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Abstract 

This study explores the potential of artificial intelligence (AI) to enhance pronunciation 

skills in English as a Foreign Language (EFL) learners, focusing on American English 

vowel sounds. An introduction to AI is given at the outset of the research, followed by a 

thorough investigation of the importance of pronunciation instruction and learning, the 

intricacies of the English vowel system, and the difficulties encountered by Spanish-

Catalan learners. Subsequently, the role of AI in second language (L2) learning and 

methods for integrating AI into classroom practices are discussed. To assess the efficacy 

of the AI-powered tools, Siri and the Speakometer app are examined in terms of the 

speech perception and production of 24 Spanish-Catalan teenagers. Participants were split 

into two groups, receiving identical explicit instruction over four sessions. However, one 

group practiced traditional methods, and the other used the Speakometer app. Before and 

after the intervention, the participants engaged with Siri while being recorded. A post-

questionnaire was administered to assess their experiences with pronunciation learning. 

The findings imply that AI-powered applications do not significantly enhance 

pronunciation learning or the development of a more native-like accent. Additionally, the 

type of stimuli and vowel sounds produced affect AI comprehension. Based on this study, 

it can be said that the efficiency level required for effective pronunciation practice in EFL 

settings has not yet been reached by existing AI tools. 

Keywords: AI, EFL, pronunciation instruction, vowel sounds, AI-powered tools for 

pronunciation 
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1. Introduction 

The landscape of language learning is currently experiencing a profound and 

transformative shift. The rapid advancements in artificial intelligence (AI) and the 

widespread availability of online platforms are reshaping how individuals approach 

language acquisition. Nevertheless, amidst these changes, pronunciation instruction 

remains largely overlooked (Park, 2015). As a result, even advanced second or foreign 

language (L2) learners often encounter challenges in oral communication, struggling to 

overcome their strong non-native accents, which can hinder their fluency and potentially 

lead to misunderstandings (Saito et al., 2015). Although the emergence of AI-powered 

tools and applications presents new possibilities for pronunciation practice, several 

questions remain unanswered: Can AI truly enhance L2 learners' speech production and 

make it sound more native-like? Is AI prepared for didactic purposes, or is its 

comprehension limited? 

1.1. Artificial Intelligence 

Understanding what AI is begins with exploring the concept of intelligence itself. 

Intelligence is a multifaceted and debated term with no universally accepted definition. 

Some view intelligence as the human mental and emotional ability to reason, solve 

problems, understand concepts, and learn (Morandín-Ahuerma, 2022), while others 

believe that multiple intelligences exist, varying among individuals (Gardner, 1983). This 

ambiguity naturally extends to AI.  

John McCarthy, who coined the term in the late 1950s, described AI as “the 

science and engineering of making intelligent machines” (McCarthy, 2007, p. 2). In 

essence, AI is a term to describe a set of technologies that enable machines to simulate 

and perform tasks that typically require human intelligence and problem-solving skills 
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without explicit human guidance (Morandín-Ahuerma, 2022). It is also seen as a branch 

of computer science focused on creating intelligent entities that learn from available data 

and use that knowledge to make predictions (Russell & Norvig., 2010). Russell and 

Norvig (2010) propose four categories of AI placed along two dimensions: the goals of 

AI (matching human performance or ideal rationality) and their capabilities 

(reasoning/thinking or acting/behaving) (Bringsjord & Govindarajulu, 2018). 

1.1.1. The Anatomy of AI 

Given the intricacy of AI’s inner workings, this study will only delve into the fundamental 

building blocks that drive these technologies. AI encompasses a wide range of techniques 

and processes, each representing a specialized subfield that contributes to the overarching 

science of AI (CSU Global, 2021). As outlined by Sofia et al. (2020), these subfields can 

be grouped into two main areas based on the system’s capabilities: (1) Reasoning and 

decision-making, which involves transforming real-world data into a machine-readable 

format, and (2) Learning and perception, where knowledge is extracted from data in both 

structured and unstructured formats, such as text, speech, images, and sounds. 

Within the area of learning and perception, there is machine learning, a core 

element of AI that empowers computers to learn from data and previous computations 

and make increasingly accurate predictions through pattern recognition (Choi et al., 2020; 

Janiesch et al., 2021; Sofia et al., 2020). Over the past decades, machine learning has 

witnessed remarkable advancements, including the development of artificial neural 

networks into deep neural networks with enhanced learning capabilities (Janiesch et al., 

2021).  

Inspired by the structure and function of the human brain, artificial neural 

networks comprise interconnected nodes, or artificial neurons, that process information 

by transmitting signals through weighted connections. These weights are fine-tuned 
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during training, allowing the network to learn and improve. Deep learning, a subfield of 

machine learning, arises from constructing artificial neural networks with an extensive 

number of neurons arranged in multiple layers (Choi et al., 2020; Janiesch et al., 2021; 

Levis & Suvorov, 2012; Lippmann, 2023; Montesinos et al., 2022).  

Even though both machine learning and deep learning utilize neural networks, the 

main distinction lies in their architectural structure. The former employs shallower 

networks consisting of an input layer, one or two hidden layers, and an output layer (Choi 

et al., 2020), whereas the latter harnesses deep neural networks that frequently comprise 

tens to hundreds of hidden layers. This increased depth allows deep learning to handle 

large datasets more effectively, outperforming traditional machine learning algorithms in 

processing text, image, speech, and audio data (Janiesch et al., 2021). 

Two other essential components within AI's internal structure are natural language 

processing (NLP) and automatic speech recognition (ASR). To understand and simulate 

how humans communicate, AI relies on NLP, which employs methods to understand and 

generate natural language (Adamopoulou & Moussiades, 2020). However, this task is 

highly complex, as language can sometimes be ambiguous and variable. During 

interactions, people usually use idioms and collocations whose meaning is not necessarily 

related to the meaning of their parts, adding an extra layer of complexity for AI (Coheur, 

2020).  

On the other hand, ASR refers to the technology that decodes and transcribes 

spoken language. This process involves taking acoustic input, analyzing it, and converting 

it into text to enable AI to understand user queries and respond appropriately (Dizon, 

2017; Levis & Suvorov, 2012; Pieraccini, 2012). ASR works with natural language 

understanding components in speech interfaces to interpret user intentions or commands 

(Clark et al., 2019). 
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1.1.2. Types of AI and their Applications 

Generally speaking, there are two main types of AI: weak or narrow AI and strong or 

general AI. As Liu (2021) and Martinez (2019) described, weak AI is designed to replicate 

or simulate specific tasks but requires human interaction to work. In contrast, strong AI 

is a hypothetical form of AI with generalized human cognitive abilities that can find 

solutions without human intervention. Today, all existing instances of AI fall under the 

category of weak AI because a strong AI that fully mirrors human-like intelligence has 

not yet been achieved (Sofia et al., 2020). Common everyday applications of weak AI 

include image and face recognition systems, machine translation tools, self-driving cars, 

e-learning platforms, language learning apps, and chatbots (Sofia et al., 2020; 

Svenningsson & Faraon, 2019). 

Chatbots went a step further by creating personal voice assistants, also known as 

virtual agents, digital assistants, or intelligent personal assistants (IPAs). These software 

agents are voice recognition technologies built into smartphones or dedicated home 

speakers that facilitate human-like interactions and can handle various tasks 

(Adamopoulou & Moussiades, 2020; Hoy, 2018). Apple’s Siri, Amazon’s Alexa, Google’s 

Assistant, and Microsoft’s Cortana are a few of the most well-known examples of IPAs. 

IPAs follow a basic input-process-output cycle. The systems receive data from 

humans or other sources (input), manipulate it to extract valuable insights (process), and 

then generate meaningful information that can be used (output) (Paschen et al., 2020). 

Building on Bellegarda’s (2013) model (see Figure 1), AI interaction follows a defined 

sequence. First, the user's spoken input is converted into a sequence of words, which 

undergoes natural language understanding techniques to extract the semantic meaning. 

Dialogue management employs the interaction context to address potential information 

gaps and prompt the user for missing details. Lastly, by combining the extracted meaning 
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with its knowledge of available tasks, the system determines the most appropriate action 

and delivers the corresponding output to the user. 

Figure 1. Overview of IPA-User Interaction 

 

Note. Figure retrieved from Bellegarda (2013). 

1.2. Pronunciation in the EFL Classroom 

One of the most challenging aspects of second language acquisition (SLA) is 

pronunciation, and still, it is highly underemphasized in language and teacher-training 

programs (Darcy, 2018). As Jarosz (2019) observes, EFL curricula within educational 

settings tend to ignore phonetic instruction, presuming L2 students will naturally pick up 

pronunciation skills over time. Many EFL teachers are reluctant to deal with 

pronunciation because they do not know how to do it and lack the resources; they believe 

there is not enough time to do so, or they consider that the effort invested in teaching 

pronunciation and providing feedback usually yields unsatisfactory outcomes. Thus, they 

tend to prioritize other areas of language learning (Darcy, 2018; Macdonald, 2002; Levis 

& Grant, 2003; Park, 2015; Szpyra-Kozłowska, 2014). Unfortunately, this neglect can 

disadvantage students’ learning, leading to incorrect pronunciation of English sounds, 

impaired perception of English speech, and even withdrawal from using the language 

altogether (Baran-Łucarz, 2014). 
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1.2.1. The Importance of Pronunciation in EFL Learning 

The ultimate goal of SLA is to equip learners with the skills necessary to communicate 

effectively in the target language, whether with native or non-native speakers. 

Notwithstanding, studies indicate that non-native speakers often experience anxiety when 

using English, regardless of their language proficiency, mainly due to self-perceived 

deficiencies in pronunciation abilities (Baran-Łucarz, 2014; Liu, 2006). 

For successful oral exchange, non-native speakers' speech must be intelligible. 

Setter and Jenkins (2005) argue that if pronunciation hinders word comprehension, the 

chances of communication breakdown increase. Similarly, Derwing and Munro (2005) 

highlight that foreign-accented speech can affect both speakers and listeners in terms of 

perception and production. Jarosz (2019) even asserts that native speakers sometimes find 

pronunciation errors more annoying than lexical or grammatical mistakes. This 

underscores the importance of form alongside content, as it can greatly shape first 

impressions. As a result, strong accents can trigger negative biases, potentially leading to 

social marginalization and discrimination, impacting non-native speakers' social and 

professional spheres (Derwing & Munro, 2005; Szpyra-Kozłowska, 2014). 

To prevent these issues and foster mutual understanding, it is vital to implement 

well-structured pronunciation instruction (Jarosz, 2019). A common misconception is that 

exposing learners to spoken English will automatically lead to correct pronunciation. 

While listening activities play a significant role in the process, they should be 

supplemented with more targeted practice. Celce-Murcia et al. (2010) propose a five-

stage framework for teaching pronunciation communicatively. The model starts by raising 

learners' awareness of a specific pronunciation aspect through description and analysis. 

This is followed by listening discrimination or perception activities. Subsequently, 

learners engage in oral exercises that progress through controlled, guided, and ultimately 



17 

 

communicative exercises to solidify the learned pronunciation feature. In this learning 

process, EFL teachers should act as appropriate models for their students, aiding them in 

grasping the sound system of English and providing feedback on their speech production. 

They should emphasize the importance of pronunciation, as phonetic errors can lead to 

misunderstandings and even communication breakdowns (Szpyra-Kozłowska, 2014). 

The focus should be not only on fluency (i.e., the capacity to produce language without 

undue pause or hesitation) but also on accuracy (i.e., conforming to target language 

norms), as the two are intertwined (Celce-Murcia et al., 2010).  

Learning pronunciation can help EFL learners become better speakers and bolster 

their confidence to engage in L2 conversations (Szpyra-Kozłowska, 2014). Hence, it is 

incumbent upon educators to weave pronunciation instruction into their teaching 

framework, utilizing methods such as explicit instruction, fostering awareness, and 

integrating speaking-oriented activities (Levis & Grant, 2003). While learners should be 

encouraged to reach their full potential, the primary aim of incorporating pronunciation 

teaching within EFL environments should not merely be attaining native-like 

pronunciation. Instead, the focus should pivot towards improving intelligibility (i.e., the 

listener’s competence to discern and interpret specific phonetic and linguistic 

components) and comprehensibility (i.e., the extent to which the listener can grasp the 

speaker’s intended meaning) (Alharthi, 2024; Celce-Murcia et al., 2010; Derwing & 

Munro, 2005; Szpyra-Kozłowska, 2014).   

1.2.2. The Sound System of American English: Vowels 

The foundations of any language's pronunciation lie in the fields of phonetics and 

phonology, both of which examine the mechanics of linguistic sound but from different 

perspectives. As Odden (2013) states, phonetics studies the physical manifestation of 

speech sounds, encompassing areas such as acoustics (waveforms and formants), 
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duration, and articulation (involvement of vocal tract resonances and muscles in 

producing sound). In contrast, phonology deals with the mental representation of these 

sounds and the abstract rules governing them. Phonological features can be categorized 

into segmental (i.e., vowels and consonants) and suprasegmental, which transcends 

individual sounds (e.g., stress, pitch, rhythm, tone, or intonation). 

Describing vowel sounds presents a greater challenge than consonants due to the 

absence of articulator contact (Celce-Murcia, 2010; Ladefoged & Johnson, 2014). All 

English vowel sounds are voiced, but their characteristics are determined by the 

positioning of the tongue, jaw, and lips. Subtle adjustments in the shape of the oral cavity 

affect the airflow, resulting in distinct resonances that differentiate each vowel sound 

(Barber et al., 2012). To adequately describe vowel sounds, researchers like Avery and 

Ehrlich (2013) and Celce-Murcia (2010) emphasize the importance of four parameters:  

(1) Height: The vertical placement of tongue within the mouth (high, mid, or low),  

(2) Frontness: The horizontal position of the tongue (front, central, or back),  

(3) Tenseness: Whether the muscles are tense or lax,  

(4) Rounding: The position of the lips (rounded or unrounded/spread).  

Even so, it is important to acknowledge the controversial nature of tenseness. 

Scholars like Raphael and Bell-Berti (1975) have studied this topic and found that 

muscular tension does not consistently correlate with the production of tense-lax 

distinctions. Besides articulation differences, another distinguishing factor that sets tense 

and lax vowels apart is their distribution within words. Lax vowels require a consonant 

following them and cannot appear at the end of words, whereas tense vowels do not have 

this limitation (Wayland, 2018). 

To examine the range of tongue positions involved in vowel production, the 

“vowel chart, quadrilateral, or space” is used. However, despite the existence of the 
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parameters mentioned above, the vowel chart classifies vowels based on height and 

frontness (see Figure 2). General or Standard American English has a vowel inventory of 

at least 14 sounds, each represented by specific symbols from the International Phonetic 

Alphabet. These sounds include /i/, /ɪ/, /e/, /ɛ/, /æ/, /ɑ/, /o/, /ɔ/, /ʊ/, /u/, /ʌ/, and /ə/, as 

well as the two r-colored vowels (i.e., vowels affected by the /r/ sound) /ɝ/ and /ɚ/ (N.B., 

/ə/ and /ɚ/ are exclusively used in unstressed position). Additionally, there are three 

diphthongs: /aɪ/, /ɔɪ/, and /aʊ/ (Avery & Ehrlich, 2013). Among these vowel sounds, six 

of them are rounded, namely /o/, /ɔ/, /ʊ/, /u/, /ɝ/, and /ɚ/. In terms of tenseness, the sounds 

/i/, /e/, /ɔ/, /o/, /u/, and /ɜ˞/ are considered tense, while /ɪ/, /ɛ/, /æ/, /ɑ/, /ʊ/, /ʌ/, /ə/, and /ɚ/ 

fall into the lax category (Romero, n.d.-b). 

Figure 2. General American English Vowel Chart 

 

Note. Vowel chart retrieved from Romero (n.d.-b). 

The acoustics of vowel production can be explained through the source-filter 

theory of speech, which postulates that sounds are generated and then shaped or filtered 

by the vocal tract acting as a resonating tube (Huckvale, 2017). Vowel sounds, as noted 

by Ladefoged and Johnson (2014), are produced with different resonances 

simultaneously: an inherent pitch and multiple harmonics that confer upon it a 
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distinguishing quality (i.e., the way the vowels sound to the ear) (Kenyon, 1997). These 

harmonics, called “formants,” can help distinguish one vowel from another. Formants are 

concentrations of acoustic energy at certain frequencies that can be measured in Hertz 

(Hz). The source of sound is the vibration of the vocal folds, whereas the vocal tract acts 

as a filter that modulates the quality of the vowel (Huckvale, 2017; Ladefoged & Johnson, 

2014). 

 Regarding vowel quantity or length, Kenyon (1997) explains that in phonetics, it 

refers to duration. In British English phonetic transcription, the symbol [ː] is placed after 

vowels to denote that they are long. However, since vowel length is seldom distinctive in 

American English, the length mark can be disregarded. Kenyon (1997) notes that the 

length of a vowel in American English depends on its phonological context, more 

precisely, what comes after the vowel. For instance, vowels will be longer before a voiced 

consonant, shorter before a voiceless consonant, and longer when followed by a sonorant. 

When acoustically describing vowel sounds, the most important formants are the 

first three. The first formant (F1) is inversely related to vowel height: the higher the 

vowel, the lower the F1, and vice versa. The second formant (F2) is somewhat related to 

the degree of the vowel’s frontness. Front vowels demonstrate high F2, whereas back 

vowels exhibit low F2. However, F2 is influenced by frontness and lip rounding. 

(Ladefoged & Johnson, 2014; Ogden, 2009).  

To mitigate the effect of lip rounding, F2 can be considered in relation to F1. The 

degree of frontness is best represented by the difference between F1 and F2 frequencies. 

“The closer they are together, the more “back” a vowel sounds” (Ladefoged & Johnson, 

2014, p. 208). The third formant (F3), on the other hand, plays a minor role in 

distinguishing vowels. For all English vowels, except /ɝ/, the frequency of F3 can be 

predicted from the frequencies of F1 and F2 (Ladefoged & Johnson, 2014). 
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Vowel formants can be observed and analyzed using spectrograms, which are 

three-dimensional graphs that represent time on the horizontal axis, frequency (Hz) on 

the vertical axis, and amplitude (i.e., intensity) in a grey scale (Ladefoged & Johnson, 

2014). By examining the dark horizontal bands in the spectrogram, which indicate 

concentrated energy at specific frequencies, it is possible to determine the vowel sound 

produced by a speaker (Ladefoged & Johnson, 2014). In spectrograms, formants are 

counted from the bottom upwards. The lowest band corresponds to F1, and the band 

immediately above it corresponds to F2 (see Figure 3 for an example of F1 and F2 in a 

spectrogram). 

Figure 3. Vowel /i/ Displayed in a Spectrogram 

Note. Image retrieved from Romero (n.d.-a).  

Formant frequencies, however, can vary among individuals and are influenced by 

factors like gender, age, dialect, speaking style, speech rate, and the speaker’s anatomy 

(e.g., the shape and length of the vocal tract). There can even be differences within the 

same region or dialect (Cavalcanti et al., 2021; Ladefoged & Johnson, 2014). In a study 

by Hillenbrand et al. (1995), the average formant frequencies of vowels were calculated 

based on data collected from 46 men, 48 women, and 46 children from Michigan, Illinois, 

Wisconsin, Minnesota, Ohio, and Indiana. The findings revealed significant variability in 

the production of F1 and F2, as depicted in Figure 4. 
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Figure 4. Values of F1 and F2 for American Men, Women, and Children 

 

Note. Figure retrieved from Hillenbrand et al. (1995) showing F1 and F2 production of men, 

women, and children for 10 vowels with ellipses fit to the data (“ae” = /æ/, “a” = /ɑ/, “c” = /ɔ/, 
“ʌ” = /ʌ/, and “3” = /ɜ˞/). Measurements for /e/ and /o/ were omitted. 

Considering the variability of formant frequencies, it becomes imperative to 

establish standardized reference values for comparing and evaluating vowel production 

in American English (see Table 1).   

Table 1. Standard Formant Frequencies for American English Vowels 

 /i/ /ɪ/ /e/ /ɛ/ /æ/ /ɑ/ /ɔ/ /o/ /ʊ/ /u/ /ʌ/ /ɜ˞/ 

F1 300 375 475 600 750 800 625 525 450 300 700 850 

F2 2200 2000 1900 1900 1800 1150 800 1200 1150 1200 1250 1350 

 

Note. Table adapted from Romero (n. d.-a). 

1.2.3. Spanish-Catalan Speakers Learning EFL Vowel Pronunciation 

The vowel systems of Spanish and Catalan exhibit characteristics that can potentially 

influence the learning experience of English, which has a broader range of vowel sounds 

(Coe, 2001; Gómez González & Sánchez Roura, 2016).  

In Spanish, there are five monophthongal vowel sounds (/i/, /e/, /a/, /o/, and /u/) 

characterized by being tense, short, and exhibiting minimal variation as a result of 

contextual phonetic processes (Martínez Celdrán & Elvira-García, 2019). These vowels 
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are generally produced higher and more towards the front of the mouth compared to 

English vowels (Gómez González & Sánchez Roura, 2016). On the other hand, Eastern 

Catalan has a broader range of vowel sounds, encompassing the Spanish vowels and three 

additional ones: /ɛ/, /ɔ/, and /ə/. Nonetheless, the vowel inventory of both languages is 

smaller than the English vowel system, making it difficult for Spanish-Catalan learners 

of EFL to perceive or pronounce new phonemes (Garita Sánchez et al., 2019). 

Many studies have investigated the acquisition of L2 speech, with particular 

emphasis on the Perceptual Assimilation Model (PAM) (Best, 1994) and its extension, 

PAM-L2 (Best & Tyler, 2007). These models posit that upon encountering unfamiliar 

sounds in the L2, learners filter and categorize these sounds through the phonological 

system of their L1. Essentially, learners assimilate new L2 sounds into the most 

articulatorily-similar native phoneme (Cebrian, 2006; Rallo Fabra & Romero, 2012; Rallo 

Fabra & Tyler, 2021; Yavaş, 2011).  

As a result of this phonological assimilation process, Spanish-Catalan speakers 

often identify the English /æ/ as their native /a/ sound. Additionally, they perceive the 

English vowel pairs /i/-/ɪ/ and /u/-/ʊ/ as their native /i/ and /u/. The latter assimilation 

arises due to the lack of tenseness as a distinctive feature in either Spanish or Catalan, 

making it complicated for them to discern between tense-lax vowel pairs (Cebrian, 2006; 

Gómez González & Sánchez Roura, 2016). 

Rallo Fabra and Romero (2012) scrutinized the disparities in formant frequencies 

between the two languages in a comparative study of American English and Eastern 

Catalan vowel inventories. They found that the Catalan /i/ vowel sound is intermediate 

between English /i/ and /ɪ/ sounds and that the formant frequencies of English /ɪ/ closely 

resemble those of the Catalan /e/. Their study also noted that the English /æ/ sound is 
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acoustically located between the Catalan /ɛ/ and /a/ sounds and that the English sounds 

/ʌ/ and /ɑ/ do not seem to have a Catalan equivalent. In Spanish and Catalan, /a/ is a 

central vowel with higher F2 frequencies than the English sounds /ʌ/ and /ɑ/. Just like in 

English, it is important to remember that formant frequencies will depend on a list of 

factors (see Table 2 for a comparison of Spanish and Catalan vowel sounds).  

Moreover, Rallo Fabra (2022) further underscored that Spanish-Catalan bilingual 

speakers are exposed to written English input long before they can speak the language, 

which has profound implications for their pronunciation skills. Without corrective 

feedback from teachers, pronunciation errors become internalized and fossilized.  

Table 2. Formant Frequency Values for Spanish and Catalan Vowels 

 F1 F2 

Vowel Spanish Catalan Spanish Catalan 

/i/ 313 334 2200 2078 

/e/ 457 450 1926 1839 

/ɛ/ – 581 – 1700 

/a/ 699 730 1471 1358 

/ɔ/ – 608 – 1125 

/o/ 495 489 1070 1047 

/u/ 349 394 877 960 

Note. This table is adapted from Martínez Celdrán (1995) and Recasens (2014). This thesis takes 

these articles' F1 and F2 values for Spanish and Catalan vowels as standard. 

 

When comparing the orthographic transparency among the three languages, Rallo 

Fabra (2022) asserts that Spanish and Catalan demonstrate high transparency with 

consistent one-to-one sound-spelling correspondence. In contrast, English has an opaque 

orthography, resulting in multiple pronunciations for a given spelling (e.g., the grapheme 

<i> is pronounced as /aɪ/ in high but as /ɪ/ in hit). This mismatch between graphemes and 

phonemes can present challenges for Spanish-Catalan EFL learners when pronouncing 

English words (Rallo Fabra, 2022).  
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A specific example of this challenge is the vowel pair /ɝ/-/ɔr/. In American 

English, r-coloring occurs when certain orthographic vowel + /r/ sequences occur within 

the same syllable. “The vowel anticipates and glides towards the central /r/ position and 

takes on some of the retroflex quality of /r/” (Celce-Murcia et al., 2010, p. 127). Since 

Spanish and Catalan do not have r-colored vowels in their inventories, they often replace 

the /ɝ/ sound with the vowel sound corresponding to the spelling plus an /r/ (e.g., 

pronouncing the word world with /or/ or /ɔr/) (Coe, 2001; Flege & Wayland, 2019). 

Moreover, Spanish-Catalan speakers struggle to discern between /ɝ/ and /ɔr/, especially 

in words spelled with -or- (e.g., word, work, or world) and in minimal pairs such as worm 

/wɝm/ vs. warm /wɔrm/. 

1.2.4. Imaging Techniques in Pronunciation Teaching 

In vowel pronunciation teaching, EFL teachers frequently concentrate on the symbols 

from the International Phonetic Alphabet, the four phonological parameters, and diagrams 

to illustrate these abstract features. However, explaining precise tongue movements 

during sound production can be challenging. This is where tools like magnetic resonance 

imaging (MRI) and ultrasound tongue imaging (UTI) come into play, as they offer real-

time, anatomically detailed visuals of articulator movements during speech (Bliss et al., 

2017; Holt, 2018; Ladefoged & Johnson, 2014). These tools can aid L2 learners in better 

understanding tongue placement for producing English vowel sounds and, consequently, 

improve their pronunciation. 

With MRIs, students can only observe another individual’s speech production 

through resources like the Seeing Speech website (Lawson et al., 2018b). The advantage 

of MRIs is their ability to capture “not only lingual, labial and jaw motion, but also 
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articulation of the velum, pharynx and larynx, and structures such as the palate and 

pharyngeal wall” (Toutios et al., 2016, p. 2428).  

In contrast, UTI can be used directly in the classroom, allowing students to see 

their own tongue movements during speech production and providing visual feedback 

(Bliss et al., 2017). Alternatively, teachers can use the Dynamic Dialects website for UTI 

videos (Lawson et al., 2018a). However, unlike MRIs, UTI cannot image through bone 

or air, only providing visualization of the tongue (Gick et al., 2008). 

1.3. The Role of AI in Pronunciation Teaching and Learning 

In today's world, technology has become an integral part of every aspect of human life, 

and SLA is no exception. Among the various technological advancements, AI has 

garnered significant attention for its potential to enhance and support students' learning 

in the EFL context (Dakakni & Safa, 2023). However, amidst this technological 

revolution, L2 teachers and students ponder: Should they adhere to traditional approaches 

or embrace the opportunities presented by AI? And how effective and pedagogically 

valuable are these AI-based sources in improving pronunciation skills in a new language? 

(Rogerson-Revell, 2021). 

1.3.1. Integrating AI in Pronunciation Instruction 

Over the past decade, the field of computer-assisted language learning (CALL) has 

witnessed tremendous growth, particularly in the realm of computer-assisted 

pronunciation training (CAPT) tools, with the appearance of new mobile applications and 

IPAs that leverage the power of AI and ASR technology (Dizon, 2017; Neri, Mich, et al., 

2008; Rogerson-Revell, 2021).  

AI-based systems offer plenty of benefits for EFL learners, including 

individualized attention, the possibility to compare their pronunciation with that of native 
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speakers, automatic feedback, self-regulated learning, and the flexibility to practice the 

L2 at a time and location of their choosing (Dizon, 2017; El Shazly, 2021; Fouz-González, 

2020). Furthermore, AI tools have the potential to provide learners with an authentic 

means of communication (Moussalli & Cardoso, 2016) and facilitate improvements in 

their perception and production of segmental and suprasegmental features (Fouz-

González, 2020). 

Numerous studies evidence the beneficial role of AI in increasing student 

motivation and willingness to communicate in a foreign language. Moussalli and Cardoso 

(2016) reported high levels of enjoyment from part of language students during their 

interactions with the IPA Alexa. Likewise, Neri, Mich, et al. (2008) found that students 

valued and profited from using CAPT tools, particularly in improving their L2 

pronunciation. Dakakni and Safa (2023) and El Shazly (2021) further stressed the 

advantages of IPAs, noting their ability to analyze users’ abilities, needs, and interests and 

customize the learning accordingly. This approach fosters learner confidence and a 

stronger desire to speak the L2, ultimately leading to improved learning outcomes. 

Notwithstanding these positive results, AI-powered tools do not always 

outperform traditional teacher-led pronunciation training. As stated by Dizon (2017), a 

study by Neri, Cucchiarini et al. (2008) with L2 Dutch learners found no significant 

pronunciation improvement in an experimental group that used CAPT tools compared to 

a control group that used traditional methods. The researchers suggested that more 

intensive training could have yielded better results.  

A prevalent concern among EFL teachers is the potential threat AI poses to their 

job security (Dizon, 2017). However, despite these systems’ sophisticated features, their 

effectiveness in improving learner outcomes remains under investigation. AI can be 

susceptible to errors, such as failing to detect pronunciation mistakes or misidentifying 
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correct pronunciations (Rogerson-Revell, 2021). Another challenge with AI is that ASR 

technology can have difficulties understanding non-native or accented speech, leading to 

communication breakdowns and learner frustration during pronunciation practice (Dizon, 

2017; Moussalli & Cardoso, 2019).  

These limitations imply that, although AI-powered tools can be valuable additions 

to the EFL classroom and hold promising prospects for the future, a skilled language 

instructor remains essential for guiding students, addressing individual needs, and 

providing corrective feedback whenever needed while they interact with AI (Neri, Mich, 

et al., 2008; Rogerson-Revell, 2021). As Rogerson-Revell (2021) states when talking 

about AI resources, “the increasing attractiveness and availability of such tools does not 

of course ensure their pedagogic value or effectiveness” (p. 190). Thus, CAPT tools must 

be used carefully since while they may be fancy-looking and impress students and 

teachers at first, they could eventually fail to meet sound pedagogical requirements (Neri, 

Cucchiarini, et al., 2008). 

1.3.2. AI-Powered Tools for Pronunciation Practice 

The most straightforward way to bring AI-powered pronunciation training into the 

classroom is through the students’ smartphones, which presents several benefits. Mobile 

language learning applications, commonly called apps, present an intuitive interface and 

are frequently available for free. They offer extended language exposure, empowering 

learners to practice conveniently at their own pace, anytime and anywhere, both inside 

and outside the EFL classroom (Rosell-Aguilar, 2017; Shortt et al., 2021).  

A noteworthy feature of these apps is the inclusion of gamification elements, such 

as reward systems and progress indicators, making the learning process more 

entertaining, thereby increasing learner motivation. Some apps even provide audio-visual 

materials from native speakers, further supporting users in their language acquisition 
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journey. Popular language learning apps like Duolingo, Busuu, Babbel, Rosetta Stone, or 

Memrise provide a wide range of activities for L2 learners, including vocabulary, reading 

and writing, grammar learning, listening, speaking, and translation. However, these apps 

often lack specific exercises geared toward pronunciation training (Aini et al., 2023; 

Rosell-Aguilar, 2017; Shortt et al., 2021). 

Although they might not be as widely known, there are apps specifically designed 

for L2 pronunciation practice. Examples include Speak English, ELSA Speak, 

Speakometer, or Pronunciation Power (Aini et al., 2023; Fouz-González, 2020; 

Humardhiana, 2022; Rogerson-Revell, 2021; Rosell-Aguilar, 2017). These apps allow 

users to choose between British or American English pronunciation for practice sessions. 

By employing AI and ASR, they analyze users’ speech patterns, provide feedback on 

pronunciation accuracy, and display phonetic transcriptions, acting as virtual 

‘pronunciation coaches’ (Rogerson-Revell, 2021). One such app, ELSA Speak, was tested 

by Kholis (2021), who reported that it positively impacted students’ pronunciation skills 

and motivation. Participants found the app convenient and effective, enjoying their 

experience using it.  

Nonetheless, it is crucial to acknowledge that these AI-powered pronunciation 

apps are not without their limitations. The range of topics and conversations they offer 

may be somewhat restricted, and access to additional materials often requires purchasing 

the app's premium version (Humardhiana, 2022). Furthermore, like any tool that uses AI, 

the efficacy of these apps is still under investigation (Aini et al., 2023). 

Another way to practice pronunciation using AI is through online dictionaries and 

machine translation tools (Rosell-Aguilar, 2017). Students can use speech-to-text features 

to input words or sentences into these systems, verifying whether their pronunciation is 
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accurately recognized. Some dictionaries also offer phonetic transcription and the option 

to hear native speakers with different English accents pronounce the searcher words.  

Lastly, as mentioned in the previous section, IPAs have significant pedagogical 

potential in SLA (Moussalli & Cardoso, 2019). Several studies (e.g., Dizon, 2017; 

Moussalli & Cardoso, 2016; 2019) have evaluated the capability of IPAs to understand 

L2 speech and their pedagogical potential in L2 education through learner-generated 

commands, questions, or interactive storytelling.  

These AI systems can provide ample input and output opportunities, fostering 

meaningful human-machine interactions. In oral interactions between L2 students and 

IPAs, as noted by Molden (2015) and Moussalli and Cardoso (2019), if the AI system 

detects a mispronunciation, it can respond with comments,  questions or even provide 

incorrect responses. This implicit form of feedback can be instrumental in raising 

learners’ awareness of their mistakes and improving their pronunciation accuracy (Dizon, 

2017).  

In a study by Liakin et al. (2014) comparing two control groups of students 

learning French pronunciation with a human teacher and an experimental group using 

ASR software, they found that the use of AI had positive effects on the acquisition of a 

French vowel sound, as the experimental group outperformed the control ones, though 

not significantly. Moreover, the results of Liakin et al. (2014) pointed towards an 

optimistic direction regarding using mobile ASR in speech perception.  

Molden (2015), however, points out that when speakers provide sufficient context, 

IPAs might automatically correct minor mispronunciations or grammatical errors. This, 

in turn, can lead L2 students to believe they produced the correct utterances even if they 

did not.  
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1.3.2.1. Siri: The Popular IPA  

Apple’s Siri is one of the most influential IPAs, revolutionizing user interaction with smart 

devices. Integrated into all Apple devices, Siri performs various tasks and retrieves 

information through voice commands. Launched in 2011, it remains one of the oldest and 

most widely used IPAs, continuously evolving and incorporating new functionalities 

(Alharthi, 2024; Hoy, 2018). 

Siri’s capabilities range from interpreting spoken queries to answering questions, 

scheduling appointments, making calls, sending text messages, setting alarms, controlling 

other apps, and accessing the Internet (Apple, n.d.; Hoy, 2018). Activated by the trigger 

phrase “Hey Siri,” it employs deep neural networks, NLP, and other AI components to 

convert spoken input into text, enabling it to understand user commands and generate 

meaningful responses. Furthermore, Siri can access personal information stored on the 

device to provide tailored information and interpret speech within its linguistic context 

(Hoy, 2018; Moussalli & Cardoso, 2019). 

Although Siri is not designed for SLA, it holds great potential in this area 

(Alharthi, 2024; Hirai & Kovalyova, 2023; Liakin et al., 2014). Moussalli and Cardoso 

(2019) contend that Siri’s user-friendly interface can assist in pronunciation, offering 

students extensive exposure and numerous opportunities for output practice. Its real-time 

speech-to-text transcription allows language teachers to evaluate the accuracy of ASR 

technology in recognizing students’ speech (Hirai & Kovalyova, 2023).  

Alharthi (2024) explored the potential of using Siri to improve pronunciation 

through voice commands and claimed that Siri's context awareness and ability to correct 

minor grammatical errors automatically make it suitable for pronunciation practice. 

Given Siri's main goal of achieving intelligibility, this aligns perfectly with the objectives 
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of pronunciation learning. Alharthi's (2024) research concluded that integrating Siri into 

pronunciation courses improved EFL students' academic performance. 

However, Dizon (2021) cautions that a major limitation of using Siri and other 

IPAs is their irregular capacity to comprehend non-native speech. For example, Dizon’s 

(2017) study showed that Alexa only fully understood 50% of the commands given by 

Japanese EFL learners. Similarly, Chen et al. (2020) found that Google Assistant 

struggled to comprehend the spoken utterances of EFL participants. Daniels and Iwago’s 

(2017) research provided mixed results, with Google Assistant successfully transcribing 

82% of the target words and sentences, while Siri had a lower mean accuracy rate of 66%. 

1.3.2.2. Speakometer App: An AI-based Pronunciation Tool 

Speakometer is an innovative mobile app powered by AI designed to enhance users' 

pronunciation skills in American or British English, with a particular emphasis on 

segmental practice (Speakometer, n.d.). According to a review by Kurt (2022), the app is 

built on three essential pillars for any CAPT tool: auditory and visualization features, 

ASR, and the provision of accurate feedback for learners.  

Utilizing AI algorithms and ASR, Speakometer evaluates users' English 

pronunciation and offers feedback through written motivational messages accompanied 

by a visual representation called a "speakometer." The speakometer displays four colors 

representing different ratings, ranging from bad (red) to perfect (green) performance 

(Kurt, 2022). In addition, the Speakometer app provides phonetic transcription to further 

assist with pronunciation (Speakometer, n.d.). 

After pronouncing a word, users can listen to their recording and compare it to a 

native speaker’s pronunciation. This feature raises L2 students’ awareness and serves as 

a self-feedback tool. Users can retry a word or proceed to the next one as desired. Each 
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exercise set comprises ten practice words, and upon completion, Speakometer presents 

an overall score out of 100 points (Kurt, 2022). 

Speakometer is available for both Apple and Android devices and can be 

downloaded for free, although certain in-app features may require payment. Compared to 

other pronunciation practice apps, Speakometer stands out for its extensive range of 

practice exercises available in the free version, including the Top 200 English words, 

Voiced vs. Voiceless Consonants, or Phonetic Mastery. However, the app's shortcomings 

include the absence of suprasegmental training and the lack of meaningful 

contextualization during word practice (Kurt, 2022). 

1.4. Research Questions and Hypotheses 

Drawing upon the background information gathered on AI, L2 pronunciation teaching 

and learning, and the integration of AI into the EFL classroom, this study aims to address 

the following research questions: 

RQ1: Does the use of AI help EFL students improve their English pronunciation? 

RQ2: How does the nature of stimuli, such as minimal pairs and sentences, influence AI 

comprehension? 

RQ3: Does the use of different vowels impact the pronunciation accuracy of EFL students 

and, consequently, AI understanding?  

RQ4: To what extent does the use of AI help the production of EFL students become 

more native-like? 

The corresponding hypotheses for these research questions are as follows:  

H1: The use of AI helps EFL students improve their English pronunciation due to its 

adaptability and ease of use. 

H2: The nature of stimuli influences AI comprehension, with the system demonstrating a 

better understanding of sentences over minimal pairs. 
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H3: The pronunciation accuracy of EFL students varies depending on the vowels they 

produce, which, in turn, affects the AI understanding. 

H4: The integration of AI into pronunciation instruction significantly contributes to the 

attainment of native-like production in EFL learners, particularly in improving their 

production of vowel sounds. 

2. Method 

2.1. Research Design  

An experimental study was conducted with Spanish-Catalan bilingual high school 

students learning EFL to address the research questions. The study comprised a control 

group and an experimental group, employing a pretest-posttest design. During the interim 

period between the tests, both groups participated in four English pronunciation classes. 

Despite sharing identical instructional content, the groups engaged in distinct activities to 

practice pronunciation. The control group followed traditional methods, whereas the 

experimental group used the AI-driven pronunciation app Speakometer. The main 

objective was to determine whether students demonstrated improved learning outcomes 

with AI-based methods compared to traditional approaches. Additionally, the significance 

of integrating pronunciation instruction within the EFL classroom was assessed. 

2.2. Participants 

The sample consisted of 24 Spanish-Catalan teenagers (n = 24), aged between 14 and 15, 

studying the 3rd year of ESO (i.e., Educación Secundaria Obligatoria, or Secondary 

Education) at Escola Elisabeth, a semi-private school located in Salou, Tarragona, Spain. 

According to the CEFR levels, the students had a B1 English proficiency level.  

For the experimental part of the study, participants were selected from two 

different classes to prevent cross-contamination of information. After that, the students 



35 

 

were divided into a control group (n = 12) and an experimental group (n = 12). The gender 

distribution among the participants was evenly split, with 12 boys and 12 girls. The 

control group had more boys, while the experimental group was predominantly female. 

All participants were native Spanish-Catalan bilinguals born in Spain, and, on average, 

they began learning English between the ages of 4 and 5. However, out of the 24 students, 

only 7 received English lessons outside of regular school hours. 

2.3. Materials 

Firstly, students had to complete a consent form via Microsoft Forms on their laptops to 

participate in the study (see Appendix A). During the tests, a smartphone (an iPhone 15) 

was used to access Siri, while an iPhone 11 and a Sony PCM-M10 voice recorder served 

to record the students' voices. Printed sheets with minimal pairs and sentences were 

shown to the students (see Appendix B), and a separate sheet with the target vowel sounds 

was used to evaluate Siri’s comprehension of each student’s speech (refer to Appendix C). 

Additionally, some background information questions were included for the pretest (see 

Appendix D).  

For the intervention phase, PowerPoint slides (see Appendix E) were created and 

presented using a projector and speakers provided by the school. Occasionally, a 

whiteboard and markers were used to illustrate words and vowel sounds. For the control 

group, cards containing different vowel sounds were prepared (see Appendix F), while 

the experimental group used their smartphones to access the pronunciation app 

Speakometer.  

Lastly, a post-questionnaire was created using Microsoft Forms to know how the 

participants felt after the pronunciation classes (see Appendices G & H). It was 

administered online, and the students used their laptops to complete it. Afterwards, the 

data was analyzed using the resulting graph from Microsoft Forms 
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2.4. Procedure 

After obtaining ethics approval1 and the participants’ consent, 24 students were randomly 

selected from different classes within the same high school level (3rd of ESO) and 

assigned to control and experimental groups. Individual pretests were conducted, with 

each student leaving their respective classrooms to meet the researcher in a separate room. 

The students were asked to provide some background information, and they were 

recorded while reading the prepared set of minimal pairs and sentences aloud to Siri, 

which was configured to English (United States). Simultaneously, Siri's interpretation of 

the students' utterances was noted using printed sheets with the target vowel sounds. Each 

recording session lasted approximately 2:30 minutes.  

Following the pretests, the instruction phase began, comprising four sessions of 

25-30 minutes each. Both groups received identical instruction on American English 

vowel sounds during these sessions through PowerPoint presentations. Each class focused 

on two vowel sounds known to be challenging for Spanish-Catalan speakers: /i/-/ɪ/, /u/-

/ʊ/, /æ/-/ʌ/, and /ɝ/-/ɔr/. Active student participation was encouraged, minimizing teacher 

talk time to maximize student engagement in sound perception and production. 

In the first class, students were introduced to a comparison of the Spanish, 

Catalan, and English vowel systems, along with their symbols from the International 

Phonetic Alphabet. They learned about vowel classification based on tongue position and 

the phonological parameters of height, frontness, and tenseness, exploring how they apply 

to the first pair of vowel sounds. MRIs of vowel sounds from the website Seeing Speech 

(Lawson et al., 2018) were shown to facilitate understanding of tongue positioning. 

 
1 To ensure the privacy of the participants, this study obtained the approval from the Ethics Committee for 

Research in People, Society, and the Environment (CEIPSA) under the reference CEIPSA-2024-TFM-

0009. 
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Lastly, a table illustrating sound distribution and common spellings for each vowel sound 

was presented. This presentation structure was replicated in subsequent sessions, each 

with a brief review of key concepts from previous classes.  

The second class introduced the phonological parameter of rounding and the 

vowels /u/ and /ʊ/. The third class focused on /æ/ and /ʌ/, using clips of YouTube videos 

featuring native speakers to aid in distinguishing these sounds (Learn Academic English, 

2020; San Diego Voice and Accent, 2020). The final class, lasting an entire hour, 

introduced the r-colored vowel sound. Instead of MRIs, videos of UTI were utilized to 

demonstrate the sounds /ɝ/ and /ɔr/, followed by YouTube clips (Sounds American, 2017; 

2018). Each class concluded with a practice session for the learned vowel sounds, which 

varied between the two groups. 

The control group engaged in whole-class activities, using two cards for each 

vowel sound and words displayed on a screen. They were prompted to articulate the words 

and try to guess the corresponding vowel sounds, receiving feedback on the correct vowel 

sound and pronunciation. Conversely, the experimental group participated in pair 

activities using their smartphones. They had to download the Speakometer app, set their 

native language to either Spanish or Catalan and the practice accent to American English. 

They would always click on “Learn,” then “Short and long vowels,” and select the vowel 

sounds to practice, listening and recording themselves producing the words. At the end of 

the exercise, they shared their performance and the difficulties encountered. 

Upon finishing the intervention, the students were re-recorded, reading the same 

minimal pairs and sentences to assess their progress from the pretest to the posttest. The 

study concluded with a brief post-questionnaire with ten statements using a Likert Scale 

to gauge the participants’ general opinions and perceptions of the course and English 

pronunciation learning. 
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2.5.Data analysis 

Upon gathering the necessary data, the analysis was divided into two main sections: 

speech perception and production. The perception analysis involved eight minimal pairs 

and eight sentences featuring the vowel sounds /i/, /ɪ/, /æ/, /ʌ/, /u/, /ʊ/, /ɝ/, and /ɔr/. 

Minimal pairs were scored on a scale from 0 to 2 based on Siri’s comprehension (0 = No 

vowel sound was detected; 1 = One of the two vowels was understood; and 2 = Both 

vowels were understood). Each student could get a maximum score of 16.  

As for sentences, each of them contained four vowel sounds, which were scored 

on a scale from 0 to 4, with a maximum score of 32. Scores were then converted to 

percentages for consistent weighting and comparison. Once this was done, the scores 

were calculated and regarded as indicators of speech perception results. The data was 

coded in Microsoft Excel and analyzed using linear mixed models in JASP to evaluate 

the impact of the intervention on students’ speech accuracy from pretest to posttest2. The 

dependent variable was the percentage identification of the scores, and the fixed effects 

variables included group (control and experimental), time (pretest and posttest), and 

stimulus (minimal pairs and sentences). 

Due to the large data volume, the production or acoustic analysis had to be 

narrowed to four vowels: /i/, /ɪ/, /æ/, and /ʌ/, instead of the original eight. Students’ voice 

recordings were analyzed one by one using Praat software (Boersma & Weenink, 2023), 

with text grids added to indicate the word and its corresponding vowel sound (see Figure 

5 for an example of what was done in Praat).  

 
2 Despite the small sample size of 24 participants, a Shapiro-Wilk test was deemed unnecessary as each 

participant produced 48 target vowel sounds per test. 
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Since words are random variables, only one word per vowel from the minimal 

pairs and sentences was selected for analysis. All target sounds consistently appeared in 

a consonant-vowel-consonant (CVC) position. Some students were excluded from either 

the minimal pairs or sentences in the pretest or posttest when they produced vowel sounds 

that deviated significantly from the target ones, or if their audio quality was insufficient 

for reliable analysis.  

After the initial analysis in Praat, the reading of the F1 and F2 values of each 

vowel sound were obtained through a Praat script. The extracted formant frequencies 

were then organized into Excel files and analyzed in JASP using two different mixed 

models: one for F1 and another for F2.  

To provide a benchmark for comparison, fictional “native speakers” representing 

the expected or standard formant frequencies of American English vowel sounds were 

introduced in both the control and experimental groups. Finally, scatterplots or vowel 

charts were generated in Excel to represent the production results in a visual way.  

 

Figure 5. An Example of Praat's Acoustic Analysis of Vowel Sounds 
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3. Results 

The study's results are divided into three sections. Section 3.1 presents the perception test 

results, indicating Siri’s comprehension of students’ speech during the pretests and 

posttests. Section 3.2 analyzes the students’ production when reading minimal pairs and 

sentences and includes vowel charts to visually represent the results. Finally, Section 3.3 

shows a graph with the post-questionnaire results. For every subsection, the data will be 

presented with a general ANOVA table, followed by their corresponding line graphs and, 

finally, the table with the descriptive statistics.  

3.1. Perception Results 

As can be observed from Table 3 below, the results were not significant for group (F(1,22) 

= 2693; p = 0.115), time (F (1,22) = 3.631×10-28; p = 1.000), or any of the interactions 

between the variables. The only effect that was highly significant in the perception test 

was stimulus (F(1,22) = 625.429; p = < .001). This is clearly illustrated in Figure 6, which 

plots the mean percentage identification for the two groups from the pretest to the posttest 

for the two types of stimuli.  

 

Table 3. ANOVA Summary for Perception 

Effect df F p 

Group  1, 22.00  2.693  0.115  

Time  1, 22.00  3.631×10-28  1.000  

Stimulus  1, 22.00  625.429  < .001  

Group ✻  Time  1, 22.00  0.459  0.505  

Group ✻  Stimulus  1, 22.00  0.544  0.469  

Time ✻  Stimulus  1, 22.00  0.835  0.371  

Group ✻  Time ✻  Stimulus  1, 22.00  1.202  0.285  
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Figure 6. Plot of Perception 

 

Table 4. Descriptive Statistics for Perception 
 

Percentage identification 

GROUP Control Experimental 

Mean 48.438 54.557 

Std. Deviation 27.958 26.264 

STIMULUS Minimal Pair Sentence 

Mean 27.214 75.781 

Std. Deviation 10.027 13.622 

TIME Pretest Posttest 

Mean 51.497 51.497 

Std. Deviation 27.098 27.501 

 

Siri’s understanding of the control and experimental groups was relatively stable, 

with minimal changes over time. Notably, Siri’s perception showed a higher percentage 

of identification in sentences than in minimal pairs. The experimental group (M= 54.557, 

SD = 26.264) was slightly better understood by the IPA than the control group (M = 

48.438, SD = 27.958), though these results were not significant. This pattern is also 

evident in the descriptive statistics in Table 4, where the largest significant difference is 

between the mean scores for the types of stimuli: minimal pairs (M = 27.214, SD = 

10.027) and sentences (M = 75.781, SD = 13.622) (see Table 4). 
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3.2. Production Results 

3.2.1. Production of High Front Tense Vowel /i/ 

The only effect that was significant in the F1 production of the high front tense vowel /i/ 

was nativeness (F(1, 44.00) = 117.256; p < .001), although stimulus (F(1, 44.00) = 3.594; 

p = 0.065) and the two-way interaction between stimulus and nativeness (F(1, 44.00) = 

3.594; p = 0.065) approached the significance threshold (see Table 5).  

Non-native groups had higher F1 values (control group: M = 350.677, SD = 

70.528; experimental group: M = 353.917, SD = 67.540) than the standard values for 

native speakers (M = 300). There were no significant differences between the means of 

the control and experimental groups, and the data points were relatively close to the mean 

(see Table 7). 

 

Table 5. ANOVA Summary of F1 Production of High Front Tense Vowel 

Effect df F p 

Group  1, 44.00  0.112  0.739  

Time  1, 44.00  1.410  0.241  

Stimulus  1, 44.00  3.594  0.065  

Nativeness  1, 44.00  117.256  < .001  

Group ✻  Time  1, 44.00  0.886  0.352  

Group ✻  Stimulus  1, 44.00  0.041  0.841  

Time ✻  Stimulus  1, 44.00  0.092  0.763  

Group ✻  Nativeness  1, 44.00  0.112  0.739  

Time ✻  Nativeness  1, 44.00  1.410  0.241  

Stimulus ✻  Nativeness  1, 44.00  3.594  0.065  

Note. For the sake of brevity, the 3-way and 4-way interactions are not displayed, as none of them 

are significant. The same will be true for the other ANOVA Summary tables. 
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Figure 7. Plot of F1 Production of High Front Tense Vowel 

 

 

Table 6. ANOVA Summary of F2 Production of High Front Tense Vowel 

Effect df F p 

Group  1, 88.00  2.080  0.153  

Time  1, 44.00  0.104  0.749  

Stimulus  1, 44.00  0.029  0.867  

Nativeness  1, 88.00  0.973  0.327  

Group ✻  Time  1, 44.00  0.055  0.815  

Group ✻  Stimulus  1, 44.00  0.158  0.693  

Time ✻  Stimulus  1, 88.00  1.148  0.287  

Group ✻  Nativeness  1, 88.00  2.080  0.153  

Time ✻  Nativeness  1, 44.00  0.104  0.749  

Stimulus ✻  Nativeness  1, 44.00  0.029  0.867  

 

 

Figure 8. Plot of F2 Production of High Front Tense Vowel 
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Table 7. Descriptive Statistics for F1 and F2 Production of High Front Tense Vowel 

 F1 F2 

 GROUP Control Experimental Control Experimental 

Mean  350.677  353.917  2241.406  2192.229 

Std. Deviation  70.528  67.540  189.308  408.834 

STIMULUS  Minimal Pair Sentence Minimal Pair Sentence 

Mean  358.406   346.188 2221.854  2211.781 

Std. Deviation  77.410   58.936 280.418  354.287 

TIME  Pretest Posttest Pretest Posttest 

Mean  355.208   349.385 2208.094  2225.542 

Std. Deviation  73.362   64.359 299.457  338.195 

NATIVENESS  Native Non-native Native Non-native 

Mean  300.000   404.594 2200.000  2233.635 

Std. Deviation  0.000   63.354 0.000  451.257 

   

As shown in Table 6, no significant differences were found for the F2 production 

of /i/ (all effects had p > .05). Non-native students (M = 2233.635, SD = 451.257) 

produced F2 values close to the native ones (M = 2200), though with great standard 

deviation. Unlike F1 production, the F2 values of control (M = 2241.406, SD = 189.308) 

and experimental (M = 2192.229, SD = 408.834) non-native students showed substantial 

variability, which was particularly notable in the experimental non-native group across 

both the minimal pairs and sentences, as well as in the pretest and posttest (see Figure 8 

and Table 7). 

3.2.2. Production of High Front Lax Vowel /ɪ/ 

Like the F1 results for /i/, the only significant effect in the F1 production of the high front 

lax vowel /ɪ/ was nativeness (F (1, 45.63) = 17.210; p < .001). However, the two-way 

interaction between group and time (F (1, 49.85) = 3.497¸ p = 0.067) was close to being 

significant (see Table 8). Non-native students tended to produce higher F1 values than the 

standard native ones (non-native: M = 419.863, SD = 86.100; native: M = 375) (see Table 
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10). There seemed to be no significant difference from the pretest (M = 397.532, SD = 

80.542) to the posttest (M = 397.333, SD = 44.622).  

Table 8. ANOVA Summary of F1 Production of High Front Lax Vowel 

Effect df F p 

Group  1, 45.63  0.489  0.488  

Time  1, 49.85  0.007  0.932  

Stimulus  1, 53.14  1.821  0.183  

Nativeness  1, 45.63  17.210  < .001  

Group ✻  Time  1, 49.85  3.497  0.067  

Group ✻  Stimulus  1, 53.14  0.204  0.653  

Time ✻  Stimulus  1, 133.55  0.446  0.505  

Group ✻  Nativeness  1, 45.63  0.489  0.488  

Time ✻  Nativeness  1, 49.85  0.007  0.932  

Stimulus ✻  Nativeness  1, 53.14  1.821  0.183  

 

Figure 9. Plot of F1 Production of High Front Lax Vowel 

 

Table 9. ANOVA Summary of F2 Production of High Front Lax Vowel 

Effect df F p 

Group  1, 44.51  0.201  0.656  

Time  1, 83.27  0.081  0.776  

Stimulus  1, 80.33  2.929  0.091  

Nativeness  1, 44.51  2.631  0.112  

Group ✻  Time  1, 83.27  0.094  0.760  

Group ✻  Stimulus  1, 80.33  0.861  0.356  

Time ✻  Stimulus  1, 130.50  0.097  0.756  

Group ✻  Nativeness  1, 44.51  0.201  0.656  

Time ✻  Nativeness  1, 83.27  0.081  0.776  

Stimulus ✻  Nativeness  1, 80.33  2.929  0.091  
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Figure 10. Plot of F2 Production of High Front Lax Vowel 

 
 

Table 10. Descriptive Statistics for F1 and F2 Production of High Front Lax Vowel 

 F1 F2 

 GROUP Control Experimental Control Experimental 

Mean  393.885  401.053  2056.990  2033.394 

Std. Deviation  44.944  80.195  213.009  328.158 

STIMULUS  Minimal Pair Sentence Minimal Pair Sentence 

Mean  403.074   391.906 2016.223  2073.802 

Std. Deviation  82.625   39.949 290.250  258.733 

TIME  Pretest Posttest Pretest Posttest 

Mean  397.532   397.333 2041.096  2049.448 

Std. Deviation  80.542   44.622 264.864  286.986 

NATIVENESS  Native Non-native Native Non-native 

Mean  375.000   419.863 2000.000  2090.632 

Std. Deviation  0.000   86.100 0.000  385.394 

  

 The results of F2 production of the high front lax vowel show that there were no 

significant differences in any of the effects nor in their interaction (p > .05). While the 

main effect of stimulus (F (1, 80.33) = 2.929; p = 0.091) approached significance, it did 

not reach the conventional threshold (see Table 9). The dispersion of data points for F2 

production was considerably higher than in F1 production in every single effect, as can 

be seen in Figure 10 and Table 10. Interestingly, the F2 values of the control non-native 

group in the minimal pairs started high and appeared to move closer to the standard values 

over time (Figure 10). Conversely, the opposite trend emerged in sentences, where they 
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started lower and then produced higher values than the standard ones in the posttest. As 

for the experimental non-native group, they did the opposite: they started low in the 

minimal pairs pretest but increased over time. However, they began producing high values 

in the sentences and remained high in the posttest, although slightly lower than the 

expected F2 values. 

3.2.3. Production of Low Front Vowel /æ/ 

The analysis of the low front vowel /æ/ revealed no statistically significant effects of 

group, time, stimulus, nativeness, or any of the interactions for F1 production. This is 

evident from the p-values in Table 11, all above the threshold (p > .05). As seen in Figure 

11, both non-native groups showed relatively stable F1 production across the testing 

period. Yet, it is worth noting that some non-native students from both groups deviated 

from the expected F1 value, especially in the minimal pairs, as indicated by the scattered 

data points on the graph and the mean and standard deviation details for minimal pairs 

(M = 754.115, SD = 106.713) (see Table 13). Despite this, the absence of significant 

effects suggests that students did not significantly differ from native speakers in their F1 

production.  

Table 11. ANOVA Summary Results for F1 Production of Low Front Vowel  

Effect df F p 

Group  1, 44.00  0.184  0.670  

Time  1, 44.00  2.829  0.100  

Stimulus  1, 44.00  2.027  0.162  

Nativeness  1, 44.00  1.474  0.231  

Group ✻  Time  1, 44.00  0.771  0.385  

Group ✻  Stimulus  1, 44.00  0.257  0.615  

Time ✻  Stimulus  1, 44.00  2.635  0.112  

Group ✻  Nativeness  1, 44.00  0.184  0.670  

Time ✻  Nativeness  1, 44.00  2.829  0.100  

Stimulus ✻  Nativeness  1, 44.00  2.027  0.162  
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Figure 11. Plot of F1 Production of Low Front Vowel 

 

 

Table 12. ANOVA Summary of F2 Production of Low Front Vowel 

Effect df F p 

Group  1, 44.01  0.348  0.558  

Time  1, 45.32  2.241  0.141  

Stimulus  1, 50.88  0.526  0.472  

Nativeness  1, 44.01  111.656  < .001  

Group ✻  Time  1, 45.32  0.007  0.932  

Group ✻  Stimulus  1, 50.88  1.066  0.307  

Time ✻  Stimulus  1, 88.00  0.250  0.618  

Group ✻  Nativeness  1, 44.01  0.348  0.558  

Time ✻  Nativeness  1, 45.32  2.241  0.141  

Stimulus ✻  Nativeness  1, 50.88  0.526  0.472  

 

Figure 12. Plot of F2 Production of Low Front Vowel 
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Table 13. Descriptive Statistics for F1 and F2 of Low Front Vowel 

 F1 F2 

 GROUP Control Experimental Control Experimental 

Mean  738.260  744.385  1643.594  1660.125 

Std. Deviation  89.003  93.749  192.713  202.131 

STIMULUS  Minimal Pair Sentence Minimal Pair Sentence 

Mean  754.115   728.531 1646.406  1657.313 

Std. Deviation  106.713   70.789 201.487  193.587 

TIME  Pretest Posttest Pretest Posttest 

Mean  733.500   749.146 1664.531  1639.188 

Std. Deviation  87.197   94.882 188.309  205.787 

NATIVENESS  Native Non-native Native Non-native 

Mean  750.000   732.646 1800.000  1503.719 

Std. Deviation  0.000   128.753 0.000  183.793 

 

Regarding F2 production, the only significant effect was nativeness (F(1, 44.01) 

= 111.656, p < .001), indicating that non-native students deviated significantly from the 

native-like F2 production (see Table 12). This is further illustrated in Figure 12 and Table 

13, where the expected F2 (M = 1800) contrasts sharply with the Spanish-Catalan 

students’ production (M = 1503.719, SD = 183.793).  

There was considerable variation within the non-native groups (M = 1503.719, 

SD = 183.793), with some students in the experimental group (M = 1660.125, SD = 

202.131) producing F2 values as low as 1000 Hz, while others exceeded the expected 

value. Both control and experimental non-native students tended to produce low F2 

values. 

3.2.4. Production of Low Central Vowel /ʌ/ 

In the F1 production of the low central vowel /ʌ/, none of the variables were statistically 

significant since they all had p > 0.05 (see Table 14). As observed in Figure 13 and further 

detailed in Table 16, there was a high degree of data dispersion from both non-native 

groups (M = 676.184, SD = 121.934), indicating a high standard deviation, particularly 
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in the minimal pairs (M = 681.902, SD = 102.633) during the pretest (M = 681.444, SD = 

101.174), showing a wide range of F1 values, from as low as 300Hz to as high as 900Hz. 

Despite the lack of significant effects, there was a clear trend of increasing F1 values from 

the pretest to the posttest among non-native speakers. However, these values either fell 

short or exceeded the standard F1 value. 

 

Table 14. ANOVA Summary of F1 Production of Low Central Vowel 

Effect df F p 

Time  1, 44.52  2.928  0.094  

Group  1, 40.76  0.083  0.775  

Stimulus  1, 43.25  1.338  0.254  

Nativeness  1, 40.76  3.078  0.087  

Time ✻  Group  1, 44.52  0.069  0.794  

Time ✻  Stimulus  1, 42.45  0.916  0.344  

Group ✻  Stimulus  1, 43.25  1.544  0.221  

Time ✻  Nativeness  1, 44.52  2.928  0.094  

Group ✻  Nativeness  1, 40.76  0.083  0.775  

Stimulus ✻  Nativeness  1, 43.25  1.338  0.254  

 

 

Figure 13. Plot of F1 Production of Low Central Vowel 
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Table 15. ANOVA Summary of F2 Production of Low Central Vowel 

Effect df F p 

Group  1, 36.56  2.122  0.154 

Time  1, 107.32  0.116  0.735 

Stimulus  1, 42.41  1.904  0.175 

Nativeness  1, 36.56  24.588  < .001 

Group ✻  Time  1, 107.32  0.278  0.599 

Group ✻  Stimulus  1, 42.41  3.462  0.070 

Time ✻  Stimulus  1, 123.48  0.283  0.596 

Group ✻  Nativeness  1, 36.56  2.122  0.154 

Time ✻  Nativeness  1, 107.32  0.116  0.735 

Stimulus ✻  Nativeness  1, 42.41  1.904  0.175 

 

Figure 14. Plot of F2 Production of Low Central Vowel 

 
 
 

Table 16. Descriptive Statistics for F1 and F2 Production of Low Central Vowel 

 F1 F2 

 GROUP Control Experimental Control Experimental 

Mean  687.416  689.872  1278.124  1305.096 

Std. Deviation  85.513  84.289  102.825  97.334 

STIMULUS  Minimal Pair Sentence Minimal Pair Sentence 

Mean  681.902   695.527 1283.293  1300.758 

Std. Deviation  102.633   61.234 108.398  91.987 

TIME  Pretest Posttest Pretest Posttest 

Mean  681.444   695.677 1289.500  1294.376 

Std. Deviation  101.174   64.625 100.534  101.303 

NATIVENESS  Native Non-native Native Non-native 

Mean  700.000   676.184 1250.000  1338.299 

Std. Deviation  0.000   121.934 0.000  131.579 
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In contrast, the analysis of F2 production revealed a significant effect of 

nativeness (F (1, 36.56) = 24.588; p < .001), and the interaction between group and 

stimulus approached statistical significance (F(1,42.41) = 3.462; p = 0.070) (see Table 

15). Comparing the standard F2 production of native speakers (M = 1250) with that of 

non-native students (M = 1338.299, SD = 131.579), it becomes evident that the F2 values 

of Spanish-Catalan students were much higher than expected, with considerable 

individual variation.  

This trend is also reflected in the dispersed data points (see Figure 14) and the 

high standard deviations in both minimal pairs (M = 1283.293, SD = 108.398) and 

sentences (M = 1300.758, SD = 91.987). During the production of sentences in the 

posttest, the experimental non-native group produced notably high F2 values, whereas 

the control non-native group demonstrated F2 values that closely approximated those of 

native speakers.  

3.2.4.1. Vowel Charts 

Vowel charts were created using Excel to represent the vowel sounds produced by the 

students more intuitively. Figures 15 to 18 display the same data from the production 

results but by plotting the formant frequencies in the vowel space, alongside the standard 

values (SV) for each vowel sound. This latter component allows for a comparison 

between the results from both the control and experimental groups with the American 

English values they should have obtained.  

It was observed that both non-native groups deviated from native pronunciation 

in either the F1 or F2 values, and the data points showed a high degree of dispersion. 

There were no significant differences between the pretest and posttest, the groups, or the 

stimuli used. However, for the four vowel sounds, the main effect of nativeness was found 
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to be significant. For the vowel sounds /i/ and /ɪ/, this happened in the F1 production, 

where the non-native groups produced significantly higher values than expected. 

Conversely, for /æ/ and /ʌ/, the most substantial differences were in the F2 values, 

indicating a significant deviation from the expected frontness.  

 

Figure 15. Vowel Chart: Minimal Pairs 

Pretest 

 

Figure 16. Vowel Chart: Minimal Pairs 

Posttest 

Figure 17. Vowel Chart: Sentences Pretest 

 

Figure 18. Vowel Chart: Sentences Posttest 

 

 

3.3.Post-Questionnaire Results 

A 5-point Likert scale was used to measure the general students’ opinions and satisfaction 

with English pronunciation learning. The scale ranged from 1 (Strongly disagree) to 5 

(Strongly agree) and included 10 items covering various aspects of the sessions they 

received. The results of the post-questionnaire, which were analyzed using Microsoft 
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Forms, are presented in Figure 19. The graph displays the responses to ten statements 

presented to 23 of the students, displaying the percentages for each answer. One 

participant had to be removed from the results because they did not follow the instructions 

correctly, thus becoming an outlier that could potentially alter the results. 

Figure 19. Post-Questionnaire Results 

 

Note. Graph retrieved from Microsoft Forms. For a translation of the post-questionnaire, refer to 

Appendix H. 

 

When asked about their enjoyment of learning English pronunciation, half of the 

students (52.2%) strongly agreed, while the remaining students either agreed (43.5%) or 

remained neutral (4.3%). As for perceiving improvements in their pronunciation, 

responses varied, with most students either agreeing (43.5%) or expressing neutrality 

(also 43.5%) regarding their progress. 

The participants' opinions on the difficulty of learning pronunciation displayed 

diverse responses. Some students disagreed (21.7%), while an equal number adopted a 

neutral standpoint (21.7%). Conversely, 30.4% agreed, and 26.1% strongly agreed that 
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learning pronunciation was challenging. Furthermore, a significant majority (69.6%) 

strongly agreed that learning pronunciation in English classes is important. 

The use of new technologies and AI as tools for practicing English pronunciation 

garnered positive feedback. A considerable number of students agreed (39.1%), with an 

additional 34.8% strongly agreeing, while a minority maintained a neutral position 

(21.7%). Only a small fraction of participants (4.3%) expressed disagreement with this 

statement. Additionally, 56.5% of students believed that a firm grasp of English 

pronunciation is indispensable for effective communication, with 47.8% expressing a 

desire to delve further into the intricacies of English pronunciation.  

Statement number eight evoked a predominantly positive response, with most 

students agreeing (52.2%) or strongly agreeing (34.8%) that the pronunciation activities 

done in class benefit their language learning. Concerning improving students' perception 

and auditory comprehension of English following the pronunciation sessions, nearly half 

of the participants (47.8%) agreed, while 39.1% held a neutral position, 8.7% disagreed, 

and merely 4.3% strongly agreed. 

4. Discussion 

The main purpose of the present study was to investigate the potential impact of 

introducing AI into the language classroom to improve the pronunciation skills of teenage 

Spanish-Catalan EFL learners. Additionally, the learners' opinions on pronunciation 

learning within SLA were gathered. The discussion will be structured into three main 

parts. Firstly, a thorough analysis and interpretation of the major findings from the results 

section will be provided. Secondly, attention will be given to addressing the research 

questions and their corresponding hypotheses. Finally, the study's limitations will be 

listed, and suggestions for further research in this domain will be put forth. 
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4.1.Major Findings 

4.1.1. Siri’s Perception 

The perception test results revealed that Siri’s understanding of the eight vowel sounds 

varied drastically depending on the type of stimulus, which was the only significant effect 

(p < .001). The IPA would comprehend sentences (M = 75.781) considerably better than 

minimal pairs (M = 27.214). Regarding group understanding, Siri demonstrated a slightly 

better understanding of the students from the experimental group (M = 54.557) compared 

to the control group (M = 48.438). Even so, the difference between the two groups was 

minimal and not statistically significant (p = 0.115), and it cannot be attributed to the use 

of the Speakometer app. Furthermore, the intervention did not affect the IPA's 

understanding of the EFL learners' speech, as evidenced by the equal means obtained in 

the pretest (M = 51.497) and posttest (M = 51.497). 

4.1.2. Students’ Production 

Based on the production results, there were no discernable changes in any of the four 

vowel sounds between the pretest and posttest, as the effect of time was never statistically 

significant. The most notable difference was observed between high and low vowels. For 

the high front tense and lax vowels /i/ and /ɪ/, there was a significant difference in F1 

production for the main effect of nativeness (p < .001), with no significant difference in 

F2 production. Conversely, the F1 production results for the low front and low central 

vowels /æ/ and /ʌ/ revealed no significant differences in any of the main effects or their 

interactions, though the effect of nativeness was significant in F2 production (p < .001). 

This means that the students were producing the right height for high vowels but the 

wrong frontness, and the other way around for low vowels. 
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4.1.2.1. High Front Tense Vowel Production Discussion 

In the production analysis of the high front tense vowel /i/, the mean F1 values of both 

groups seemed to indicate they were producing a slightly lower vowel sound than the 

native value (control: M = 350.677; experimental: M = 353.917; native: M = 300). This 

suggests that the participants were producing F1 values closer to the standard Catalan 

values proposed by Recasens (2014) (F1 = 334) than to the American English ones 

proposed by Romero (n.d.-a) (F1 = 300).  

Although there were no significant differences in frontness (F2) based on main 

effects or their interactions, there was a notable standard deviation, particularly in the 

experimental group (M = 2192.229, SD = 408.834). Similarly, the effect of nativeness 

was not significant due to the non-native pronunciation (M = 2233.635, SD = 451.257) 

being close to native-like (M = 2200), though with a significant standard deviation. 

4.1.2.2. High Front Lax Vowel Production Discussion 

The F1 values for the high front lax vowel /ɪ/ produced by non-native students exceeded 

those of native speakers (control: M = 393.885; experimental: M = 401.053; native: M = 

375). The formant frequencies produced by Spanish-Catalan students were closer to the 

Spanish /e/ (F1 = 457) and the Catalan /e/ (F1 = 450) sounds rather than the English /ɪ/ 

(F1 = 375). F2 production showed no significant differences, but the effect of stimulus (p 

= 0.091) was close to reaching significance. Interestingly, the control group initially 

produced high F2 values in minimal pairs, gradually approaching native English values 

over time. However, they consistently maintained high F2 values in sentence production. 

On the other hand, the experimental group started with lower-than-expected F2 values in 

minimal pairs, which increased in the posttest. And in sentence production, they began 

with high F2 values and produced values closer to the native ones in the posttest. 
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4.1.2.3. Low Front Vowel Production Discussion 

Examining the low front vowel /æ/ results, both groups demonstrated stability in their F1 

production throughout the testing period. Nonetheless, it is worth noting that there were 

several scattered data points, particularly in the minimal pairs (M = 754.115, SD = 

106.713) and in the non-native production (M = 732.646, SD = 128.753). The non-native 

mean suggests the students produced a vowel sound closer to the Catalan /a/ (F1 = 730).  

Regarding F2 production, which yielded a significant difference in the main effect 

of nativeness (p < .001), the expected native F2 values for the English /æ/ sound (M = 

1800) sharply contrasted with what the Spanish-Catalan students produced (M = 

1503.719). The control and experimental groups produced lower F2 values than expected, 

indicating a sound further back in the mouth resembling the low central vowel sound /a/ 

from Catalan (F2 = 1358) and Spanish (F2 = 1471). Alternatively, it could be seen as an 

intermediate sound between the Catalan sounds /ɛ/ (F2 = 1700) and /a/ (Rallo Fabra & 

Romero, 2012). 

4.1.2.4. Low Central Vowel Production Discussion 

The production results for the low central vowel were comparable in height and frontness 

to those for the low front vowel. No significant differences were observed in F1 

production for any effects. However, the non-native groups exhibited considerable data 

dispersion, especially in the minimal pairs pretest. A highlight was that the control group 

approximated native-like F1 production for minimal pairs in the posttest. Both non-native 

groups (M = 676.184) increased their F1 values over time, moving closer to the native F1 

value (M = 700).  
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In contrast, there was a significant difference in F2 production of /ʌ/ due to the 

effect of nativeness (p < .001), just like in the vowel sound /æ/. Additionally, the 

interaction between group and stimulus approached significance (p = 0.070). In sentence 

production, the control group moved closer to native-like F2 production in the posttest, 

whereas the experimental group produced much higher values. This discrepancy may be 

attributed to the lack of an equivalent sound in Catalan or Spanish, as Rallo Fabra and 

Romero (2012) suggested. Instead of achieving the native F2 value (M = 1250), the non-

native groups produced a higher F2 (M = 1338.299), resembling the F2 values of the 

Catalan /a/ sound (F2 = 1358). 

4.1.3. Additional Findings: Post-Questionnaire 

While not directly tied to the initial research questions, a post-questionnaire was 

administered to gauge participants' perspectives on EFL pronunciation teaching and 

learning. The answers indicated that they derived a sense of enjoyment from learning 

pronunciation within the EFL classroom environment, as indicated by 52.2% strongly 

agreeing and 43.5% agreeing. However, divergent opinions emerged concerning the 

impact of the classes on their English pronunciation, with 43.4% agreeing, 43.5% 

adopting a neutral stance, and 4.3% each strongly agreeing, disagreeing, and strongly 

disagreeing. Regarding the classroom activities, a significant proportion of participants 

(52.2% agreed and 34.8% strongly agreed) felt that activities using traditional methods 

or the Speakometer app benefited their learning experience. Additionally, 47.8% agreed 

that their ability to discern vowel sounds had improved thanks to the intervention. 

Despite lacking prior English pronunciation instruction, a notable percentage 

(30.4% and 26.1%) found learning pronunciation not to be a difficult task, while 21.7% 

disagreed. Most participants (69.6%) acknowledged the importance of pronunciation 
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learning in SLA, with half expressing a desire to learn more about English pronunciation. 

Moreover, 60.9% strongly agreed that regular practice enhances pronunciation skills. 

Regarding AI tools, 9.1% agreed, and 34.8% strongly agreed they could facilitate 

pronunciation practice and improvement. However, it is crucial to remember that only 

one group underwent practice with AI, limiting the other group’s ability to assess the 

effectiveness of this tool. 

 Students' positive attitudes towards pronunciation instruction and their 

recognition of its importance in EFL learning indicate a strong desire to enhance their oral 

communicative abilities in the L2. As Szpyra-Kozłowska (2014) remarked, acquiring 

pronunciation skills can greatly improve students' proficiency and confidence in speaking 

the L2. To achieve this, EFL teachers need to receive training in teaching pronunciation. 

Once equipped with this knowledge, EFL classrooms can adopt the framework proposed 

by Celce-Murcia et al. (2010), focusing on achieving intelligibility and comprehensibility 

while also raising awareness of the consequences that phonetic errors can have (Alharthi, 

2024; Derwing & Munro, 2005; Szpyra-Kozłowska, 2014). 

4.2. Addressing the Research Questions 

4.2.1. Research Question 1 

The first research question aimed to evaluate the efficacy of AI in improving EFL 

learners’ pronunciation. The results from the perception analysis, which indicated no 

significant changes in the experimental group's test scores over time following 

pronunciation training with the Speakometer app, combined with the production analysis, 

which found no meaningful differences between the control and experimental groups, 

lead to the rejection of the initial hypothesis statement.  
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While it is indeed true that the students in the experimental group manifested 

greater motivation and interest in learning with the CAPT tool, corroborating the 

assertions of authors like Aini et al. (2023), Kholis (2021), Rosell-Aguilar (2017), and 

Shortt et al. (2021), the absence of significant differences between groups suggests that 

the incorporation of AI does not always necessarily yield discernible improvements in 

their English pronunciation skills. Therefore, the convenience, user-friendly nature, and 

attractiveness of AI-powered mobile apps should not be considered indicative of their 

effectiveness in L2 pronunciation training. 

4.2.2. Research Question 2 

Regarding how the nature of stimuli influences AI comprehension, which was the concern 

of the second research question, the perception results revealed that Siri’s recognition of 

speech varied significantly based on the type of stimulus provided by EFL learners. Siri’s 

ASR exhibited significantly higher comprehension rates for sentences (M = 75.781) than 

for minimal pairs (M = 27.214). This discrepancy can be attributed to Alharthi's (2024) 

and Molden's (2015) observations that AI-powered systems rely on contextual cues to 

understand speech. With enough context, these systems can deduce the speaker's intent, 

even when mispronunciations arise. However, when students worked with minimal pairs, 

the lack of contextual clues troubled Siri's understanding. 

During the tests, Siri hardly ever understood both words in the minimal pairs, and 

even when it did, it would replace them with commands that made more sense within its 

designed functionality. For example, with the minimal pair pull-pool, Siri would interpret 

the input as Call Paula. Alternatively, depending on the students’ pronunciation and Siri’s 

comprehension, it would create calendar events, play songs, or open specific apps. This 

last example happened with the minimal pair feel-fill, where Siri usually opened the 

Health app, inferring the user wanted to report how they were feeling. In extreme cases, 
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the IPA would stop functioning and close itself if it could not perceive any clear command 

due to low voice, background noise, or significant mispronunciations.  

These observations highlight Siri’s limited ability to understand non-native 

speakers, as Dizon (2021) noted. They also underscore the need for further improvements 

to ensure Siri's suitability in SLA contexts to assess non-native speakers' pronunciation 

accurately. 

4.2.3. Research Question 3 

As for the third research question, which explored whether the use of different vowels 

affected the pronunciation accuracy of EFL students and, consequently, AI understanding, 

the findings suggest that such an impact does exist. The production results showed that 

students' F1 and F2 values did not always resemble those of native American English 

speakers. The limited vowel inventory of Spanish and Catalan likely exacerbates 

difficulties in accurately pronouncing English vowels, as learners tend to assimilate new 

sounds with those they perceive as articulatorily similar (Best & Tyler, 2007). As a result, 

these mispronunciations can pose challenges for AI systems in understanding the spoken 

language of non-native speakers.  

The participants' production of the tense-lax vowel pair /i/-/ɪ/ aligns with the 

observations of Rallo Fabra and Romero (2012) on the cross-linguistic similarity of 

English vowels to Catalan vowels and with the PAM-L2 (Cebrian, 2006; Rallo Fabra & 

Tyler, 2021; Yavaş, 2011). Since neither Spanish nor Catalan feature the property of 

tenseness, participants from both groups assimilated the high front lax vowel sound from 

English to a sound from their L1 vowel inventory (i.e., Catalan /e/). A similar pattern was 

observed with the English vowel sounds /æ/ and /ʌ/. The former sound is intermediate 

between the Catalan /ɛ/ and /a/ sounds, while the latter lacks a Catalan equivalent, leading 
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non-native speakers to substitute it with the central Catalan vowel /a/, which they 

perceived as the closest match (Rallo Fabra & Romero, 2012). 

Moreover, some students mispronounced the word since using the /aɪ/ sound and 

articulated the vowels from least, much, and cup as if they were reading them in Spanish 

or Catalan. This phenomenon was probably due to heightened self-awareness during the 

recordings, leading to nervousness and overcorrection to avoid errors. Additionally, the 

differences in orthographic transparency between English and Catalan or Spanish may 

also play a significant role. As Rallo Fabra (2022) explains, these differences can pose 

substantial challenges for EFL learners when pronouncing English words. 

4.2.4. Research Question 4 

The fourth research question aimed to evaluate the extent to which AI aids EFL students 

in achieving more native-like pronunciation. The production data analysis revealed no 

statistically significant differences between the control and experimental groups across 

the four vowel sounds from the pretest to the posttest. Although the integration of AI 

through the Speakometer app increased students’ motivation and willingness to 

participate in the activities, it did not effectively assist Spanish-Catalan learners in 

achieving a pronunciation comparable to that of native speakers.  

This finding aligns with the conclusions drawn by Neri, Cucchiarini, et al. (2008), 

who found that L2 Dutch learners did not experience substantial improvements in 

pronunciation when utilizing CAPT tools, in contrast to the control group that employed 

conventional instructional methods. Conversely, it sharply contrasts with the favorable 

outcomes reported in the study by Liakin et al. (2014). 

The precision of Speakometer in providing pronunciation instruction and 

feedback did not meet expectations. Several errors in the app's phonetic transcriptions 
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were identified while monitoring student usage (see Appendix I). Notably, Speakometer 

misplaces stress marks before vowel sounds and confuses British and American phonetic 

transcriptions by incorporating length marks and distinguishing between short and long 

vowels, which, according to Kenyon (1997), is not a distinctive feature of American 

English. Instances of the app’s errors include the word tour, transcribed as /tˈɔː/ instead of 

/'tʊr/, and identical phonetic transcriptions for saw and sore as /sˈɔː/, despite the correct 

American English pronunciations being /ˈsɔ/ and /ˈsɔr/, respectively. Such inaccuracies 

can confuse learners and undermine their progress in EFL pronunciation learning.  

Additionally, Speakometer often failed to offer clear feedback or explanations on 

how to pronounce vowel sounds properly, merely marking errors in red, telling students 

that they “could do better” or should “try again.” This limitation further underscores the 

value of human teachers in guiding students and providing corrective feedback. Even if 

AI-powered tools are utilized in the classroom, skilled language instructors must 

supervise students’ progress and assist them whenever needed, aligning with the views of 

Neri, Mich, et al. (2008) and Rogerson-Revell (2021).  

4.3. Limitations of the Study and Suggestions for Further Research 

As with the majority of studies, the design of the current study faced some constraints. 

Firstly, the number of teaching sessions was limited, with each session being of short 

duration. This may have prevented the students from making meaningful progress 

because it limited their exposure to and practice with American English vowel sounds. 

Secondly, due to the complexity of the analysis, the extensive production data, and the 

deadlines, the focus had to be reduced to a subset of vowel sounds. As for the AI tools 

used, the anticipated efficacy of Siri and Speakometer did not materialize as expected. 
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Siri exhibited shortcomings in comprehension, while Speakometer failed to deliver 

accurate pronunciation guidance, which likely influenced the study’s outcomes.  

To achieve more consistent and robust results, future research should ideally 

involve a greater number of participants and practice the first eight vowel sounds 

suggested in this thesis over a longer time frame—ideally several months or even years. 

The difficulties in differentiating the vowel pair /ɝ/-/ɔr/ should also be examined more in-

depth. As for IPAs and CAPT tools, more investigation is required to ascertain whether 

AI can genuinely assist with L2 pronunciation or if it unintentionally causes students to 

acquire incorrect pronunciation patterns. 

5. Conclusion 

Despite the remarkable strides in machine learning and deep learning, propelling 

advancements in AI, ASR, and NLP, this study has demonstrated that there is still a long 

journey ahead before AI-powered tools can fully optimize EFL pronunciation learning 

and practice. The integration of AI did not appear to enhance pronunciation learning 

beyond the capabilities of traditional methodologies, nor did it effectively bring students' 

pronunciation closer to native-like articulation or improve intelligibility. It has been found 

that, as of today, IPAs’ comprehension is notably limited by the type of stimuli and the 

vowel sounds produced by students. Likewise, CAPT tools do not truly help L2 speakers 

refine their English pronunciation skills, largely due to the high error rate and the reduced 

practical exercises they allow for free.  

The incorporation of AI in language learning is still in its nascent stages, and until 

substantial improvements in AI comprehension and interaction with non-native speakers 

are seen, its pedagogical application remains a subject of scrutiny. Language learners 

necessitate the guidance of human instructors who can effectively teach English phonetics 

and phonology and support them in achieving intelligibility and comprehensibility in oral 
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communication. These instructors are crucial in offering constructive feedback and 

helping learners understand their errors effectively.  

It is paramount to familiarize students with English speaking and pronunciation 

from the moment they start learning the language. Doing so could help L2 learners to 

clearly differentiate tense and lax vowel sounds and prevent the assimilation of unfamiliar 

sounds to those of their L1 phonological inventory. Likewise, it could alleviate the anxiety 

related to SLA and increase their willingness to communicate. To achieve this, EFL 

teachers require appropriate training and resources to teach pronunciation and give it the 

importance it deserves within the classroom environment.  

While AI tools may eventually evolve and become proficient enough to find a 

place within L2 pronunciation instruction, learners should never underestimate the 

irreplaceable value of the expertise and human touch that EFL teachers bring to the 

classroom—a quality that machines have not yet been able to match. This particular facet 

of classroom interaction is still unmatched by technology, highlighting the continued 

importance of human teachers in the process of teaching and learning languages. 
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Appendix A 

Consent Form 
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Appendix B 

Students’ Sheet for the Pretest and Posttest 

1 feel  fill 

2 match            much 

3 pull  pool 

4 warm            worm 

5 least  list 

6 ankle  uncle 

7 fool  full 

8 burn  born 

 

 

1 The blanket keeps Jill warm. 

2 Since when does Luke work so much? 

3 I saw four furry cats at school. 

4 I took an English class this morning. 

5 Uncle Max hurt his foot. 

6 John reads his new book at the beach. 

7 Can you fill my cup of tea with sugar? 

8 The young girl was born in June. 
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Appendix C 

Pretest and Posttest: Sheets for Grading Siri’s Understanding 

MINIMAL PAIRS 

 

 

SENTENCES 

 

1) The blanket keeps Jill warm. 

         /æ/         /i/     /ɪ/    /ɔr/ 
2) Since when does Luke work so much? 

         /ɪ/                      /u/     /ɝ/        /ʌ/ 

0 1 2 3 4 0 1 2 3 4 

3) I saw four furry cats at school. 

                    /ɔr/   /ɝ/    /æ/          /u/ 
4) I took an English class this morning. 

            /ʊ/       /ɪ/           /æ/           /ɔr/ 

0 1 2 3 4 0 1 2 3 4 

5) Uncle Max hurt his foot. 

                /ʌ/       /æ/   /ɝ/       /ʊ/ 
6) John reads his new book at the beach. 

                  /i/          /u/    /ʊ/            /i/ 

0 1 2 3 4 0 1 2 3 4 

7) Can you fill my cup of tea with sugar? 

                   /ɪ/        /ʌ/      /i/         /ʊ/ 
8) The young girl was born in June. 

                    /ʌ/      /ɝ/       /ɔr/       /u/  

0 1 2 3 4 0 1 2 3 4 

 

1) FEEL - FILL 

/i/ - /ɪ/ 
2) MATCH - MUCH 

/æ/ - /ʌ/ 
3) PULL - POOL 

/ʊ/ - /u/ 
4) WARM - WORM 

/ɔr/ - /ɝ/ 

0 1 2 0 1 2 0 1 2 0 1 2 

5) LEAST - LIST 

/i/ - /ɪ/ 
6) ANKLE - UNCLE 

/æ/ - /ʌ/ 
7) FOOL - FULL 

/u/ - /ʊ/ 
8) BURN - BORN 

/ɝ/ - /ɔr/ 

0 1 2 0 1 2 0 1 2 0 1 2 
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Appendix D 

Pretest: Background Information Questions and their Translation 

 

Table 17. Pretest: Background Information Questions and Their Translation 

Questions Translation 

1. ¿Dónde naciste? 1. Where were you born? 

2. ¿Qué idiomas hablas? 2. What languages do you speak 

3. ¿Vas a clases de inglés fuera del 

horario escolar? 

3. Do you go to English classes outside 

of school? 

4. ¿A qué edad empezaste a aprender 

inglés? 

4. At what age did you start learning 

English? 
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Appendix E 

PowerPoint Presentations for the Intervention 

PowerPoint Presentation: Class 1 
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PowerPoint Presentation: Class 2 

 



87 

 

 

 

 

 



88 

 

 

 

 

 

 



89 

 

 

 

PowerPoint Presentation: Class 3 
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PowerPoint Presentation: Class 4 
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Appendix F 

Card Game3 

 

i ɪ 

æ ʌ 

u ʊ 

ɝ ɔr 
 

 

 

 

 
3 Each student received two cards during each class to practice the two vowel sounds taught in that session. 
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Appendix G 

Post-Questionnaire: MS Forms (Original Version in Spanish) 

Este breve cuestionario tiene como objetivo conocer vuestra experiencia y opinión 

personal tras haber recibido clases de pronunciación en inglés. Solo tardaréis unos 5 

minutos en completarlo y agradecería vuestra sinceridad en cada respuesta. ¡Gracias por 

vuestra colaboración! 

Lee atentamente cada afirmación y selecciona la respuesta correspondiente en función 

de si estás totalmente en desacuerdo (1), en desacuerdo (2), ni de acuerdo ni en 

desacuerdo (3), de acuerdo (4), o totalmente de acuerdo (5). 

 

Table 18. Post-Questionnaire (Original Version) 

 
1 2 3 4 5 

1. Me ha gustado aprender pronunciación en 

inglés. 
     

2. Creo que mi pronunciación ha mejorado gracias 

a las clases que hemos hecho. 
     

3. Aprender pronunciación es difícil.      

4. Es importante aprender pronunciación en las 

clases de inglés. 
     

5. Las nuevas tecnologías y la inteligencia 

artificial son herramientas útiles para practicar 

la pronunciación en inglés. 

     

6. La pronunciación del inglés es importante para 

una comunicación efectiva. 
     

7. Me gustaría aprender más sobre la pronunciación 

en inglés. 
     

8. Las actividades que hemos hecho en clase han 

sido útiles para mi aprendizaje. 
     

9. Mi comprensión auditiva del inglés ha mejorado 

gracias a las clases de pronunciación. 
     

10. La práctica regular de pronunciación es esencial 

para mejorar. 
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Appendix H 

Post-Questionnaire: MS Forms (English Translation) 

This brief questionnaire aims to learn about your personal experience and opinion after 

taking English pronunciation classes. It will only take you about 5 minutes to complete 

it, and I would appreciate your sincerity in each answer. Thank you for your cooperation! 

Read each statement carefully and select the corresponding response based on whether 

you strongly disagree (1), disagree (2), neither agree nor disagree (3), agree (4), or 

strongly agree (5). 

 

Table 19. Post-Questionnaire (English Translation) 

 
1 2 3 4 5 

1. I have enjoyed learning English pronunciation.      

2. I believe my pronunciation has improved thanks 

to the classes we have had. 
     

3. Learning pronunciation is difficult.      

4. It is important to learn pronunciation in English 

classes. 
     

5. New technologies and artificial intelligence are 

useful tools for practicing English 

pronunciation. 

     

6. English pronunciation is important for effective 

communication. 
     

7. I would like to learn more about English 

pronunciation. 
     

8. The activities we have done in class have been 

helpful for my learning. 
     

9. My listening comprehension of English has 

improved thanks to pronunciation classes. 
     

10. Regular pronunciation practice is essential for 

improvement. 
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Appendix I 

Examples of Mistakes Produced by Speakometer 
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