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Abstract 

Recent acoustic descriptions have shown that vowels across languages have different acoustic 

properties. The main acoustic difference between the high vowels /i/ and /u/ lies on their 

respective second formant (F2) values, and the perception and production of these vowels is 

fairly different for speakers of English and Spanish. In particular, /u/ is closer to /i/ in English 

than it is in Spanish. The present study investigates whether proficient Spanish-English 

bilinguals categorize the /i/ and /u/ differently depending on the language context in which the 

vowel phonemes are presented. Their results were compared to those of English and Spanish 

monolinguals. I observed how the three groups of participants responded to the same set of 

sounds, which contained vowel tokens ranging from /i/ to /u/. I looked for the step in the 

continuum in which the participants ceased to listen the vowel /i/ and started hearing /u/. The 

bilingual and monolingual participants in this study did not show a significant difference in this 

regard. However, a further analysis focusing on the monolingual participants of this study and 

the monolingual participants of a previous study suggests that there exists a perception-

production asymmetry of the vowels /i/ and /u/. 
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Introduction  

Vowels across languages and even across dialects of the same language have different 

acoustic properties. These properties, such as vowel formants and duration, have been the main 

focus of investigation for many researchers. For example, Spanish has a small vowel inventory 

containing /i e a o u/, while English has a larger vowel inventory containing the vowels /i ɪ e ɛ əә 

æ ɑ ʌ ɔ o ʊ u/. It has been found that Spanish and English have considerable differences in their 

respective vowel inventories, even between dialects of each of the two languages (Chládková et 

al., 2011; Chládková and Escudero, 2012; Diaz Granado 2011; Harrington et al., 2008; 

Harrington et al., 2011; Kleber et al., 2011). Since the two languages have different vowel 

inventories and thus its speakers produce distinct vowels, it is expected that monolingual 

speakers of English and monolingual speakers of Spanish differ in their perception of different 

vowels. With that in mind, an additional questions arise: How do bilingual speakers of English 

and Spanish perceive the sounds of the two languages? And do they differ from English or 

Spanish monolinguals? 

In this study, our main focus is to examine the perception of the high vowels /i/ and /u/ on 

proficient Spanish-English bilinguals. Specifically, we want to investigate whether bilinguals 

have separate phonetic systems for the languages they know, reflecting the perception of an 

English monolingual on one hand and of a Spanish monolingual on the other. For this, we 

observe how three groups of participants, namely English monolinguals, Spanish monolinguals, 

and Spanish-English bilinguals, respond to the same set of sounds, which contain vowel tokens 

ranging from /i/ to /u/. Since previous research indicates that the phoneme /u/ in certain dialects 

of English is different than in Spanish, we expected to find differences in the way the different 

groups of participants classify /i/ and /u. The present introduction reviews the relevant literature 
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on two topics: (i) the difference between the high vowels of English and Spanish, and (ii) 

bilingual speakers’ ability to adjust their perception of sounds depending on the language they 

are listening. Section 1.1 reviews the literature on the first topic while section 1.2 reviews the 

literature on the second topic.  

Section 1.1 “The high vowels of Spanish and English” 

The high vowels /i/ and /u/ are both present in the Spanish and English languages. As 

previous research has shown, the vowel /i/ seems to have almost identical properties in both 

languages in its production. For example, Chládková et al. (2011), which studied vowel 

properties of Peruvian and Iberian Spanish; Harrington et al. (2008), which studies vowel 

properties of British English; and Cobb and Simonet in press (Hispania), which studies vowel 

properties from both American English and three dialects of Spanish, all show that the /i/ 

phoneme is produced with near to identical F1 and F2 values in the two languages. 

However, there is an interesting fact about the /u/ phoneme in the two languages. In 

Spanish, this phoneme has remained as a back vowel, as it was originally classified for English 

and Spanish. If we take into account that /u/ is a back vowel, then we can observe it in it’s F2 

value, which should range between 1000 and 800 Hz. Nonetheless, recent studies have shown 

that the phoneme /u/ has become more fronted in some dialects of English, but not in Spanish.  

One piece of evidence for this is comes from Harrington et al. (2008). This study 

compared the production and perception of /u/ between two groups (differing in age) of speakers 

of Standard Southern British. To establish the existence of /u/-fronting in production, young and 

old speakers’ (ages from 18 to 20 and over 50, respectively) pronunciation of words containing 

/i/s and /u/s was compared. The younger speakers showed significant overlap on their production 

of /i/ and /u/, while the older speakers did not. For speech perception, both groups were exposed 
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to two /i/-/u/ continua, one ranging from “yeast” to “used” and the other one from “sweep” to 

“swoop”. The younger speakers had a higher percentage of /u/ responses for both continua 

compared to the older speakers, as their production of the sounds would have suggested. 

Likewise, Harrington et al. (2011) examines the /u/-fronting phenomenon in Standard 

Southern British between young and old speakers, and additionally observes the fronting of /ʊ/. 

This study was focused on exploring whether /u/ and /ʊ/ fronting was due to a different 

positioning of the tongue or whether it has been accompanied by an unrounding of the lips. 

Again, young and old speakers differed because the younger group showed back-vowel fronting, 

while the older group did not. Additionally, judgments of lip-rounding by native German 

speakers, whose vowel inventories contain the high vowels /i/, /u/, and /y/ (high front rounded), 

show that young speakers of Standard Southern British have rounded lips while producing /u/, 

providing evidence for tongue repositioning rather than lip unrounding. 

We also have evidence for back vowel fronting from other studies. First we have Kleber 

et al. (2011) which compares the production and perception of the lax high back vowel /ʊ/ of 

Standard British English between two groups of participants differing in age (young vs. old 

population). In this study, they first compared the production of /ʊ/ between young (ages 19 to 

21) and old (ages 54 to 89) speakers by examining their pronunciation of sets of words including 

the lax high front vowel /ɪ/ and /ʊ/. They found that for the older speakers, the two phonemes 

were noticeably different from each other in terms of frontness (/ɪ/ was front and /ʊ/ was back); 

amongst the younger speakers, though, the production of /ɪ/ and /ʊ/ overlapped, showing that 

their /ʊ/ was significantly more fronted. The two groups also differed in their perception of the 

sounds. They were exposed to the same two sets of continua ranging from “sit” to “soot” and 

“will” to “wool”, and, once again, the younger listeners’ responses showed a more fronted /ʊ/ in 
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the two sets than the older listeners, showing that /ʊ/ fronting is present on the younger 

population of Standard British English speakers. 

Another study that has evidence for back-vowel fronting is Chládková (2014), which 

focused on studying perception of sounds from speakers of Southern British English. Here, the 

reasoning as to why the phonemes /i/ and /u/ don’t merge even when /u/ has had a significant 

shift to the front area of the vowel space is explored. The main focus is to determine whether 

perceptual cues, namely a rising or falling F2, are directly related to the features [+front], as in 

/i/, or [-front] as in /u/, respectively. In other words, they wanted to find out whether Southern 

British English speakers use diphthongization to differentiate between /i/ and /u/. It was found 

that this was indeed the case for both groups of speakers, but, as previous studies have shown, 

the younger participants had a more /u/ responses in general compared to the older participants. 

 There is also evidence of back-vowel fronting in German, which, like English, has the 

vowels /ʊ/ and /u:/, with the exception that the latter is a long vowel in German (Harrington et al. 

2011). The main focus of this study was to compare production and perception of high vowels by 

native speakers of German, and one of the main findings was that back vowels require a greater 

effort to maintain the articulatory distance of the tongue dorsum in CV transitions compared to 

front vowels. This suggests that the fronting of back vowels serves as a way to facilitate 

articulation of structures consisting of consonants and vowels, which provides evidence for the 

justification of back-vowel fronting. 

Taking into account the compelling evidence that the /u/ phoneme has become more 

fronted in certain dialects of English and even in other languages like German but not in Spanish, 

we expect that the English monolinguals in this study will perceive a greater quantity of /u/s than 
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the Spanish monolinguals, whose production of the /u/ phoneme remains with back vowel 

properties, namely, lower F2 values.  

Section 1.2 “Perceptual switching in Spanish-English bilinguals” 

In addition to studying the differences between monolingual speakers, we are interested 

in exploring the performance of Spanish-English bilinguals. Our main question here is: do people 

who are proficient in two languages have language-specific ways of classifying or perceiving 

sounds? In other words, we want to investigate whether proficient bilinguals have two separate 

phonemic boundaries depending on the language context, or if they have a single comprehensive 

phonological rule that takes into account the phonemic inventories of both languages. Previous 

studies that investigate this issue have yielded varied results.  

One of these studies is Garcia-Sierra et al. (2009), which focuses on comparing the 

perceptual boundaries of Spanish-English bilinguals and English monolinguals. For this, the 

participants’ categorization of a continuum ranging from /ga/ to /ka/ was examined. Bilingual as 

well as monolingual participants were tested in two different language contexts (Spanish and 

English) to determine whether the Spanish-English bilinguals were the only ones showing a shift 

in perception. Since Spanish has a lower voice onset time (VOT) for the /g/ and /k/ phonemes, it 

was expected that bilingual participants tested in the Spanish language context would classify the 

phonemes as voiceless more often compared to the English monolinguals. Since the bilingual 

participants showed a greater shift in perception depending on the language context, while the 

monolingual participants showed almost no difference in phoneme classification regardless of 

language context, the results from this series of experiments support evidence for the existence 

of a double phonemic boundary in bilinguals. 
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Another study that observed perceptual switching in bilinguals is Gonzales and Lotto 

(2013). This study looked at classification of phonemes by Spanish-English bilinguals that were 

exposed to the two languages since early childhood and compares their performance with 

English monolinguals. The task here consisted of identifying different steps of a continuum 

ranging from “bafri” to “pafri” as voiced (/b/) or voiceless (/p/). Both the bilingual and 

monolingual participants were tested in a Spanish and an English context, which differed in the 

language of the instructions the participants received as well as in the “ri” ending of the target 

words: /ɾi/ for the Spanish context and /ɹi/ for the English context. Once again, a greater quantity 

of “voiceless” categorizations of the steps in the continuum was linked to a Spanish 

monolingual’s classification. The results indicated that the bilinguals in this study had a different 

categorization of the phonemes depending on the language context, again supporting the 

perceptual switching hypothesis. 

Finally, we have Bohn and Flege (1993), which also observed perceptual switching in 

Spanish-English bilinguals. For this, they observed classification of the phonemes /d/ and /t/ with 

different voice onset time (VOT) values by three groups of participants: Spanish-English 

bilinguals, English monolinguals, and Spanish monolinguals. Spanish /d/ has a prevoiced or lead 

VOT, meaning that the voicing starts before the stop is released; Spanish /t/ and English /d/ both 

have a short-lagged (and nearly identical) VOT values; and English /t/ has a long-lagged VOT, 

meaning that it takes a longer time (in milliseconds) for the voicing of the subsequent segment to 

begin, and usually involves the phoneme being aspirated. It is expected, then, that monolingual 

speakers of English and Spanish will perceive and classify the phonemes in this experimental 

task according to their respective phonemic inventories. In this study, however, monolingual and 
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bilingual speakers responded in a very similar matter, suggesting that they used post-perceptual 

strategies rather than previous linguistic experience while responding to the experiment. 

The present study aimed to examine perceptual switching in proficient Spanish-English 

bilinguals. For this, we compared the categorization of a synthetic continuum ranging from /i/ to 

/u/ by three groups of participants: proficient Spanish-English bilinguals, Spanish monolinguals 

and English monolinguals. To test the perceptual switching hypothesis, the bilingual participants 

of this study were exposed to the listening task in two language modes (English and Spanish), 

which were induced by explicit oral and written instructions in the relevant language. The 

monolingual participants were tested in either English mode or Spanish mode, depending on the 

language they were proficient in. 

Since the /u/ phoneme is more fronted in English, we expected that the English 

monolinguals and the bilingual participants being tested in English mode would respond to the 

listening task with a greater quantity of /u/ responses. In other words, these groups of participants 

should have a perceptual boundary shifted towards /i/. On the other hand, Spanish monolinguals 

and bilinguals tested in Spanish mode were expected to have a similar amount of /i/ and /u/ 

responses. The perceptual boundaries from these groups of participants, then, were expected to 

be placed towards the middle of the /i/-/u/ continuum.  

Methodology 

Participants 

The participants for this study were 20 Spanish-English bilinguals, 10 Spanish 

monolinguals, and 10 English monolinguals. All the participants were students at the University 

of Arizona, ages ranging from 18 to 44 (M = 23.17). Each of the Spanish-English bilinguals was 

randomly assigned to one of two conditions orders. The participants in “group A” were first 
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tested in the English condition and then in the Spanish condition, and those in “group B” were 

first tested in the Spanish condition and then in the English condition. Each group had 10 

participants. 

Bilinguals and monolinguals were distinguished on the basis of their responses to the 

Bilingual Language Profile (BLP), which is a detailed questionnaire for the assessment of 

language dominance through self-reports. This resource assesses the following four areas for the 

two languages that are being observed: language history, language proficiency, language use, 

and linguistic attitudes. The values obtained in each area are added up for each of the relevant 

languages, which in this case were English and Spanish. To acquire the measure of language 

dominance, the total value for one language is subtracted from the total from the other to provide 

a dominance score that ranges from -218 to +218. This way, one can efficiently observe if the 

person answering the questionnaire has a more dominant language, since a score near zero would 

indicate a higher level of bilingualism, but on the other hand, scores farther away from zero, 

either positive or negative, would reflect language dominance on the respective language. 

Taking all of this into account, and since we wanted our bilingual participants to be as 

balanced as possible, we established that we would exclude any participants with dominance 

scores exceeding +60 or -60 points. For the particular scores in this study, a positive number 

indicates dominance in Spanish, and a negative number indicates dominance in English. The 

bilingual participants had dominance scores ranging from -59.482 to 47.314, on English and 

Spanish, respectively, and the average was -12.2.  

English and Spanish monolinguals differed in their dominance score averages because 

the Spanish monolinguals are actually Spanish and English bilinguals, but they are significantly 

more dominant in the Spanish language, as we will discuss subsequently. The English 
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monolinguals that participated in this study were all native speakers of English from Arizona. 

They have all lived inside the United States for their entire lives, and have not been abroad for 

more than a semester. Their experience in Spanish or another second language did not exceed 1 

year of formal classroom instruction or their exposure to Spanish (or other languages) started 

after 8 years of age, and this happened in an environment with no regular exposure to speech 

from native speakers of Spanish. This group of English monolinguals had BLP dominance scores 

ranging from -93.634 to -188.336, and the average was -154.071.  

The Spanish monolinguals have a very similar background. However, the main difference 

is that their first and more dominant language is Spanish, since they were born and raised in 

Spain, a Spanish-speaking country. This group learned English as a second language, starting 

after 8 years of age or later and in an environment with no regular exposure to speech from 

native speakers of English. All of the participants in this group currently reside in Tucson, 

Arizona, but have not been living there for more than a year. The Spanish monolinguals had BLP 

dominance scores ranging from +51.39 to +143.30, and the average was +93.35. Table 1 below 

shows the average BLP dominance scores for the three groups of this study, in which positive 

scores reflect dominance in Spanish and negative scores reflect dominance in English. 

 

 Spanish-English bilinguals English monolinguals Spanish monolinguals 

BLP Dominance score -12.2 -154.071 +93.35 

Table 1: Average BLP dominance scores for the Spanish-English bilinguals, the English 
monolinguals, and the Spanish monolinguals. 
 
Design 

Procedures 

The perception of the high vowels was assessed through a two-alternative forced-choice 

experiment designed using the PRAAT program (Boersma and Weenink, 2007). The stimuli 
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were presented via circumaural headphones at a comfortable signal level that was adjusted for 

each participant individually. The participants were tested by the experimenter, who is a native 

speaker of Spanish. The experiment was always done in a quiet environment to ensure that the 

participants could listen to all of the stimuli with no interference. To test for language mode 

effects, the Spanish-English bilinguals were divided into two groups. One group of bilinguals, 

“group A”, was first tested in English and then in Spanish. The other group of bilinguals “group 

B” was first tested in Spanish an then in English. Since language mode effects were not tested for 

either of the monolingual groups, both Spanish and English monolinguals were told that they 

were going to listen to sounds of the English language. All of the participants received written 

instructions in addition to oral instructions to ensure that they had understood the task. The 

Spanish-English bilinguals received written instructions in English when they were in English 

mode, and they also received written instructions in Spanish when they were in Spanish mode. 

The English and Spanish monolinguals were exposed to one block, which consisted of 

110 different stimuli (each stimulus = one trial) presented in a random order. The Spanish-

English bilinguals were exposed to two blocks, both consisting of the same 110 stimuli. On each 

trial, participants listened to one stimulus at a time, without the possibility to replay the stimulus. 

The participants had to identify the stimulus played by using a numeric keypad attached to the 

personal computer that was showing the experiment on its screen. For the participants that were 

doing the forced-choice experiment in English, the screen showed two rectangles, one with the 

word “fee”, representing the sound /i/ and another one with the word “foo”, representing /u/. For 

the participants that were doing the task in Spanish, the screen again showed two rectangles, 

however, this time one rectangle had the word “fi”, representing the sound /i/ and the second 

rectangle had “fu”, representing /u/. To select the phoneme /i/, participants were instructed to 
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press “1” on the numeric keypad. To select /u/, they had to press “3”. On average, this task took 

approximately 7 minutes to complete.  

Going back to the issue of language modes, to ensure that the bilingual participants were 

in English or Spanish mode, the following strategies were used. The first one was to have a short 

conversation that lasted from 5 to 10 minutes in the language desired so the participant could do 

the first block of 110 stimuli in one of the language modes. In addition to that, they received oral 

and written instructions in either English or Spanish, depending on the language in which they 

were going to be tested. For instance, a participant in “group A” had a short conversation in 

English with the experimenter, and also received oral and written instructions for the listening 

task in English. After completing the first block on either English or Spanish mode, the 

participants were told that the rest of the experiment was going to be done in the other possible 

language. Then, the experimenter proceeded to go through the BLP questions, saying them out 

loud to the participant, and then filling out the questionnaire for them. After this was done, the 

participant received oral and written instructions for the second block of 110 stimuli in the 

language in which the questionnaire was given. 

Stimuli 
 

The stimuli were synthetic vowels modeled on a male voice. They were created using the 

PRAAT program (Boersma and Weenink, 2007). These vowel tokens were sampled from the F1-

F2 plane in psychoacoustically equidistant steps (along the Mel scale). The F1 was 240 Hz for all 

of the tokens, and the F2 was sampled in 11 steps between 2700 and 580Hz. Tokens outside the 

range of the possible human vowel space were excluded. This procedure yielded the 11 different 

F1-F2 vowel tokens that were tested. The procedure and values for this section were based on 

Chládková and Escudero (2012), in which vowel perception from two different dialects of 
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Spanish and Portuguese was observed. As mentioned before, the participants listened to each 

vowel token of the continuum 10 times, giving the total of 110 stimuli. Table 2 shows each of the 

11 steps with the values in Hertz used for the forced-choice experimental task. The endpoints 

(2700 Hz and 580 Hz) correspond to the stimuli for with we expected a categorical perception of 

/i/ and /u/, respectively. 

Table 2: The 11 steps of the continuum (in Hertz) used for the forced-choice task.  
 
Data analysis 

Participants used the two vowel categories that were available to them during the 

experiment. There were three main series of data analyses on this study. One focused on a 

comparison of the responses to the continuum from the English and Spanish monolinguals. We 

decided to look at the ‘i’ responses to examine the differences in perception of the same set of 

stimuli between listeners of different languages. The independent variable was the listener group, 

which had two levels, expressly English and Spanish. The first dependent variable was the 

percentage of ‘i’ responses to the stimuli with an F2 value of 2,700 Hz. The second dependent 

value was the percentage of ‘i’ responses to the stimuli with an F2 value of 580 Hz. We looked at 

these two values, namely the “endpoints”, to see if the participants had a categorical perception 

of the continuum. We expected a categorical response for these specific stimuli because the 

value of 2,700 Hz is higher than the average F2 value for the phoneme /i/, meaning that we 

expected the participants to always select this specific stimuli as /i/; and the value of 580 Hz is 

lower than the average F2 value for the phoneme /u/, meaning that we expected the participants 

to never select this specific stimuli as /i/. 

The third dependent variable for the analysis was the percentage of ‘i’ responses to the 

 1 (/i/) 2 3 4 5 6 7 8 9 10 11 (/u/) 
F1 (Hz) 240 240 240 240 240 240 240 240 240 240 240 
F2 (Hz) 2700  2372 2081 1817 1580 1366 1175 1002 846 706 580 
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full continuum. This value tells us whether across the continuum the different groups of 

participants have a similar or different perception of sounds. For instance, if a group accepts less 

/i/’s overall, that can mean that their perceptual boundary has its placement closer to the first 

endpoint with an F2 value of 2,700 Hz. In the analysis, then, we wanted to see if the general 

placement of the boundary would be different for the two groups. It was expected that the 

English monolinguals would categorize less stimuli as /i/ because the English /u/ is more fronted, 

and thus, closer to /i/ in the continuum, than the Spanish /u/.  

The fourth dependent variable was the value of the perceptual boundary. This refers to 

the point in the continuum where the participants stop hearing /i/ and start hearing /u/. This value 

was obtained by examining each participant’s responses to each of the steps on the continuum 

(from 2,700Hz to 580 Hz), and finding the step in which the responses started having a 50% 

chance of being either of the two possible options. For instance, if the participant categorized the 

stimulus with a value of 1817 Hz as /i/ 5 out of the 10 possible times, the value of 1817 Hz was 

considered the participant’s perceptual boundary. 

 In the cases where the value of “5” occurred between two steps, the values of said steps 

were added and the mean was obtained, which resulted in the value used as the participant’s 

perceptual boundary. For instance, if a participant categorized the stimulus with a value of 1817 

Hz as /i/ 6 out of the 10 possible times, and categorized the following step with the value of 1580 

Hz as /i/ only 1 out of the 10 possible times; then the mean of both values, which would be 

1698.5 Hz, would be considered the participant’s perceptual boundary. 

The second series of analyses focused on a comparison of the responses from the 

Spanish-English bilinguals with the independent variable being the language mode they were 

tested on. The first two dependent variables were the same as the ones for the monolingual 
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participants, namely the percentage of ‘i’ responses to either the stimuli with an F2 value of 

2,700 Hz, or the percentage of ‘i’ responses to the stimuli with an F2 value of 580 Hz. Again, 

this was done to observe if the participants had a categorical perception of the continuum.  

The third dependent variable for this analysis was, newly, the percentage of ‘i’ responses 

to the full continuum. Since we were looking at “balanced bilinguals” we wanted to see if the 

general placement of the boundary would be different for the two language modes. It was 

expected that the bilingual participants in Spanish mode would act in a similar way to the 

Spanish monolinguals, and the bilingual participants in English mode would act in a similar way 

to the English monolinguals. 

The last series of analyses focused on comparing perception versus production of Spanish 

and English monolinguals. We decided to compare the perceptual boundary values from the 

participants of this study with production data from previous research. Specifically, the 

production data was obtained from Diaz (2010), a dissertation thesis on L2 and L3 acquisition of 

stressed vowels of Portuguese by native speakers of English. The production values of the high 

vowels /i/ and /u/ were collected from words produced by native speakers of English and Spanish 

where the mentioned vowels where stressed. Some examples of the words used are “teaser” 

(with a stressed /i/) and “tulip” (with a stressed /u/) for English, as well as “salida” (with a 

stressed /i/) and “peluda” (with a stressed /u/) for Spanish. The mean for the F2 value for English 

was 2236 Hz for /i/, and 1908 Hz for /u/. The mean for the F2 value for Spanish was 2209 Hz for 

/i/, and 978 for /u/. The production boundary value was obtained by adding the means for the two 

relevant vowels and each language, and then dividing them by two. For English, this value was 

2072 Hz, and for Spanish it was 1593.5 Hz.  
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The next step in this analysis consisted in measuring the difference between the 

perceptual boundary and the production boundary. In order to obtain this, we got each 

participant’s perceptual boundary F2 value, which ranged from 1473 Hz to 2372 Hz, and we 

subtracted the respective production boundary F2 value, depending on the language of the 

participant. For instance, a Spanish monolingual’s perceptual boundary would be subtracted by 

1593.5 Hz, and an English monolingual’s perceptual boundary would be subtracted by 2072 Hz. 

The results of these operations yielded values ranging from -599 Hz to 633 Hz, which we refer to 

as “difference values”. 

Results 

1. Spanish and English monolinguals 

The first analysis focused on a comparison of the monolingual, English and Spanish 

categorizations of the /i/-/u/ continuum. First, the percentage of ‘i’-responses to the stimulus 

whose F2 was at 2,700 Hz was compared between the two groups of monolinguals. This is the 

stimulus for which we expected a categorical ‘i’ response. The percentage of ‘i’-responses as a 

function of listener group (English, Spanish) was examined by submitting the data to a t-test. 

This test revealed that the two groups did not differ in this regard (t(14.2) = -.78, p > .05; 

M{English} = 9.11; M{Spanish} = 9.44). Specifically, both groups labeled this stimulus as ‘i’ 

over 91% of the time. 

The second comparison focused on the percentage of ‘i’-responses to the stimulus whose 

F2 was at 580 Hz. This is the stimulus for which we expected a categorical ‘u’ response. Again, 

the percentage of ‘i’-responses as a function of listener group (English, Spanish) was examined 

by submitting the data to a t-test. The two groups did not show a significant difference 

concerning their percentage of ‘i’-responses as a function of listener group, as shown by this 
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statistical test (t(14.6) = .20, p > .05; M{English} = 0.77; M{Spanish} = 0.66). In other words, 

the two groups labeled this stimulus as ‘i’ under 7% of the time. 

As a third step of this first analysis, the percentage of ‘i’-responses to the full continuum, 

which contained 11 steps, was compared between the two monolingual groups. The percentage 

of ‘i’-responses as a function of listener group (English, Spanish) was once again examined by 

submitting the data to a t-test. This test revealed that a significant difference was not shown for 

the two groups in regards to their percentage of ‘i’-responses as a function of listener group 

(t(13.8) = .35, p > .05; M{English} = 36.77; M{Spanish} = 35.55). Explicitly, the stimulus ‘i’ 

was selected with an average of 36% of the time by both groups. 

The fourth comparison focused on contrasting the perceptual boundary between the two 

groups. Recall that this value was obtained finding the step in which the responses of the 

participants started having a 50% chance of being either of the two possible options (/i/ and /u/). 

To examine the perceptual boundary as a function of listener group (English, Spanish), the data 

were submitted to a t-test. The results of the test exposed that neither of the groups showed a 

significant difference respecting the participants’ average perceptual boundary as a function of 

listener group (t(14.1) = -.20, p > .05; M{English} = 1817.11; M{Spanish} 1839.16). 

Concretely, the perceptual boundary value for both groups had an average of 1828.13 Hz. 

In sum, the results of these analyses reveal that the Spanish and English monolinguals did 

not show any significant differences in their categorizations of the /i/-/u/ continuum. Both groups 

consistently labeled the stimulus with the F2 value at 2,700 Hz as ‘i’ practically the entire time. 

Likewise, both groups did not differ in that virtually neither of them labeled the stimulus whose 

F2 was at 580 Hz as ‘i’. Additionally, the percentage of ‘i’-responses to the full continuum by 

both groups did not differ statistically. Lastly, the comparison of the perceptual boundary for the 
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monolingual participant groups did not show any significant difference, meaning that the two 

groups classified the stimuli in a similar manner. 

2. Spanish-English bilinguals  

The second analysis proceeded to compare the categorizations of the /i/-/u/ continuum of 

the Spanish-English bilinguals as a function of the language mode or context in which they were 

induced. First, I compared the percentage of ‘i’-responses to the stimulus whose F2 was at 2,700 

Hz. Again, this is the stimulus for which a categorical response of ‘i’ was expected. The 

percentage of ‘i’-responses as a function of language mode (English Mode, Spanish Mode) was 

examined by submitting the data to a t-test. The test yielded that the two groups did not show a 

significant difference in their categorizations of the continuum as a function of language mode 

(t(20.9) = -.29, p > .05; M{English Mode} = 9.46; M{Spanish Mode} = 9.53). Definitely, both 

groups labeled this stimulus as ‘i’ over 94% of the time. 

The following comparison focused on the percentage of ‘i’-responses to the stimulus 

whose F2 was at 580 Hz. Again, this is the stimulus for which we expected a categorical ‘u’ 

response. Here, a t-test was used to analyze the percentage of ‘i’-responses as a function of 

language mode (English Mode, Spanish Mode). This test exposed that both groups did not differ 

in the percentage of ‘i’-responses given to the stimulus with an F2 value of 580 Hz depending on 

which language they were tested on (t(23.8) = 0, p > .05; M{English Mode} = 1; M{Spanish 

Mode} = 1). Explicitly, the two groups labeled this stimulus as ‘i’ only about 1% of the time. 

A third analysis focused on the comparison of the percentage of ‘i’-responses to the full 

11-step continuum. Once more, a t-test was used to examine the percentage of ‘i’-responses as a 

function of language mode (English Mode, Spanish Mode). The results of this test indicate that 

the two groups responded similarly, as there was no significant difference concerning the amount 
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of ‘i’-responses contingent to the language context (t(23.9) = -.8, p > .05; M{English Mode} 

37.61; M{Spanish Mode} 40.15). Pointedly, the stimulus ‘i’ was selected with an average of 

38% of the time by both groups. 

In conclusion, the findings suggest that the Spanish-English bilinguals did not show any 

significant differences on the categorization of the /i/-/u/ continuum with respect to the language 

mode they were tested on. The stimulus with the F2 value at 2,700 Hz was labeled as ‘i’ 

essentially all of the time by the two groups. In addition to that, the stimulus whose F2 value was 

at 580 Hz was practically never identified as ‘i’ by either group. Finally, the average for the 

percentage of ‘i’-responses to the full continuum by both groups was sparse, not showing a 

statistical difference.  

3. Perception v. production of Spanish and English monolinguals 

The third analysis compared the perceptual boundary relative to the production boundary 

for the monolingual listeners. As mentioned before, the perceptual boundary value was 

calculated by examining each participant’s responses to each of the steps on the continuum and 

finding the step in which the responses started having a 50% chance of being either of /i/ or /u/. 

The result of the statistical analysis, as mentioned previously, exposed that neither of the groups 

showed a significant difference in this regard, and the perceptual boundary value for both groups 

had an average of 1828.13 Hz. 

Recall that the dependent variable is the difference between each listener’s perception 

boundary value, obtained in this study, and the production boundary obtained from two groups of 

reference. Taking this into account, we proceeded with the statistical test.  The percentage of 

difference values as a function of listener group (English, Spanish) was examined by submitting 

the data to a t-test. This test revealed that the two groups showed a significant difference 
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regarding the percentage of difference values as a function of listener group (t(14.1) = -4.74, p = 

0; M{English} = -254.88; M{Spanish} = 245.66). In other words, there was a mismatch between 

the perception from the monolingual participants in this experiment and the production of the 

monolingual participants in Diaz (2010). 

General discussion 
	  

The results from the series of experiments previously described suggest that perceptual 

differences of the /i/-/u/ continuum do not exist between bilingual speakers of Spanish and 

English and monolingual speakers of either English or Spanish. Their responses, instead, suggest 

that they could have a very similar way of classifying the high vowels /i/ and /u/ regardless of the 

language mode they are tested in, for the bilingual participants, or the language they are 

proficient in, for the monolingual participants, taking into account that they classified the steps in 

the continuum almost identically. We will now consider further interpretations of the data. 

First, we will concentrate on the responses of the English monolinguals, and the Spanish-

English bilinguals tested in the “English” language mode. These two groups of participants 

classified the /i/-/u/ continuum in such way that, for the experimental task overall, they had a 

significantly smaller quantity of /i/ responses, suggesting that their perceptual boundaries are 

shifted towards the left (closer to the “/i/” end of the continuum, with an F2 value of 2,700 Hz). 

This can be considered as what was expected for these two groups of participants, taking into 

account the (phonological) process of /u/-fronting that seems to be present in some dialects of 

English, which seems to be present in the region in which the experiments took place. In sum, 

these participants’ responses fit what we had hypothesized.  

However, the Spanish monolinguals and the Spanish-English bilinguals tested in the 

“Spanish” language mode had, on average, the same amount of /i/ responses for the same 
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continuum, despite the fact that Spanish and the dialect of English spoken by the participants of 

this experiment differ in vowel production of the high vowels /i/ and /u/. These results do not 

support our hypothesis that the Spanish monolinguals or the Spanish-English bilinguals in 

“Spanish mode” would have their perceptual boundaries more towards the center of the 

continuum, reflecting the standard pronunciation of /i/ and /u/ in Spanish. Nevertheless, we 

provide alternative theories to account for the particular results obtained in these experiments. 

One of the explanations for this lack of a difference in the classification of the /i/-/u/ 

continuum between the different groups of participants could be that the Spanish-English 

bilinguals and even native speakers of Spanish with enough exposure to English have a 

comprehensive phonetic processing system that incorporates the relevant properties necessary for 

at the very least accurately understanding the dominant language used where they live. Thus, 

since the dialect of English they are constantly exposed to has a fronted /u/ phoneme, it is a 

possibility that their perception of the /i/-/u/ continuum is more fronted regardless of the 

language being spoken, since the distinction is relevant in one of the languages they use 

(English) but irrelevant in the other (Spanish). Thus, since these groups of people do not need to 

sacrifice anything and instead only need to incorporate this distinction into their processing 

system, this can be a potential reason for the lack of significant difference in the categorization 

of the /i/-/u/ continuum used. 

Another possible interpretation of the results from this study is that the participants did 

not shift between language modes and instead, were in “English mode” the entire time. One of 

the reasons for this might have been that the methods used weren’t enough to induce a change in 

perception. The method in which the Spanish-English bilinguals and the Spanish monolinguals 

were mainly induced to “Spanish mode” was by having a casual conversation in Spanish with the 
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experimenter. In previous experiments, like Bohn and Flege (1993) and Gonzales and Lotto 

(2013), they used controlled contexts in addition to explicit instructions to establish different 

language modes. A suggestion for future research, then, could be to incorporate this kind of 

methodology to have a better chance of inducing a language mode shift. An alternative reason 

for the lack of a language shift might be that, as mentioned before, constant exposure to the 

English language resulting from residing in the United States could have an impact on people’s 

perception, making it more likely for them to be in “English mode” most of the time. In theory, 

regardless of the language being spoken, the participants in this experiment could simply be 

ready to encounter English and thus it is harder for them to shift out of “English mode”, which 

could explain their perceptual boundary shift to the “/i/” end of the continuum.  

Additionally, a plausible explanation for the results obtained is that the /i/ and /u/ 

phonemes, even though their production by Spanish speakers, which have a back /u/ phoneme, 

makes it seem that their perceptual boundary should be more towards the center of the 

continuum, is that and the /i/ phoneme is simply more restricted in terms of phonological 

perception. This means that the results of these experiments may just be reflecting that only the 

vowel tokens with the highest F2 values in the /i/-/u/ continuum are most likely to be categorized 

as /i/, and the rest of the tokens as /u/. 

A similar finding was obtained in Chládková and Escudero (2012), which compared the 

production and perception of vowels by native speakers of Spanish and native speakers of 

Portuguese. Specifically, this study analyzed the performance of speakers of European (Spain, 

Portugal) and Latin American (Peru, Brazil) dialects. The perception of vowels by these groups 

of speakers was assessed through a multiple forced-choice experiment, in which the participants 

had to identify the stimuli as either one of the five vowels /i, e, a, o, u/ for the Spanish speakers, 
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or one of the seven vowels /i e ɛ a ɔ o u/ for the Portuguese speakers. Regarding the high vowels 

/i/ and /u/, the results of the experiment showed that all of the participants, regardless of their 

native language, had a greater quantity of /u/ responses along the F2 dimension. In other words, 

Spanish and even Portuguese speakers categorized only the tokens with the highest F2 values as  

/i/ and the rest as /u/. Additionally, when comparing their perception and production data, their 

responses reflected a frontward shift of /u/ in perception, but not in production. This suggests 

that the perceptual vowel space is considerably larger for /u/ in comparison to /i/ across the two 

languages, even if their /u/ phoneme has back-vowel properties in their production data. 

Conclusion 

The present study analyzed the perception of the high vowels /i/ and /u/ by three groups 

of participants: proficient Spanish-English bilinguals, Spanish monolinguals and English 

monolinguals. The main objective of this study was to determine whether the bilingual 

participants were able to switch their perception of the phonemes depending on the language 

they were being tested in, and, for this, they were exposed to the experimental task in “English 

mode” and “Spanish mode”. Then, their results were compared to the results of English 

monolinguals and Spanish monolinguals doing the same task, except that the monolingual 

participants were only tested in one language mode rather than two. 

Contrary to our expectations, the results of the series of experiments conducted for the 

present study showed that the three groups of participants had, on average, the same amount of 

/i/ responses for the /i/-/u/ continuum regardless of the language they were tested in or the 

language they were proficient in, suggesting that they have a very similar perceptual boundary 

between the high vowels /i/ and /u/. Further analyses comparing the perception data of the 

English and Spanish monolinguals of this experiment with production data from different groups 
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of English and Spanish monolinguals from a previous experiment (Diaz, 2010) yielded that there 

is a significant difference between perception and production of the /i/-/u/ continuum for Spanish 

monolinguals, as Spanish /u/ is farther back than English /u/. 

This could be interpreted as evidence for a dissociation between perception and 

production, meaning that that perception and production do not necessarily reflect each other. 

Additionally, these results support the alternative explanation that suggests that, in the /i/-/u/ 

continuum, only the vowel tokens with the highest F2 values will allegedly be categorized as /i/ 

and the rest as /u/, which is also supported by the findings in Chládková and Escudero (2012). 

However, the results of the series of experiments conducted in this study are not conclusive, and 

we highly suggest that further research is done in this field of phonological perception to further 

advance our knowledge of the language processing of monolingual and bilingual speakers of 

different languages. 
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