants 

were included in the analysis. 

Learners also reported some variation in the age of first exposure to Spanish, depending 

upon the linguistic skill addressed.  In general, participants reported a slightly earlier exposure to 

Spanish for listening, with the average age of first exposure to Spanish for listening as 11.0 years 

of age (SD = 4.51, Min = 5 years, Max = 22 years).  For speaking, the average age of first 

exposure to Spanish was 12.0 years of age (SD = 3.97).  For reading, the average age of first 

exposure to Spanish was 12.1 years of age (SD = 3.66).  For writing, the average age of first 

exposure to Spanish was 12.2 years of age (SD = 3.58). 

Bilingual (baseline) participants.  A total of six bilingual Spanish-English or English-

Spanish graduate student instructors participated in this study as baseline bilingual controls.  All 

of these graduate students were enrolled in a doctoral degree program in the Spanish Department 

at the same private American university as the learner participants, and were studying either 

Spanish Applied Linguistics or Spanish and Latin American Literature and Culture.  Five of the 

bilinguals were native Spanish speakers from various Spanish-speaking countries, including 
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Chile (1), Colombia (1), Spain (2), Peru and Bolivia (1), while the last bilingual was a native 

English speaker with a very high level in Spanish, as demonstrated by her performance on a 

Spanish Elicited Imitation Task (114 out of 120).  Among the bilingual participant sample, 

66.6% was female (N = 4) while 33.3% was male (N = 2).  However, due to a technological 

error, the audio recordings of one of the male bilingual speakers were not properly saved, so this 

participant was not included in the final analysis.  This resulted in a final sample of five bilingual 

participants, 20% male (N = 1) and 80% female (N = 4) between 25 and 40 years of age (M = 

32.2 years of age, SD = 5.72). 

Since these participants served as a baseline for the production data, they only completed 

the Hearing Sensitivity Test, the Background Questionnaire and the tasks listed for Session 1 

(i.e., production tasks and perception tasks). 

Production data 

For this analysis, the target tokens utilized were the stressed /e/ and /o/ vowels produced 

in the Written Elicitation task.  In order to obtain a substantial number of tokens to create a 

representative mean value for each participant, ten tokens each of /e/ and /o/ were used from 

each participant in each session. For the learner participants (N = 44), tokens were coded for each 

of the three sessions, while for the bilingual participants (N = 5) production data was only 

collected once since their production values served as the baseline for comparison.  The coding 

resulted in twenty potential tokens per person (ten per vowel) for each of the three sessions for 

the learner participants, totaling 880 potential tokens per session or a grand total of 2,640 

potential tokens for the learner participants and a grand total of 100 potential tokens for the 

bilingual participants. 
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So that all tokens used in the analysis were comparable in terms of their phonological 

context, some of the learner participants’ tokens were eliminated if the participant produced the 

token with a different onset consonant (e.g., the second syllable of boceto [bo.se.to] produced as 

[bo.t∫e.to]) or completely omitted the onset consonant (e.g., gozoso [go.so.so] produced as 

[go.o.so]).  Additionally, some tokens were produced so erroneously that the vowel could not be 

reliably measured and were omitted, for example with an extraordinarily long duration that 

would have made the token an outlier.  However, if the participant produced the vowel simply as 

the wrong vowel (e.g., boceto [bo.se.to] produced as [bo.si.to]), it was still included in the 

analysis.  None of the bilingual participants’ tokens had to be eliminated.  After all erroneous 

tokens were eliminated, a grand total of 2,524 tokens remained for the learner participants and 

100 tokens remained for the bilingual participants (See Table 28).  These tokens were used to 

conduct the descriptive and inferential statistical analyses detailed below. 

Table 28.   

Initial n of tokens collected and number and percent of cases excluded by vowel from each 

session. 

 

 S1 /e/ S2 /e/ S3 /e/ S1 /o/ S2 /o/ S3 /o/ Bil. /e/ Bil. /o/ 

Total n 440 440 440 440 440 440 50 50 

Excluded cases 35 24 29 6 13 9 0 0 

Intro II 17 10 15 1 8 8 -- -- 

Advanced II 18 14 14 5 5 1 -- -- 

% Excluded 7.95% 5.45% 6.59% 1.36% 2.95% 2.05% 0.00% 0.00% 

Total Tokens Included 405 416 411 434 427 431 50 50 

 

 As described in the coding procedures (Chapter 3), prior to conducting the statistical 

analyses, the F1 and F2 formant values were converted to Bark units in order to normalize the 

data for differences in voice quality, due to sex and age differences (Baker & Trofimovich, 

2006).  From this point on, all F1 and F2 formant values are reported in Bark units. 
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Descriptive and inferential statistics: Production measures 

Research Question One: Development of the production of the mid vowels over time by 

course level 

 All statistical analyses were performed using the Statistical Package for Social Sciences 

(version 24) and the alpha level (α) was set at .05 for all statistical tests.  To address the first 

research question (What is L2 learners’ trajectory of development for the production of Spanish 

mid vowels? and How does L2 learners’ trajectory of development for the production of Spanish 

mid vowels differ for beginner and advanced learners?), results are presented for each of the 

acoustic production measures (i.e., F1 formant values (Bark units), F2 formant values (Bark 

units), and duration) as well as the mean dispersions of each of the acoustic production measures, 

first by Course Level and then, by Course Level and Session.  Summary statistics are reported 

first for each of the acoustic measures for each vowel.  Next, a series of One-Way and Repeated 

Measures Analyses of Variance (ANOVAs) were performed with participants’ mean scores on 

each performance measure to test for statistical differences within and between groups at each 

point in time and over the course of the semester. 

In addition to examining just the mean acoustic values, the following analyses also 

consider individuals’ mean dispersion of values for each of the three production measures.  In 

vowel production, even native-speakers’ vowels are produced within a range of acceptable 

values, rather than at one specific point in the acoustic space every time.  However, a smaller 

dispersion for each of the performance measures suggests that the speakers are more precise in 

their productions and are hitting the target formant values or durations due to mastery of the 

sounds, rather than producing them correctly merely by chance. For this reason, assuming that 

the learner is producing the formant values and durations within the accepted range of values 
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observed for the bilinguals, a smaller, more precise range of values is preferable to a wide range 

of values as it indicates that the learner is able to accurately produce the vowel more 

consistently. 

Descriptive statistics and inferential statistics: Production measures by course level.  

In this section, results are presented by course level across all sessions for each of the three 

acoustic measures of performance (F1 Bark values, F2 Bark values and duration values) for each 

vowel (/e/ and /o/), as well as for the mean dispersions of each of the three acoustic measures.  

The mean F1 and F2 Bark values for each vowel are presented graphically in Figure 16.  Then, 

summary statistics (means, standard deviations, and minimum and maximum values) are 

presented, followed by the results of one-way ANOVAs comparing the three Course Level 

groups for statistical differences between groups. 

 

Figure 16.  Graph of mean F1 and F2 Bark values for stressed /e/ and /o/ vowels by course level. 

 

Mean F1 Bark values.  As seen in Table 29 and Figure 17, for /e/, both learner groups 

had mean F1 Bark values that did not appear to be that different from the Bilingual group’s mean 

F1 Bark values.  Interestingly, the Intro II group’s mean F1 Bark value was closer to the 

Bilingual mean F1 Bark value than the Advanced II group’s mean F1 Bark value was.  At the 
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same time, the Advanced II group’s overall range of produced F1 Bark values was much smaller 

than the Intro II group’s range of F1 Bark values and much more closely approximated the 

Bilingual group’s range of F1 Bark values. 

With regard to the /o/ vowels, a different pattern of production was observed (Table 29).  

In this case, the Advanced II group’s mean F1 Bark value for the /o/ vowels was closer than the 

Intro II group’s mean F1 Bark value to the Bilingual mean F1 Bark value.  Despite the closer 

mean F1 Bark value though, Table 29 and Figure 18 show that the Advanced II learners 

produced their /o/ vowels over a wider range of F1 Bark values than the Intro II group.  Another 

important observation for the /o/ F1 Bark values though is that the maximum F1 Bark value in 

the Intro II group was quite a bit lower (i.e., higher in the acoustic vowel space) than the 

Bilingual maximum F1 Bark value, while the Advanced II group’s maximum F1 value was much 

closer to the Bilingual maximum F1 Bark value.  This finding could be evidence of 

diphthongization in the Intro II group’s /o/ vowels or simply that they were producing their /o/ 

vowels in a substantially different way from the Advanced II group and the Bilingual group. 

Table 29.   

Mean F1 Bark values for stressed /e/ and /o/ vowels by course level. 

 

Group F1 values (Bark units) of /e/ F1 values (Bark units) of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

5.28 (.61) 4.20 6.45 5.14 (.27) 4.58 5.46 

Adv. II 

(N = 31) 

5.47 (.46) 4.59 6.19 5.26 (.31) 4.39 5.92 

Bil. 

(N = 5) 

5.34 (.72) 4.61 6.21 5.48 (.30) 5.19 5.87 
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Figure 17.  Boxplots of the mean F1 Bark values for stressed /e/ by course level. 

 

Figure 18.  Boxplots of the mean F1 Bark values for stressed /o/ by course level. 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 
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vowel.  For each ANOVA, Course Level was entered as the fixed factor while F1 Bark value 

was entered as the dependent variable for each test. 

Before running each ANOVA, the groups were examined for homogeneity of variances.  

Levene’s test for homogeneity of variances found that the assumption of homoscedacity was not 

violated for these groups with regard to the /e/ vowels.  Thus, a univariate ANOVA was 

conducted, comparing the three groups for the mean F1 Bark values of /e/ vowels, and revealed 

that the groups were not statistically different from each other, F(2, 46) = .641, p = .532, eta-

squared = .027. 

Likewise, for the /o/ vowels, Levene’s test for homogeneity of variances found that the 

assumption of homoscedacity was not violated for these groups.  A univariate ANOVA revealed 

that the groups again were not statistically different from each other for the mean F1 Bark values 

of /o/ vowels, F(2, 46) = 2.303, p = .111, eta-squared = .091. 

Thus, despite differences observed between groups in the mean F1 Bark values in the 

summary statistics for each vowel, with the alpha level set at .05, the ANOVAs lacked the power 

to detect statistical differences between the groups. 

Mean F2 Bark values.  With regard to the F2 Bark values for /e/, in Table 30 and Figure 

19, the Intro II group’s mean F2 Bark value was closer to the Bilingual mean F2 Bark value than 

the Advanced II group’s mean F2 Bark value.  Additionally, both learner groups produced their 

/e/ vowels with a much wider range of F2 Bark values than the Bilingual group.   

A similar pattern was observed for the mean F2 Bark values of the /o/ vowels, as seen in 

Table 30 and Figure 20.  Again, the Intro II group’s mean F2 Bark value for /o/ was closer to the 

Bilingual mean F2 value than the Advanced II group’s mean F2 Bark value was.  Additionally, 

both learner groups produced their /o/ vowels over a much wider range of F2 Bark values than 
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the Bilingual group, with the Advanced II group actually having a slightly larger range of F2 

Bark values than the Intro II group. 

Table 30.   

Mean F2 Bark values for stressed /e/ and /o/ vowels by course level. 

 

Group F2 values (Bark units) of /e/ F2 values (Bark units) of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

12.67 (.70) 11.69 13.93 9.11 (.50) 8.25 10.02 

Adv. II 

(N = 31) 

12.98 (.58) 11.84 14.10 9.34 (.55) 8.22 10.54 

Bil. 

(N = 5) 

12.78 (.72) 11.93 13.51 9.14 (.84) 7.75 9.85 

 

Figure 19.  Boxplots of the mean F2 Bark values for stressed /e/ by course level. 
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Figure 20.  Boxplots of the mean F2 Bark values for stressed /o/ by course level. 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 

vowel.  For each ANOVA, Course Level was entered as the fixed factor while F2 Bark value 

was entered as the dependent variable for each test. 

Levene’s test for homogeneity of variances showed that the assumption of homoscedacity 

was not violated for the mean F2 values of either the /e/ vowels or the /o/ vowels.  The univariate 

ANOVA for the /e/ vowels revealed that the groups again were not statistically different from 

each other (F(2, 46) = 1.184, p = .315, eta-squared = .049) with regard to the mean F2 Bark 

values.   

Similarly, for the mean F2 Bark values of /o/ vowels, the univariate ANOVA conducted 

revealed that the groups were not statistically different from each other, F(2, 46) = .899, p = 

.414, eta-squared = .038. 
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Mean duration values.  With regard to duration of /e/ vowels, both learner groups 

produced vowels with longer mean duration than the Bilingual group’s vowels.  As seen in Table 

31 and Figure 21, Intro II learners produced /e/ vowels with the longest mean duration, and also 

with the largest range of values.  The Bilingual participants had the shortest duration /e/ vowels, 

and a much smaller range of duration values.  The Advanced II learners produced vowels in the 

middle, both in terms of mean duration and in terms of their range of duration values.  This 

pattern suggests that at later stages of acquisition, learners have made a natural progression 

towards shorter vowels that more closely resemble Bilingual vowels’ durations.   

A similar pattern was observed for the duration of /o/ vowels across course levels, as seen 

in Table 31 and Figure 22.  Again, Intro II learners had the longest duration vowels and largest 

range of duration values, while the Advanced II group had much shorter vowels and a smaller 

range of values.  The Bilingual group had the shortest duration /o/ vowels and also the smallest 

range of duration values.  Again, these results suggest that learners were naturally moving 

towards producing shorter, more precise vowels, with more “native-like” durations, as they 

progressed into later stages of acquisition. 

Table 31.   

Mean duration values (ms) for stressed /e/ and /o/ vowels by course level. 

 

Group Duration values of /e/ Duration values of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

113 (32) 79 190 135 (33) 102 214 

Adv. II 

(N = 31) 

100 (15) 72 141 119 (14) 83 151 

Bil. 

(N = 5) 

90 (6) 83 99 113 (11) 96 126 
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 Figure 21.  Boxplots of the mean duration (ms) for stressed /e/ by course level. 

Figure 22.  Boxplots of the mean duration (ms) for stressed /o/ by course level. 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 
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vowel.  For each ANOVA, Course Level was entered as the fixed factor while Duration was 

entered as the dependent variable for each test. 

For /e/ vowels, Levene’s Test of Equality of Error Variances revealed a violation of 

homoscedacity for the groups for the mean duration values, F(2, 46) = 5.663, p = .006.  This 

violation of homogeneity of variances between the groups affects the selection of post-hoc tests 

used for pairwise comparisons in the case of a statistical difference on the ANOVA test.  While a 

univariate ANOVA found that the groups were not statistically different from each other in terms 

of the mean duration of /e/ vowels, F(2, 46) = 3.080, p = .056, eta-squared = .118, the results still 

indicate that Course Level accounted for 12% of the variance between the groups for mean 

duration values. 

For /o/ vowels, Levene’s Test of Equality of Error Variances also revealed a violation of 

homoscedacity for the groups for the duration values, F(2, 46) = 3.693, p = .033.  A univariate 

ANOVA found that the groups were statistically different from each other in terms of the 

duration of /o/ vowels, F(2, 46) = 3.287, p = .046, eta-squared = .125.  Games-Howell post-hoc 

tests were used since the group variances were unequal and the groups had unequal sample sizes.  

However, despite the statistical difference on the ANOVA, Games-Howell post-hoc tests did not 

find statistical differences between any of the groups in the pairwise comparisons. 

Mean dispersion of F1 Bark values.  As seen in Table 32, individuals’ mean dispersions 

of F1 Bark values for /e/ were smallest in the Bilingual group, followed by the Advanced II 

group, then the Intro II group.  These results suggest that although the Intro II group’s mean F1 

Bark value for /e/ was closer to the Bilingual mean F1 Bark value than the Advanced II group’s 

mean F1 Bark value was (Table 32), the Intro II group was also much more variable in their 

production of F1 Bark values.  Considering that the Advanced II group’s range of F1 Bark values 
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also more closely resembled the Bilingual range of F1 Bark values, these results suggest that 

learners at a later stage of acquisition became more precise and consistent in their production of 

the F1 Bark values of /e/. 

As with the /e/ vowels, Table 32 shows that individuals’ mean dispersions of F1 Bark 

values for /o/ were smallest in the Bilingual group, followed by the Advanced II group, then the 

Intro II group, again suggesting that the learners became more precise in their production of the 

F1 Bark values of /o/ at later stages of language acquisition. 

Table 32. 

Mean dispersion of F1 Bark values for stressed /e/ and /o/ vowels by course level. 

 

Group Mean dispersion of F1 values  

(Bark units) of /e/ 

Mean dispersion of F1 values  

(Bark units) of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

1.84 (1.04) 0.58 4.68 2.17 (1.45) 0.77 5.81 

Adv. II 

(N = 31) 

1.51 (.56) 0.75 3.13 1.25 (1.04) 0.51 5.87 

Bil. 

(N = 5) 

0.92 (.51) 0.53 1.80 0.99 (.45) 0.53 1.73 

 

Then, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 

vowel.  For each ANOVA, Course Level was entered as the fixed factor while Dispersion of F1 

Bark values was entered as the dependent variable for each test. 

For /e/ vowels, Levene’s Test of Equality of Error Variances found no violation of the 

assumption of homoscedacity for the Dispersion of F1 Bark values.  A univariate ANOVA 

revealed that the groups were not statistically different from each other with regard to their 

Dispersion of F1 Bark values for /e/, F(2, 46) = 3.027, p = .058, eta-squared = .116.   
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For /o/ vowels, Levene’s Test of Equality of Error Variances found no violation of the 

assumption of homoscedacity for the Dispersion of F1 Bark values.  A univariate ANOVA 

revealed that the groups were statistically different from each other with regard to the Dispersion 

of F1 Bark values for /o/, F(2, 46) = 3.493, p = .039, eta-squared = .132.  Since the variances 

were equal but the sample sizes were unequal, Gabriel post-hoc tests were used.  Pairwise 

comparisons revealed statistical differences between the Intro II and Advanced II groups for the 

Dispersion of F1 Bark values for /o/ (p = .046), yet, surprisingly, did not find a statistical 

difference between the Intro II and Bilingual groups, despite a larger difference between the 

means (Intro II, M  = 2.17; Advanced II, M = 1.25; Bilinguals, M = 0.99). 

Mean dispersion of F2 Bark values.  As seen in Table 33, the individuals in the two 

learner groups produced their F2 Bark values for /e/ with a larger dispersion of F2 Bark values 

than the Bilingual group and there was little difference between the Intro II group and the 

Advanced II group.  In both the Advanced II and Intro II groups, the learners were much less 

precise in their production of /e/ F2 Bark values than the Bilingual group. 

Unlike the mean dispersions of F2 Bark values for /e/, the groups became more precise in 

their production of mean F2 Bark values for /o/ at increasing course levels.  Bilinguals had the 

smallest mean dispersions of F2 Bark values of /o/, followed by the Advanced II group, then the 

Intro II group, indicating some improvement in the precision of production of the F2 formants 

with increasing course level. 
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Table 33.   

Mean dispersion of F2 Bark values for stressed /e/ and /o/ vowels by course level. 

 

Group Mean dispersion of F2 values  

(Bark units) of /e/ 

Mean dispersion of F2 values  

(Bark units) of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

3.00 (1.57) 1.08 5.52 3.10 (1.80) 1.73 7.33 

Adv. II 

(N = 31) 

2.96 (1.69) 0.97 6.73 2.58 (1.29) 1.42 7.88 

Bil. 

(N = 5) 

1.56 (.95) 0.76 3.16 2.29 (.47) 1.79 2.98 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 

vowel.  For each ANOVA, Course Level was entered as the fixed factor while Dispersion of F2 

Bark values was entered as the dependent variable for each test. 

For the /e/ vowels, Levene’s Test of Equality of Error Variances found no violation of the 

assumption of homoscedacity for the Dispersion of F2 Bark values.  A univariate ANOVA 

revealed that the groups were not statistically different from each other with regard to their 

Dispersion of F2 Bark values for /e/, F(2, 46)  = 1.729, p = .189, eta-squared = .070. 

For the /o/ vowels, Levene’s Test of Equality of Error Variances found no violation of the 

assumption of homoscedacity for the Dispersion of F2 Bark values.  A univariate ANOVA 

revealed that the groups were not statistically different from each other with regard to their 

Dispersion of F2 Bark values for /o/, F(2, 46) = 0.880, p = .422, eta-squared = .037. 

Mean dispersions of duration values.  As seen in Table 34, the mean dispersions for 

duration of /e/ vowels decreased with increasing course level.  Taken together with the mean 

duration values, these results demonstrate that not only were participants producing shorter /e/ 



241 

vowels, but they also were more consistently and precisely producing shorter /e/ vowels at later 

stages of acquisition. 

Similarly, for the /o/ vowels, the mean dispersions for duration also decreased with 

increasing course level, indicating that learners were becoming more precise in the production of 

their /o/ vowels. 

Table 34.   

Mean dispersion of duration values (ms) for stressed /e/ and /o/ vowels by course level. 

 

Group Mean dispersion of duration  

values (ms) of /e/ 

Mean dispersion of duration 

values (ms) of /o/ 

 M (SD) Min. Max. M (SD) Min. Max. 

Intro II  

(N = 13) 

105 (73) 52 275 125 (112) 38 386 

Adv. II 

(N = 31) 

84 (20) 43 129 70 (15) 48 111 

Bil. 

(N = 5) 

70 (31) 38 117 57 (10) 41 64 

 

Next, a series of one-way analyses of variance (ANOVAs) were run to compare the three 

course level groups (Intro II, Advanced II, and Bilinguals) for statistical differences for each 

vowel.  For each ANOVA, Course Level was entered as the fixed factor while Dispersion of 

duration values was entered as the dependent variable for each test. 

For /e/ vowels, Levene’s Test of Equality of Error Variances did reveal a violation of the 

assumption of homoscedacity for the Dispersion of duration values, F(2, 46) = 6.866, p = .002.  

Despite noticeable differences between the groups in the descriptive statistics, a univariate 

ANOVA revealed that the groups were not statistically different from each other with regard to 

their Dispersion of duration values for /e/, F(2, 46) = 1.718, p = .191, eta-squared = .070.   

For /o/ vowels, Levene’s Test of Equality of Error Variances revealed a violation of the 

assumption of homoscedacity for the Dispersion of duration values, F(2, 46) = 20.653, p < .0001.  



242 

A univariate ANOVA then revealed that the groups were statistically different from each other 

with regard to their dispersion of duration values for /o/, F(2, 46) = 4.714, p = .014, eta-squared 

= .170.  Yet, despite the finding of a statistical difference between groups with the ANOVA, 

Games-Howell post-hoc tests revealed no statistical differences between groups in pairwise 

comparisons. 

Summary of results for production measures by course level.  When comparing the 

three Course Level groups overall, the groups were largely not statistically different from each 

other.  In fact, despite differences observed between the groups in the summary statistics for each 

dependent variable, the groups were only statistically different from each other with regard to the 

Duration of /o/ vowels, the Mean dispersion of F1 Bark values for /o/ vowels, and the Mean 

dispersion of duration values for /o/ vowels.  In addition, post-hoc tests for Duration of /o/ 

vowels and Mean dispersion of duration values for /o/ vowels revealed no statistical differences 

between the groups.  Only the post-hoc tests for Mean dispersion of F1 Bark values for /o/ 

vowels revealed a statistical difference between specific groups, namely that Intro II learners 

were statistically different from Advanced II learners. 

Descriptive statistics and inferential statistics: Production measures by course level 

and session.  In this section, results are presented by course level and session for each of the 

three acoustic measures of performance (F1 Bark values, F2 Bark values and duration values) for 

each vowel (/e/ and /o/), as well as for the mean dispersions of each of the three acoustic 

measures.  For each performance measure, summary statistics (means, standard deviations, and 

minimum and maximum values) are presented first.  These are followed by the results of a series 

of Multivariate and Repeated Measures Analyses of Variance (ANOVAs) that were performed 
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with participants’ mean scores on each performance measure to test for statistical differences 

within and between groups at each point in time and over the course of the semester. 

Mean F1 Bark values.  When examining the mean F1 Bark values for /e/ by course level 

over time in Table 35 and Figure 23, the results showed some interesting patterns.  Neither 

learner groups’ mean F1 Bark values were tremendously different from the Bilingual mean F1 

Bark values for /e/ at Session 1, however, the Intro II group’s mean F1 Bark value was closer 

than the Advanced II group’s mean F1 Bark value.  Additionally, neither learner group made 

large changes in their mean F1 Bark values over time, but interestingly, both learner groups’ 

mean values moved away from the Bilingual mean F1 Bark value for /e/ over time, rather than 

closer to the Bilingual mean F1 Bark value.  Additionally, while both groups produced F1 Bark 

values within a range of values that largely overlapped with the Bilingual range of F1 Bark 

values, the Intro II learner group produced F1 Bark values over a slightly larger range of values 

at Session 1 than the Advanced II group or the Bilingual group, which were fairly comparable. 

Over time, the Intro II group did decrease their range of F1 Bark values slightly. 

For the F1 Bark values of /o/, the Intro II group started further away from the Bilingual 

mean F1 Bark value than the Advanced II group did (Table 35 and Figure 24).  Both learner 

groups showed improvement, moving towards the Bilingual mean F1 Bark value over time, 

however, the Intro II group’s improvement was more marked, while the Advanced II group’s 

improvement was much more modest.  Additionally, while, over time, the Intro II group 

produced F1 Bark values for /o/ over a smaller range, the Advanced II group produced F1 Bark 

values for /o/ over a larger range over time. 

 

 

 

 



244 

Table 35.   

Mean F1 Bark values for stressed /e/ and /o/ vowels by course level and session. 

 
Course Session F1 values (Bark units) of /e/ F1 values (Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 5.30 (.64) 4.13 6.58 

 

5.08 (.39) 4.38 5.66 

2) 5.27 (.61) 4.19 6.34 

 

5.13 (.25) 4.71 5.55 

3) 5.25 (.63) 4.27 6.44 

 

5.21 (.30) 4.68 5.73 

Adv. II 

(N = 31) 

1) 5.46 (.43) 4.76 6.16 

 

5.22 (.31) 4.56 5.95 

2) 5.45 (.54) 4.35 6.35 

 

5.28 (.33) 4.27 5.83 

3) 5.50 (.49) 4.67 6.47 

 

5.29 (.37) 4.33 6.13 

Bil. 

(N = 5) 

 5.34 (.72) 4.61 6.21 

 

5.48 (.30) 5.19 5.87 

 

Figure 23.  Box plots of the mean F1 Bark values for stressed /e/ by course level and session. 
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Figure 24.  Box plots of the mean F1 Bark values for stressed /o/ by course level and session. 

 

Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean F1 Bark values of /e/ and /o/ 

at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, while the 

mean F1 Bark values for each session were entered as Dependent Variables. 

As reported in Table 36, the multivariate ANOVAs for /e/ vowels revealed that the 

Course Level groups were not statistically different from each other for their F1 Bark values for 

either /e/ or /o/ at any of the Sessions. 

Table 36. 

Results of multivariate ANOVAs for mean F1 Bark values for /e/ and /o/ by course level at each 

session. 

 
 Session 1 Session 2 Session 3 

 F2, 46 p value η2
p Post 

hoc 

F2, 46 p value η2
p Post 

hoc 

F2, 46 p value η2
p Post 

hoc 

F1 Bark values 

of /e/ 

.474 .626 .020 N/A .477 .624 .020 N/A .974 .385 .041 N/A 

F1 Bark values 

of /o/ 

2.608 .085 .102 N/A 2.432 .099 .096 N/A 1.064 .353 .044 N/A 
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Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with F1 Bark value as the dependent variable 

and Session (with 3 levels) as the within-groups variable.  For the /e/ vowels, using the 

Greenhouse-Geisser correction, there was no main effect of Session for the Intro II group 

(F(1.73, 20.70) = .213, p = .778, partial eta-squared = .017) or the Advanced II group (F(1.87, 

56.03) = .669, p = .506, partial eta-squared = .022).  For the /o/ vowels, using the Greenhouse-

Geisser correction, again there was no main effect of Session for the Intro II group (F(1.82, 

21.88) = 1.322, p = .285, partial eta-squared = .099) or the Advanced II group (F(1.94, 58.11) = 

1.422, p = .250, partial eta-squared = .045). 

Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 

Repeated Measures ANOVAs with F1 Bark value as the dependent variable, Course Level as the 

between-groups variable and Session as the within-groups variable.   

For /e/, using the Greenhouse-Geisser correction, there was no main effect of Session, or 

of Course Level, nor was the interaction between Session and Course Level statistical for the F1 

Bark values of /e/ (F(3.93, 90.27) = 0.327, p = .856, partial eta-squared = .014), meaning that the 

three groups did not have different trajectories of development for F1 Bark values of /e/ from 

Session 1 to Session 3.  Examination of the interaction plot for /e/ (Figure 25) confirm that there 

was no interaction between the course levels over time for /e/ vowels, with both learner groups 

moving away from the Bilingual mean F1 Bark value from Session 1 to Session 3. 

For /o/, using the Greenhouse-Geisser correction, again there was no main effect of 

Session, or of Course Level, nor was the interaction between Session and Course Level statistical 

for the F1 Bark values of /o/ (F(3.89, 89.53) = 0.406, p = .799, partial eta-squared = .017), 
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meaning that the three groups did not have different trajectories of development for F1 Bark 

values of /o/ from Session 1 to Session 3.  Examination of the interaction plot for /o/ (Figure 26) 

confirm that there was no interaction between the course levels over time for /o/ vowels.  As seen 

in Figure 26, while both learner groups moved towards the Bilingual mean F1 Bark value from 

Session 1 to Session 3, improvement was more marked for the Intro II group, as indicated by the 

steeper change in slope over time for the Intro II group as compared to the Advanced II group. 

It is important to note though that both Repeated Measures ANOVAs had low statistical 

power, perhaps contributing to the lack of a statistical finding, even though there do seem to be 

some differences in the trajectories of the three Course Level groups. 

Figure 25.  Interaction plot for mean F1 Bark values of stressed /e/ by course level over time. 
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Figure 26.  Interaction plot for mean F1 Bark values of stressed /o/ by course level over time. 

 

 

Mean F2 Bark values.  With regard to the mean F2 Bark values for /e/ (Table 37 and 

Figure 27), both learner groups’ mean F2 Bark values were similar distances from the Bilingual 

mean F2 Bark value at Session 1.  Over time, the Intro II group moved much closer to the 

Bilingual mean F2 Bark value, but the Advanced II group stayed very stable over time and did 

not move closer to the Bilingual mean F2 Bark value. 

For the F2 Bark values for /o/ (Table 37 and Figure 28), at Session 1, the Intro II group 

started with a mean F2 Bark value that was quite close to the Bilingual mean F2 Bark value and 

much closer than the Advanced II group’s mean F2 Bark value was.  At Session 2 and 3, the 

Intro II group’s mean F2 Bark value for /o/ bounced lower and higher than the Bilingual mean 

F2 Bark value, respectively.  In contrast, the Advanced II group’s mean started a little further 

away from the Bilingual mean F2 Bark value and showed less change at Session 2 and 3, but 

actually moved a little further away from the Bilingual mean over time. 
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Table 37.   

Mean F2 Bark values for stressed /e/ and /o/ vowels by course level and session. 

 
Course Session F2 values (Bark units) of /e/ F2 values (Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 12.52 (.72) 11.20 13.56 9.10 (.63) 8.34 10.66 

2) 12.72 (.74) 11.72 14.05 9.01 (.45) 8.42 9.74 

3) 12.75 (.73) 11.67 14.27 9.22 (.68) 7.99 10.42 

Adv. II 

(N = 31) 

1) 12.97 (.61) 11.93 14.53 9.29 (.64) 7.96 10.55 

 

2) 12.98 (.57) 12.11 14.09 9.36 (.57) 8.16 10.65 

3) 12.99 (.66) 11.48 14.15 9.38 (.60) 8.18 10.69 

 

Bil. 

(N = 5) 

 12.78 (.72) 11.93 13.51 9.14 (.84) 7.75 9.85 
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Figure 27.  Box plots of the mean F2 Bark values for stressed /e/ by course level and session. 

Figure 28.  Box plots of the mean F2 Bark values for stressed /o/ by course level and session. 
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Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean F2 Bark values of /e/ and /o/ 

at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, while the 

mean F2 Bark values for each session were entered as Dependent Variables. 

As reported in Table 38, the multivariate ANOVAs revealed that the Course Level groups 

were not statistically different from each other for their F2 Bark values for either /e/ or /o/ at 

Session 1, 2 or 3. 

Table 38. 

Results of multivariate ANOVAs for mean F2 Bark values for /e/ and /o/ by course level at each 

session. 

 
  Session 1  Session 2  Session 3 

 F2, 46 p value η2
p Post 

hoc 

F2, 46 p value η2
p Post 

hoc 

F2, 46 p value η2
p Post 

hoc 

F2 Bark values 

of /e/ 

2.239 .118 .089 N/A .860 .430 .036 N/A .639 .532 .027 N/A 

F2 Bark values 

of /o/ 

.418 .661 .018 N/A 1.768 .182 .071 N/A .469 .629 .020 N/A 

 

Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with F2 Bark value as the dependent variable 

and Session (with 3 levels) as the within-groups variable.  For the /e/ vowels, using the 

Greenhouse-Geisser correction, there was no main effect of Session for the Intro II group 

(F(1.67, 20.06) = 3.658, p = .051, partial eta-squared = .234), yet the effect size, while smaller, 

was notable.  For the Advanced II group, there was no main effect of Session, F(1.93, 58.00) = 

.041, p = .956, partial eta-squared = .001.  For the /o/ vowels, using the Greenhouse-Geisser 

correction, there was no main effect of Session for the Intro II group (F(1.98, 23.72) = .901, p = 

.419, partial eta-squared = .070) or the Advanced II group (F(1.45, 43.52) = .819, p = .413, 

partial eta-squared = .027). 
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Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 

Repeated Measures ANOVAs with F2 Bark value as the dependent variable, Course Level as the 

between-groups variable and Session as the within-groups variable.   

For /e/, using the Greenhouse-Geisser correction, there was no main effect of Session, or 

of Course Level, nor was the interaction between Session and Course Level statistical (F(3.98, 

91.62) = 1.400, p = .240, partial eta-squared = .057).  However, examination of the interaction 

plot (Figure 29) does show some notable differences between the groups, with the Intro II group 

moving much closer to the Bilingual mean from Session 1 to Session 3, while the Advanced II 

group stayed much more stable from Session 1 to Session 3. 

For the F2 Bark values of /o/, using the Greenhouse-Geisser correction, there was no 

main effect of Session, or of Course Level, nor was the interaction between Session and Course 

Level statistical (F(3.54, 81.40) = 0.532, p = .691, partial eta-squared = .023).  Examination of 

the interaction plot (Figure 30) makes this finding surprising, since the Intro II trajectory over 

time actually crosses the Bilingual trajectory.  The lack of a statistical finding may be due to low 

statistical power. 
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Figure 29.  Interaction plot for mean F2 Bark values of stressed /e/ by course level over time. 

 

Figure 30.  Interaction plot for mean F2 Bark values of stressed /o/ by course level over time. 
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Mean duration values.  With regard to the duration of /e/ vowels, as seen in Table 39 and 

Figure 31, both learner groups had mean vowel durations that were longer than the Bilingual 

mean duration at all of the Sessions.  The Advanced II group’s mean vowel durations were more 

similar to the Bilingual mean duration though.  Additionally, neither learner group showed much 

change in vowel duration over time, with the Advanced II learners being particularly static in 

their mean vowel duration for /e/. 

For the duration of /o/ vowels (Table 39 and Figure 32), the Advanced II group had mean 

vowel durations that were only slightly longer than the Bilingual mean durations, while the Intro 

II group’s mean durations were a bit longer.  The Advanced II group again remained very stable 

in their durations across Session 1, 2 and 3, while the Intro II group decreased their mean 

duration noticeably from Session 1 to Session 2, but then increased their mean duration again at 

Session 3. 

Table 39. 

Mean duration values (ms) for stressed /e/ and /o/ by course level and session. 

 
Course Session Duration values (ms) of /e/ Duration values (ms) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 113 (37) 67 201 142 (40) 103 230 

2) 111 (28) 76 176 124 (21) 96 168 

3) 116 (32) 81 192 138 (44) 106 265 

Adv. II 

(N = 31) 

1) 99 (15) 75 141 117 (13) 79 140 

2) 101 (15) 73 139 121 (16) 84 156 

3) 100 (17) 69 145 119 (17) 86 160 

Bil. 

(N = 5) 

 90 6 83 99 113 (11) 96 126 
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Figure 31.  Box plots of the mean duration (ms) for stressed /e/ by course level and session. 

 

Figure 32.  Box plots of the mean duration (ms) for stresssed /o/ by course level and session. 

 



256 

Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean duration values of /e/ and /o/ 

at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, while the 

mean Duration values for each session were entered as Dependent Variables. 

For the duration values of /e/ (Table 40), the multivariate ANOVAs revealed that the 

Course Level groups were not statistically different from each other at Session 1 or 2, but were 

statistically different from each other at Session 3 (F(2, 46) = 3.679, p = .033, partial eta-squared 

= .138).  Since Levene’s Test of Equality of Error Variances revealed that the groups were not 

homogeneous in their variance at Session 3 for Duration (F(2, 46) = 4.728, p = .014), Games-

Howell post-hoc tests were used for pairwise comparisons.  The pairwise comparisons found that 

the Bilingual group’s mean duration (M = 90 ms) was statistically shorter than the Intro II 

group’s mean duration (M = 116 ms) (p = .036). 

With regard to duration values of /o/ (Table 40), multivariate ANOVAs revealed that the 

Course Level groups were statistically different from each other at Session 1 with a small effect 

size, (F(2, 46) = 5.739, p = .006, partial eta-squared = .200), but not at Session 2 or Session 3.  

This finding is likely due to the Intro II group slightly decreasing their mean duration at Session 

2 and Session 3 to be more similar to the Bilingual mean duration for /o/.  Since Levene’s Test of 

Equality of Error Variances revealed that the groups were not homogeneous in their variance at 

Session 1 for Duration (F(2, 46) = 6.190, p = .004), Games-Howell post-hoc tests were used for 

pairwise comparisons.  Yet despite the finding of a statistical difference between groups in the 

ANOVA, none of the pairwise comparisons found the Course Level groups to be statistically 

different from each other for duration of /o/ at Session 1. 
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Table 40. 

Results of multivariate ANOVAs for mean duration values for /e/ and /o/ by course level at each 

session. 

 
 Session 1 Session 2 Session 3 

 F2, 46 p 

value 

η2
p Post 

hoc 

F2, 46 p 

value 

η2
p Post 

hoc 

F2, 46 p 

value 

η2
p Post 

hoc 

Duration 

of /e/ 

2.623 .083 .102 N/A 2.517 .092 .099 N/A 3.679 .033* .138 Bil < 

Intro 

II 

Duration 

of /o/ 

5.739 .006* .200 No statistical 

differences 

between 

groups 

.801 .455 .034 N/A 2.882 .066 .111 N/A 

 

Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with Duration value as the dependent 

variable and Session (with 3 levels) as the within-groups variable.  For the /e/ vowels, using the 

Greenhouse-Geisser correction, there was no main effect of Session for the Intro II group 

(F(1.49, 17.85) = 1.480, p = .250, partial eta-squared = .110) or the Advanced II group (F(1.70, 

50.99) = .444, p = .612, partial eta-squared = .015).  For the /o/ vowels, using the Greenhouse-

Geisser correction, there was a main effect of Session for the Intro II group (F(1.79, 21.44) = 

3.643, p = .048, partial eta-squared = .233), but not for the Advanced II group (F(1.71, 51.33) = 

2.307, p = .117, partial eta-squared = .071). 

Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 

Repeated Measures ANOVAs with Duration as the dependent variable, Course Level as the 

between-groups variable and Session as the within-groups variable.   

Using the Greenhouse-Geisser correction, there was no main effect of Session, or of 

Course Level, nor was the interaction between Session and Course Level statistical for Duration 

of /e/ vowels (F(3.63, 83.49) = .946, p = .435, partial eta-squared = .040).  This finding suggests 



258 

that the three groups did not statistically differ in their trajectories for the duration of /e/ vowels 

over time, and seems confirmed by the interaction plot in Figure 33, with neither learner group 

exhibiting much change in the duration of /e/ vowels over time. 

For the duration of /o/ vowels, using the Greenhouse-Geisser correction, there was no 

main effect of Session, but there was a main effect of Course Level (F(2, 46) = 3.224, p = .049, 

partial eta-squared = .123) and the interaction between Session and Course Level for /o/ was 

statistical, F(3.84, 88.31) = 5.229, p = .001, partial eta-squared = .185.  Referring back to the 

one-way Repeated Measures ANOVAs for /o/ conducted for each course level, the results 

revealed that the Intro II group produced /o/ vowels with statistically different durations over 

time (F(1.79, 21.44) = 3.643, p = .048, partial eta-squared = .233), suggesting that the Intro II 

group’s change over time may have been largely responsible for the main effect of Course Level 

and the interaction between Session and Course Level in the 3 x 3 Repeated Measures ANOVA. 

As seen in Figure 34, the Advanced II learners’ mean duration /o/ was much closer to the 

Bilingual mean durations at Session 1 than the Intro II learners’ mean duration was.  While the 

Advanced II learners’ mean duration stayed fairly stable over the sessions, the Intro II learners 

decreased their mean duration precipitously from Session 1 to Session 2, but then rebounded to 

have /o/ vowels at Session 3 with nearly the same mean duration as observed in Session 1. 
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Figure 33.  Interaction plot of mean duration (ms) of stressed /e/ by course level over time. 

Figure 34.  Interaction plot of mean duration (ms) of stressed /o/ by course level over time. 
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Mean dispersion of F1 Bark values.  With regard to the mean dispersion of F1 Bark 

values for /e/ (Table 41), both learner groups started with larger dispersions of F1 Bark values 

than the Bilingual group, but were fairly similar to each other in their mean dispersions at 

Session 1.  However, while the Intro II group decreased slightly at Session 2, they increased their 

mean dispersion substantially at Session 3.  The Advanced II group made steady decreases in 

their mean dispersion of F1 Bark values for /e/ over time and at Session 3, actually had a mean 

dispersion of F1 Bark values identical to the Bilingual mean dispersion of F1 Bark values, 

indicating similar precision in the production of F1 Bark values as the Bilingual group, even 

though the Advanced II group’s mean F1 Bark value for /e/ was higher than the Bilingual 

group’s mean F1 Bark value. 

For the /o/ vowels, however, the pattern was quite different over time.  As seen in Table 

41, at Session 1, the Intro II group’s mean dispersion of F1 Bark values was much larger than 

that observed in the Bilingual group.  At Session 2, the Intro II group reduced their mean range 

of values precipitously, actually below the Bilingual mean dispersion, but then at Session 3 had a 

much larger mean dispersion of F1 Bark values for /o/, indicating much more variability in their 

production.  The Advanced II group had a consistently smaller mean duration of F1 Bark values 

for /o/, smaller in fact than the Bilingual group, and exhibited little change from Session 1 to 

Session 3, except a small increase at Session 2.  This finding suggests that the Advanced II 

learners were consistently producing their F1 Bark values within a certain, smaller range of 

values, and taken with the finding of the more stable mean F1 Bark values for /o/ (described in 

an earlier section), suggests that Advanced II learners perhaps were fairly fixed in their 

production of the F1 Bark values of /o/ vowels. 
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Table 41. 

Mean dispersion of F1 Bark values for stressed /e/ and /o/ vowels by course level and session. 

 
Course Session Dispersion of F1 values  

(Bark units) of /e/ 

Dispersion of F1 values  

(Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 1.15 (.69) 0.37 2.89 1.28 (.79) 0.40 3.29 

2) 1.11 (.43) 0.57 1.88 0.70 (.39) 0.30 1.70 

3) 1.34 (1.13) 0.37 4.68 1.61 (1.70) 0.45 5.81 

Adv. II 

(N = 31) 

1) 1.12 (.52) 0.27 2.50 0.79 (.64) 0.27 3.89 

2) 1.10 (.58) 0.41 3.05 0.89 (.99) 0.29 5.87 

3) 0.92 (.36) 0.40 1.77 0.77 (.59) 0.31 3.56 

Bil. 

(N = 5) 

 0.92 (.51) 0.53 1.80 0.99 (.45) 0.53 1.73 

 

Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean dispersion of F1 Bark values 

of /e/ and /o/ at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, 

while the mean Dispersion of F1 Bark values for each session were entered as Dependent 

Variables. 

As reported in Table 42, the multivariate ANOVA for /e/ vowels revealed that the Course 

Level groups were not statistically different from each other for their mean dispersions of F1 

Bark values at Session 1, 2, or 3. 

The multivariate ANOVA for /o/ vowels revealed that the Course Level groups were not 

statistically different from each other for their dispersions of F1 Bark values at Session 1 or 

Session 2, but were statistically different from each other at Session 3 (F(2, 46) = 3.213, p = 

.049, partial eta-squared = .123).  Games-Howell post-hoc tests were used for pairwise 

comparisons since Levene’s Test of Equality of Error Variances revealed that the groups were 
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not homogeneous in their variance at Session 3 for mean dispersions of F1 Bark values (F(2, 46) 

= 6.305, p = .004).  However, despite the finding of a statistical difference between groups in the 

ANOVA, the pairwise comparisons revealed no statistical differences between any of the groups 

at Session 3. 

Table 42. 

Results of multivariate ANOVAs for mean dispersions of F1 Bark values for /e/ and /o/ by course 

level at each session. 

 
 Session 1 Session 2 Session 3 

 F2, 46 p 

value 

η2
p Post 

hoc 

F2, 

46 

p 

value 

η2
p Post 

hoc 

F2, 46 p 

value 

η2
p Post 

hoc 

Dispersion of 

F1 Bark 

values of /e/ 

.307 .737 .013 N/A .250 .780 .011 N/A 1.963 .152 .079 N/A 

Dispersion of 

F1 Bark 

values of /o/ 

2.510 .092 .098 N/A .329 .721 .014 N/A 3.213 .049* .123 No statistical 

differences 

between 

groups 

 

Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with Mean dispersion of F1 Bark values as 

the dependent variable and Session (with 3 levels) as the within-groups variable.  For the /e/ 

vowels, using the Greenhouse-Geisser correction, there was no main effect of Session for the 

Intro II group (F(1.44, 17.29) = .297, p = .676, partial eta-squared = .024) or for the Advanced II 

group (F(1.82, 54.58) = 2.130, p = .133, partial eta-squared = .066).  For the /o/ vowels, using 

the Greenhouse-Geisser correction, there was no main effect of Session for the Intro II group 

(F(1.52, 18.29) = 2.404, p = .128, partial eta-squared = .167) or for the Advanced II group 

(F(1.49, 44.73) = .439, p = .590, partial eta-squared = .014). 

Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 
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Repeated Measures ANOVAs with Mean dispersion of F1 Bark values as the dependent variable, 

Course Level as the between-groups variable and Session as the within-groups variable.   

Using the Greenhouse-Geisser correction, there was no main effect of Session, or of 

Course Level, nor was the interaction between Session and Course Level statistical for Mean 

dispersion of F1 Bark values for /e/ (F(3.79, 87.15) = .868, p = .482, partial eta-squared = .036), 

suggesting that the Course Level groups did not have statistically different trajectories in terms 

of how precise they became in their production of F1 Bark values for /e/.  The lack of a statistical 

is somewhat surprising though, since the interaction plot in Figure 35 shows very different 

trajectories for the two learner groups and even shows the Advanced II line crossing the 

Bilingual line.  It’s possible the lack of a statistical finding could be due to low power. 

Using the Greenhouse-Geisser correction for the /o/ vowels, there was no main effect of 

Session, or of Course Level, but the interaction between Session and Course Level for the Mean 

dispersion of F1 Bark values for /o/ was statistical (F(3.94, 90.56) = 2.577, p = .044, partial eta-

squared = .101).  Looking back at the course-level one-way Repeated Measures ANOVAs for the 

mean dispersion of F1 Bark values for /o/, we see that neither the Intro II group nor the 

Advanced II group produced /o/ vowels with statistically different dispersions of F1 Bark values 

over time.  However, examination of the interaction plot in Figure 36 shows that the Intro II 

group shows a rather extreme trajectory, decreasing their mean dispersion of F1 Bark values for 

/o/ substantially from Session 1 to Session 2, then increasing their mean dispersion again at 

Session 3, while the other two groups are much more stable over time.  Likewise, referring back 

to the findings of the multivariate ANOVAs (See Table 42), it’s possible the interaction between 

Course Levels and Session was largely due to the statistical difference observed between groups 

at Session 3 for the mean dispersion of F1 Bark values of /o/. 
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Figure 35.  Interaction plot of mean dispersion of F1 Bark values for stressed /e/ by course level 

over time. 

Figure 36.  Interaction plot of mean dispersion of F1 Bark values for stressed /o/ by course level 

over time. 

 

Mean dispersion of F2 Bark values.  As seen in Table 43, for the mean dispersions of F2 

Bark values of /e/, the Bilinguals produced their /e/ vowels with a smaller dispersion of values 
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than either learner group.  However, both learner groups’ did show decreases in their mean 

dispersions over time, indicating that they produced their F2 Bark values with greater precision 

over time.  This is especially important for the Intro II group, which also, simultaneously moved 

closer to the Bilingual mean F2 Bark value for /e/ over time (discussed in an earlier section), 

indicating that they were hitting the target F2 values more accurately and more consistently over 

time. 

For the mean dispersions of F2 Bark values of /o/ (Table 43), few clear patterns emerge.  

The Bilinguals had a relatively large mean dispersion of F2 Bark values for /o/.  In fact, even at 

Session 1 both learner groups produced F2 values with a smaller mean dispersion than the 

Bilingual group.  The Intro II group then showed a slight decrease in mean dispersion at Session 

2, but then a sizeable increase in mean dispersion at Session 3.  In contrast, the Advanced II 

group increased their mean dispersion of values at Session 2, but then decreased at Session 3.  

Interestingly, for the mean dispersion of F2 Bark values, the learner groups actually tended to be 

more precise in their production than the Bilingual group. 
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Table 43. 

Mean dispersion of F2 Bark values for stressed /e/ and /o/ vowels by course level and session. 

 
Course Session Dispersion of F2 values  

(Bark units) of /e/ 

Dispersion of F2 values  

(Bark units) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 2.10 (1.45) 0.69 4.98 2.04 (1.67) 0.70 7.33 

2) 1.72 (1.21) 0.39 5.07 1.73 (0.85) 0.89 3.99 

3) 1.73 (1.28) 0.66 4.67 2.51 (1.97) 0.78 6.99 

Adv. II 

(N = 31) 

1) 2.02 (1.53) 0.28 5.25 1.74 (0.89) 0.73 5.23 

2) 1.75 (1.46) 0.45 6.39 1.91 (1.05) 0.97 6.29 

3) 1.82 (1.31) 0.61 5.45 1.80 (1.14) 0.75 7.51 

Bil. 

(N = 5) 

 1.56 (0.95) 0.76 3.16 2.29 (0.47) 1.79 2.98 

 

Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean dispersion of F2 Bark values 

of /e/ and /o/ at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, 

while the Mean dispersion of F2 Bark values of each vowel for each session were entered as 

Dependent Variables. 

 As reported in Table 44, the multivariate ANOVAs revealed that the Course Level groups 

were not statistically different from each other at Session 1, 2, or 3 for their mean dispersions of 

F2 Bark values for /e/ vowels.  The multivariate ANOVAs also revealed that the Course Level 

groups were not statistically different from each other for their mean dispersions of F2 Bark 

values at Sessions 1, 2, or 3 for /o/ vowels. 
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Table 44. 

Results of multivariate ANOVAs for mean dispersions of F2 Bark values for /e/ and /o/ by course 

level at each session. 

 
 Session 1 Session 2 Session 3 

 F2, 

46 

p 

value 

η2
p Post 

hoc 

F2, 

46 

p 

value 

η2
p Post 

hoc 

F2, 46 p 

value 

η2
p Post 

hoc 

Dispersion of F2 Bark 

values of /e/ 

.254 .777 .011 N/A .041 .959 .002 N/A .096 .909 .004 N/A 

Dispersion of F2 Bark 

values of /o/ 

.722 .491 .030 N/A .615 .545 .026 N/A 1.314 .279 .054 N/A 

 

Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with Mean dispersion of F2 Bark values as 

the dependent variable and Session (with 3 levels) as the within-groups variable.  For the /e/ 

vowels, using the Greenhouse-Geisser correction, there was no main effect of Session for the 

Intro II group (F(1.39, 16.67) = .439, p = .581, partial eta-squared = .035) or the Advanced II 

group (F(1.93, 57.85) = .499, p = .603, partial eta-squared = .016).  For the /o/ vowels, using the 

Greenhouse-Geisser correction, there was no main effect of Session for the Intro II group 

(F(1.77, 21.25) = 1.020, p = .376, partial eta-squared = .078) or for the Advanced II group 

(F(1.43, 42.83) = .360, p = .628, partial eta-squared = .012). 

Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 

Repeated Measures ANOVAs with Mean dispersion of F2 Bark values as the dependent variable, 

Course Level as the between-groups variable and Session as the within-groups variable.   

Using the Greenhouse-Geisser correction for the /e/ vowels, there was no main effect of 

Session, or of Course Level, nor was the interaction between Session and Course Level statistical 

for Mean dispersion of F2 Bark values for /e/, F(3.63, 83.49) = .080, p = .984, partial eta-squared 
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= .003.  As seen in Figure 37, although the two learner groups’ lines do cross, they follow 

relatively similar trajectories from Session 1 to Session 2 to Session 3. 

For the /o/ vowels, using the Greenhouse-Geisser correction, there was no main effect of 

Session, or of Course Level, nor was the interaction between Session and Course Level statistical 

for the mean dispersion of F2 Bark values for /o/ vowels, F(3.78, 87.00) = .967, p = .426. partial 

eta-squared = .040.  This finding of a non-statistical difference is surprising given that the 

interaction plot (Figure 38) shows the Intro II group’s trajectory crossing the Advanced II 

group’s trajectory twice and the Bilingual group’s trajectory once, suggesting that perhaps the 

statistical power was not high enough to detect a statistical difference between groups. 

Figure 37.  Interaction plot of mean dispersion of F2 Bark values for stressed /e/ by course level 

over time. 
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Figure 38.  Interaction plot of mean dispersion of F2 Bark values for stressed /o/ by course level 

over time. 

 

Mean dispersion of duration values.  With regard to the mean dispersion of duration 

values for /e/, few clear trends emerge over time.  In Table 45, one can observe that individuals 

in the Intro II group produced /e/ vowels with a larger dispersion of values than the Advanced II 

group at all sessions, but with only a slightly larger dispersion of values than the Bilingual 

group’s dispersion of values.  Little change in the mean dispersion values was observed over 

time for either learner group. 

With regard to the mean dispersion of duration values for /o/ (Table 45), the Bilinguals 

produced vowels with a generally smaller mean dispersion of duration values.  The Advanced II 

group was very comparable to the Bilingual group with regard to the mean dispersion of values, 

indicating similar levels of precision in their productions.  The Intro II group started with a much 

larger mean dispersion at Session 1, reduced their mean dispersion substantially at Session 2 and 

then increased the dispersion again somewhat at Session 3, again indicating more variability in 

their production of duration values for /o/. 
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Table 45. 

Mean dispersion of duration values for stressed /e/ and /o/ vowels by course level and session. 

 
Course Session Dispersion of duration  

values (ms) of /e/ 

Dispersion of duration 

values (ms) of /o/ 

  M (SD) Min Max M (SD) Min. Max. 

Intro II 

(N = 13) 

1) 77 (56) 29 210 117 (110) 32 373 

2) 73 (56) 33 252 51 (19) 29 96 

3) 86 (61) 35 239 74 (66) 36 271 

Adv. II 

(N = 31) 

1) 66 (21) 28 114 54 (16) 21 90 

2) 62 (22) 25 106 53 (16) 25 111 

3) 62 (22) 28 123 51 (12) 33 91 

Bil. 

(N = 5) 

 70 (31) 38 117 57 (10) 41 64 

 

Next, multivariate ANOVAs were run to compare the Course Level groups (Intro II, 

Advanced II, and Bilinguals) for statistical differences for the mean duration values of /e/ and /o/ 

at each Session.  For each ANOVA, Course Level was entered as the Fixed Factor, while the 

mean duration values for each session were entered as Dependent Variables. 

As reported in Table 46, the multivariate ANOVAs for /e/ vowels revealed that the 

Course Level groups were not statistically different from each other for their mean dispersions of 

duration values at Session 1, 2 or 3.  The multivariate ANOVAs for /o/ vowels revealed that the 

Course Level groups were statistically different from each other for their dispersions of Duration 

values at Session 1 (F(2, 46) = 5.734, p = .006, partial eta-squared = .200), but not at Session 2 or 

Session 3.  Levene’s Test of Equality of Error Variances revealed that the Course Level groups 

were not homogeneous in their variances at Session 1 (F(2, 46)  = 20.486, p < .0001), so Games-

Howell post-hoc tests were used for pairwise comparisons.  Despite the finding of a statistical 
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difference between groups in the ANOVA for dispersions of Duration values at Session 1, 

pairwise comparisons revealed no statistical differences between groups at Session 1. 

Table 46. 

Results of multivariate ANOVAs for mean dispersions of duration values for /e/ and /o/ by course 

level at each session. 

 
 Session 1 Session 2 Session 3 

 F2, 46 p 

value 

η2
p Post 

hoc 

F2, 

46 

p 

value 

η2
p Post 

hoc 

F2, 46 p 

value 

η2
p Post 

hoc 

Dispersion of 

duration values 

of /e/ 

.530 .592 .023 N/A .481 .621 .020 N/A 1.878 .164 .076 N/A 

Dispersion of 

duration values 

of /o/ 

5.734 .006* .200 No 

statistical 

differences 

between 

groups 

.210 .812 .009 N/A 1.813 .175 .073 N/A 

 

Next, to examine changes over time within the two learner groups, one-way Repeated 

Measures ANOVAs were run for each course level with Mean dispersion of duration values as 

the dependent variable and Session (with 3 levels) as the within-groups variable.  For the /e/ 

vowels, using the Greenhouse-Geisser correction, there was no main effect of Session for the 

Intro II group (F(1.54, 18.53) = .923, p = .391, partial eta-squared = .071) or the Advanced II 

group (F(1.93, 57.88) = .441, p = .638, partial eta-squared = .014).  For the /o/ vowels, using the 

Greenhouse-Geisser correction, there was a main effect of Session for the Intro II group (F(1.18, 

14.12) = 5.743, p = .027, partial eta-squared = .324), indicating that the Intro II group had 

statistically changed over the course of the sessions, but there was no main effect for the 

Advanced II group (F(1.91, 57.29) = .253, p = .767, partial eta-squared = .008). 

Finally, to test for statistical differences in development over time by Course Level (i.e., 

Session*Course Level interaction), mean scores for each vowel were submitted to 3 x 3 

Repeated Measures ANOVAs with Mean dispersion of duration values as the dependent 

variable, Course Level as the between-groups variable and Session as the within-groups variable.   
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Using the Greenhouse-Geisser correction for the /e/ vowels, there was no main effect of 

Session, or of Course Level, nor was the interaction between Session and Course Level statistical 

for Mean dispersion of duration values of /e/ vowels, F(3.63, 83.56) = .748, p = .550, partial eta-

squared = .031.  Although not statistically different, as confirmed by the Course Level groups’ 

lines not interacting over time in the interaction plot in Figure 39, the learner groups did seem to 

follow somewhat different trajectories from Session 1 to Session 3.  The Intro II group moved 

closer to the Bilingual group’s mean dispersion at Session 2 and then away from the Bilingual 

mean at Session 3, while the Advanced II group’s mean dispersion moved away at Session 2 and 

stayed stable at Session 3. 

For the Mean dispersion of duration values for /o/ vowels, the Greenhouse-Geisser 

correction revealed that there was a main effect of Session (F(1.27, 58.43) = 5.602, p = .015, 

partial eta-squared = .109), and of Course Level (F(2, 46) = 3.301, p = .046, partial eta-squared = 

.126), and the interaction between Session and Course Level was also statistical, F(2.54, 58.43) = 

6.843, p = .001, partial eta-squared = .229.  As seen in the interaction plot in Figure 40, this 

statistical finding seemed largely due to the large changes in the Intro II group’s mean 

dispersion, especially from Session 1 to 2.  This conclusion is also confirmed by the results from 

the one-way Repeated Measures ANOVAs, which showed that the Intro II group had statistically 

changed over time, but that the Advanced II group had not. 
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Figure 39.  Interaction plot of mean dispersion of duration values for stressed /e/ by course level 

over time. 

 

Figure 40.  Interaction plot of mean dispersion of duration values for stressed /o/ by course level 

over time. 
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Summary of results for production measures by course level and session.  As was 

observed with the overall results for the production measures by course level, the results for most 

of the analyses revealed relatively few statistical differences between groups or within groups at 

any point in time or over time.   

The analyses did reveal some statistical differences between groups at some specific 

points in time.  Namely, multivariate ANOVAs revealed that the Course Level groups were 

statistically different from each other for Duration of /o/ vowels and Mean dispersion of duration 

values of /o/ vowels at Session 1.  Yet, post-hoc tests for both of these multivariate ANOVAs 

revealed no statistical differences between the groups at Session 1 for either measure.  

Multivariate ANOVAS also revealed that the Course Level groups were statistically different 

from each other for Duration of /e/ vowels and Mean dispersion of F1 Bark values of /o/ vowels 

at Session 3.  In these cases, post-hoc tests again revealed no statistical differences between the 

groups for Mean dispersion of F1 Bark values of /o/ at Session 3.  However, post-hoc tests did 

find that regarding Duration of /e/ vowels, the Intro II group produced statistically longer 

duration /e/ vowels than the Bilingual group at Session 3. 

 In addition, Repeated Measures ANOVAs revealed within-groups differences, with a 

main effect of Session for the Mean dispersion of duration values for /o/ vowels, which was 

shown to be due to the Intro II group showing statistical differences in their performance across 

sessions.  The Repeated Measures ANOVAs also revealed some statistical between-groups 

differences with a main effect of Course Level for the Duration of /o/ vowels and the Mean 

dispersion of duration values for /o/ vowels, meaning that the groups were statistically different 

from each other over time.  Lastly, the Repeated Measures ANOVAs revealed significant 

Session*Course Level interactions for a few variables, meaning that the groups had statistically 
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different trajectories of performance over time.  Specifically, significant Session*Course Level 

interactions were found for the Duration of /o/ vowels, the Mean dispersion of F1 Bark values 

for /o/ vowels, and the Mean dispersion of duration values for /o/ vowels.  With regard to the 

Mean dispersion of F1 Bark values for /o/ vowels, since no main effects of Session or Course 

Level were found, the interaction seems to be largely due to the groups becoming less similar, as 

revealed by the between-group differences at Session 3 (revealed in earlier multivariate 

ANOVAs). 

Research Question Two: The role of IDs in the development of the production of the mid 

vowels over time by course level 

To address the second research question (Are individual differences and linguistic factors 

significantly related to L2 learners’ development of production of the Spanish mid vowels?), the 

researcher first reports the descriptive statistical data (mean, standard deviation, minimum, 

maximum) for each of the individual difference (ID) variables.  Then, a series of independent 

samples t-tests were run to test for between-group differences. 

Next, a series of multiple regressions were used to identify which of the individual 

difference variables may be predictors of the rates of growth or development in production for 

participants over the course of the semester.  Multiple regressions were run first with the entire 

learner participant sample and then, by course level to see if there was a differential role for 

individual differences in development of production by course level. 

Descriptive statistics: Individual differences variables. 

Proficiency level.  As can be seen in Figure 41 and Table 47, the Elicited Imitation Task 

provided good discrimination between learners, with a wide range of scores across both course 

levels.  An independent t-test was run to compare the Intro II and Advanced II groups in terms of 
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their proficiency level. Levene’s test for homogeneity of variance for this variable found the two 

Course Level groups to have equal levels of variance for proficiency level, F(1,42) = 3.82, p = 

.054, and for this reason, a t-test assuming homogeneous variances was calculated.  The results 

of this independent samples t-test found the two groups to be statistically different, t(42) = -

7.186, p < .0005, d = -2.374.  The large effect size in these results, coupled with visual inspection 

of the results in Figure 41, confirm that the participants in the two different course levels were at 

different stages of acquisition, with Intro II learners having a mean proficiency level more than 

two standard deviations lower than the mean proficiency level of the Advanced II learners.  

However, the results also indicate that individuals in both course levels exhibit a wide range of 

abilities and in fact, some overlap occurred between the proficiency scores of Intro II students 

and Advanced II students, with some Intro II learners scoring higher than their group mean score 

and even higher than a number of Advanced II learners.  These results suggest that institutional 

course levels may not be the most precise way to characterize participants, either for this study or 

in general, and that learners may be better analyzed according to a more objective measure of 

proficiency, such as the EIT, rather than solely by institutional course levels. 

Table 47.   

Summary item statistics for proficiency level. 

 

Measure Group Summary Item Statistics 

  M SD Min. Max. 

EIT (Proficiency) 

(Possible range = 0 – 120) 

All Learners (N = 44) 63.73 22.63 16.00 98.00 

Intro II (N = 13) 38.08 11.62 16.00 59.00 

Advanced II (N = 31) 74.48 16.59 39.00 98.00 
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Figure 41.  Proficiency level (EIT) by course level. 

 

Cognitive IDs.  The various measures of cognitive ability utilized in this study have been 

used extensively in prior experimental research in both psychology and SLA and are known to 

be valid and reliable tests.  Summary statistics for each of the measures of cognitive ability are 

provided below in Table 48. 
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Table 48. 

Summary item statistics for cognitive IDs. 

 

Measure Group Summary Item Statistics 

  M SD Min. Max. 

RSPAN (WMC) 

(Possible Range = 0 – 100) 

All Learners (N = 44) 81.02 11.77 48.89 100.00 

Intro II (N = 13) 81.32 9.46 56.39 95.00 

Advanced II (N = 31) 80.89 12.76 48.89 100.00 

      

SNWR Test (PSTM) 

(Possible Range = 0 – 100) 

All Learners (N = 44) 60.42 13.07 17.39 100.00 

Intro II (N = 13) 61.93 6.04 54.17 70.83 

Advanced II (N = 31) 59.79 15.13 17.39 100.00 

      

LLAMA D (L2 Aptitude) 

(Possible Range = 0 – 100) 

All Learners (N = 44) 24.32 13.71 0.00 45.00 

Intro II (N = 13) 27.31 12.18 10.00 45.00 

Advanced II (N = 31) 23.06 14.30 0.00 45.00 

      

LLAMA E (L2 Aptitude) 

(Possible Range = 0 – 100) 

All Learners (N = 44) 91.14 13.33 40.00 100.00 

Intro II (N = 13) 89.23 18.47 40.00 100.00 

Advanced II (N = 31) 91.94 10.78 70.00 100.00 

 

A series of independent samples t-tests were conducted with each of the cognitive IDs as 

test variables and Course Level as the grouping variable.  Levene’s test for homogeneity of 

variance found the two Course Level groups to have equal levels of variance for each of the 

cognitive IDs, thus, independent samples t-tests assuming homogeneous variances were 

calculated.  No statistical differences were found between the Intro II and Advanced II groups for 

any of the cognitive IDS: WMC, t(42) = 0.110, p = .913, d = 0.036; PSTM, t(42) = 0.491, p = 

.626, d = 0.162; LLAMA D, t(42) = 0.935, p = .355, d = 0.310; LLAMA E, t(42) = -0.609, p = 

.546, d = -0.202.  The small effect sizes for and visual inspection of the results in Figures 42 – 45 

confirm that the two learner groups did not statistically differ from each other for any of these 

cognitive IDs.  Overall, these two learner groups are interpreted to possess comparable cognitive 

resources. 
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 It is important to note though, that on the LLAMA E test, while the two groups 

performed with similar amounts of variance, all participants scored within a relatively small 

range of values and the test did not discriminate well between participants on this variable.  As 

illustrated in Figure 45 and indicated by the high mean scores overall (M = 91.14) and per group 

(Intro II, M = 89.23; Advanced II, M = 91.94), many participants performed at or near ceiling.  

In fact, thirty-five of the forty-four participants (79.5% of the sample) had scores of 90% or 

higher on this test.  Due to the LLAMA E’s lack of discrimination between learners’ abilities on 

this variable, this variable was not entered into the regression analysis. 

Figure 42.  Working memory capacity by course level. 
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Figure 43.  Phonological short-term memory (SNWR test) by course level. 
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Figure 44.  L2 Aptitude – Sound recognition (LLAMA D) by course level. 
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Figure 45.  L2 Aptitude – Sound-symbol association (LLAMA E) by course level. 

 

Motivation.  Lastly, the affective variable, motivation, was examined.  Summary item 

statistics of the composite scores as well as the three subtest scores are provided below in Table 

49 and presented visually in bar graphs in Figures 46 – 49. 

Independent samples t-tests were conducted first with the composite Motivation score, 

then with each of the motivation subtests, as test variables and Course Level as the grouping 

variable.  Levene’s test for homogeneity of variance found the two Course Level groups to have 

equal levels of variance for the composite Motivation score, as well as for each of the Motivation 

subcomponents, thus, independent samples t-tests assuming homogeneous variances were 

calculated.  The results of the test for the composite Motivation score found the two groups to be 
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statistically different, t(42) = -2.975, p = .004, d = -1.008.  The large effect size indicates that, in 

general, the Advanced II learners (M = 119.39) tended to have a higher overall Motivation score 

than the Intro II learners ((M = 103.15).  These results are not surprising, given that at this 

university students are only required to take a language through the Intermediate II level.  Thus, 

the Intro II learners may represent a more diverse group with regard to motivation with some 

students simply trying to meet their language requirement, while other students may have had 

greater interest and motivation to learn Spanish.  On the other hand, Advanced II learners had 

already met their language requirement and thus, most were taking the course because they had 

greater personal interest in and desire to learn the language.  Similar findings were revealed for 

two of the individual subtests as well, with the two learner groups found to be statistically 

different for L2 learning experience: t(42) = -2.034, p = .048, d = -0.673 and Ideal L2 Self: t(42) 

= -2.696, p = .010, d = -0.890.  Interestingly though, the two groups were not statistically 

different for the subcomponent of Ought-to L2 Self: t(42) = -1.735, p = .090, d = -0.574, despite 

a small to medium effect size.  On each of the subtests, the Advanced II learners scored higher 

than the Intro II learners, as summarized in Table 49, however, the difference between the two 

course levels’ scores on the Ought-to L2 self subcomponent was a little bit smaller than on the 

L2 learning experience subcomponent or the Ideal L2 self subcomponent. 
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Table 49.  

Summary item statistics for motivation (composite score and subtest scores). 

 

Measure Group Summary Item Statistics 

  M SD Min. Max. 

Motivation      

Composite score 

(Possible range = 30 – 180) 

 

All Learners (N = 44) 114.59 17.60 69.00 156.00 

Intro II (N = 13) 103.15 16.79 69.00 126.00 

Advanced II (N = 31) 119.39 15.83 77.00 156.00 

L2 Learning Experience 

(Possible range = 10 – 60) 

 

All Learners (N = 44) 43.73 7.82 24.00 59.00 

Intro II (N = 13) 40.15 7.66 29.00 50.00 

Advanced II (N = 31) 45.23 7.50 24.00 59.00 

Ideal L2 Self 

(Possible range = 10 – 60) 

 

All Learners (N = 44) 45.68 8.38 25.00 60.00 

Intro II (N = 13) 40.77 8.57 25.00 52.00 

Advanced II (N = 31) 47.74 7.51 33.00 60.00 

Ought-to L2 Self 

(Possible range = 10 – 60) 

 

All Learners (N = 44) 25.18 7.47 12.00 44.00 

Intro II (N = 13) 22.23 7.85 12.00 35.00 

Advanced II (N = 31) 26.42 7.07 14.00 44.00 
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Figure 46.  Motivation (Composite score) by course level. 
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Figure 47.  Motivation (L2 learning experience) by course level  
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Figure 48.  Motivation (Ideal L2 self) by course level. 
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Figure 49.  Motivation (Ought-to L2 self) by course level. 

 

Multiple regressions.  As a reminder, since target-like production for the F1 and F2 

formant values of the vowels is relative to the Bilingual mean F1 and F2 formant values, the F1 

and F2 formant values should be measured as the distance between the learner mean F1 and F2 

values and Bilingual mean F1 and F2 values, respectively.  Consequently, improvement for the 

F1 and F2 values was defined as the minimization of the distance between mean F1 and F2 

values for learner productions and mean F1 and F2 values for Bilingual productions.   

Prior to running the regression analyses, for each of the dependent variables a new 

variable was calculated, representing change over time, from Session 1 to Session 3.  For the 

formant values, the variables entered into the regression analyses for each vowel were (1) the 



289 

change in the distance between learner F1 values and bilingual mean F1 values from Session 1 to 

Session 3 and (2) the change in the distance between learner F2 values and bilingual mean F2 

values from Session 1 to Session 3.  Since it is possible for participants to produce values either 

above or below the Bilingual mean, improvement was calculated as the change in the absolute 

values of the distances above or below the Bilingual Mean from Session 1 to Session 3 so that a 

minimization in the distance from the Bilingual mean was reflected as a positive change.  For 

clarity, this formula is presented below:  

Improvement in Formant Values = |Distance from MeanBil at S1| -|Distance from MeanBil at S3| 

 As can be noted in the formula, rather than the typical calculation of a gain score as 

[MeanS3 – MeanS1], with the formant values, the gain score was calculated as [MeanS1 – MeanS3] 

so that a minimization in the distance from the Bilingual Mean, i.e., an improvement in 

performance, could be reflected as a positive change, while an increase in the distance from the 

Bilingual Mean, i.e., an decline in performance, was reflected as a negative change. 

With duration, although improvement in duration was calculated using raw duration values 

rather than the distance from the Bilingual Mean, the calculation of improvement in duration still 

required some slight manipulation in order to more effectively reflect improvement.  As with the 

formant values, smaller values are more “native-like”.  Thus, for duration, more “native-like” 

production is represented by shorter vowel durations, rather than longer vowel durations, and a 

larger decrease in duration would result in a greater amount of improvement.  Again, 

improvement was calculated by subtracting Duration at S3 from Duration at S1 so that a 

minimization in the duration, i.e., an improvement in performance, could be reflected as a 

positive change, while an increase in duration, i.e., a decline in performance, was reflected as a 

negative change.  For example, if a participant had a mean duration of 115 ms at S1 and a mean 
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duration of 85 ms at S3, the Amount of change in duration (or Performance for duration) from S1 

to S3 would be represented as 30 (i.e., an improvement or positive movement toward the 

bilingual baseline), instead of -30.  Likewise, if a participant had a mean duration of 115 ms at 

S1 and a mean duration of 125 ms at S3 (a decline in Performance, or negative movement away 

from the bilingual baseline), the change in duration would be represented as -10. 

Likewise, for the mean dispersions of each of the acoustic values, assuming that learners 

are producing formant values and duration values within the accepted range observed for 

Bilingual, smaller dispersion values are preferable, as they indicate that speakers are producing 

the vowels with greater consistency and precision instead of simply producing them with those 

formant values or duration values by chance.  Thus, for each of the mean dispersions of the 

acoustic values, development was calculated by subtracting Mean dispersion at S3 from Mean 

dispersion at S1, so that a decrease in mean dispersion from S1 to S3 was reflected as a positive 

amount of change (or improvement in performance), and larger decreases in mean dispersion 

could be reflected as greater amounts of change. 

Regressions with overall learner sample.  The following section reports the results of the 

multiple regressions examining the relationships between the independent variables and 

dependent variables for the overall learner sample, not divided by Course Level. 

Before reporting the results of these multiple regressions though, it is important to note 

any statistical relationships between the independent variables.  As seen in Table 50, correlations 

revealed that for all learners, WMC and PSTM were statistically correlated (r = .387, p = .005).  

While these correlations are important, the first result is unsurprising since phonological short-

term memory is posited to be a component of working memory (e.g., Baddeley, 2003).  

Additionally, Motivation and Proficiency Level were statistically correlated (r = .477, p = .001).  



291 

This finding is also not surprising, since learners with higher proficiency levels tended to be in 

the Advanced II course.  As the Advanced II Spanish course was an elective course, these 

learners inherently were more motivated to learn the language. 

Table 50. 

Correlation matrix of the ID variables for the overall learner sample. 

 

 Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Proficiency 

Level 

1.000     

WMC .051 1.000    

PSTM -.071 .387* 1.000   

LLAMA D -.130 -.011 .103 1.000  

Motivation 

(Composite) 

.477* .103 .067 -.016 1.000 

* The asterisk denotes that p < .05. 

Regressions for mean F1 Bark values with overall learner sample.  Standard multiple 

regressions were run to examine the role of the individual difference variables in the change in 

F1 Bark values for /e/ and for /o/.  As seen in Tables 51 and 52, all together the ID variables 

accounted for 22.9% of the variance observed for the change in F1 Bark values of /e/, but PSTM 

was the only statistical predictor variable in the model.  Statistical correlations were found 

between PSTM and the change in F1 Bark values for /e/, in terms of the distance from the 

Bilingual mean F1 Bark value for /e/ (r = -.263, p = .042), but was inversely correlated with 

development (Table 53).  That is, learners with lower PSTM scores showed greater movement 

towards the Bilingual mean F1 Bark value of /e/ over time. 

Table 51.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F1 Bark values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .479 .229 .128 .219 
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Table 52. 

Multiple regression analysis predicting change in distance from Bilingual mean for F1 Bark 

values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) .197 .316  .624 .536 

 Proficiency Level .002 .002 .225 1.365 .180 

 WMC -.006 .003 -.278 -

1.790 

.081 

 PSTM .008 .003 .421 2.689 .011* 

 LLAMA D -.004 .002 -.229 -

1.586 

.121 

 Motivation 

(Composite) 

-.002 .002 -.156 -.954 .346 

 

Table 53. 

Correlations between ID variables and change in distance from Bilingual mean for F1 Bark 

values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

F1 Bark 

value of /e/ 

Pearson’s r -.136 .117 -.263 .210 .045 

Significance  

(1-tailed) 

.189 .224 .042* .086 .385 

 

As reported in Tables 54 and 55, all together the ID variables accounted for 12.6% of the 

variance observed for the change in F1 Bark values of /o/, but none of the ID variables emerged 

as statistical predictors in the model.  However, statistical correlations were found between 

WMC and the change in F1 Bark values for /o/, in terms of the distance from the Bilingual mean 

F1 Bark value for /o/ (r = .300, p = .024) (See Table 56).  As learners’ WMC increased, they 

showed greater movement towards the Bilingual mean F1 Bark value of /o/ over time. 
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Table 54.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F1 Bark values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .355 .126 .011 .255 

 

Table 55. 

Multiple regression analysis predicting change in distance from Bilingual mean for F1 Bark 

values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) .728 .367  1.982 .055 

 Proficiency Level -.002 .002 -.142 -.811 .422 

 WMC -.006 .004 -.282 -1.705 .096 

 PSTM -.001 .003 -.045 -.268 .790 

 LLAMA D -.003 .003 -.154 -1.001 .323 

 Motivation 

(Composite) 

.001 .003 .048 .276 .784 

 

Table 56.   

Correlations between ID variables and change in distance from Bilingual mean for F1 Bark 

values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

F1 Bark 

value of /o/ 

Pearson’s r .110 .300 .156 .138 .049 

Significance  

(1-tailed) 

.238 .024* .155 .186 .375 

 

Regressions for mean F2 Bark values with overall learner sample.  Standard regressions 

were then run to examine the role of the individual difference variables in the change in F2 Bark 

values for /e/ and for /o/.  As reported in Tables 57 and 58, the ID variables accounted for 15.5% 

of the variance observed for the change in F2 Bark values of /e/, but only Proficiency Level 

emerged as a statistical predictor in the model.  As seen in Table 59, statistical correlations were 

found between Proficiency Level and the change in F2 Bark values for /e/, in terms of the 
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distance from the Bilingual mean F1 Bark value for /e/ (r = .284, p = .031), in terms of the 

distance from the Bilingual mean F2 value for /e/.  This shows that learners with a higher 

proficiency level showed greater movement towards the Bilingual mean F2 value of /e/ over 

time. 

Table 57.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F2 Bark values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .393 .155 .043 .336 

 

Table 58. 

Multiple regression analysis predicting change in distance from Bilingual mean for F2 Bark 

values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) -.224 .484  -.463 .646 

 Proficiency Level -.006 .003 -.388 -2.247 .031* 

 WMC .000 .005 .005 .032 .975 

 PSTM .000 .004 .004 .025 .980 

 LLAMA D .004 .004 .141 .930 .358 

 Motivation 

(Composite) 

.005 .003 .257 1.499 .142 

 

Table 59.   

Correlations between ID variables and change in distance from Bilingual mean for F2 Bark 

values of /e/ from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

/e/ F2 Bark 

value 

Pearson’s r .284 -.012 -.065 -.188 -.070 

Significance  

(1-tailed) 

.031* .470 .337 .111 .325 

 

As reported in Tables 60 and 61, the ID variables accounted for 11.7% of the variance 

variance observed for the change in F2 Bark values of /o/, but only PSTM emerged as a 
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statistical predictor of development in F2 Bark values for /o/.  As seen in Table 62, statistical 

correlations were found between PSTM and the change in F2 Bark values for /o/ (r = .312, p = 

.020).  This means that learners with higher PSTM showed greater movement towards the 

Bilingual mean F2 value of /o/ over time. 

Table 60.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F2 Bark values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .341 .117 .000 .523 

 

Table 61. 

Multiple regression analysis predicting change in distance from Bilingual mean for F2 Bark 

values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) 1.326 .752  1.763 .086 

 Proficiency Level .000 .004 .013 .072 .943 

 WMC -.006 .007 -.139 -.835 .409 

 PSTM -.010 .007 -.251 -1.495 .143 

 LLAMA D -.002 .006 -.050 -.323 .748 

 Motivation 

(Composite) 

-.001 .005 -.027 -.153 .879 

 

Table 62.   

Correlations between ID variables and change in distance from Bilingual mean for F2 Bark 

values of /o/ from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

/o/ F2 Bark 

value 

Pearson’s r -.017 .238 .312 .076 .051 

Significance  

(1-tailed) 

.456 .060 .020* .313 .371 

 

Regressions for mean duration values with overall learner sample.  Standard regressions 

were run to examine the role of the individual difference variables on the change in vowel 
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duration for /e/ and for /o/.  As seen in Tables 63 and 64, for /e/, the ID variables only accounted 

for 5.5% of the variance observed for the change in duration values of /e/, and none of the 

variables emerged as statistical predictors in the model.  Likewise, no statistical correlations 

were observed between the ID variables and chnge in vowel duration for /e/ (Table 65). 

Table 63. 

R2 results from multiple regression analysis predicting change in duration of /e/ from Session 1 

to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .235 .055 -.069 11.583 

 

Table 64. 

Multiple regression analysis predicting change in duration of /e/ from Session 1 to Session 3 for 

overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) 8.423 16.681  .505 .617 

 Proficiency Level .020 .090 .039 .216 .830 

 WMC .102 .164 .107 .623 .537 

 PSTM -.171 .149 -.200 -1.152 .257 

 LLAMA D -.064 .131 -.078 -.487 .629 

 Motivation 

(Composite) 

-.065 .115 -.103 -.567 .574 

 

Table 65.   

Correlations between ID variables and change in duration of /e/ from Session 1 to Session 3 for 

overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

/e/ Duration 

Pearson’s r .020 .022 -.176 -.103 -.085 

Significance  

(1-tailed) 

.448 .443 .127 .253 .292 

 

Similarly, as seen in Tables 66 and 67, the ID variables only accounted for 6.9% of of the 

variance observed for the change in duration values of /o/, and none of the variables emerged as 
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statistical predictors in the model.  Again, no statistical correlations were observed between the 

ID variables and change in vowel duration for /o/ (Table 68). 

Table 66. 

R2 results from multiple regression analysis predicting change in duration of /o/ from Session 1 

to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .263 .069 -.053 15.277 

 

Table 67. 

Multiple regression analysis predicting change in duration of /o/ from Session 1 to Session 3 for 

overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) 12.148 21.999  .552 .584 

 Proficiency Level -.134 .119 -.204 -1.127 .267 

 WMC -.015 .216 -.012 -.068 .946 

 PSTM .001 .196 .001 .007 .995 

 LLAMA D -.225 .173 -.207 -1.304 .200 

 Motivation 

(Composite) 

.025 .152 .030 .165 .870 

 

Table 68.   

Correlations between ID variables and change in duration of /o/ from Session 1 to Session 3 for 

overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

/o/ Duration 

Pearson’s r -.164 -.016 -.008 -.181 -.066 

Significance  

(1-tailed) 

.144 .458 .479 .120 .336 

 

Regressions for mean dispersions of F1 Bark values with overall learner sample.  Next, 

standard regressions were run to examine the role of the individual difference variables in the 

change in mean dispersions of F1 Bark values for /e/ and for /o/.  As seen in Tables 69 and 70, 

the ID variables only accounted for 4.2% of the variance observed for the change in mean 
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dispersion of F1 Bark values of /e/, and none of the individual difference variables emerged as 

statistical predictors for the change in mean dispersion of F1 Bark values for /e/.  Likewise, no 

statistical correlations were observed between the ID variables and change in mean dispersion of 

F1 Bark values for /e/ (Table 71). 

Table 69. 

R2 results from multiple regression analysis predicting change in mean dispersions of F1 Bark 

values for /e/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .204 .042 -.085 .923 

 

Table 70. 

Multiple regression analysis predicting change in in mean dispersions of F1 Bark values for /e/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) .016 1.329  .012 .991 

 Proficiency Level .009 .007 .226 1.231 .226 

 WMC -.001 .013 -.008 -.047 .963 

 PSTM .004 .012 .064 .364 .718 

 LLAMA D -.001 .010 -.020 -.126 .901 

 Motivation 

(Composite) 

-.006 .009 -.116 -.637 .528 

 

Table 71.   

Correlations between ID variables and change in mean dispersions of F1 Bark values for /e/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of F1 values 

for /e/ 

Pearson’s r .168 .016 .034 -.041 -.004 

Significance  

(1-tailed) 

.137 .458 .412 .395 .489 
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As seen in Tables 72 and 73, the ID variables accounted for 13% of the variance 

observed for the change in mean dispersion of F1 Bark values of /o/, but none of the individual 

difference variables emerged as statistical predictors for the change in mean dispersion of F1 

Bark values for /e/.  Likewise, no statistical correlations were observed between the ID variables 

and change in mean dispersion of F1 Bark values for /o/ (Table 74). 

Table 72.  

R2 results from multiple regression analysis predicting change in mean dispersions of F1 Bark 

values for /o/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .361 .130 .016 1.079 

 

Table 73. 

Multiple regression analysis predicting change in in mean dispersions of F1 Bark values for /o/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) -1.955 1.554  -1.257 .216 

 Proficiency Level .015 .008 .320 1.827 .076 

 WMC .007 .015 .076 .463 .646 

 PSTM .016 .014 .194 1.169 .250 

 LLAMA D .008 .012 .106 .688 .495 

 Motivation 

(Composite) 

-.008 .011 -.122 -.701 .488 

 

Table 74.   

Correlations between ID variables and change in mean dispersions of F1 Bark values for /o/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of F1 values 

for /o/ 

Pearson’s r .238 .154 .204 .085 .050 

Significance  

(1-tailed) 

.060 .158 .092 .291 .373 
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Regressions for mean dispersions of F2 Bark values with overall learner sample.  Next, 

standard regressions were run to examine the role of the individual difference variables in the 

change in mean dispersions of F2 Bark values for /e/ and for /o/.  As seen in Tables 75 and 76, 

the ID variables only accounted for 4.2% of the variance observed for change in mean dispersion 

of F2 Bark values of /e/, none of the ID variables were statistical predictors in the model.  

Likewise, no statistical correlations were observed between the ID variables and change in the 

mean dispersion of F2 Bark values for /e/ (Table 77). 

Table 75.  

R2 results from multiple regression analysis predicting change in mean dispersions of F2 Bark 

values for /e/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .205 .042 -.084 1.876 

 

Table 76. 

Multiple regression analysis predicting change in in mean dispersions of F2 Bark values for /e/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) -.035 2.701  -.013 .990 

 Proficiency Level -.006 .015 -.072 -.392 .697 

 WMC .006 .027 .037 .216 .830 

 PSTM .014 .024 .098 .562 .578 

 LLAMA D .012 .021 .093 .576 .568 

 Motivation 

(Composite) 

-.008 .019 -.079 -.433 .668 
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Table 77.   

Correlations between ID variables and change in mean dispersions of F2 Bark values for /e/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of F2 values 

for /e/ 

Pearson’s r -.127 .063 .122 .113 -.104 

Significance  

(1-tailed) 

.206 .343 .215 .232 .250 

 

As seen in Tables 78 and 79, the ID variables accounted for 29% of the variance 

observed for the change in mean dispersions of F2 Bark values for /o/, and PSTM emerged as a 

statistical predictor of development in the mean dispersion of F2 Bark values for /o/.  While only 

PSTM emerged as a statistical predictor in the model, both WMC and PSTM were statistically 

correlated with development in the mean dispersion of F2 Bark values for /o/ (Table 80).  WMC 

was positively correlated (r = .308, p = .021), as was PSTM (r = .410, p = .003), meaning that as 

participants’ scores on these measures increased, so too did their development, resulting in 

smaller dispersions of F2 Bark values for /o/ over time. 

Table 78.  

R2 results from multiple regression analysis predicting change in mean dispersions of F2 Bark 

values for /o/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .538 .290 .196 1.285 
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Table 79. 

Multiple regression analysis predicting change in in mean dispersions of F1 Bark values for /o/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) -4.842 1.850  -2.617 .013* 

 Proficiency Level .019 .010 .302 1.909 .064 

 WMC .021 .018 .170 1.141 .261 

 PSTM .039 .016 .354 2.352 .024* 

 LLAMA D .021 .015 .197 1.418 .164 

 Motivation 

(Composite) 

-.009 .013 -.116 -.742 .463 

 

Table 80.   

Correlations between ID variables and change in mean dispersions of F2 Bark values for /o/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of F2 values 

for /o/ 

Pearson’s r .204 .308 .410 .194 .066 

Significance  

(1-tailed) 

.092 .021* .003* .103 .336 

 

Regressions for mean dispersions of duration values with overall learner sample.  Lastly, 

standard regressions were run to examine the role of the individual difference variables in the 

change in mean dispersions of duration values for /e/ and for /o/.  As seen in Tables 81 and 82, 

the ID variables accounted for 12.7% of the variance observed for change in mean dispersions of 

duration values for /e/, but none of the ID variables emerged as statistical predictors in the 

model.  Likewise, none of the ID variables were statistically correlated with development of 

mean dispersions of duration values for /e/ (Table 83). 
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Table 81.  

R2 results from multiple regression analysis predicting change in mean dispersions of duration 

values for /e/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .356 .127 .012 25.055 

 

Table 82. 

Multiple regression analysis predicting change in in mean dispersions of duration for /e/ from 

Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) -8.394 36.080  -.233 .817 

 Proficiency Level .368 .195 .330 1.884 .067 

 WMC .379 .354 .177 1.071 .291 

 PSTM -.208 .321 -.108 -.648 .521 

 LLAMA D .223 .283 .121 .788 .435 

 Motivation 

(Composite) 

-.340 .249 -.238 -1.365 .180 

 

Table 83.   

Correlations between ID variables and change in mean dispersions of duration values for /e/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of duration 

values for 

/e/ 

Pearson’s r .218 .126 -.066 .069 -.071 

Significance  

(1-tailed) 

.078 .207 .334 .328 .324 

 

 As reported in Tables 84 and 85, the ID variables accounted for 14.1% of the variance 

observed for the change in mean dispersions of duration values for /o/, but none of the ID 

variables emerged as statistical predictors of development in the model.  However, statistical 

correlations were observed between Proficiency Level and change in mean dispersions of 
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duration values for /o/ (r = -.311, p = .020), with Proficiency level as a negative predictor of 

development.  This means that learners with lower proficiency levels exhibited greater 

development in their mean dispersions of duration values for /o/. 

Table 84.  

R2 results from multiple regression analysis predicting change in mean dispersions of duration 

values for /o/ from Session 1 to Session 3 for overall learner sample. 

 

Model R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 .376 .141 .028 37.408 

 

Table 85. 

Multiple regression analysis predicting change in mean dispersions of duration for /o/ from 

Session 1 to Session 3 for overall learner sample. 

 

  Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Variable B Standard 

error 

Beta t Significance 

1 (Constant) 108.971 53.870  2.023 .050* 

 Proficiency Level -.422 .292 -.251 -1.446 .156 

 WMC -.593 .529 -.184 -1.121 .270 

 PSTM .214 .480 .074 .446 .658 

 LLAMA D -.190 .423 -.069 -.450 .655 

 Motivation 

(Composite) 

-.244 .372 -.113 -.657 .515 

 

Table 86.   

Correlations between ID variables and change in mean dispersions of duration values for /o/ 

from Session 1 to Session 3 for overall learner sample. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in 

mean 

dispersion 

of duration 

values for 

/o/ 

Pearson’s r -.311 -.179 .006 -.024 -.246 

Significance  

(1-tailed) 

.020* .122 .485 .437 .054 
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Regressions by course level.  The following section reports the results of the regressions 

examining the relationships between the independent variables and dependent variables, with 

separate regressions run for each Course Level (Intro II and Advanced II), in order to examine 

the role that the ID variables may have at different stages of acquisition. 

 Before reporting the results of these regressions though, it is important to note any 

statistical relationships between the independent variables.  As seen in Table 87, correlations 

revealed that among the Intro II learners, PSTM and LLAMA D were statistically negatively 

correlated (r = -.682, p = .005) and Proficiency Level and WMC were almost statistically 

correlated and had a large effect size (r = .471, p = .052).  Among the Advanced II learners, 

similar correlations were revealed as were seen with the overall learner sample (See Table 88).  

Motivation was statistically correlated with Proficiency Level (r = .367, p = .021) and PSTM 

was statistically correlated with WMC (r = .471, p = .004). 

Table 87. 

Correlation matrix of the ID variables for the Intro II learner sample. 

 

 Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Proficiency 

Level 

1.000 .471 -.305 .175 -.057 

WMC  1.000 -.254 -.058 .234 

PSTM   1.000 -.682* .413 

LLAMA D    1.000 -.126 

Motivation 

(Composite) 

    1.000 

* The asterisk denotes that p < .05. 
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Table 88. 

Correlation matrix of the ID variables for the Advanced II learner sample. 

 

 Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Proficiency 

Level 

1.000 .017 .009 -.087 .367* 

WMC  1.000 .471* -.002 .089 

PSTM   1.000 .203 .067 

LLAMA D    1.000 .114 

Motivation 

(Composite) 

    1.000 

* The asterisk denotes that p < .05. 

Regressions for F1 Bark values by course level.  Standard regressions were next run by 

course level to examine the role of the individual difference variables in the change in F1 Bark 

values for /e/ and for /o/.  As seen in Table 89, the standard regression for /e/ found that the ID 

variables accounted for 13.5% of the variance among the Intro II learners, but 29% of the 

variance among the Advanced II learners.  As seen in Table 90, none of the ID variables 

emerged as statistical predictors of development in the model for the Intro II group, but PSTM 

was a statistical predictor of development for F1 Bark values for /e/ with the Advanced II group.  

As reported in Table 91, a statistical correlations was found between PSTM and development for 

F1 Bark values for /e/ with the Advanced II group (r = -.333, p = .034).  This means that 

Advanced II learners with lower PSTM scores showed greater movement towards the Bilingual 

mean F1 Bark value of /e/ over time. 

Table 89. 

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F1 Bark values of /e/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .367 .135 -.483 .302 

1 Advanced II .539 .290 .148 .211 
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Table 90. 

Multiple regression analysis predicting change in distance from Bilingual mean for F1 Bark 

values of /e/ from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 1.112 2.238  .497 .635 

Proficiency Level .003 .009 .145 .350 .737 

WMC -.006 .013 -.241 -.484 .643 

PSTM -.006 .027 -.155 -.235 .821 

LLAMA D -.008 .012 -.410 -.725 .492 

Motivation 

(Composite) 

-.001 .007 -.086 -.186 .858 

1 Advanced 

II 

(Constant) .310 .377  .823 .418 

Proficiency Level .001 .003 .037 .204 .840 

WMC -.007 .003 -.374 -1.940 .064 

PSTM .009 .003 .570 2.904 .008* 

LLAMA D -.004 .003 -.270 -1.533 .138 

Motivation 

(Composite) 

-.001 .003 -.103 -.558 .582 

 

Table 91.   

Correlations between ID variables and change in distance from Bilingual mean for F1 Bark 

values of /e/ from Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in F1 

Bark value of /e/  

(Intro II) 

(N = 13) 

Pearson’s r -.012 .130 -.106 .254 .164 

Significance  

(1-tailed) 

.484 .336 .366 .201 .297 

 

Change in F1 

Bark value of /e/ 

(Advanced II) 

(N = 31) 

Pearson’s r -.022 .114 -.333 .168 .115 

Significance  

(1-tailed) 

.454 .271 .034* .182 .269 

 

As seen in Tables 92 and 93, the regression for /o/ revealed that ID variables again 

accounted for much more of the variance in the Advanced II group than in the Intro II group for 

the development of the F1 Bark values for /o/, but only WMC emerged as a statistical predictor 
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of development of the F1 Bark values for /o/ and only for the Advanced II group.  As seen in 

Table 94, a statistical correlation was found in the Advanced II group between WMC and 

development of the F1 Bark values for /o/ (r = .448, p = .006), indicating that Advanced II 

learners with higher WMC demonstrated greater movement towards the Bilingual mean F1 Bark 

value for /o/ over time.  None of the ID factors were statistically correlated with development in 

the Intro II group. 

Table 92.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F1 Bark values of /o/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .415 .172 -.420 .337 

1 Advanced II .560 .314 .177 .224 

 

Table 93. 

Multiple regression analysis predicting change in distance from Bilingual mean for F1 Bark 

values of /o/ from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) -2.438 2.497  -.976 .361 

Proficiency Level .004 .010 .156 .384 .712 

WMC .009 .015 .296 .607 .563 

PSTM .031 .030 .664 1.025 .339 

LLAMA D .012 .013 .514 .928 .384 

Motivation 

(Composite) 

-.005 .008 -.317 -.696 .509 

1 Advanced II (Constant) .792 .400  1.978 .059 

Proficiency Level -.003 .003 -.191 -1.063 .298 

WMC -.009 .004 -.489 -2.578 .016* 

PSTM .001 .003 .060 .312 .758 

LLAMA D -.005 .003 -.314 -1.813 .082 

Motivation 

(Composite) 

.003 .003 .170 .939 .357 
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Table 94.  

Correlations between ID variables and change in distance from Bilingual mean for F1 Bark 

values of /o/ from Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in F1 

Bark value of /o/ 

(Intro II) 

(N = 13) 

Pearson’s r -.201 -.097 -.060 -.111 .047 

Significance  

(1-tailed) 

.255 .376 .422 .359 .440 

 

Change in F1 

Bark value of /o/ 

(Advanced II) 

(N = 31) 

Pearson’s r .109 .448 .224 .264 -.025 

Significance  

(1-tailed) 

.279 .006* .113 .075 .447 

 

Regressions for F2 Bark values by course level.  Next, standard regressions by course 

level were run to look at the role of the individual difference variables in development for the F2 

Bark values for each vowel.  As reported in Tables 95, with regard to the development of F2 

Bark values of /e/, the ID variables accounted for much more of the variance in the Intro II group 

than in the Advanced II group.  However, the regression for /e/ revealed that none of the ID 

variables emerged as statistical predictors in the model for either Course Level group (Table 96).  

Furthermore, as seen in Table 97, none of the ID variables were statistically correlated with 

development of F2 Bark values of /e/ for either course level group, although Motivation was 

nearly statistical and exhibited a fairly strong correlation with development of F2 Bark values of 

/e/ in the Intro II group (r  = -.465, p = .055). 

Table 95. 

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F2 Bark values of /e/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .570 .325 -.157 .432 

1 Advanced II .255 .065 -.122 .319 
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Table 96. 

Multiple regression analysis predicting change in distance from Bilingual mean for F2 Bark 

values of /e/ from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) -1.504 3.201  -.470 .653 

Proficiency Level .004 .013 .130 .354 .734 

WMC -.008 .019 -.189 -.429 .681 

PSTM .012 .039 .179 .307 .768 

LLAMA D .010 .016 .317 .634 .546 

Motivation 

(Composite) 

.012 .010 .483 1.175 .278 

1 Advanced 

II 

(Constant) -.158 .570  -.277 .784 

Proficiency Level -.004 .004 -.202 -.960 .346 

WMC .001 .005 .047 .210 .835 

PSTM -.001 .004 -.030 -.134 .895 

LLAMA D .003 .004 .125 .620 .541 

Motivation 

(Composite) 

.003 .004 .146 .693 .495 

 

Table 97.   

Correlations between ID variables and change in distance from Bilingual mean for F2 Bark 

values of /o/ from Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in F2 

Bark value of /e/  

(Intro II) 

(N = 13) 

Pearson’s r -.014 .079 -.171 -.168 -.465 

Significance  

(1-tailed) 

.481 .399 .289 .292 .055 

 

Change in F2 

Bark value of /e/ 

(Advanced II) 

(N = 31) 

Pearson’s r .158 -.042 -.025 -.153 -.089 

Significance  

(1-tailed) 

.198 .412 .446 .205 .318 

 

As reported in Table 98, the regression for /o/ found that the ID variables accounted for a 

considerable amount of the variance observed in both Course Level groups, but as with /e/, 

accounted for slightly more of the variance in the Intro II group.  However, as reported in Table 
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99, none of the ID variables emerged as statistical predictors of development of F2 Bark values 

for /o/ in the models for either Course Level.  At the same time though, as seen in Table 100, 

PSTM was statistically correlated with development of F2 Bark values in the Advanced II group 

(r = .370, p = .020), while none of the ID variables were statistically correlated with 

development in the Intro II group.  This regression found a positive relationship between PSTM 

and development of F2 Bark values in /o/ in the Advanced II group, meaning that learners with 

higher PSTM scores tended to exhibit greater development over the semester. 

Table 98.  

R2 results from multiple regression analysis predicting change in distance from Bilingual mean 

for F2 Bark values of /o/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .612 .375 -.072 .567 

1 Advanced II .448 .201 .041 .510 

 

Table 99. 

Multiple regression analysis predicting change in distance from Bilingual mean for F2 Bark 

values of /o/ from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) -2.789 4.194  -.665 .527 

Proficiency Level -.021 .017 -.440 -1.244 .254 

WMC .022 .025 .387 .915 .391 

PSTM .049 .051 .537 .953 .372 

LLAMA D .030 .022 .665 1.383 .209 

Motivation 

(Composite) 

-.019 .013 -.579 -1.465 .186 

1 Advanced 

II 

(Constant) .681 .912  .747 .462 

Proficiency Level .004 .006 .113 .583 .565 

WMC -.006 .008 -.157 -.768 .449 

PSTM -.009 .007 -.272 -1.307 .203 

LLAMA D -.006 .007 -.153 -.819 .421 

Motivation 

(Composite) 

.003 .006 .091 .463 .647 
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Table 100.   

Correlations between ID variables and change in F2 (Bark) distance from Bilingual mean for /o/ 

from Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in F2 

Bark value of /o/ 

(Intro II) 

(N = 13) 

Pearson’s r .272 .130 .120 -.273 .326 

Significance  

(1-tailed) 

.184 .336 .348 .184 .139 

 

Change in F2 

Bark value of /o/ 

(Advanced II) 

(N = 31) 

Pearson’s r -.155 .275 .370 .207 -.083 

Significance  

(1-tailed) 

.203 .067 .020* .132 .329 

 

Regressions for duration values by course level.  Standard regressions were then run to 

examine the role of the individual difference variables in development for the duration values for 

each vowel by course level.  As reported in Tables 101 and 102, the ID variables explained more 

of the observed variance in the development of duration for /e/ in the Intro II level than in the 

Advanced II level, however, none of the ID variables emerged as statistical predictors of 

development for /e/ at either course level.  Likewise, no statistical correlations were observed 

between the ID variables and development of duration for /e/ in either course level (Table 103). 

Table 101.  

R2 results from multiple regression analysis predicting change in duration values of /e/ from 

Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .338 .114 -.519 12.584 

1 Advanced II .287 .082 -.101 12.280 
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Table 102. 

Multiple regression analysis predicting change in duration values of /e/ from Session 1 to 

Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) -5.262 93.157  -.056 .957 

Proficiency Level -.311 .370 -.354 -.840 .429 

WMC .210 .544 .194 .386 .711 

PSTM .151 1.132 .090 .134 .897 

LLAMA D .100 .480 .119 .209 .841 

Motivation 

(Composite) 

-.145 .286 -.238 -.507 .628 

1 Advanced 

II 

(Constant) 8.990 21.941  .410 .685 

Proficiency Level .020 .147 .028 .134 .895 

WMC .164 .201 .179 .815 .423 

PSTM -.202 .173 -.262 -1.172 .252 

LLAMA D -.044 .164 -.054 -.270 .789 

Motivation 

(Composite) 

-.096 .155 -.130 -.620 .541 

 

Table 103.   

Correlations between ID variables and change in duration values for /e/ from Session 1 to 

Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in /e/ 

duration values 

(Intro II) 

(N = 13) 

Pearson’s r -.255 -.057 -.032 .015 -.151 

Significance  

(1-tailed) 

.200 .426 .459 .480 .312 

 

Change in /e/ 

duration values 

(Advanced II) 

(N = 31) 

Pearson’s r -.014 .045 -.197 -.125 -.127 

Significance  

(1-tailed) 

.470 .406 .144 .252 .247 

 

As reported in Tables 104 and 105, the ID variables explained much more of the 

observed variance in the development of duration for /o/ in the Intro II level than in the 

Advanced II level, yet again, none of the ID variables emerged as statistical predictors of 
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development for /o/ at either course level.  Likewise, no statistical correlations were observed 

between the ID variables and development of duration for /e/ in either course level (Table 106). 

Table 104.  

R2 results from multiple regression analysis predicting change in duration values for /o/ from 

Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .642 .413 -.007 22.083 

1 Advanced II .419 .175 .010 10.605 

 

Table 105. 

Multiple regression analysis predicting change in duration values for /o/ from Session 1 to 

Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 138.290 163.472  .846 .426 

Proficiency Level .692 .649 .365 1.066 .322 

WMC -1.779 .955 -.764 -1.862 .105 

PSTM -.690 1.987 -.189 -.347 .739 

LLAMA D -.794 .842 -.439 -.942 .377 

Motivation 

(Composite) 

.469 .502 .358 .934 .381 

1 Advanced 

II 

(Constant) -3.835 18.947  -.202 .841 

Proficiency Level -.036 .127 -.057 -.286 .777 

WMC .312 .174 .373 1.795 .085 

PSTM -.203 .149 -.288 -1.362 .185 

LLAMA D -.119 .141 -.160 -.843 .407 

Motivation 

(Composite) 

-.047 .134 -.070 -.352 .728 
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Table 106.   

Correlations between ID variables and change in duration values for /o/ from Session 1 to 

Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in /o/ 

duration values 

(Intro II) 

(N = 13) 

Pearson’s r -.034 -.435 .341 -.247 .135 

Significance  

(1-tailed) 

.456 .069 .127 .208 .330 

 

Change in /o/ 

duration values 

(Advanced II) 

(N = 31) 

Pearson’s r -.064 .231 -.150 -.222 -.095 

Significance  

(1-tailed) 

.366 .106 .210 .115 .306 

 

Regressions for mean dispersions of F1 Bark values by course level.  Standard 

regressions were next run by course level to examine the role of the individual difference 

variables in the change in mean dispersions of F1 Bark values for /e/ and for /o/.  As seen in 

Table 107, the standard regression for /e/ found that the ID variables accounted for much more of 

the variance observed in the Intro II level than the Advanced II level, but as seen in Table 108, 

none of the ID variables emerged as statistical predictors of development for either course level 

for the mean dispersion of F1 Bark values for /e/.  Likewise, no statistical correlations were 

observed between the ID variables and development for /e/ for either course level (Table 109). 

Table 107. 

R2 results from multiple regression analysis predicting change in mean dispersion of F1 Bark 

values for /e/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .508 .258 -.271 1.616 

1 Advanced II .334 .112 -.066 .523 
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Table 108. 

Multiple regression analysis predicting change in mean dispersion of F1 Bark values for /e/ from 

Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 11.067 11.966  .925 .386 

Proficiency Level .040 .048 .326 .846 .425 

WMC -.045 .070 -.295 -.641 .542 

PSTM -.133 .145 -.560 -.914 .391 

LLAMA D -.085 .062 -.721 -1.376 .211 

Motivation 

(Composite) 

.014 .037 .160 .371 .722 

1 Advanced 

II 

(Constant) .768 .934  .822 .419 

Proficiency Level -.001 .006 -.030 -.146 .885 

WMC -.002 .009 -.054 -.252 .803 

PSTM .004 .007 .110 .502 .620 

LLAMA D .009 .007 .243 1.233 .229 

Motivation 

(Composite) 

-.006 .007 -.194 -.939 .359 

 

Table 109.  

Correlations between ID variables and change in mean dispersion of F1 Bark values for /e/ from 

Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of F1 

values for /e/  

(Intro II)  

(N = 13) 

Pearson’s r .222 .079 -.027 -.284 -.068 

Significance  

(1-tailed) 

.233 .399 .465 .173 .412 

 

Change in mean 

dispersion of F1 

values for /e/ 

(Advanced II) 

(N = 31) 

Pearson’s r -.122 -.021 .121 .246 -.174 

Significance  

(1-tailed) 

.256 .456 .259 .091 .174 

 

As seen in Table 110, unlike /e/, the standard regression for /o/ found that the ID 

variables accounted for more of the observed variance in the Advanced II group for development 



317 

of the mean dispersion of F1 Bark values for /o/.  However, none of the ID variables emerged as 

statistical predictors of development in the models for either group (Table 111).  At the same 

time, while none of the ID variables were correlated with development for /o/ among the Intro II 

learners, several ID variables were statistically correlated with development in the Advanced II 

group (Table 112).  For the Advanced II group, WMC (r = .346, p = .028), PSTM (r = .342, p = 

.030), and LLAMA D (r = .330, p = .035) were all positively correlated with development for the 

mean dispersion of F1 Bark values of /o/.  These results indicate that as individuals’ scores on 

these measures increased, Advanced II learners tended to show greater development, that is, they 

moved towards a smaller mean dispersion of F1 Bark values of /o/ over time (i.e., greater 

precision). 

Table 110. 

R2 results from multiple regression analysis predicting change in mean dispersion of F1 Bark 

values for /o/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .447 .200 -.371 1.904 

1 Advanced II .559 .312 .175 .706 
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Table 111. 

Multiple regression analysis predicting change in mean dispersion of F1 Bark values for /o/ from 

Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 5.232 14.092  .371 .721 

Proficiency Level .064 .056 .461 1.152 .287 

WMC -.063 .082 -.369 -.770 .467 

PSTM -.033 .171 -.123 -.193 .852 

LLAMA D -.047 .073 -.356 -.654 .534 

Motivation 

(Composite) 

.005 .043 .049 .110 .916 

1 Advanced 

II 

(Constant) -2.406 1.261  -1.908 .068 

Proficiency Level .013 .008 .279 1.546 .135 

WMC .017 .012 .286 1.505 .145 

PSTM .007 .010 .145 .750 .460 

LLAMA D .019 .009 .341 1.969 .060 

Motivation 

(Composite) 

.007 .009 -.141 -.779 .443 

 

Table 112.   

Correlations between ID variables and change in mean dispersion of F1 Bark values for /o/ from 

Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of F1 

values for /o/  

(Intro II) 

(N = 13) 

Pearson’s r .259 -.089 .093 -.176 -.069 

Significance  

(1-tailed) 

.196 .387 .381 .282 .411 

 

Change in mean 

dispersion of F1 

values for /o/ 

(Advanced II) 

(N = 31) 

Pearson’s r .203 .346 .342 .330 .035 

Significance  

(1-tailed) 

.137 .028* .030* .035* .426 

 

Regressions for mean dispersions of F2 Bark values by course level.  Standard 

regressions were next run by course level to examine the role of the individual difference 
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variables in the change in mean dispersions of F2 Bark values for /e/ and for /o/.  As seen in 

Table 113, the standard regression for /e/ found that the ID variables explained a relatively small 

amount of the observed variance in development of mean dispersions of F2 Bark values for /e/ 

among both course level groups.  Likewise, as seen in Tables 114 and 115, none of the ID 

variables emerged as statistical predictors of development of the mean dispersions of F2 Bark 

values for /e/ in the model for either course level for, nor were they statistically correlated with 

development for either course level. 

Table 113. 

R2 results from multiple regression analysis predicting change in mean dispersion of F2 Bark 

values for /e/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .226 .051 -.627 2.646 

1 Advanced II .316 .100 -.080 1.777 

 

Table 114. 

Multiple regression analysis predicting change in mean dispersion of F2 Bark values for /e/ from 

Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 8.668 19.584  .443 .671 

Proficiency Level .025 .078 .142 .325 .755 

WMC -.070 .114 -.318 -.609 .562 

PSTM -.074 .238 -.216 -.312 .764 

LLAMA D -.033 .101 -.193 -.325 .755 

Motivation 

(Composite) 

.018 .060 .150 .308 .767 

1 Advanced 

II 

(Constant) .710 3.175  .224 .825 

Proficiency Level -.015 .021 -.144 -.698 .492 

WMC .016 .029 .119 .546 .590 

PSTM .009 .025 .075 .341 .736 

LLAMA D .018 .024 .150 .758 .456 

Motivation 

(Composite) 

-.014 .022 -.125 -.603 .552 
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Table 115.   

Correlations between ID variables and change in mean dispersion of F2 Bark values for /e/ from 

Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of F2 

values for /e/  

(Intro II) 

(N = 13) 

Pearson’s r .016 -.150 .014 -.021 .002 

Significance  

(1-tailed) 

.480 .312 .481 .473 .497 

 

Change in mean 

dispersion of F2 

values for /e/ 

(Advanced II) 

(N = 31) 

Pearson’s r -.200 .140 .152 .164 -.145 

Significance  

(1-tailed) 

.140 .226 .207 .190 .218 

 

As reported in Table 116, in contrast with the findings for the mean dispersion of F2 Bark 

values for /e/, the ID variables accounted for much more of the observed variance in the 

development of the mean dispersion of F2 Bark values for /o/, especially among the Advanced II 

learners.  Additionally, PSTM emerged as a statistical predictor of development in the model 

within the Advanced II group (Table 117), however, none of the ID variables emerged as 

statistical predictors of development within the Intro II group.  As seen in Table 118, while no 

statistical correlations were observed between the ID variables and development of the mean 

dispersion of F2 Bark values of /o/ in the Intro II group, a few statistical correlations were found 

with the Advanced II group.  Namely, both WMC (r = .434, p = .007) and PSTM (r = .557, p = 

.001) were statistically correlated with development for the mean dispersions of F2 Bark values 

of /o/ in the Advanced II group.  Both of these ID variables were positive predictors, indicating 

that as learners’ scores increased on these measures, they exhibited greater development (i.e., 

smaller dispersions over time) with regard to the mean dispersions of F2 Bark values of /o/. 
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Table 116. 

R2 results from multiple regression analysis predicting change in mean dispersion of F2 Bark 

values for /o/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .373 .139 -.475 1.929 

1 Advanced II .637 .406 .287 1.160 

 

Table 117. 

Multiple regression analysis predicting change in mean dispersion of F2 Bark values for /o/ from 

Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) .836 14.277  .059 .955 

Proficiency Level .056 .057 .411 .992 .354 

WMC -.033 .083 -.195 -.393 .706 

PSTM .000 .174 .001 .002 .998 

LLAMA D -.006 .074 -.042 -.075 .942 

Motivation 

(Composite) 

-.006 .044 -.067 -.145 .889 

1 Advanced 

II 

(Constant) -5.320 2.072  -2.567 .017* 

Proficiency Level .012 .014 .148 .884 .385 

WMC .027 .019 .250 1.414 .170 

PSTM .036 .016 .395 2.201 .037* 

LLAMA D .022 .015 .224 1.391 .176 

Motivation 

(Composite) 

-.004 .015 -.046 -.274 .786 
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Table 118.  

Correlations between ID variables and change in mean dispersion of F2 Bark values for /o/ from 

Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of F2 

values for /o/  

(Intro II) 

(N = 13) 

Pearson’s r .316 -.015 -.074 .049 -.130 

Significance  

(1-tailed) 

.147 .481 .406 .437 .336 

 

Change in mean 

dispersion of F2 

values for /o/ 

(Advanced II) 

(N = 31) 

Pearson’s r .119 .434 .557 .285 .082 

Significance  

(1-tailed) 

.262 .007* .001* .060 .330 

 

Regressions for mean dispersions of duration values by course level.  Finally, standard 

regressions were run by course level to examine the role of the individual difference variables in 

the change in mean dispersions of duration values for /e/ and for /o/.  As reported below, 

somewhat different patterns emerged for mean dispersions of duration values as were seen for 

mean dispersions of F1 and F2 Bark values.   

As seen in Table 119, while the standard regression for /e/ found that the ID variables 

accounted for very little of the observed variance in development in the Advanced II group, the 

ID variables accounted for a very large amount of the observed variance in the Intro II group.  

Yet, somewhat surprisingly none of the ID variables emerged as statistical predictors of 

development for mean dispersion of duration of /e/ in either course level group (Table 120).  

However, as seen in Table 121, PSTM was found to be statistically negatively correlated with 

development (r = -.633, p = .010) in the Intro II group, indicating that learners with lower PSTM 

scores exhibited greater development (i.e., smaller dispersions of duration values over time).  In 
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the Advanced II group, none of the ID variables were statistically correlated with development 

for /e/. 

Table 119. 

R2 results from multiple regression analysis predicting change in mean dispersion of duration 

values for /e/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .714 .510 .160 25.769 

1 Advanced II .210 .044 -.147 25.132 

 

Table 120. 

Multiple regression analysis predicting change in mean dispersion of duration values for /e/ 

from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 139.647 190.760  .732 .488 

Proficiency Level .404 .758 .167 .532 .611 

WMC .473 1.115 .159 .424 .684 

PSTM -3.208 2.319 -.689 -1.384 .209 

LLAMA D -.432 .983 -.187 -.440 .673 

Motivation 

(Composite) 

.080 .586 .048 .137 .895 

1 Advanced 

II 

(Constant) 25.451 44.903  .567 .576 

Proficiency Level .086 .300 .061 .286 .777 

WMC .049 .412 .027 .120 .906 

PSTM .073 .353 .047 .205 .839 

LLAMA D .078 .335 .048 .233 .817 

Motivation 

(Composite) 

-.325 .317 -.219 -1.026 .315 
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Table 121.   

Correlations between ID variables and change in mean dispersion of duration values for /e/ from 

Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of 

duration values 

for /e/  

(Intro II) 

(N = 13) 

Pearson’s r .416 .434 -.633 .297 -.185 

Significance  

(1-tailed) 

.079 .069 .010* .162 .272 

 

Change in mean 

dispersion of 

duration values 

for /e/ 

(Advanced II) 

(N = 31) 

Pearson’s r -.023 .030 .055 .027 -.186 

Significance  

(1-tailed) 

.451 .436 .385 .443 .158 

 

The standard regression for /o/ also revealed some surprising findings.  In both course 

level groups, the ID variables accounted for a large amount of the observed variance in 

development of mean dispersion of duration values for /o/ (Table 122).  Then, as reported in 

Table 123, Proficiency Level and LLAMA D emerged as statistical predictors of development in 

the model for the Advanced II group, but none of the ID variables were statistical predictors of 

development in the Intro II group.  Despite the lack of statistical predictors in the model for the 

Intro II group, WMC was statistically negatively correlated with development for the mean 

dispersion of duration values for /o/ (r = -.566, p = .022) for this group (Table 124).  At the 

Advanced II level, Proficiency level was statistically positively correlated with development (r = 

.374, p = .019), while LLAMA D was negatively correlated with development (r = -.522, p = 

.001) (Table 124). 
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Table 122. 

R2 results from multiple regression analysis predicting change in mean dispersion of duration 

values for /o/ from Session 1 to Session 3 by course level. 

 

Model Course 

Level 

R R2 Adjusted 

R2 

Standard error of 

the estimate 

1 Intro II .649 .421 .008 56.044 

1 Advanced II .643 .413 .295 13.958 

 

Table 123. 

Multiple regression analysis predicting change in mean dispersion of duration values for /o/ 

from Session 1 to Session 3 by course level. 

 

 Course 

Level 

 Unstandardized 

coefficients 

Standard 

coefficients 

  

Model Intro II Variable B Standard 

error 

Beta t Sig. 

1  (Constant) 33.475 414.873  .081 .938 

Proficiency Level .960 1.648 .198 .583 .578 

WMC -3.307 2.424 -.556 -1.364 .215 

PSTM 3.131 5.043 .336 .621 .554 

LLAMA D 1.639 2.138 .355 .767 .468 

Motivation 

(Composite) 

.036 1.274 .011 .029 .978 

1 Advanced 

II 

(Constant) 5.571 24.938  .223 .825 

Proficiency Level .394 .167 .393 2.362 .026* 

WMC .085 .229 .065 .370 .714 

PSTM -.133 .196 -.121 -.680 .503 

LLAMA D -.518 .186 -.445 -2.781 .010* 

Motivation 

(Composite) 

-.165 .176 -.157 -.937 .358 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



326 

Table 124.   

Correlations between ID variables and change in mean dispersion of duration values for /o/ 

from Session 1 to Session 3 by course level. 

 

  Proficiency 

Level 

WMC PSTM LLAMA D Motivation 

(Composite) 

Change in mean 

dispersion of 

duration values 

for /o/  

(Intro II) 

(N = 13) 

Pearson’s r -.104 -.566 .179 .191 -.036 

Significance  

(1-tailed) 

.367 .022* .279 .266 .453 

 

Change in mean 

dispersion of 

duration values 

for /o/ 

(Advanced II) 

(N = 31) 

Pearson’s r .374 .002 -.188 -.522 -.065 

Significance  

(1-tailed) 

.019* .497 .156 .001* .363 

 

Summary of the results 

 In this chapter, descriptive and inferential analyses and the results for each research 

question were presented.  Below, the researcher summarizes the main findings relevant to each 

research question. 

Research Question One: Development of the production of the mid vowels over time by 

course level 

 As a reminder the main research question and subquestion for Research Question One 

were What is L2 learners’ trajectory of development for the production of Spanish mid vowels? 

and How does L2 learners’ trajectory of development for the production of Spanish mid vowels 

differ for beginner and advanced learners?.  The results of the statistical analyses to answer 

these research questions did not provide many clear, easily interpretable patterns in terms of 

learners’ trajectories of development for the production of Spanish mid vowels. First, somewhat 

surprisingly, despite participants having very different levels of experience with the target 
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language, they did not tend to show statistical differences between groups on many of the 

acoustic measures of production, nor within groups differences over time.   

 Looking at the results overall across all sessions, the Course Level groups were only 

statistically different with regard to Duration of /o/ vowels, Mean dispersion of F1 Bark values 

for /o/ vowels, and Mean dispersion of duration for /o/ vowels. 

 Likewise, the results from each individual session showed between-groups differences 

for only a few acoustic measures, namely, Duration of /e/ vowels at Session 3, Duration of /o/ 

vowels at Session 1, Mean dispersion of F1 Bark values for /o/ vowels at Session 3, and Mean 

dispersion of duration values for /o/ vowels at Session 1.  The multivariate ANOVAs that found 

statistical differences between groups at Session 1, but not at Session 2 or Session 3 (i.e., 

Duration of /o/ vowels and Mean dispersion of duration values for /o/ vowels) suggest that 

learners may be becoming more similar to the Bilingual group over time.  At the same time, 

multivariate ANOVAs indicating statistical differences at Session 3, but not at Session 1 or 2 

suggest the opposite, that learners are not improving on these measures (i.e., Duration of /e/ 

vowels and Mean dispersion of F1 Bark values for /o/ vowels). 

 Looking at Course Level within-groups differences over time, statistical main effects of 

Session only emerged for the Intro II group for Duration of /o/ vowels and Mean dispersion of 

duration of /o/ vowels.  Additionally, for F2 Bark values of /e/, the result was not quite statistical 

(p = .051), yet a small, but notable effect of Session over time was observed within the Intro II 

group.  No statistical main effects of Session emerged for the Advanced II group. 

 Lastly, looking at within-groups and between-groups differences over time with 3 x 3 

Repeated Measures ANOVAs, statistical main effects and interactions were only found for 

Duration of /o/ vowels, Mean dispersion of F1 Bark values for /o/, and Mean dispersion of 
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duration for /o/ vowels.  Specifically, statistical within-groups differences (i.e., a main effect of 

Session) were only found for Mean dispersion of duration for /o/ vowels (due to the Intro II 

group’s trajectory) and statistical between-groups differences (i.e., a main effect of Course) were 

found for Duration for /o/ vowels and Mean dispersion of duration for /o/ vowels.  Statistical 

interactions between Session and Course Level were only found for Duration for /o/ vowels, 

Mean dispersion of F1 Bark values for /o/, and Mean dispersion of duration for /o/ vowels. 

The lack of statistical main effects and interactions results for the Repeated Measures 

ANOVAs of the other variables demonstrate that the Course Level groups did not behave 

statistically different from each other over time with regard to these variables for /e/ and /o/.   

In summary, to respond to RQ1, these results do not indicate any clear patterns in terms 

of learners’ trajectories, but do indicate that /o/ may be more problematic for learners and later-

acquired than /e/.  Likewise, the large number of statistical results related to vowel duration may 

indicate that this is an area of L2 phonological development that either is more problematic for 

learners than acquisition accurate F1 and F2 formant values, or is an area in which learners are 

able to make more substantial changes during the course a semester. 

Research Question Two: The role of IDs in the development of the production of the mid 

vowels over time by course level 

As a reminder the main research question for Research Question Two was Are individual 

differences and linguistic factors significantly related to L2 learners’ development of production 

of the Spanish mid vowels?, with the following sub-questions: If so, to what degree are they 

related to production at beginner levels of L2 Spanish? and If so, to what degree are they related 

to production at advanced levels of L2 Spanish? 
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In the regressions for the overall learner sample, most of the individual difference 

variables did not emerge as statistical predictors of development over time with the overall 

learner sample.  PSTM, WMC, and Proficiency level each did emerge as statistical predictors in 

a few regressions with the entire learner sample.  WMC consistently appeared as a positive 

predictor of development for F1 Bark values of /o/ and Mean dispersion of F2 Bark values of /o/.  

Interestingly though, PSTM and Proficiency level sometimes were positive predictors, but other 

times were negative predictors.  PSTM was a positive predictor of development for F2 Bark 

values of /o/ and Mean dispersion of F2 Bark values of /o/, while in other regressions it emerged 

as an inverse, or negative, predictor of development (for F1 Bark values of /e/).  Likewise, 

Proficiency level was a positive predictor of development for F2 Bark values of /e/, but was a 

negative predictor of development for Mean dispersion of duration values for /o/.  

 The regressions by course level revealed many of the same patterns as seen with the 

overall learner sample, although some new statistical correlations emerged that were not 

observed in the overall learner sample. In particular, LLAMA D appeared as a statistical 

predictor of development at the course level, even though it did not emerge as a statistical 

predictor of development with the overall learner sample.  Additionally, several ID variables 

correlated with development of the Mean dispersion of F1 Bark values of /o/ in the Advanced II 

group, yet when examining this performance variable with the overall learner sample, none of 

the ID variables were statistically correlated with development on this performance variable.  

Importantly, statistical correlations were predominantly found in the Advanced II group, 

suggesting that this group may have been driving many of the statistical correlations observed 

with the overall sample. 
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 More specifically, PSTM was found to be a positive predictor of development in the 

Advanced II group for F2 Bark values of /o/ and for Mean dispersion of F1 and F2 Bark values 

of /o/.  At the same time, PSTM was found to be a negative predictor of development for the F1 

Bark values of /e/ in the Advanced II group and a negative predictor of development for the 

Mean dispersion of duration values of /e/ in the Intro II group. 

 WMC was found to be a positive predictor of development in the Advanced II group for 

F1 Bark values of /o/ and for Mean dispersion of F1 and F2 Bark values of /o/.  At the same 

time, WMC was also found to be a negative predictor of development for the Mean dispersion of 

duration values of /o/ in the Intro II group. 

 With regard to Proficiency Level, unlike the finding for the overall learner sample that 

Proficiency Level was a negative predictor of development for the Mean dispersion of duration 

values for /o/, in the Advanced II group, Proficiency Level emerged as a positive predictor for 

the Mean dispersion of duration values for /o/.  

 Lastly, LLAMA D was a new predictor that emerged in the Course Level regressions at 

the Advanced II group.  In this Course Level group, LLAMA D was found to be a positive 

predictor for the Mean dispersion of F1 Bark values of /o/, but a negative predictor for the Mean 

dispersion of duration values of /o/. 

 As can be seen, since the ID variables often emerged as both positive and negative 

predictors, these results make it challenging to clearly answer Research Question 2 definitively.  

The results do seem to suggest a role for several of these ID variables in L2 phonological 

development of the Spanish mid vowels, both overall and at different stages of acquisition (i.e., 

Course Levels) but defining what exactly that role is remains less clear.  For the most part, the ID 

variables tended to be positive predictors at the Advanced II level, but negative predictors at the 
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Intro II level.  These results suggest both that these factors may play more of a role in 

phonological development at the Advanced II level than at the Intro II level, and additionally, 

may be more conducive to phonological development at later stages of acquisition, whereas they 

appear to perhaps be a hindrance to phonological development at earlier stages of acquisition. 

It is important to keep in mind though that the results related to Research Question One, 

regarding development of the acoustic measures revealed few differences between groups for the 

acoustic measures and little development over time for each of the learner groups.  Thus, the lack 

of clear patterns regarding the ID variables as statistical predictors of development is not that 

surprising.  It is possible that if clearer patterns of development had been observed for each of 

the acoustic measures, some of the relationships with the ID variables would have emerged more 

clearly. 
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CHAPTER FIVE: Discussion and Conclusions 

Overview 

This study aimed to examine the developmental trajectories of the production of mid 

vowels over the course of a semester and compare the trajectories of learners at earlier and later 

stages of acquisition.  This study was also interested in the role of cognitive and linguistic factors 

in learners’ development, in order to be able to account for individual variation in the shape and 

rate of growth over time. 

The previous chapter presented results of the analyses used to answer each of the two 

main research questions addressed in this analysis, as well as summaries of the findings.  The 

present chapter discusses the findings of this study in light of current empirical research related 

to the dependent and independent variables.  The researcher then draws conclusions based on the 

findings in this study.  Next, the researcher outlines the theoretical, pedagogical, and practical 

implications of this research.  Finally, limitations of the study are considered and areas for future 

research are identified. 

Research Question One: Development of the production of the mid vowels over time by 

course level 

 The first research question asked: What is L2 learners’ trajectory of development for the 

production of Spanish mid vowels? and How does L2 learners’ trajectory of development for the 

production of Spanish mid vowels differ for beginner and advanced learners? 

Over the course of the semester, learners showed mixed results regarding improvement of 

the stressed mid vowels over the course of the semester.  Surprisingly, unlike results observed in 

many other empirical studies (e.g., Cobb, 2009; Cobb & Simonet, 2015; Díaz & Simonet, 2015; 

Lansing, 2002; Menke & Face, 2010), the results of this study did not show statistical differences 
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between the Course Level groups on most of the acoustic measures.  In fact, when comparing the 

groups across all sessions, the groups were only statistically different overall for Mean duration 

of /o/, Mean dispersion of F1 Bark values of /o/, and Mean dispersion of duration values of /o/.  

When examining the individual sessions, course level differences are observed for all the same 

variables, with the addition of Mean duration of /e/.  As the Course Level groups are not 

statistically different for the other variables, and are found to be different mostly for variables 

related to /o/ vowels, these results suggest that perhaps /o/ is later acquired than /e/ by learners.  

The conclusion that /e/ may be earlier-acquired first matches a conclusion reached by Díaz and 

Simonet (2015), that accurate production of /e/ is acquired in initial stages of acquisition.  This 

conclusion is logical too, considering that /o/ is produced more posterior in the oral cavity, while 

/e/ is produced more anterior.  While articulatory representations of the Spanish vowel inventory 

show the vowels evenly distributed vertically and horizontally, acoustic data reveals that, in fact, 

the posterior vowels /o/ and /u/ are produced much closer together than the anterior and central 

vowels, /i/, /e/, and /a/.  Consequently, it may be easier to acquire anterior vowels simply because 

it may be easier to create a distinction in pronunciation since the vowels are further apart in the 

vowel space. 

 The results also demonstrate that the variable of duration was one on which learners were 

able to demonstrate improvement over the course of the semester.  The fact that variables related 

to duration were the variables for which there were statistical differences between groups, with 

the Bilingual group usually producing vowels with shorter duration than either learner group, 

suggests that vowel duration is a feature of L2 Spanish production that is persistently 

problematic for learners, even for learners at later stages of acquisition.   
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At the same time, when examining changes over the course of the semester, variables 

related to duration emerged as ones for which learners were statistically different over the course 

of the semester, while variables related to the formant values did not tend to exhibit much 

change.  These findings suggest that duration is a variable for which learners can make 

measurable, observable changes over the course of the semester.  In contrast, the changes in 

formant values may be smaller and more gradual and perhaps, for that reason, statistical changes 

over the course of the semester are not observed. 

Lastly, when examining change over time, statistical changes were observed over time 

for the Intro II learner group with regard to Mean duration of /o/ and Mean dispersion of duration 

of /o/, while changes were not observed for the Advanced II learner group.  These results suggest 

a possible developmental plateau among the Advanced II learners.  The results for the Intro II 

group may be evidence of Flege’s (1995) SLM, that Intro II learners are still establishing L2 

phonetic categories and adapting the features of existing L1 categories (e.g., formant boundaries 

and durational information), and thus, are exhibiting more noticeable change over the course of 

the semester.  In contrast, the Advanced II learners may have reached a plateau at which they 

have identified some phonetic differences between the vowels of English and Spanish and have 

made some modifications of their phonetic categories, but then maybe stopped, due to 

equivalence classification.  Consequently, until they receive sufficient L2 exposure to be able to 

further modify their phonetic categories enough to form separate L2 categories for Spanish /e/ 

and English /eɪ/ and for Spanish /o/ and /oʊ/, Advanced II learners will not exhibit more change 

in their production of the vowels. 

In general, the results demonstrated little change over time for most of the acoustic 

measures.  It is possible that learners already were within the range of values used by Bilingual 
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speakers to produce their mid vowels for most of the acoustic measures.  Another possibility is 

that for the formant values, change is slower and more gradual and that the investigation period 

simply was not long enough to observe any measurable change for these variables. 

Research Question Two: The role of IDs in the development of the production of the mid 

vowels over time by course level 

 The second research question asked: Are individual differences and linguistic factors 

significantly related to L2 learners’ development of production of the Spanish mid vowels? with 

the following sub-questions: If so, to what degree are they related to production at beginner 

levels of L2 Spanish? and If so, to what degree are they related to production at advanced levels 

of L2 Spanish? 

 This study is one of the first to explore the role of various individual difference variables 

in L2 phonological development.  The results from this study generally answer the first part of 

this question in the affirmative, since multiple individual differences were found to be predictive 

of and involved in L2 learners’ development of the production of the Spanish mid vowels.  

However, the specific answers to this RQ depend in large part on which ID variable is examined.  

In particular, the present study found that WMC, PSTM and Proficiency Level were predictive of 

development of the production of Spanish mid vowels, while L2 aptitude (as measured with 

LLAMA D and E) and Motivation were not predictive of development when examining the full 

learner sample.  Additionally, while L2 aptitude did not emerge as a predictor of development 

among the full learner sample, LLAMA D (sound recognition) did emerge as a predictor in 

Course Level analyses. 

 The following discussion will examine the results by each ID variable to provide a more 

detailed and specific discussion of the results. 
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L2 aptitude 

While L2 aptitude has been found to be a very important factor in language learning, 

especially L2 learning, its role in L2 phonological development has not been explored 

empirically.  Since L2 aptitude is a componential construct, the present study examined a few of 

its various components, namely sound recognition (measured with LLAMA D) and sound-

symbol association (measured with LLAMA E) in order to better understand how these 

components are related to specific aspects of language learning (e.g., Kormos, 2013), in this 

case, L2 phonological development.   

The results of this study were mixed regarding the role of L2 aptitude in L2 phonological 

development.  When examining the whole learner sample, LLAMA D and LLAMA E did not 

emerge as predictors of L2 phonological development, going against a very large body of 

research that has suggested a very important role for L2 aptitude in learning a second language 

(e.g., Sanz, 2005; Kormos, 2013). 

However, while LLAMA D did not emerge as a predictor of development with the 

overall learner sample, it did emerge as a predictor of development at the Course Level, but only 

for the Advanced II group.  Interestingly though, LLAMA D was a positive predictor of 

development when looking at the Mean dispersion of F1 Bark values of /o/, but was a negative 

predictor of development with regard to the Mean dispersion of duration of /o/.  This is unusual 

to find the same ID factor emerge as both a positive and negative predictor of development 

within the same learner group, but it suggests that perhaps this ID factor is interacting with other 

ID factors or linguistic factors. 
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Working memory capacity 

To the researcher’s knowledge, this is the first study to look at the role of WMC in L2 

phonological production.  Although the exact relationship is not clear, the results do suggest that 

WMC’s role in language learning is not limited to vocabulary learning and morphosyntactical 

aspects of language learning (e.g., see Martin, 2009; Martin & Ellis, 2012 for a review), but also 

seems to be involved in L2 phonological development. 

In line with a large body of research that has found a role for working memory capacity 

in L2 language learning (see Martin, 2009; Martin & Ellis, 2012; or Linck et al., 2013 for 

reviews), the present study also identifies a role for WMC in L2 phonological acquisition.  In 

particular, WMC mostly emerged as a positive predictor of development for several variables in 

both in the analyses the overall learner sample and in the Course Level analyses with the 

Advanced II group, but as a negative predictor of development with regard to the Mean 

dispersion of duration of /o/ for the Intro II group.   

The fact that most of the analyses that found WMC to be a statistical predictor of 

development also emerged with the same pattern for just the Advanced II group suggests that the 

Advanced II group was driving these findings.  It is also important to note that these findings are 

opposite those of Serafini and Sanz (2015), which found cognitive variables, including WMC, to 

be predictive of development at earlier stages of acquisition, but did not find these cognitive 

variables to be as important at later stages of acquisition.  In contrast, the present study found 

WMC to be predictive of development on several performance variables for the learners at a later 

stage of acquisition, but WMC mostly was not predictive of development at the Intro II level.  

This finding suggests that perhaps WMC’s role in language learning is more related to 
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morphology and syntax at earlier stages of acquisition, but that at later stages of acquisition, 

WMC begins to emerge as an important predictor of L2 phonological development. 

Phonological short-term memory 

 This study also found a role for PSTM in L2 phonological development, similar to 

findings in Cerviño-Povedano and Ortega Durán (2014).  However, in this study, PSTM 

appeared as both a positive and negative predictor of development (depending on the 

performance variable), both with the overall learner sample and with the Course Level analyses.  

The results of this study again do not provide as clear of a pattern for the role of PSTM in vowel 

production as that observed by Cerviño Povedano and Ortega Durán (2014).   

However, PSTM mostly emerged as a statistical predictor of L2 phonological 

development with the Advanced II learners.  Thus, as with WMC, these findings are opposite 

those observed in Serafini and Sanz (2015), but do suggest that cognitive variables have a role in 

L2 phonological development at later stages of acquisition. 

L2 motivation 

Motivation did not emerge as a statistical predictor of development for either the overall 

learner sample or for Course Level participant groups.  These findings are in line with several of 

the studies reviewed by Piske et al. (2001), who did not find motivation to be an important factor 

in L2 phonological development, as Piske et al’s (2001) conclusion that motivation may only be 

important for certain learner groups and at certain moments in the acquisition process, especially 

at the beginning of the acquisition process. 

L2 proficiency level 

Lastly, proficiency level was found to be a positive predictor of development for the F2 

values of /e/ vowels and a negative predictor of development for the Mean dispersion of duration 
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of /o/ vowels, when examining all of the learners together.  The first finding of a positive 

correlation seems to suggest that learners with higher proficiency levels are showing greater 

development on these measures, yet the second finding of a negative correlation, suggests the 

opposite.  However, when considering that Proficiency Level is a positive predictor of 

development for a measure of changes in formant values (Mean F2 Bark values of /e/), it may 

make more sense that learners may be better able to notice differences between English and 

Spanish formant frequencies and make larger changes over the course of the semester once they 

have achieved a certain level of proficiency.  That is to say, at a higher proficiency level, learners 

may have more cognitive resources available to dedicate to paying attention to some of the finer-

grained and less salient features of vowel production.   In contrast, duration is a more salient 

feature of vowel production and thus, learners may notice it more easily, even learners with 

lower proficiency levels, who would have fewer cognitive resources available to dedicate to the 

form of the words (i.e., the pronunciation) over the meaning of the words. 

However, the regressions run by Course Level looking at the role of proficiency level 

seem to contradict the findings found with all learners.  Looking at the Course Level regressions, 

proficiency level was not found to be a statistical predictor at all for the Intro II learners, yet was 

a positive predictor for Mean dispersion of duration of /o/ for the Advanced II group, suggesting 

that the learners were showing greater improvement in L2 phonological development of the 

vowels at later stages of acquisition. 

Summary conclusions of the study 

 In short, the present study demonstrates that L2 phonological development is a complex 

process which involves the interplay of many internal and external factors that can result in a lot 

of interlearner and intralearner variability over the course of a semester.  Consequently, it is 
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challenging to see a clear trajectory of development, as any number of factors may be interacting 

at a given moment in time.  At the same time, the results from this study do contribute to our 

knowledge of the L2 phonological acquisition process for vowels, and in particular, to the 

development observed for a less commonly studied language pair, i.e., native English speakers 

learning Spanish. 

 Additionally, it is clear that certain individual difference variables, such as WMC, PSTM, 

Proficiency Level, and L2 Aptitude are involved in L2 phonological development in some 

capacity.  Again, there appear to be complicated interactions between the ID factors, as well as 

with certain linguistic factors, that affect the trajectories of learners’ L2 phonological 

development. 

Implications 

Theoretical implications about L2 phonological acquisition 

The present study has some implications for theory with regard to both L2 phonological 

acquisition and individual differences research. 

1. L2 phonological development is not the same at different stages of acquisition.  

Although the results of this study still do not provide a completely crystal clear picture of 

L2 phonological development, this study did contribute to providing a somewhat more complete 

picture of the development of L2 phonological production by looking at learners at two different 

stages of acquisition and by examining their development over time and by trying to control for 

various linguistic factors.  With L2 phonological acquisition, many linguistic factors can 

influence the production of vowels (including rate of speech, presence of orthography, prosodic 

position, phonological context of preceding and following consonants, among others) in addition 

to ID factors.  While it is impossible to control for all of these factors and have an entirely clear 
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picture of the processes occurring in the development of L2 production, this study made an 

important contribution towards advancing this line of research and the field’s understanding of 

L2 phonological development. 

Despite these limitations of this study in terms of not being able to control all factors, the 

results seem to suggest that development is not the same for learners at different stages of 

acquisition.  With most of the measureable development being observed in the Advanced II 

level, it seems that perhaps learners are not “ready” to make big changes in their pronunciation at 

earlier stages of acquisition or they may find it cognitively overloading to try to focus on 

mastering both pronunciation, as well as vocabulary and morphosyntax.  More specifically, at 

earlier stages of learning, the benefits of being attentive to the fine distinctions in the 

pronunciation of Spanish versus English vowels are often outweighed by the benefits of focusing 

on vocabulary and morphosyntax, which tend to carry greater communicative weight.  

The results also seem to suggest that /e/ may be acquired at an earlier stage, while /o/ is 

acquired at a later stage.  With regard to /e/, it seems that learners tend to have it fairly well 

mastered early on and exhibit little change both over the course of the semester, as well as across 

course levels. 

2.  Individual difference factors do play a role in L2 phonological development, but may 

be more important at later stages of acquisition. 

 The present study did find an important role for individual difference variables in 

learners’ development of L2 phonology.  While some of the specific relationships need 

additional empirical research to clarify and refine the relationships of these IDs with L2 

phonological development, it is clear that they have an impact on L2 phonological development.  

However, unlike Serafini and Sanz (2015) that found cognitive variables to be most important at 
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earlier stages of acquisition, the present study found that these ID variables, especially PSTM 

and WMC, were more predictive of development for learners at later stages of acquisition.  

Consequently, it is possible that the role of these variables in language learning changes as 

learners advance in proficiency and move into more advanced stages of acquisition. 

 3. The mid vowel /e/ seems to be earlier acquired than /o/ among native English speakers 

learning Spanish, suggesting that learners do follow an order of acquisition for L2 vowels. 

This study contributed to our understanding of L2 phonological development of Spanish 

vowels and provided evidence that /e/ may be acquired earlier than /o/.  This corresponds with a 

conclusion made by Díaz and Simonet (2015) that accurate production of /e/ is acquired in initial 

stages of acquisition.  This conclusion is logical too, since /o/ is produced more posterior in a 

more crowded part of the acoustic vowel space, while /e/ is produced more anterior, where there 

is more acoustic distance between the vowels.  While articulatory representations of the Spanish 

vowel inventory show the vowels evenly distributed vertically and horizontally, acoustic data 

reveals that, in fact, the posterior vowels /o/ and /u/ are produced much closer together than the 

anterior and central vowels, /i/, /e/, and /a/.  Consequently, it may be easier to acquire anterior 

vowels simply because it may be easier to create a distinction in pronunciation since the vowels 

are further apart in the vowel space. 

 These findings contribute to L2 phonological theory by offering evidence for a sequence 

of acquisition of the vowels.  While more research is needed to support this claim, these initial 

findings are valuable to the field of L2 phonology.  

Practical implications for SLA research 

This study also has important practical implications for SLA research. 

1.  Researchers should use objective measures of proficiency level, rather than  
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institutional course levels, when grouping participants and running statistical tests.   

As Thomas (1994, 2006) argued, many empirical studies in SLA use a variety of different 

ways to define proficiency across groups, which often can have major discrepancies or can be 

difficult to compare across studies.  Institutional course levels can be difficult to compare across 

studies and furthermore, students exhibit wide variability in proficiency level even within the 

same course level.  As observed with the results from the Elicited Imitation Task in this study, 

learners at both course levels possessed a wide range of proficiency levels, and there was even 

overlap in Intro II and Advanced II students’ proficiency levels, despite being four semesters 

apart in the sequence of language classes.  Thus, in order to not confound course level and 

proficiency level, it is recommended that researchers utilize an objective global measure of 

proficiency, such as the Elicited Imitation task when grouping participants. 

 2.  Studies of L2 phonological development should incorporate measures of individual 

difference variables in order to be able to account for interlearner variability. 

 The present study found that several individual difference variables were statistically 

correlated with development on certain acoustic variables.  These variables could be useful in 

future studies for explaining variability across learners.  However, due to the fact that some of 

the results do not provide an entirely clear image of how these variables affect the developmental 

trajectories of learners, future research is needed to help clarify these relationships and 

interactions.  

Pedagogical implications for the classroom 

Lastly, this study also has important implications for the foreign language classroom. 

1.  Learners do show improvement in pronunciation over time, but there is a need for  

pronunciation instruction at all levels. 
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Many foreign language classrooms do not provide instruction on pronunciation, claiming 

a lack of classroom time or importance, or just assuming that learners will just pick it up as they 

progress and advance in courses (Lord & Fionda, 2014).  While to some degree, it is true that 

learners do pick up aspects of “native-like” pronunciation, even advanced learners still exhibit 

differences in their pronunciation as compared to Bilingual speakers, suggesting that learners 

may benefit from explicit pronunciation instruction.  Additionally, learners also seem to arrive at 

a stage in their acquisition at which they progress more slowly.  As observed in this study with 

duration of vowels, Advanced II learners started closer to the Bilingual baseline than Intro II 

learners at the beginning of the semester, but Advanced II learners also tended to show much less 

improvement than Intro II learners.  It may be that Advanced II learners have fossilized in their 

pronunciation without additional pronunciation instruction. 

While this study did not look at the effect of pronunciation instruction, the results suggest 

a couple possible conclusions regarding pronunciation instruction.  First, earlier stage learners 

seem to exhibit greater change, and perhaps, may be more receptive to pronunciation instruction 

than later stage learners.  Thus, instructors and language program directors should consider 

incorporating components of pronunciation instruction in beginner level courses.  Second, while 

later-stage learners seem to have made progress towards the bilingual baseline for some 

measures, relative to the earlier-stage learners, they also seemed to have fossilized and thus, may 

not be able to make further progress towards “native-like” pronunciation without explicit 

pronunciation instruction.  Thus, instructors and language program directors should also consider 

incorporating components of pronunciation instruction in advanced level courses when learners’ 

pronunciation may have fossilized or plateaued. 
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In particular, the findings of this study suggest a couple areas in which learners may 

benefit from pronunciation instruction.  First, vowel duration seems to be more problematic for 

learners than production of accurate formant frequencies, even at later stages of acquisition, 

suggesting that learners may need instruction in order to learn to produce the vowels with shorter 

duration.  Second, /o/ seems to be more problematic for learners than /e/, suggesting that it may 

be more difficult to acquire.  In part, this could be due to the fact that while Spanish has minimal 

pairs that contrast /e/ and /ei/, there are very few words in Spanish that contain /ou/, let alone 

minimal pairs that contrast /o/ and /ou/, making /o/ a more problematic sound to acquire and an 

area in which learners may benefit from explicit pronunciation instruction. 

 2.  Teachers should understand that learners vary in terms of their proficiency levels and 

cognitive abilities and use that knowledge to adapt their teaching style to learners. 

 As discussed before, in this study learners at both course levels possessed a wide range of 

proficiency levels, and there was even overlap in Intro II and Advanced II students’ proficiency 

levels, despite being four semesters apart in the sequence of language classes.  The wide range of 

scores holds true for WMC, PSTM, L2 Aptitude, and L2 Motivation as well.  Consequently, 

within a given classroom, there may be a lot of variability between learners and learners may 

have certain strengths and weaknesses that can affect their language learning.  

 By keeping in mind students’ individual differences and paying attention to the specific 

strengths and weaknesses of different learners, instructors can tailor their teaching methodology 

to better target students’ learning styles and better engage learners.  

Limitations of the study and directions for future research 

 The results presented and discussed here make valuable contributions to SLA theory, 

practice and pedagogy.  However, it is important to discuss the limitations of this study in order 



346 

to accurately contextualize and interpret the findings.  In this section, I briefly discuss some 

limitations of the present study and reflect upon how they might inform future investigations in 

this research domain. 

 The first limitation is the relatively short investigation period compared to other 

longitudinal studies (e.g., Nagle, 2015) that have collected data over several months or years 

(Ortega & Iberri-Shea, 2005).  As is, the first data collection session of the study was conducted 

slightly later in the semester than originally planned, resulting in a collection period of only three 

months, perhaps minimizing the degree of development that was observed for learners.   A 

longer investigation period would have allowed more time between the first session and the final 

session for development to occur.  Additionally, a longer investigation period with further waves 

of data collection would have permitted investigation into more complex growth trajectories 

(Singer & Willett, 2003). 

Second, although the researcher collected data about participants’ language history and 

attempted to control for certain aspects of participants’ language background, the strictest 

inclusion criteria would have eliminated a large number of participants and jeopardized statistical 

power in the analysis.  In particular, in this study many participants had experience studying 

other languages, which may have affected their pronunciation or, at a minimum, made them 

more aware of cross-linguistic differences in sound inventories or of certain features of Spanish 

vowel pronunciation.  If possible, future research should strive to better control for participants’ 

language history and use participants with less experience studying and learning other languages.   

Thirdly, this study had a fairly small sample size for the design of the study and the 

number of variables that were being investigated, especially for the Intro II group.  While the 

researcher did try to recruit extensively in several sections of Intro II and had a fairly low 
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attrition rate, due to inclusion criteria that tried to control the extent of learners’ linguistic 

experience with the target language and other non-English language, several learners had to be 

removed from the analysis.  Additionally, due to the number of tasks involved in the whole 

study, time limitations did restrict how many participants the researcher feasibly could meet 

with.  The small sample sizes could explain some of the non-statistical findings observed in 

several of the ANOVAs and the lack of statistical findings observed for several of the multiple 

regression analyses.  Future research should try to include larger sample sizes if possible or 

administer the background questionnaire in the very first session in order to identify participants 

who do not meet inclusion criteria earlier in the process.  

Furthermore, while the researcher attempted to use objective measures of ID variables, 

the motivation measure was still self-reported and thus, is a more subjective measure that is not 

directly observable by the researcher.  Furthermore, since motivation is a dynamic variable, 

future research might want to measure participants’ motivation at each of the data collection 

sessions in order to observe how changes in motivation may have correlated with production. 

Along the same lines, future research should also consider measuring proficiency level at 

the beginning and end of the semester to examine whether not only proficiency level at the start 

of the semester, but also changes in proficiency level over the course of the semester correlated 

with development among the vowels. 

There are also several considerations related to the specific production data analyzed in 

this dissertation.  Due to the large number of tokens per participant, tokens from only one 

production task (the Written Elicitation task) were coded for this analysis.  Of the three 

production tasks, this task elicited the most controlled form of speech.  This task is the 

production task on which learners are predicted to show the most improvement since they do not 
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need to divert a lot of cognitive resources to the task at hand, but rather are able to pay the most 

attention to their pronunciation.  However, at the same time, learners’ production on this task 

may not necessarily represent how are producing the vowels in a classroom or in conversations 

with native Spanish speakers when cognitive resources are drawn away from just paying 

attention to pronunciation, but instead must be used for comprehending input, conjugating verbs, 

retrieving vocabulary and constructing sentences. In the future, the researcher’s intent is to 

compare learners’ production on the other production tasks administered in this study. Likewise, 

future research should also investigate and compare learners’ production on tasks that elicit 

different types of speech in order to have a more representative example of their production in 

different contexts. 

Furthermore, the analysis in this dissertation only examined stressed vowels.  It’s 

possible that looking at unstressed vowels would have resulted in different findings.  In the 

future, the researcher’s intent is to also examine pre-tonic and post-tonic unstressed vowels and 

to compare them to the stressed vowels.  Likewise, future research should also consider the role 

of stress and prosodic position in learners’ L2 phonological development for vowels. 

Next, there are many ways in which vowels can be analyzed according to the specific 

aims of a particular investigation.  While this study looked at participants’ production in terms of 

F1 and F2 values at the midpoint of the vowel, other studies have measured the formants at 

different points in the vowel, have calculated the correspondences to tongue height and backness 

in different ways (e.g., Baker & Trofimovich, 2005; Counselman, 2015), have calculated a 

Euclidean measure of the vowels’ locations in the acoustic space (e.g., Cobb, 2009; Cobb & 

Simonet, 2015), or examined movement in the F1 and F2 over the course of the vowel (i.e., 

degree of diphthongization of the vowel) (e.g., Counselman, 2015).  The present analysis found 
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that these learners generally produced their vowels within the bilingual speaker range of F1 and 

F2 values, yet, when just listening to their productions during the coding process, the vowels 

often still did not sound “native-like.”  Thus, it’s possible that using a different measure of the 

formants, such as the degree of diphthongization, may better reflect the differences between 

learners’ vowel productions and bilingual speakers’ vowel productions.  Since native English 

speakers tend to exhibit greater degrees of diphthongization in longer vowels (e.g., Hualde, 

2005; Zsiga, 2013), and as seen in this study, the most reliable difference between learners and 

bilinguals was duration of the vowels, this line of investigation may be a particularly fruitful one. 

In addition, although the full study collected data on learners’ perception of vowels, the 

present analysis only examines learners’ production of the vowels.  As posited by Flege (1995) 

in the Speech Learning Model, perception and production are linked.  Thus, to better understand 

production, future research should attempt to look at both learners’ perception and production, 

ideally over time, in order to examine how the two processes are related and change over time. 

Lastly, future L2 perception and production research should also investigate less-studied 

language pairs and should conduct more studies that have both longitudinal and cross-sectional 

designs in order to help create a more complete picture L2 phonological development and further 

our understanding of the perception and production processes. 
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Appendix A. Language Background Questionnaire 
 

Language Background Questionnaire 

 

Welcome to the Language Background Questionnaire portion of this study and thank you for 

participating!  

 

This is a reminder that you have consented to participate in this research study about the 

development of Spanish as a foreign language. Please complete the following questionnaire so 

that we may learn about your previous experience with language learning. The questionnaire 

should take around 10-15 minutes of your time, and the information you provide is confidential. 

 

Please note that we need to collect your name and contact information to match your responses 

in this questionnaire to data from your other study sessions. However, only the researcher will 

have access to this information.  As much as possible, your Participant ID number will be used to 

identify you on all other tasks. 

 

If you have questions about the study, you may contact: 

Colleen Moorman at (919) 768-3508 or cmm69@georgetown.edu. 

 

You may also contact the Georgetown University IRB Office at 202-687-6553 (8:30am to 

5:00pm, Monday to Friday) if you have any questions about your rights as a research participant. 

 

If you have any questions for the researcher about the study before beginning, please ask them 

now.   

 

If all your questions have been answered and you consent to participate, please click below to 

continue to the questionnaire. Thank you very much for your participation! 

 

Confirmation of Participation 

  I agree to participate in this study. 

 

--------------------------------------------------------------------------------------------------------------------- 

Full Name: 

Email: 

Participant ID: __________ 

 

DEMOGRAPHIC INFORMATION 

 

1. Age: __________ 

2. Sex:  Male / Female 

3. Education: 

Please give your current or most recent educational level, even if you have not yet finished the 

degree. 

a. Freshman 

b. Sophomore 

c. Junior 
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d. Senior 

e.  Graduate School – Masters 

f.  Graduate School – Ph.D. / M.D. / J.D. 

g.  None of the above.  Please explain. _________________________________ 

 

4a.  Current Spanish Course: 

a.  SPAN-004 (Intro II) 

 b.  SPAN-104 (Advanced II) 

 c.  I am an instructor. 

4b.  Current Spanish Instructor: _________________________________ 

 

LANGUAGE HISTORY INFORMATION 

 

5.  Indicate your native language(s) and any other languages you have studied or learned, the age 

at which you started using each language in terms of listening, speaking, reading, and writing, 

and the total number of years you have spent using each language. 

 

**You may have learned a language, stopped using it, and then started using it again. Please give 

the total number of years. 

 

Language Listening 

(age) 

Speaking 

(age) 

Reading 

(age) 

Writing 

(age) 

Total Years of 

Use** 

      

      

      

      

      

 

6a.  Country of Residence: __________  

6b.  Country of Origin: __________ 

6c.  If your Country of Residence and your Country of Origin are different, then at what age did 

you first move to the country where you currently live? __________ 

 

7.  If you have lived or traveled in countries other than your country of residence or country of 

origin for more than two weeks, then indicate the name of the country, your length of stay, the 

language you used, and the frequency of your use of the language for each country. 
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Country Length of Stay Language(s) Frequency of Use of Language(s) 
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8.  Indicate the age at which you started using each of the languages you have studied or learned 

in the following environments. 

 

Language At 

home 

(age) 

With 

friends 

(age) 

At 

school 

(age) 

At 

work 

(age) 

Language 

software 

(age) 

Online 

games 

(age) 

Other 

(age) 

        

        

        

        

 

9.  Rate your language learning skill. In other words, how good do you feel you are at learning 

new languages, relative to your friends or other people you know? 

 

a.  Very Poor     b.  Poor     c.  Limited     d.  Average     e.  Good     f.  Very Good     g.  Excellent 

 

10.  Rate your current ability in terms of listening, speaking, reading, and writing in each of the 

languages you have studied or learned.  Write the name of each language that you have studied 

or learned in the left-hand column.  Then, check the column that corresponds to your ability for 

each skill in that language. 

 

Language 
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N
a
ti

v
e-

li
k

e
 

1.  

Listening        

Speaking        

Reading        

Writing        

 

2.  

Listening        

Speaking        
Reading        
Writing        

 

3.  

Listening        

Speaking        
Reading        
Writing        
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4.  

Listening        

Speaking        
Reading        
Writing        

 

11.  Rate the strength of your foreign accent for each of the languages you have studied or 

learned. Write the name of each language that you have studied or learned in the left-hand 

column.  Then select the column that corresponds to the strength of your foreign accent in that 

language.   

 

For example, if you believe that you sound like a native speaker or have just a slight, very weak 

foreign accent in your second language, select the column "None" or “Very Weak” on the left for 

your second language.  Or if you believe that there is a very strong influence of your native 

language on your accent in your second language, select the column "Very Strong" or "Extreme" 

on the left for your second language. 
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Language Strength of Foreign Accent 

        

        

        

        

        

 

 

LANGUAGE USE INFORMATION 

 

12.  Estimate how many hours per day you spend engaged in the following activities in each of 

the languages you have studied or learned. 

 
Language Watching 

television 

Listening 

to radio 

Reading for 

school/work 

Reading 

for 

pleasure 

Writing 

emails or 

texts to 

friends 

Writing for 

school/work 

Other 
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13.  Estimate how many hours per day you spend speaking with the following groups of people 

in each of the languages you have studied or learned. 

 

* Include significant others here if not included with family members (e.g., spouse). 

**Include anyone in the work environment in this category (e.g., if you are a teacher, include 

students as co-workers). 

 

Language Family 

members 

Friends* Classmates Coworkers** Other 

      

      

      

      

 

PHONETICS / LINGUISTICS TRAINING 

 

14a.  Have you taken any Linguistics courses?     Yes / No 

14b.  If yes, please indicate what courses you have taken. _______________________________ 

 

15a.  Have you taken any Phonetics courses?      Yes / No 

15b.  If yes, please indicate what courses you have taken. _______________________________ 

 

16a.  In your Spanish courses, have any of your professors talked about pronunciation or 

phonetics?          Yes / No 

16b.  If yes, please explain briefly what the professor(s) discussed. ________________________ 

 

MUSICAL ABILITY 

 

17a.  Do you currently play an instrument(s)?      Yes / No 

 17b.  If yes, for how long have you played an instrument(s)? _______________________ 

 

17c.  Have you previously played an instrument(s)?     Yes / No 

 17d.  If yes, for how long did you play an instrument(s)? __________________________ 

 

18a.  Are you currently a singer, for example in a choir group or a cappella group?  Yes / No 

 18b.  If yes, for how long have you been a singer? _______________________________ 

 

18c.  Have you previously been a singer?      Yes / No 

18d.  If yes, for how long were you a singer? _________________________________________ 

 

19a.  Does anyone in your family play an instrument?      Yes / No 

19b.  If yes, who? _______________________________________________________________ 

19c.  How long has this person or these people played an instrument? ______________________ 
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20a.  Is anyone in your family a singer?       Yes / No 

20b.  If yes, who? _______________________________________________________________ 

20c.  How long has this person or these people been a singer? ____________________________ 

 

ADDITIONAL INFORMATION 

21.  Use the comment box below to indicate any additional answers to any of the questions above 

that you feel better describe your language background or usage. 

 

22. Use the comment box below to provide any other information about your language 

background or usage. 
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Appendix B. Multiple Category Assimilation (MCA) Task 

 

I. Instructions: 

 

I. Part A:  Participants hear Spanish vowels and categorize the Spanish vowel heard 

according to English vowel categories.  NOTE: Participants are told that the vowels come from 

English to put them in an English mode, even though the words the speaker was told to use 

Spanish vowels for the stimuli. 

 

Part A Instructions: 

 

(Stressed and pre-tonic vowels) 

 

 
 

 
(Post-tonic vowels) 

beat	 bit	 bet	 bait	 bat	

bite	 robot	 bought	 book	 about	

boat	 boy	 but	 boot	 abuse	

None of these options.	

This word has the same FIRST vowel as the underlined vowel(s) 	
in the English word:	
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Part A Carrier Phrase: 

 

All stimuli words are presented in the phrase: Hear the word __________ and are read by 

a native English speaker with native-like proficiency in Spanish. 

 

(See below Part B for the stimuli words.) 

 

  

beat	 bit	 bet	 bait	 bat	

bite	 robot	 bought	 book	 about	

boat	 boy	 but	 boot	 abuse	

None of these options.	

This word has the same LAST vowel as the underlined vowel(s) 	
in the English word:	
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I. Part B: Participants hear Spanish vowels and categorize the Spanish vowel heard 

according to Spanish vowel categories.  NOTE: Participants are told that the vowels come from 

Spanish to put them in a Spanish mode. 

 

Part B Instructions: 

 

(Stressed and pre-tonic vowels) 

 

 
 

 
 

 

 

 

 

 

pasa	 pesa	 pisa	 posa	 pupusa	

Ninguna de estas opciones.	

This word has the same FIRST vowel as the underlined vowel 	
in the Spanish word:	
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(Post-tonic vowels) 

 

 
 

 
 

Part B Carrier Phrase: 

 

All stimuli words are presented in the phrase: Escucha la palabra __________ and are 

read by a native Spanish speaker with native-like proficiency in English. 

 

 

 

 

 

 

 

pasa	 pesa	 pisa	 posa	 pupusa	

Ninguna de estas opciones.	

This word has the same LAST vowel as the underlined vowel 	
in the Spanish word:	
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II. Stimuli: 

 

The same stimuli words are used in both Part A and Part B. 

 

Spanish 

vowel 

Stimuli (unstressed syllable – pre-tonic) 

/a/ /basaba/ /fasaba/ /lasaba/ /sasaba/ /kasaba/ 

/e/ /besaba/ /fesaba/ /lesaba/ /sesaba/ /kesaba/ 

/i/ /bisaba/ /fisaba/ /lisaba/ /sisaba/ /kisaba/ 

/o/ /bosaba/ /fosaba/ /losaba/ /sosaba/ /kosaba/ 

/u/ /busaba/ /fusaba/ /lusaba/ /susaba/ /kusaba/ 

 

Spanish 

vowel 

Stimuli (stressed syllable) 

/a/ /basa/ /fasa/ /lasa/ /sasa/ /kasa/ 

/e/ /besa/ /fesa/ /lesa/ /sesa/ /kesa/ 

/i/ /bisa/ /fisa/ /lisa/ /sisa/ /kisa/ 

/o/ /bosa/ /fosa/ /losa/ /sosa/ /kosa/ 

/u/ /busa/ /fusa/ /lusa/ /susa/ /kusa/ 

 

Spanish 

vowel 

Stimuli (unstressed syllable – post-tonic) 

/a/ /basaba/ /basafa/ /basala/ /basasa/ /basaka/ 

/e/ /basabe/ /basafe/ /basale/ /basase/ /basake/ 

/i/ /basabi/ /basafi/ /basali/ /basasi/ /basaki/ 

/o/ /basabo/ /basafo/ /basalo/ /basaso/ /basako/ 

/u/ /basabu/ /basafu/ /basalu/ /basasu/ /basaku/ 
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Appendix C. Naturalistic Identification Perception Task 

 

I. Vocabulary Training 

Before starting the Trials block, participants are first familiarized with the character names and 

the vocabulary used in the identification task.  They hear a recording of a character name, verb, 

or noun in Spanish and see a picture of the corresponding character or a corresponding picture of 

the vocabulary word at the same time.  The character name or vocabulary word is also written 

below the picture. 

 

 

  
 

After the Familiarization block, participants are quizzed on the character names and vocabulary.  

They see a picture of the character or vocabulary word and are given four options.  They must 

select the option that they believe is correct by pressing the appropriate key on the keyboard.  

Participants must answer all of the vocabulary words correctly before moving on to the Trials 

block. 
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II. Identification Task Trials 

After successfully completing the vocabulary training, participants move on to the Trials block.  

They hear a sentence consisting of a subject, a verb, and a direct object or a prepositional phrase. 

They also see a screen with four possible options. 

Each of the four options for each trial has a picture of a character and a picture representing 

EITHER a verb OR a direct object or prepositional phrase.  Two of the four options have the 

correct character name, while the other two have a distractor character.  Likewise, two of the 

options have the correct verb OR direct object or prepositional phrase, while the other two 

options have a distractor verb OR direct object or prepositional phrase. 

Half of the trials vary the verb as the distractor in the 4 options and half of the trials vary the 

direct object or prepositional phrase as the distractor in the 4 options. 

 

 
Bilope canta en la iglesia. 

 

 
  Bilope come el pastel. 
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There are a total of 140 trials in the Trials block.  There are 14 character names and 10 trials for 

each character.  Each trial for each character utilizes a different verb and a different direct object 

or prepositional phrase.  Included below are a table of the character names and a table of the 

verbs and associated direct objects or prepositional phrases. 

 

III.  Tables of Character Names and Vocabulary Words 

 

i. Character Names (Targets) 

Prosodic Position Names 

Pre-tonic Petica Peitica 

Stressed Mupeta Mupeita 

Post-tonic Bilope Bilopei 

Pre-tonic Potina Poutina 

Stressed Lupota Lupouta 

Post-tonic Fasipo Fasipou 

DISTRACTORS Paquito Paquita 

 

ii. Vocabulary in Identification Task 

Verb Direct Object Verb Prepositional 

Phrase 

Comer 

Comprar 

Preparar 

La galleta 

El pescado 

El pan 

El helado 

El pastel 

Correr 

Jugar 

 

En el parque 

En la montaña 

En el bosque 

En la playa 

En la plaza 

Limpiar 

Pintar 

El baño 

La cocina 

El dormitorio 

El comedor 

El despacho 

Dormir 

Cantar 

Leer 

 

En la clase 

En el teatro 

En la biblioteca 

En la iglesia 

En el estadio 

 

 

IV.  List Of Trials 

 

 Character Name Verb Direct Object/ Prepositional Phrase 

1 Petica Come La galleta 

2  Compra El pescado 

3  Prepara El pan 

4  Limpia El baño 

5  Pinta La cocina 

6  Corre En el parque 

7  Juega En la montaña 

8  Duerme En la clase 

9  Canta En el teatro 

10  Lee En la biblioteca 
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 Character Name Verb Direct Object/ Prepositional Phrase 

11 Peitica Come El helado 

12  Compra El pastel 

13  Prepara La galleta 

14  Limpia El dormitorio 

15  Pinta El comedor 

16  Corre En el bosque 

17  Juega En la playa 

18  Duerme En la iglesia 

19  Canta En el estadio 

20  Lee En la clase 

21 Mupeta Come El pescado 

22  Compra El pan 

23  Prepara El helado 

24  Limpia El despacho 

25  Pinta El baño 

26  Corre En la plaza 

27  Juega En el parque 

28  Duerme En el teatro 

29  Canta En la biblioteca 

30  Lee En la iglesia 

31 Mupeita Come El pastel 

32  Compra La galleta 

33  Prepara El pescado 

34  Limpia La cocina 

35  Pinta El dormitorio 

36  Corre En la montaña 

37  Juega En el bosque 

38  Duerme En el estadio 

39  Canta En la clase 

40  Lee En el teatro 

41 Bilope Come El pan 

42  Compra El helado 

43  Prepara El pastel 

44  Limpia El comedor 

45  Pinta El despacho 

46  Corre En la playa 

47  Juega En la plaza 

48  Duerme En la biblioteca 

49  Canta En la iglesia 

50  Lee En el estadio 
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 Character Name Verb Direct Object/ Prepositional Phrase 

51 Bilopei Come La galleta 

52  Compra El pescado 

53  Prepara El pan 

54  Limpia El baño 

55  Pinta La cocina 

56  Corre En el parque 

57  Juega En la montaña 

58  Duerme En la clase 

59  Canta En el teatro 

60  Lee En la biblioteca 

61 Potina Come El helado 

62  Compra El pastel 

63  Prepara La galleta 

64  Limpia El dormitorio 

65  Pinta El comedor 

66  Corre En el bosque 

67  Juega En la playa 

68  Duerme En la iglesia 

69  Canta En el estadio 

70  Lee En la clase 

71 Poutina Come El pescado 

72  Compra El pan 

73  Prepara El helado 

74  Limpia El despacho 

75  Pinta El baño 

76  Corre En la plaza 

77  Juega En el parque 

78  Duerme En el teatro 

79  Canta En la biblioteca 

80  Lee En la iglesia 

81 Lupota Come El pastel 

82  Compra La galleta 

83  Prepara El pescado 

84  Limpia La cocina 

85  Pinta El dormitorio 

86  Corre En la montaña 

87  Juega En el bosque 

88  Duerme En el estadio 

89  Canta En la clase 

90  Lee En el teatro 
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 Character Name Verb Direct Object/ Prepositional Phrase 

91 Lupouta Come El pan 

92  Compra El helado 

93  Prepara El pastel 

94  Limpia El comedor 

95  Pinta El despacho 

96  Corre En la playa 

97  Juega En la plaza 

98  Duerme En la biblioteca 

99  Canta En la iglesia 

100  Lee En el estadio 

101 Fasipo Come La galleta 

102  Compra El pescado 

103  Prepara El pan 

104  Limpia El baño 

105  Pinta La cocina 

106  Corre En el parque 

107  Juega En la montaña 

108  Duerme En la clase 

109  Canta En el teatro 

110  Lee En la biblioteca 

111 Fasipou Come El helado 

112  Compra El pastel 

113  Prepara La galleta 

114  Limpia El dormitorio 

115  Pinta El comedor 

116  Corre En el bosque 

117  Juega En la playa 

118  Duerme En la iglesia 

119  Canta En el estadio 

120  Lee En la clase 

121 Paquito (DISTRACTOR) Come El pescado 

122  Compra El pan 

123  Prepara El helado 

124  Limpia El despacho 

125  Pinta El baño 

126  Corre En la plaza 

127  Juega En el parque 

128  Duerme En el teatro 

129  Canta En la biblioteca 

130  Lee En la iglesia 
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 Character Name Verb Direct Object/ Prepositional Phrase 

131 Paquita (DISTRACTOR) Come El pastel 

132  Compra La galleta 

133  Prepara El pescado 

134  Limpia La cocina 

135  Pinta El dormitorio 

136  Corre En la montaña 

137  Juega En el bosque 

138  Duerme En el estadio 

139  Canta En la clase 

140  Lee En el teatro 

 

Practice Trials 

 Character Name Verb Direct Object/ Prepositional Phrase 

PT1 María Come El pan 

PT2 Mario Pinta El dormitorio 

PT3 María Come El helado 

PT4 Mario Canta En el estadio 
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Appendix D. Written Elicitation Production Task 

 

I. Instructions: 

 

   
 

   
 

PRACTICE WORDS: tranquilo, lenguaje, atravesar, carpeta 
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II. Stimuli (Pilot Study) 

 

Target Words: 

 

abeja conejo ligado paturro secuela 

alante desfile ligero pecado sedante 

amante dibujo llorica pelota sedero 

arenque erizo locura picante sedoso 

ballena escoba lujoso pinchante soplete 

bombero estofa maceta poroto tantito 

bonito fantoche melena portero tejado 

boruca filete mocoso potable ternero 

botones fracaso morado receta tesoro 

cantante funesto obrero rocoso tirano 

cartero galleta olote sabroso tobillo 

chantaje guanaco pagano salado toronja 

cobaya jugoso paloma seboso trapiche 

cocada lechuga pardillo secado triguero 

comprado levanta patudo secante  

 

Distractor Words: 

 

granuja palmita terluza tortuga 

machaca pasada tirilla visita 

ortiga pescata tirita  

 

 

III. Stimuli (Full Study) 

 

Target Words: 

 

besote deboque pebete sopese 

boceto deceso pecoso soquete 

boquete desecho pegote sosego 

cheposo fogoso popote topeto 

cogote gotoso seboso totopo 

copete gozoso sedoso  

 

Distractor Words: 

 

batida cususa gazuza pitufa 

casucha diputa patita tirita 

chapita disipa pasada  



370 

Appendix E. Text Read-Aloud Production Task (Pilot Study Text) 

 

Instructions: 

Read the following text aloud at a normal speed, speaking as naturally as possible, while also 

speaking clearly and using your best Spanish pronunciation. 

 

Excerpt from Mi caballo mago por Sabine Ulibarri  

 

Era blanco. Blanco como el olvido. Era libre. Libre como la alegría. Era la ilusión, la libertad y 

la emoción. Poblaba y dominaba las serranías y las llanuras de las cercanías. Era un caballo 

blanco que llenó mi juventud de fantasía y poesía. Alrededor de las fogatas del campo y en las 

resolanas del pueblo los vaqueros de esas tierras hablaban de él con entusiasmo y admiración. Y 

la mirada se volvía turbia y borrosa de ensueño. La animada charla se apagaba. Todos atentos a 

la visión evocada. Mito del reino animal. Poema del mundo viril. Blanco y arcano. Paseaba su 

harén por el bosque de verano en regocijo imperial. El invierno decretaba el llano y la ladera para 

sus hembras. Veraneaba como rey de oriente en su jardín silvestre. Invernaba como guerrero 

ilustre que celebra la victoria ganada. Era leyenda. Eran sin fin las historias que se contaban del 

caballo brujo. Unas verdad, otras invención. Tantas trampas, tantas redes, tantas expediciones. 

Todas venidas a menos. El caballo siempre se escapaba, siempre se burlaba, siempre se alzaba 

por encima del dominio de los hombres. ¡Cuánto valedor no juró ponerle su jáquima y su marca 

para confesar después que el brujo había sido más hombre que él! Yo tenía quince años. Y sin 

haberlo visto nunca el brujo me llenaba ya la imaginación ya esperanza. Escuchaba embobado a 

mi padre y a sus vaqueros hablar del caballo fantasma que al atraparlo se volvía espuma y aire y 

nada. Participaba de la obsesión de todos, ambición de lotería, de algún día ponerle yo mi lazo, 

de hacerlo mío, y lucirlo los domingos por la tarde cuando las muchachas salen a paseo por la 

calle. Pleno el verano. Los bosques verdes, frescos y alegres. Las reses lentas, gordas y 

luminosas en la sombra y en el sol de agosto. Dormitaba yo en un caballo brioso, lánguido y sutil 

en el sopor del atardecer. Era hora ya de acercarse a la majada, al buen pan y al rancho del rodeo. 

Ya los compañeros estarían alrededor de la hoguera agitando la guitarra, contando cuentos del 

pasado o de hoy o entregándose al cansancio de la tarde. El sol se ponía ya, detrás de mí, en 

escándalos de rayo y color. Silencio orgánico y denso. Sigo insensible a las reses al abra. De 

pronto el bosque se calla. El silencio enmudece. La tarde se detiene. La brisa deja de respirar, 

pero tiembla. El sol se excita. El planeta, la vida y el tiempo se han detenido de una manera 

inexplicable. Por un instante no sé lo que pasa. Luego mis ojos aciertan. ¡Allí está! ¡El caballo 

mago!  
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Appendix F. Text Read-Aloud Production Task (Full Study Text) 

 

Instructions: 

Read the following text aloud at a normal speed, speaking as naturally as possible, while also 

speaking clearly and using your best Spanish pronunciation. 

 

Aniversario, Luis Romero 

Papá preside la mesa; al otro extremo, como siempre, está mamá, Lola y Joaquín se sientan del 

lado del balcón. Ninguno ha cambiado de lugar. En el centro humea la sopera. Fuera, en la calle, 

hace frío y a través de los cristales: se adivina la triste melodía de invierno. Joaquín tiene prisa; 

esta tarde se celebra un partido de fútbol importante. Continúa tan aficionado al fútbol como 

siempre. Pero físicamente ha cambiado mucho en estos años; ha crecido, ha ensanchado. Se ha 

convertido en un hombre. Papá está silencioso, las arrugas alrededor de la boca se le han 

acentuado hasta lo increíble. 

—¿Queréis alguno un poco más de sopa? Mamá tiene ya el cabello completamente blanco. Lola 

está distraída; a media tarde va a ir al cine con su novio. Me resulta extraño que Lola pueda ya 

tener novio; si apenas era una niña… Lola come poco, pues no quiere engordar. Mamá le ha 

servido otro cazo de sopa en el plato, y ella ha iniciado una protesta. 

—Cada día estás más flaca. Vas a terminar por enfermar. La criada viene y se lleva la sopera. 

Esta chica se llama Jacinta; no llegué a conocerla. La anterior, Teresa, se casó y ésta es del 

mismo pueblo. Es una vieja historia familiar, las chicas sirven unos cuantos años, y cuando se 

casan, viene para sustituirlas una prima, la hermana pequeña, o una moza cualquiera del mismo 

pueblo. Esta no tiene novio todavía. Por la tarde irá a reunirse con otras sirvientas a casa de unos 

paisanos que son porteros. Por el balcón penetra una luz blanquecina que empalidece los rostros. 

—Todavía no se sabe bien quién es el asesino; pero parece ser que la Policía ya tiene una pista. 

A mi hermano Joaquín, además del fútbol le interesan los sucesos. No hace muchos días han 

cometido un crimen en la ciudad; una muchacha ha aparecido estrangulada. Mi madre también 

lee la página de los sucesos. 
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Appendix G. Picture Narration Production Task 

 

I. Instructions: 

 

Take a moment to look at the following drawings and the story that they tell.  Then 

in Spanish, pretend you are retelling the story to a friend and narrate the story that 

you see in the pictures in as much detail as you can. 

 

You will be provided with a list of vocabulary that may be useful for this task.  

However, if there are any words that you need to know, please ask the researcher. 

 

Do not worry about your grammar being perfect.  Rather, try to say as much as you 

can and use as much detail as you can to narrate what is occurring in the pictures.  

Be sure to speak loudly and clearly. 

 

 
 
 
 

 

 

 

II. Picture Stimuli: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illustrations by Alex Brychta for “A Monster Mistake” by 
Roderick Hunt (Oxford Reading Tree, 2003) used by 

permission of Oxford University Press. 
 (These images may not be used or reproduced in any form 

without the express permission of OUP.) 
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III. Vocabulary List Provided To Participants: 

 

Vocabulario útil
 

Verbos 
To admit = Admitir 
To arrive = Llegar 
To buy = Comprar 
To carry = Llevar 
To compare = Comparar 
To create = Crear 
To discover = Descubrir 
To draw = Dibujar 
To drop off (a person or thing) = Dejar 
To fish = Pescar / Ir de pesca 
To go shopping = Ir de compras 
To interview = Entrevistar 
To leave = Salir 
To look at = Mirar 
To make = Hacer 
To paint = Pintar 
To return = Regresar / Volver 
To say goodbye = Despedirse 
To see = Ver 
To show = Mostrar 
To trick = Engañar / Hacer una broma 
 
 
 
 

Otras palabras 
Boat = Un bote 
City = La ciudad 
Country = El campo 
Creature = Una criatura 
Downtown = El centro 
Drawing = Un dibujo 
Fake = Falso 
Grandchildren = Los nietos 
Grandmother = La abuela 
Embarrassed = Avergonzado/a 
Lake = Un lago 
Monster = Un monstruo 
News = Las noticias 
Outside = Afuera 
Painting = Una pintura / Un cuadro 
Real = Real 
Reporter = Un reportero 
Rocks = Unas piedras / Unas rocas 
Serpent = Una serpiente 
Store = Una tienda 
Television = Una televisión 
Tire (on a car) = Un neumático / 

     Una llanta / Una goma 
While = Mientras 
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Appendix H. Instructions for Llama D and Llama E Subtests 

 

Adapted from Meara P. (2005) LLAMA Language Aptitude Tests: The Manual. University of 

Wales Swansea 

 

LLAMA D Instructions 
 

PLEASE READ ALL INSTRUCTIONS BEFORE BEGINNING THE TEST. 
 
1.  Click on the LLAMA D icon. 

2. A blue dialog box will appear.  In the box, next to the  symbol, where it says Napoleon 

Bonaparte, please type your first and last name.   
NOTE: Your name will not appear in any of the results.  This is solely for data collection 
purposes and being able to match your results with your results from other tests. 
 
LISTENING PHASE: 
3.  Once you start the program, you will hear a set of 10 words in a language that is 
unfamiliar to you.   
4.  Listen carefully to these words.  In the test phase of the program, you will hear these 
words, as well as other words that you have NOT heard before.  You will score points for 
recognizing the words that are repeated during both phases of the program. 
5.  When the program has finished playing all the new sounds, you will hear a BLEEP sound, 
and the buttons on the main panel will be activated to begin the test phase. 
 
TEST PHASE: 

6.  Click the  button to hear the next word. 

7.  If you think this word is a word that you have already heard, click the ☺ button.  
8.  If you think this word is a word that you have not heard before in this test, click the  
button. 
9.  You will score points every time that you answer correctly, but you will lose points if you 
answer incorrectly. 
10.  The program will give you feedback in the form of a DING sound for a correct answer 
and a BLEEP sound for an incorrect answer. 
11.  The screen will display your score as you work through the test and will show you how 
many items you still have to complete. 
12.  When you have completed the test, your score will be shown in the dialog box. 

13.  Click on the  button to exit the test and record your score. 

14.  To start the program, you will click on the  button below your name.  DO NOT 

CLICK THIS BUTTON UNTIL YOU HAVE READ ALL INSTRUCTIONS FIRST. 
 
IF YOU HAVE ANY QUESTIONS FOR THE RESEARCHER, PLEASE ASK NOW BEFORE YOU 

BEGIN THE TEST. 
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LLAMA E Instructions 
PLEASE READ ALL INSTRUCTIONS BEFORE BEGINNING THE TEST. 

 
1.  Click on the LLAMA E icon. 

2. A blue dialog box will appear.  In the box, next to the  symbol, where it says Napoleon 

Bonaparte, please type your first and last name.   
NOTE: Your name will not appear in any of the results.  This is solely for data collection 
purposes and being able to match your results with your results from other tests. 
 
LEARNING PHASE: 
3. In the blue dialog box, you will see an array of buttons with symbols on each button.  
When you click on each button, it will play a short sound file.  The symbol on the button 
tells you how that particular sound is written in this language. 
4.  Once you start the program, your task is to figure out how the spelling system of this 
unfamiliar language works.  You will do this by clicking on the small buttons on the main 
panel and listening to the associated sound files. 
5.  You will have TWO MINUTES for this phase of the program and you may take any 
written notes that you need. 
6.  When the two minutes is up, you will hear a BLEEP sound to signal that you are entering 
the test phase.  NOTE: The test phase is not timed. 
 
TEST PHASE: 

7.  Click the  button to begin the test phase and then, to hear the next word. 

8.  Each time you click the  button, you will hear a new word.  You will also see two 

possible spellings displayed for this word.  One spelling is correct and the other spelling is 
incorrect. 
9.  Click on the spelling that you think is correct. 
10. You will score points every time that you answer correctly, but you will lose points if 
you answer incorrectly. 
11.  The program will give you feedback in the form of a DING sound for a correct answer 
and a BLEEP sound for an incorrect answer. 
12.  The screen will display your score as you work through the test and will show you how 
many items you still have to complete. 
13.  When you have completed the test, your score will be shown in the dialog box. 

14.  Click on the  button to exit the test and record your score. 

15.  To start the program, click on the  button next to your name.   Once you click this 

button, the array of buttons will be activated and the timer will start.  DO NOT CLICK THIS 
BUTTON UNTIL YOU HAVE READ ALL INSTRUCTIONS FIRST. 
 
IF YOU HAVE ANY QUESTIONS FOR THE RESEARCHER, PLEASE ASK NOW BEFORE YOU 

BEGIN THE TEST. 
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Appendix I. Reading Span (Rspan) Task 

 

I. Instructions: 
 

1       

 

2  

 

3       

Welcome. You are about to take a test of working memory 

capacity. 

 

 

 In this experiment you will try to memorize letters you see on the 

screen. You will also have to judge the meaningfulness of 

unrelated sentences.  

 

When prompted, you will use the answer sheet provided to write 

down the letters you remember. 

On each slide, your job is to read the sentence OUT LOUD.  Then 

you will see a question mark (?) and you will verify whether the 

meaning of the sentence makes sense or not by saying "yes" or "no”. 

 

All of the sentences you will see will be GRAMMATICALLY correct, 

but the MEANING of some sentences will be nonsensical.  

 

After you say "yes" or "no" to each sentence, you will immediately see 

a CAPITALIZED letter that follows the sentence and will read it OUT 

LOUD. 
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4  

 

5      

  

6  

 

After you say the letter aloud, such as "F," you will see a new 
sentence and capitalized letter appear on the screen, for example: 

 
The tugboat had never been so in love.  

 
?  
 
H 
 

Here, you would say, out loud: 
 "The tugboat had never been so in love... no... H."  

 
Here when you reach the question mark you would say "no" 

because the sentence does not make sense; a tugboat cannot be 
in love.  

 
Don't forget to then ALWAYS read the capitalized letter that follows 

the sentence out loud. 

After some number of sentences and letters, you will see three 
question marks appear in the center of the screen like this: 

 
“???” 

 
This is your cue to write down all the capitalized letters that you 

saw in that set, in the SAME ORDER that you saw them in.  
 

So, for example, you would write "F" in the first blank on your 
answer sheet, and "H" in the second blank, going from left to right. 

Here is another example of what the sentence-letter combinations 
will look like: 

 
 

Whenever I drink the newspaper, I always get depressed.  
 
 

Please tell me now what you would say out loud if you saw 
 this on the screen. 
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7       

 

8  

 

9  

 

 

 

 

 

 

 

 

 

You can always take as much time as you need to answer "yes" or 
"no" to the sentences that you'll see. If you need to think about it for a 

moment before you answer, that's fine. It is very important that you 
always do your best to answer correctly. 

 
 However, after you say "yes" or "no," you must say the capitalized 
letter out loud IMMEDIATELY. Please do NOT pause before saying 

the letter out loud.  
 

As soon as you say the capitalized letter out loud, you'll see a new 
sentence and letter appear.  

 
Then, please begin reading the sentence aloud as soon as it appears 

on the screen. Do NOT pause before reading the sentence. 

We will go through a series of practice sentences and letters, with 
one right after the other, until you see three question marks appear 

on the screen.  
 

Your job is then to write down all of the CAPITALIZED letters that 
you saw in that set, in the SAME order that you saw them in. 

Please write your answers on your answer sheet, going across 
from left to right. If you can't think of all the letters, please leave a 

blank space for any letters you can't remember.  
 

There is no penalty for guessing. Every time you recall a different 
set of letters, please write your answer on a new row.  

 
Do you have any questions? 

Let's begin with some practice, so you can get used to how this 
task really works.  

 
For practice, you can use the very short rows at the top of your 

answer sheet. 
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II. PRACTICE SETS: 
 

1.  Andy was stopped by the policeman because he crossed the yellow heaven. ? R 

2.  During winter you can get a room at the beach for a very low rate.  ? Q 

??? 

 

1.  People in our town are more giving and cheerful at Christmas time.  ? L 

2.  During the week of final spaghetti, I felt like I was losing my mind.  ? B 

??? 

 

1.  After final exams are over, we'll be able to take a well-deserved rest.  ? F 

2.  After a hard day at the office, Bill often stops at the club to relax.  ? J 

??? 

 

 

 
 

III. TRIAL SETS: 
 

1.  No matter how much we talk to him, he is never going to change.  ? J 

2.  The prosecutor's dish was lost because it was not based on fact.  ? M 

3.  Every now and then I catch myself swimming blankly at the wall.  ? F 

??? 

 

1.  We were fifty lawns out at sea before we lost sight of land.   ? X 

2.  Throughout the entire ordeal, the hostages never appeared to lose hope. ? L 

3.  Paul is afraid of heights and refuses to fly on a plane.    ? R 

4.  The young pencil kept his eyes closed until he was told to look.  ? B 

5.  Most people who laugh are concerned about controlling their weight.  ? Q 

??? 

 

1.  When Lori shops she always looks for the lowest flood.   ? H 

2.  When I get up in the morning, the first thing I do is feed my dog.  ? M 

3.  After yelling at the game, I knew I would have a tall voice.   ? X 

??? 

1.  Mary was asked to stop at the new mall to pick up several items.  ? L 

2.  When it is cold, my mother always makes me wear a cap on my head.  ? Q 

??? 

Now the real task is going to work just like practice, but there are 
going to be a different number of sentences and capitalized letters 

in each set.  
 

Sometimes there will be just 2 in a set, like in practice, but other 
times there will be 3, 4 or 5 in a set.  

 
The order of the sets is randomized, so you won't know how big a 

set is until you are finished with it.  
 

Just like in practice, if you can't remember a letter, please leave a 
space blank for it. Please let the researcher know when you are 

ready to begin.  
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1.  All parents hope their list will grow up to be intelligent.   ? H 

2.  When John and Amy moved to Canada, their wish had a huge garage sale. ? B 

3.  In the fall, my gift and I love to work together in the yard.   ? F 

4.  At church yesterday morning, Jim's daughter made a terrible plum.  ? R 

5.  Unaware of the hunter, the deer wandered into his shotgun range.  ? J 

??? 

 

1.  Since it was the last game, it was hard to cope with the loss.   ? J 

2.  Because she gets to knife early, Amy usually gets a good parking spot. ? B 

3.  The only furniture Steve had in his first bowl was his waterbed.  ? R 

4.  Last year, Mike was given detention for running in the hall.   ? Q 

??? 

 

1.  The huge clouds covered the morning slide and the rain began to fall.  ? X 

2.  After one date I knew that Linda's sister simply was not my type.  ? M 

??? 

 

1.  Jason broke his arm when he fell from the tree onto the ground.  ? H 

2.  Most people agree that Monday is the worst stick of the week.   ? L 

3.  On warm sunny afternoons, I like to walk in the park.    ? F 

4.  With intense determination he overcame all obstacles and won the race. ? B 

??? 

 

1.  A person should never be discriminated against based on his race.  ? M 

2.  My mother has always told me that it is not polite to shine.   ? L 

3.  The lemonade players decided to play two out of three sets.   ? F 

??? 

 

1.  Raising children requires a lot of dust and the ability to be firm.  ? H 

2.  The gathering crowd turned to look when they heard the gun shot.  ? J 

3.  As soon as I get done taking this envy I am going to go home.   ? X 

4.  Sue opened her purse and found she did not have any money.   ? Q 

5.  Jill wanted a garden in her backyard, but the soil was mostly clay.  ? R 

??? 

 

1.  Stacey stopped dating the light when she found out he had a wife.  ? F 

2.  I told the class that they would get a surprise if they were orange.  ? R 

??? 

 

1.  Jim was so tired of studying, he could not read another page.   ? Q 

2.  Although Joe is sarcastic at times, he can also be very sweet.   ? X 

3.  Carol will ask her sneaker how much the flight to Mexico will cost.  ? L 

4.  The sugar could not believe he was being offered such a great deal.  ? H 

??? 
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Good job!  You have completed the RSPAN task. 
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IV. RSPAN Answer Sheet: 

 
Participant Number: ____________________ 
 

RSPAN Answer Sheet 
 
Practice Trials: 
 
1) _________ _________ 
 
2) _________ _________ 
 
3) _________ _________ 
 
Trials: 
1) _________ _________ _________ _________ _________ 
 
2) _________ _________ _________ _________ _________ 
 
3) _________ _________ _________ _________ _________ 
 
4) _________ _________ _________ _________ _________ 
 
5) _________ _________ _________ _________ _________ 
 
6) _________ _________ _________ _________ _________ 
 
7) _________ _________ _________ _________ _________ 
 
8) _________ _________ _________ _________ _________ 
 
9) _________ _________ _________ _________ _________ 
 
10) _________ _________ _________ _________ _________ 
 
11) _________ _________ _________ _________ _________ 
 
12) _________ _________ _________ _________ _________ 
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Appendix J. Serial Non-Word Recognition (SNWR) Task 

(Based upon O’Brien, 2006) 

 

I. Instructions: 
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II. Stimuli (from O’Brien, 2006): 

 

 
  



388 

Appendix K. L2 Motivation Possible Selves Questionnaire 

 
Motivation Questionnaire 

 

In this survey, I would like you to tell me how much you agree or disagree with the following statements 

by simply circling a number from 1 to 6. Please do not leave out any items.  (Adapted from Dörnyei, 

2010; Nagle, 2015; Serafini, 2013). 

 

Strongly 

disagree 
Disagree 

Slightly 

disagree 
Slightly agree Agree Strongly agree 

1 2 3 4 5 6 

 

 

1. I would like to take more Spanish courses at my university in the future.  1 2 3 4 5 6 

2. I would like to spend lots of time studying Spanish. 1 2 3 4 5 6 

3. 
If my teacher were to give the class an optional assignment, I would certainly 

volunteer to do it. 
1 2 3 4 5 6 

4. I am prepared to expend a lot of effort learning Spanish. 1 2 3 4 5 6 

5. I would like to study Spanish even if I were not required to do so.  1 2 3 4 5 6 

6. I would like to concentrate on studying Spanish more than any other topic. 1 2 3 4 5 6 

7. 
If a Spanish course were offered somewhere else in the future, I would like to 

take it.  
1 2 3 4 5 6 

8. I think that I am doing my best to learn Spanish. 1 2 3 4 5 6 

9. Compared to my classmates, I think I study relatively hard for Spanish.  1 2 3 4 5 6 

10. I am working hard at learning Spanish. 1 2 3 4 5 6 

11. I can imagine myself writing Spanish e-mails/letters fluently.  1 2 3 4 5 6 

12. The things I want to do in the future require me to use Spanish. 1 2 3 4 5 6 

13. 
I can imagine myself living abroad and using Spanish effectively for 

communicating with the locals. 
1 2 3 4 5 6 

14. I can imagine myself as someone who is able to speak Spanish. 1 2 3 4 5 6 

15. I can imagine myself living abroad and having a discussion in Spanish. 1 2 3 4 5 6 

16. 
I can imagine myself speaking Spanish with international friends or 

colleagues. 
1 2 3 4 5 6 

17. Whenever I think of my future career, I imagine myself using Spanish. 1 2 3 4 5 6 

18. I can imagine a situation where I am speaking Spanish with foreigners.  1 2 3 4 5 6 

19. 
I can imagine myself studying in a university where all my courses are taught 

in Spanish. 
1 2 3 4 5 6 
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20. 
I can imagine myself speaking Spanish as if I were a native speaker of 

Spanish. 
1 2 3 4 5 6 

21. 
I have to study Spanish, because, if I do not, I think my parents will be 

disappointed with me. 
1 2 3 4 5 6 

22. 
Studying Spanish is important to me in order to gain the approval of my 

peers/teachers/family/boss. 
1 2 3 4 5 6 

23. 
Studying Spanish is important to me because other people will respect me 

more if I have knowledge of it. 
1 2 3 4 5 6 

24. I study Spanish because close friends of mine think it is important. 1 2 3 4 5 6 

25. It will have a negative impact on my life if I don't learn Spanish. 1 2 3 4 5 6 

26. If I fail to learn Spanish I'll be letting other people down. 1 2 3 4 5 6 

27. Learning Spanish is necessary because people around me expect me to do so. 1 2 3 4 5 6 

28. My parents believe that I must study Spanish to be an educated person. 1 2 3 4 5 6 

29. 
Studying Spanish is important to me because an educated person is supposed 

to be able to speak Spanish. 
1 2 3 4 5 6 

30. 
I consider learning Spanish important because the people I respect think that 

I should do it.  
1 2 3 4 5 6 
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Appendix L. L2 Spanish Elicited Imitation Task (EIT) 

(From Ortega, 2000) 

 

From Appendices I and J in Ortega, L. (2000). Understanding syntactic complexity: The 

measurement of change in the syntax of instructed L2 Spanish learners. Unpublished doctoral 

dissertation. Department of Second Language Studies, University of Hawaii. Honolulu: HI. 

I. Instructions: 

ELICITED IMITATION L2 SPANISH 

Repetition task.  

For this task you will be asked to first repeat some sentences in English and then some sentences in 

Spanish. Please pay careful attention to the instructions on the recording. Please do not take any notes 

during this exercise. Now, let’s begin. 

You are going to hear several sentences in English. After each sentence, there will be a short pause, 

followed by a tone sound {TONE}. Your task is to try to repeat exactly what you hear in English. You 

will be given sufficient time after the tone to repeat the sentence. REPEAT AS MUCH AS YOU CAN. 

Remember, DON'T START REPEATING THE SENTENCE UNTIL YOU HEAR THE TONE SOUND 

{TONE}. Now let's begin. 

We drove to the park. 

I’ll call her tomorrow night. 

You can buy meat at the butcher shop. 

My brother just bought a brand new computer. 

Sometimes they take their dog for a walk in the park. 

We're going to play volleyball at the gym that I told you about. 

That was the last English sentence. 

 

Now, you are going to hear a number of sentences in Spanish. Once again, after each sentence, there will 

be a short pause, followed by a tone sound {TONE}. Your task is to try to repeat exactly what you hear in 

Spanish. You will be given sufficient time after the tone to repeat the sentence. REPEAT AS MUCH AS 

YOU CAN. Remember, DON'T START REPEATING THE SENTENCE UNTIL YOU HEAR THE 

TONE SOUND {TONE}. Now let's begin. 

[30 Spanish sentences] 

This is the end of the repetition task. Thank you. 
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II. Elicited Imitation Task Stimuli (From Appendix I in Ortega, 2000) 

 

Note: The test was developed by Ortega, Iwashita, Rabie, and Norris (in preparation).  

 

1. Quiero cortarme el pelo. (7 syllables)  

2. El libro está en la mesa. (7 syllables)  

3. El carro lo tiene Pedro. (8 syllables)  

4  Él se ducha cada mañana. (9 syllables)  

5. ¿Qué dice usted que va a hacer hoy? (9 syllables)  

6. Dudo que sepa manejar muy bien. (10 syllables)  

7. Las calles de esta ciudad son muy anchas. (11 syllables)  

8. Puede que llueva mañana todo el día. (12 syllables)   

9. Las casas son muy bonitas pero caras. (12 syllables)  

10. Me gustan las películas que acaban bien. (12 syllables)  

11. El chico con el que yo salgo es español. (13 syllables)  

12. Después de cenar me fui a dormir tranquilo. (13 syllables)  

13. Quiero una casa en la que vivan mis animales. (14 syllables)  

14. A vosotros os fascinan las fiestas grandiosas. (14 syllables)  

15. Ella sólo bebe cerveza y no come nada. (15 syllables) 

16. Me gustaría que el precio de las casas bajara. (15 syllables) 

17. Cruza a la derecha y después sigue todo recto. (15 syllables)  

18. Ella ha terminado de pintar su apartamento. (14 syllables)  

19. Me gustaría que empezara a hacer más calor pronto. (15 syllables) 

20. El niño al que se le murió el gato está triste. (14 syllables)  

21. Una amiga mía cuida a los niños de mi vecino. (16 syllables)  

22. El gato que era negro fue perseguido por el perro. (16 syllables)  

23. Antes de poder salir él tiene que limpiar su cuarto. (16 syllables)  

24. La cantidad de personas que fuman ha disminuido. (17 syllables)  

25. Después de llegar a casa del trabajo tomé la cena. (17 syllables)  

26. El ladrón al que atrapó la policía era famoso. (17 syllables)  

27. Le pedí a un amigo que me ayudara con la tarea. (16 syllables)  

28. El examen no fue tan difícil como me habían dicho. (17 syllables)  

29. ¿Serías tan amable de darme el libro que está en la mesa? (17 syllables)  

30.  Hay mucha gente que no toma nada para el desayuno. (17 syllables) 
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III. Scoring Protocol For Elicited Imitation Task (From Appendix J in Ortega (2000) 

 

Note: The scoring protocol was adapted from the scoring system developed by Ortega, Iwashita, 

Rabie, and Norris (in preparation). 

 

 

Table J.1. EIT score 0 descriptor  
Criteria  Examples  

• Nothing (Silence)   

• Garbled (unintelligible, usually transcribed as XXX)   

• Minimal repetition, then item abandoned:  

- Only 1 word repeated  

- Only 1 content word plus function word(s)  

- Only function word(s) repeated  

- Only 1 or 2 content words out of order plus extraneous 

words that weren’t in the original stimulus  

- Manana (10- item 4)  

- El examen que [gibberish] (09- item 28)  

- Despues mue- XX tranquilo (01-item 11)  

- Tu que sepa a- m- muy bien (12-item 6)  

- Me gustaria las se se se el XXX (16-item 18)  

 

 

Table J.2. EIT score 1 descriptor  
Criteria  Examples  

• When only about half of idea units are represented in 

the string but a lot of important information in the 

original stimulus is left out; sometimes the resulting 

meaning is unrelated (or opposed) to stimulus  

-Antes de poder seguir (3 sec.) perdio su cuarto (02-

item 23)  

-Dudo que sepa ma- tambien (04-item 6)  

-Seria en que el libro esta en la mesa (11-item 29)  

-El gato que eran pelo negro dan something el perro 

(14-item 22)  

• Or when string doesn’t in itself constitute a self-

standing sentence with some (related or not to stimulus) 

meaning (This may happen when only 2 or 3 content 

words are repeated and no grammatical relation between 

them is attempted)  

 

-El ladron que XX la policia famoso (11-item 26)  

-Despues de cenar fue en- tranquilo (03-item 11)  

-Le pendu una amiga que XXX la tarea (01-item 

27)  

-La cantidad de personas fumar alguno, alguno (03-

item 24)  

 

 

Table J.3. EIT score 2 descriptor  
Criteria  Examples  

• When content of string preserves at least more than half 

of the idea units in the original stimulus; string is 

meaningful, and the meaning is close or related to 

original, but it departs from it in some slight changes in 

content, which makes content inexact, incomplete, or 

ambiguous  

 

-Despues de cenar me fui a X tranquilo (11-item 12)  

-Ella sola cerveza y no come nada (05-item 17)  

-Quieres una casa que viven los alemanes an- 

animales (07-item 13)  

-El chico con lo que es algos es espanol (08-item 

12)  

-El chico con yo salgo es muy bien (15-item 12)  

-Despues a trabajo tome la cena (16-item 25)  
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Table J.4. EIT score 3 descriptor  
Criteria  Examples  

• Original, complete meaning is preserved as in the 

stimulus. Strings which are ungrammatical can get a 

3 score, as long as exact meaning is preserved. Some 

synonymous substitutions are acceptable:  

 

-Anything with or without ‘’muy’ (very’) should be 

considered synonymous.  

-Substitutions of ‘y’/’pero’ (and & but) are 

acceptable.  

 

• Changes in grammar that don’t affect meaning 

should be scored as 3. (Ambiguous changes in 

grammar that could be interpreted as meaning 

changes from a NS perspective should be scored as 2. 

That is, as a general principle in case of doubt about 

whether meaning has changed or not, score 2.)  

-Me gustaria el precio de las casas baraja (2 sec.) baja 

(15-item 18)  

-El nino que se m- murio cato esta triste (02-item 16)  

-[gibberish] se ducha cada manana (18-item 4)  

-Quiero cortar mi pelo (05-item 1)  

-Las calles de esta ciudad son anchas (13-item 7)  

-El chico que yo salgo es espanol (06-item 11)  

-El chico con el salgo es espanol (05-item 11)  

-El examen no fuen tan dificil come han di- como me 

han dicho (12-item 28)  

-Las casa son muy bonitas pero caras (07-item 9)  

-Quiero una casa en que viven mis animales (12-item 

13)  

-Dudo que saba a ma- manejar muy bien (11-item 6)  

-Ella he terminado X pintar sus apartamiento (11-item 

15)  

 

 

Table J.5. EIT score 4 descriptor  
Criteria  

• Exact repetition: String matches stimulus exactly. Both form and meaning are correct without exception or 

doubt.  

 

 

  



394 

Appendix M. Debriefing Questionnaire 

 

Debriefing Survey 

 

1.  What is your participant number? _____ 

 

2.  What do you think the target of this study is?  Why? _________________________________ 

 

3.  Did your instructor this semester ever provide instruction about pronunciation during the 

course?            Yes / No 

If Yes, please explain (i) what sounds your instructor targeted and (ii) how they provided 

instruction about these sounds. ____________________________________________________ 

 

4.  Who is your instructor? ________________________________________________________ 

 

Thank you for completing this survey and for participating in this study!  Your help is greatly 

appreciated! 
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Appendix N. Informed Consent Form 

 

IRB #2016-0125 

 

GEORGETOWN UNIVERSITY 

CONSENT TO PARTICIPATE IN RESEARCH 

 

PROJECT TITLE  
Individual differences and linguistic factors in the development of mid vowels in beginning and advanced 

L2 Spanish learners: A longitudinal study of perception and production 

 

PROJECT DIRECTORS 

Dr. Cristina Sanz and Dr. Alfonso Morales Front 

 

PRINCIPAL INVESTIGATOR    TELEPHONE 

Colleen Moorman      919-768-3508 

 

SPONSOR 

N/A 

 

The Georgetown University Institutional Review Board (IRB) has approved this research project. 

For information on your rights as a research subject, call the Institutional Review Board office at 

202-687-1506. 

 

INTRODUCTION 

 

You are invited to consider participating in a research study to investigate the development of 

pronunciation and the cognitive and linguistic characteristics of learners that can affect these 

processes. This form will describe the purpose and nature of the research, its possible risks and 

benefits, and your rights as a participant in the study. The decision to participate, or not to 

participate, is yours. If you decide to participate, please be sure to sign and date the last page of 

this form. 

 

PURPOSE OF THIS STUDY 

 

The purpose of this research study is to investigate how learners’ pronunciation develops over 

the course of a semester and how this development of pronunciation is affected by various 

cognitive and linguistic characteristics of learners. 

  

PARTICIPANTS 

 

Approximately 55 people will take part in this study. Participants in the study are referred to as 

“subjects.”  

 

GENERAL PLAN OF THIS STUDY 
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In the first session at the beginning of the semester, you will first complete a brief hearing test.  

Then you will fill out a short questionnaire about your attitudes towards learning a foreign 

language, a working memory test, a phonological short-term memory test, 2 brief language 

aptitude tests, and an oral proficiency test.  Finally, you will complete a language background 

questionnaire to help us know more about how you learned your languages and the contexts in 

which you use them.  

 

In the second session at the beginning of the semester, you will complete 3 speaking tasks, a 

short vocabulary training and quiz, and 3 listening tasks. 

 

In the sessions at the middle and end of the semester, you will complete the motivation 

questionnaire, a refresher vocabulary training module, and the 3 speaking tasks and the 3 

listening tasks that you completed in the second session.  

 

If you have any questions about the tasks, concerns or in the event of an emergency, you may 

contact the researcher below: 

 Colleen Moorman: 919-768-3508  cmm69@georgetown.edu 

 

LENGTH OF THE STUDY FOR EACH SUBJECT 

 

There are a total of 4 sessions: 2 at the beginning of the semester, 1 at the middle of the semester, 

and 1 at the end of the semester. 

 

You will complete 2 sessions of approximately 70-90 minutes each at the beginning of the 

semester and 2 additional sessions of approximately 1 hour each in the middle and at the end of 

the semester. 

 

You can stop participating at any time. However, if you decide to stop participating in the study, 

we encourage you to talk to the researcher first. 

 

POSSIBLE RISKS OF THE STUDY 

 

No known risks are associated with this research. Some personal information about your biodata 

and language learning history is included in the background questionnaire, but the study is 

confidential and once the data has been collected, your name will not be used in any further 

dissemination of the data.  

 

POSSIBLE BENEFITS OF THE STUDY 

 

The results from this study will help researchers to better understand the development of 

pronunciation in second language learners of Spanish.  It cannot be guaranteed that you will 

personally experience benefits from participating in this study, but the study may help you to 

better understand your own pronunciation.  Additionally, your contribution could add to the 

growing body of research on how pronunciation develops in second language learners of Spanish 

and how other factors play a role in the development of pronunciation. 
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WHO CAN PARTICIPATE 

 

This study is designed for people who speak English as a native language and are currently 

learning Spanish.  These participants may be in either Intro 2 Spanish or Advanced 2 Spanish.  

This study is also designed for bilingual Spanish-English or English-Spanish students with a 

level of proficiency in both languages that is high enough to pursue graduate level work in 

Spanish. 

 

CONFIDENTIALITY OF THE DATA COLLECTED DURING THE STUDY 

 

Your name will not be used when data from this research are reported, whether at conferences or 

in journals, book chapters, or other publications. Your identity will be strictly confidential. After 

collection of the data, the researcher will immediately assign a code to all of your data and will 

never intentionally identify you.  In addition, the identity of your program will be kept 

confidential.   

 

Every effort will be made to keep your research records and other personal information 

confidential. Data will be kept in password-protected files on the researcher’s computer and in 

locked file cabinets. Though confidentiality will be protected by the researcher to the extent 

possible, we cannot guarantee absolute confidentiality. 

 

Individuals from the Georgetown University IRB, other Georgetown University offices, and 

Federal regulatory agencies may look at records related to this study, both to assure quality 

control and to analyze data. Your name and any material that could identify you will remain 

confidential except as may be required by law. 

 

COMPENSATION FOR PARTICIPATING 

 

The researcher has arranged with your Spanish instructor to award participants who volunteer 

and complete the study 4 extra credit points towards any test (“Prueba”) of your choice.   

Completion of all of the data collection sessions is necessary in order to receive these extra credit 

points. 

 

RIGHTS OF PARTICIPANTS IN THIS RESEARCH  

 

Participation in this study is entirely voluntary at all times. You have the right to cancel your 

participation at any time. Leaving the study will not result in any penalty of any kind. Should 

you decide not to be included in the research, you are requested to notify the investigator about 

the cancellation. You can contact the investigator by telephone, through an email or in person. 

There will be no consequences for you or anyone in your class or your program who decides to 

cancel participation. 

 

QUESTIONS OR PROBLEMS 

 

Please call the researcher or project directors listed on the second page of this form day or night 

if you have questions or problems concerning this study.  
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Call the Georgetown University IRB Office at 202-687-1506 during regular business hours if 

you have any questions about your rights as a research participant. 

 

Statement of Person Obtaining Informed Consent 
 

I have fully explained this study to the subject. I have discussed the study’s purpose, its 

procedures, its possible risks and benefits, and the voluntary nature of participation.   I have 

invited the subject to ask questions and have answered any questions that the subject has asked. 

 

 

_______________________________________ _________________________ 

Signature of Person Obtaining Informed Consent  Date 

 

 

Consent of Subject 
 

I have read the information provided in this Informed Consent Document. My questions were 

answered to my satisfaction. I voluntarily agree to participate in this study. I have been given a 

copy of this form. 

 

 

________________________________________  ________________________ 

Signature of Subject      Date 
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