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Abstract: Learning a second language is different from learning our first one. A lot of 

rules from the first language, concerning e.g. grammar, intonation and 

phonology, are so firmly rooted within learners that they will transfer them to 

the new language regardless of whether they are correct or not. Studies show 

that the way we are tuned in to the sounds of our first language can make it 

difficult for us to perceive the phonemes of a new language correctly. In order to 

study the relationship between Swedish speakers’ faulty production of English 

vowels and their perception of them, ten subjects participated in a perception 

test to find out how well they could distinguish between minimal pairs 

containing phonemes that Swedes often have problems pronouncing correctly. 

They were also recorded while reading sentences containing the same minimal 

pairs. The results from the perception test were compared to graphs showing 

how consistent the subjects were in their pronunciation of these phonemes. The 

study shows that although some phonemes proved to be more difficult for the 

subjects to perceive a difference between, a faulty production of these sounds 

cannot be explained by misperception alone. 

 

Keywords: Phonology, L2 acquisition, L1 interference, transfer, speech perception, acoustic 

analysis, spectrographic analysis 
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1. Introduction and aims 

 

The phonological issues that might arise for a Swedish learner of English are plenty. There 

are both consonant and vowel sounds in English that are absent in Swedish, and a lot of 

sounds that are similar to the Swedish ones but not exactly the same. There have in fact been 

many studies conducted on the production of difficult consonant and vowel sounds of 

Swedish speakers of English, and some focus has been put on the relation between our 

perception and our production of these sounds. When studying the phonetic alphabet¹ I 

realised that a number of words containing, for me, identical vowel sounds, such as raw and 

honour, were in fact to be pronounced using different vowel sounds (/ɔ/ in raw and /ɑ/ in 

honour). The main reason for my neglecting to distinguish them is that the pronunciation of 

some vowels varies a lot depending on the accent, which allows for a large number of 

different pronunciations; I have never had to learn the difference between them since people 

have understood my English nonetheless. 

 

There are certain sounds that Swedish speakers of English consistently seem to pronounce 

incorrectly, either exchanging one English sound for another or substituting them with a 

“close enough” Swedish sound. In most cases this is not a big problem, since there is enough 

variability allowed in the pronunciation of vowels for the message of a sentence to be 

conveyed anyway. However, regardless of how much variability is allowed while still 

maintaining intelligibility, there is a  reason as to why these sounds are separate phonemes in 

English, namely that the substituting of one sound for another in a word will change the 

meaning of that word. This is evident if, for example, the phoneme /e/ in said is exchanged 

for /æ/; this will turn said into sad, clearly altering the meaning quite drastically. Another 

example is the pronouncing of /ʌ/ for /ɑ/² that will turn hot into hut or cot into cut.  

 

What I will investigate is the possible connection between how problematic phonemes are 

pronounced and how they are perceived by the speaker. Is there a relationship between our 

mispronunciation of certain English phones and our perception of them, i.e. is misperception a 

contributing factor to our faulty production? I will attempt to shine some light on these 

questions by conducting a study in order to determine how well Swedes are able to distinguish 

___________________________________________________________________________ 

¹The International Phonetic Alphabet (IPA) as presented by April McMahon (2006) and Edward Callary (1998) 

²Since this study will look at Swedish speakers’ perception of American vowels only, I will not include /ɒ/, the 

British English counterpart of /ɑ/, but only use the American symbol. 
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between some vowel phonemes that are not present in their native tongue, and whether it is 

possible to show a relationship between the perception and production of these sounds. 

 

2. Background 

 

Jeannine Heny (1994:162) claims that “[i]n learning anything new, one draws on prior 

knowledge”. In the case of second language (L2) acquisition, prior knowledge can be both 

helpful and a hindrance as we are likely to transfer rules of e.g. grammar, intonation and 

syntax from our first language (L1) when learning an additional one. According to Heny 

(1994:162), linguists and teachers of language believe that “firmly established habits from 

people’s native language carry over to any new language they tr[y] to learn”. Taking this 

approach to L2 acquisition, the most important areas to pay attention to are the ones where the 

L2 differs from the L1; this is in order to avoid the unwanted transfer of linguistic features 

that is otherwise likely to occur. Heny further states that a common transfer is one of sound 

patterns from the L1 to the L2. This is obvious in the way English speakers tend to pronounce, 

for example, the French phrase parley-voo Fransay, where the English diphthong /ei/, absent 

in the L2, is transferred (Heny 1994:162). 

 

So why is speech perception an interesting area of study in L2 learning? Well, as Catherine T. 

Best and Michael D. Tyler observe, “perceptual skill level is positively correlated with 

accuracy in producing the L2 vowels” (Best & Tyler 2007:20), and it seems natural that if we 

shall ever learn to produce a foreign sound correctly, we must first learn to hear it. 

 

2.1. Sound perception 

 

Winifred Strange and Valerie L. Shafer observe that “perception is […] an internal mental 

[…] process by which the perceiver recognizes incoming stimulus events as instances of 

mental categories” (Strange & Shafer 2008:159). In order to succeed in analysing and 

differentiating between phonetic contrasts it is not sufficient only to be able to hear the 

difference between speech sounds; we must also create phonetic categories in which we can 

place the sounds we hear. 

 

Strange and Shafer (2008:155) explain that infants have a much wider range of phonetic 

categories than they will have once they start distinguishing and acquiring the sounds of their 
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native language. During their first months of life, infants are able to perceive differences 

between the speech sounds of a foreign language just as well as infants to whom the same 

sounds are part of their native language. However, toward the end of their first year, children 

have started to develop a language-specific perception of speech, which enables them to 

acquire the phonological structure of their L1. Gradually, children start to focus more on the 

native speech sounds and ignore those that are not necessary for the internalisation of the L1. 

The more children are exposed to their L1, the more firmly established these perceptual 

patterns become until in the adult listener the “native-language phonetic perception is robust 

and automatic” (Strange & Shafer 2008:157). Thus, for the adult listener a narrow range of 

sounds becomes internalised as a set of phonemic categories specific for distinguishing these 

very sounds; this enables her to make sense of all the different phones, or speech sounds, that 

she encounters in her day-to-day life. 

 

Phonemes are described as the smallest non-meaningful units that serve to distinguish word 

meanings; it is for example the phonemes /r/, /l/ and /k/ that make it possible for rake, lake 

and cake to be three separate words. In addition to the phonemes of any language, there are 

sounds that are pronounced slightly differently from each other but are not distinct phonemes 

since the meaning of a word will not change when one is substituted for the other. These 

sounds are called allophones, and a good illustration of them is the words kitchen cupboard, 

where the initial /k/ is pronounced differently in the two words. However, if we should 

exchange the [k] in cupboard for the [c] in kitchen, this would make pronunciation seem 

unnatural but it would not change the meaning of the word. This makes [k] and [c] allophones 

of /k/ (McMahon, 2002:15). 

 

2.2. First language interference in second language perception 

 

A lot of research has been done in the field of L2 acquisition and the possible interference of 

one’s L1 in that process. Margareta Westergren Axelsson (1994:11) states about foreign 

sounds that “[i]f a similar phoneme does not exist in your own language, it is often difficult to 

even hear it in another”, and Best and Strange (1992) similarly claim that when encountering 

the sounds of an L2, we tend to assimilate them into the familiar phonemic categories of our 

L1, even when no suitable category exists. This means that even when we hear a sound for the 

very first time, we already have some preconceived notion of it, since our listening is tuned in 

to the sounds of our L1. Replicating a study by MacKain et al. in 1981, Best and Strange 
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(1992) showed that Japanese learners of English had problems differentiating between /l/ and 

/r/, and /w/ and /r/ in English. The reason for this in the first case is that Japanese lacks a 

distinction between the /l/ and /r/ categories; instead, they have a sound that is somewhere in 

between these two English phonemes, and they have difficulties perceiving a difference 

between /l/ and /r/ in English. Due to the lack in Japanese of a distinct /r/, the English variant 

of /r/ more closely resembles the Japanese /w/ than the Japanese /l-r/ category. When hearing 

English /r/, the test subjects tended to perceive it as a bad allophone of Japanese /w/ instead of 

as an example of /r/.  

 

Strange and Shafer (2008) cite a 1984 study by Strange and Dittmann on Japanese English 

learners’ perception of the /r/ – /l/ contrast. The study showed that Japanese listeners’ 

perception of the two phonemes in a given set of minimal-pair contrasts increased to a native-

like level with only a few weeks practice. However, when the subjects were presented with 

unfamiliar words containing the same phonemic contrast, their level of recognition decreased 

drastically. This shows that despite being able to recognize /r/ and /l/ in a specific phonetic 

context, the listeners had still not managed to internalise these sounds into their set of 

phonemic categories. Strange and Shafer nevertheless claim that even though L2 learners will 

initially employ their native language phonemic categories when hearing the sounds of a new 

language, further exposure to the L2 will often lead to a re-learning of speech perception that 

will result in an addition of the new phonemic categories to the native ones. This, however, 

does not guarantee that the phonemic categories of an experienced L2 learner will be identical 

to the ones of a native speaker, and L2 speakers are, under difficult listening conditions, likely 

to return to their native, fully automated pattern of perception. 

 

Flege’s (1995) Speech Learning Model (SLM) similarly suggests that we have different ways 

of categorising foreign phonemes: if the phoneme is identical to a sound of our L1, no 

modification has to be made in terms of phonemic categories and we can go on using our L1 

phoneme. If the phoneme on the other hand is completely unfamiliar to us, we will create a 

new category to suit it and, with practice, reach native-like pronunciation. However, if the 

phoneme is similar to that of a phoneme of our L1, it will be assimilated into an already 

existing phonemic category and we will probably never learn to pronounce it with native-like 

accuracy. Support for this theory was found by Bohn and Flege (1992) who showed that 

German L2 English learners’ production of /i/ and /ɪ/, phonemes that are similar to these 

phonemes of German, did not differ between inexperienced and experienced speakers, while 
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pronunciation of the completely new phoneme /æ/ was greatly improved with increased L2 

experience. This shows that /i/ and /ɪ/ were integrated into the already existing, similar 

German categories while for /æ/ a new category was created, resulting in the achievement of 

native-like pronunciation.  

 

2.3. The production of vowels 

 

In McMahon (2002), vowels are described as being produced on an uninterrupted airstream 

and are defined by changes in size and shape of the oral cavity that are created by tongue 

position, thus making them quite elusive and difficult to locate. If the velum is open, allowing 

the air to flow through the nose, the vowel becomes nasal, but nasal vowels do not occur in 

the standard varieties of Swedish or English. The different types of oral vowels are front/back 

and close/open, and these distinctions indicate different tongue positions.  Front vowels are 

made by raising the front of the tongue toward the palate and back vowels through raising the 

back of the tongue toward the velum. The open/close distinction indicates whether the tongue 

is low or high in the mouth. When the tongue is positioned close to the roof of the mouth the 

vowel is close, and when the tongue is resting at the bottom of the mouth the result is an open 

vowel. One example of a front close vowel is /i/, while /ɑ/ is a back open vowel. Vowels can 

also be made with or without a rounding of the lips, making them rounded or unrounded. In 

Swedish, some vowels are distinguished by lip-rounding alone (e.g. the /i/ – /y/ distinction), 

but in English there are always other distinctive features in addition to this. 

 

Vowels can differ in length or quantity, as in bead [bid] and bid [bɪd], and this will affect their 

quality as well, more so in English than in Swedish. This is one of the problem areas for 

Swedish learners of English, as surrounding sounds will affect the quantity and quality of a 

vowel. If an adjoining consonant sound is pronounced incorrectly, e.g. through making the /t/ 

in bit [bɪt] too dental, this will result in an altered vowel sound as well, in this case making the 

/ɪ/ too fronted. In English there is also a difference in vowel quantity before a voiced 

consonant, as the vowel draws on into the consonant. An example of this is the difference 

between bit [bɪt] and bid [bɪd], where the /ɪ/ in bid is slightly lengthened due to the subsequent 

/d/ (Nelson 1958). This distinction is not important in Swedish; Swedish speakers of English 

tend to devoice consonants in these positions rather than just prolong the vowel as they 

should. 
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An additional factor of distinction for English vowels is that of tenseness. A vowel can be 

tense or lax, where a tense vowel is slightly longer than its lax counterpart (as is the case with 

tense /i/ and lax /ɪ/). In Germanic languages tense vowels can occur at the end of a syllable 

while lax vowels generally occur in closed syllables, and for that reason they are sometimes 

referred to as free and checked vowels respectively.  

 

2.4. Spectrographic analysis 

 

As I mentioned in the description of vowel production, it is quite difficult to locate the exact 

positions of the vowels in the mouth, since the two prominent factors are tongue position and 

the shape of the oral cavity (which is partly determined by tongue position), both of which are 

difficult to pinpoint. However, if we look at speech through acoustic analysis, vowels are 

easily distinguished from each other by analysis of the overtone pitch. This is different from 

the voice pitch we can make out simply by listening to speech (i.e. the frequency at which our 

vocal cords vibrate) even though overtone pitches, like voice pitch, are measured in hertz 

(Hz). In fact, the pitches which allow us to distinguish between vowels are in normal speech 

obscured by the voice pitch. 

 

According to Peter Ladefoged (1975), a way of distinguishing one of these pitches is by 

whispering, since whispering does not require the use of our vocal cords. If you whisper the 

vowels /i, ɪ, e, æ, ɑ, ɔ, ʊ, u/, you can hear that the pitch is descending throughout the series. 

Another pitch can be heard if you say a vowel, make a glottal stop and then flick a finger 

against your throat just above the larynx (without changing the tongue position for the vowel 

you said).  If you start with /i/ and go through the aforementioned series to /u/ again, you can 

hear that the pitch goes up for the first four vowels and down again for the four last ones 

(Ladefoged 1975:168). These overtones are called formants; the pitch that decreases 

throughout the series is called the second formant (F2), and the pitch going up and then down 

is called the first formant (F1). The first formant corresponds to the traditional open-close 

distinction of vowels, and the second formant has an inverted relationship to the front-back 

distinction of vowels (Ladefoged 1975:173). There are also third and fourth formants which 

are not as easily demonstrated as the first two. 

 

In order to analyse the overtone frequencies of vowels a sound spectrograph is used. A 

spectrograph translates recorded sound into a spectrogram, which allows us to see the 
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different frequencies of which the sound consists (Ladefoged 1975:170). Spectrographic 

analysis is, however, not a completely foolproof way of looking at sound since the formants 

will vary from person to person depending on the size of each individual’s resonating cavities. 

Smaller cavities will result in higher overall frequencies, while larger cavities will create 

lower frequencies, so no speakers end up with an identical set of frequencies for the same 

sound. Hence it is difficult to compare the vowels of one speaker to those of another using 

spectrographic analysis. Ladefoged suggests a way of getting around this problem by 

“regarding the average frequency of the fourth formant as an indicator of the individual’s 

head size, and then express the other formants as percentages of the mean fourth formant 

frequency” (1975:189). 

 

2.5. Problematic phonemes 

 

A lot of the English vowel phonemes are similar to the ones used in standard Swedish, but 

none are identical. There are many phoneme pairs that can be confusing for a Swedish 

speaker of English, but for the most part, substituting one of these phonemes for another, 

similar one, will only result in minor disruptions of intelligibility. However, for some 

phonemes there are a large number of minimal pairs in which the substitution of one for the 

other may result in serious miscommunication. Three of these phoneme pairs, the production 

of which will be discussed in further detail, are /i/ – /ɪ/, /e/ – /æ/ and /ɑ/ – /ʌ/. As the vowel 

chart in Figure 1 shows (see page 8), all of these monophthongs, except American /ʌ/, 

resemble a Swedish vowel without being identical to it. Also, these three pairs are all distinct 

in terms of tenseness, i.e. one phoneme in each pair is tense and the other one is lax. This 

might be important when it comes to trying to find the reasons for some of the errors made by 

Swedish L2 English learners, since some Swedish vowels are distinguished by difference in 

quantity only. 
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Figure 1. Difficult phonemes in General American English and their Swedish close-equivalents. Based on 

Johansson & Rönnerdal (2005). 

 

Since it is sometimes easier to discuss general vowel quality in terms of their formants, Table 

1 shows the mean value of the first and second formant frequencies of 33 male American 

speakers (Peterson & Barney 1952) compared to those of 24 male Swedish speakers (Fant 

1968). Although the result would not be accurate if we were to compare  the formants of 

phonemes produced by two individual speakers, these average formant frequencies will still 

give a good indication of how the sounds are pronounced in the two languages. In 2.5.1 and 

2.5.3, these frequencies will be used to further discuss how English pronunciation differs from 

or resembles that of Swedish. 

 

Table 1. A comparison between the mean values of the first three formants of 33 American speakers and 24 

Swedish speakers. American data from Peterson & Barney (1952), and Swedish from Fant (1968) 

 i ɪ e   ɛ æ ɑ ʌ 

Language Am Swe Am Swe Am Swe Am Swe Am Swe Am Swe 

F1 270 255 390 - 530 505 660 625 730 600 640 - 

F2 2290 2190 1990 - 1840 1935 1720 1720 1090 925 1190 - 

 

2.5.1. /ɪ/ and /i/ 

 

The phonemes /ɪ/ and /i/ are both high front close vowels, although Swedish /i/ and /ɪ/ are 

more close and front respectively. Swedish L2 English learners tend to have problems 

keeping /i/ as in beat and /ɪ/ as in bit as open as they should be, making them sound too much 

like the Swedish phonemes (Johansson & Rönnerdal 2005). As shown in Figure 1 the 
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Swedish sounds are produced closer to each other than the English ones. Of the two vowels, 

/i/ is the tense one. 

 

According to the figures in Table 1, Swedish /i/ is more close and front than its American 

equivalent, but I have not been able to find numbers that will enable a comparison between 

Swedish and American /ɪ/ since Fant mainly plots the long vowels of Swedish. I am, however, 

unsure as to how much our perception of the quality of these phonemes affects our production 

of them. Since Swedish /ɪ/ is generally produced in the same space as American /i/, the 

slightest mistake in length of a Swedish L2 English learner might cause confusion and result 

in miscommunication. 

 

2.5.2. /e/ and /æ/ 

 

In English, /e/ as in bed and /æ/ as in bad are mid front close–and low front open vowels 

respectively. They have close equivalents in the allophones of Swedish /ε/ (as in rädd and a 

longer, more open sound in färg), which lie between the two English phonemes (Swedish /e/ 

is more open and much longer than English /e/ and not a good substitute for it). Swedish 

learners of English tend to pronounce /e/ like /æ/ mainly before /r/ and in words spelled with 

a, e.g. in marry, but there is also a reversed process of pronouncing /æ/ like /e/ through 

making it too close and short, e.g. in parish (Johansson & Rönnerdal  2005). In this phoneme 

pair, /e/ is the tense vowel. 

 

2.5.3. /ʌ/ and /ɑ/ 

 

As figure 1 shows, /ɑ/ as in hot is back and fully open, while /ʌ/ as in hut is a mid central 

vowel. Apart from being produced in different places, there is a subtle difference in quantity 

between the phonemes, where /ɑ/ is slightly longer than /ʌ/. General American /ɑ/ is quite 

close to Swedish /ɑ/ (used in kram), while the closest equivalent of /ʌ/ is Swedish rounded /ɜ/ 

(as in möt), since Swedish has no mid central open unrounded vowels (Johansson & 

Rönnerdal 2005). Of these two phonemes, /ɑ/ is the tense one. 

 

When we look at the formants shown in Table 1 we can see clearly that there is a big 

difference in the formant frequencies of American and Swedish /ɑ/. The higher F1 of 

American /ɑ/ indicates that it is more open than the Swedish phoneme, while the F2 places it 
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slightly more front than the Swedish sound. The lack in Swedish of a sound similiar to 

American /ʌ/ might be a contributing factor in mispronunciation if Swedish speakers of 

English can get away with using another sound, just like I do (in my case using Swedish /a/ 

instead of the American sound). 

 

3. Method 

 

Since I was to investigate the possible relationship between the production of difficult sounds 

and the speaker’s perception of them, I needed to set up a study that would allow me to test 

both of these things. Therefore I set up a perception test and a pronunciation experiment that 

would give me the opportunity to get an idea of the consistency of the subjects’ pronunciation 

and to compare those results with those of the perception test. I was also hoping to find out 

whether the subjects had succeeded in acquiring these phonemes at a native-like level. The 

two parts of the experiment were conducted on one occasion with a short break in between. 

 

3.1. The subjects 

 

For the study I used five women and five men between the ages of 21 and 39 years (I would 

have preferred a more narrow age span, but due to difficulties in finding volunteers I had to 

revise the criteria for participation). They had all grown up in Sweden with Swedish as their 

first language, but had different levels of English education and experience of English through 

contact with native speakers.³ Before beginning the experiment, the subjects filled out a form 

briefly stating their age and previous experience with English, as well as their level of English 

education (see Appendix 1 for the questionnaire). Since my aim was to investigate the 

relationship between perception and production of sounds, I used the same subjects for the 

two parts of the experiment, so as to be able to compare the results of the perception test for 

each speaker with their pronunciation. 

 

3.2. The production test 

 

For each of the three phoneme pairs I wanted to test, I chose 10 minimal pairs. That gave me  

___________________________________________________________________________ 

³The subjects’ level of education ranged from English A at Swedish gymnasium to English D at university level. 

All subjects had some previous experience of native English through friends, colleagues or travelling. 
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30 pairs and, in addition to these, I used 20 dummy pairs in order to make it more difficult for 

the subjects to find out which phonemes I was studying. This rendered a total of 50 minimal 

pairs (see Appendix 2 for the complete list). I then created five neutral sentence frames and 

set them up with 10 pairs for each frame (see Appendix 3 for the sentences). I arranged the 

pairs in neutral sentence frames in order to allow the words in each pair to appear in the same 

linguistic context, thus minimising variables such as adjoining sounds and intonation. The 

sentences were randomly arranged on the list in order to make it more difficult for the 

subjects to discover what was being tested. Since I was testing a mixed group of quite 

advanced English speakers, I felt safe using some fairly unusual words, such as schemer and 

goner; but these words proved to cause confusion for some of the subjects, as some of them 

pronounced these words using a completely different phoneme than the target sound. 

 

The subjects were instructed to read the 100 sentences in their normal tone of voice and at 

their normal rate of speaking, and to take a break if they needed a drink of water or if they 

were finding it difficult to concentrate on the reading. However, none of the subjects took a 

break during the recording. I also asked the subjects to keep a pause of one or two seconds 

between each sentence to facilitate analysis of the recordings. The sentences were recorded 

using an iFP-700 mp3 player with a microphone, which might not have been the best choice 

for acoustic analysis, since the recorder converted the sound files to mp3 and compressed 

them in the process. The recordings were however sufficient for the analysis I needed to do. 

 

3.3. The perception test 

 

For the perception test I used the same 100 sentences as for the production part. The sentences 

were recorded by a male speaker with an upstate New York accent and the recording took 

place in a soundproof studio. The speaker’s accent was not an issue for the sounds I was 

testing, but since one feature of his accent is a slight diphthongisation of /æ/ before nasal 

consonants, I avoided this sound combination when choosing the minimal pairs. With help 

from this same speaker I was able to set up a perception test using Praat, which is an online 

program for speech analysis created by Paul Boersma and David Weenink of the Institute of 

Phonetics Sciences of the University of Amsterdam. The subjects were to listen to all 100 

sentences, and for each sentence they heard, two alternative sentences were shown on a 

computer screen. The only thing that distinguished the two sentences from each other was the 

minimal word pair; one sentence contained a sound that matched the sentence that was heard, 
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and one contained the other sound in the minimal pair. Each sentence was initiated with a 

beep, and the subjects could have it repeated twice after the first hearing, using a “replay” 

button that would disappear after the second replay. The subjects were instructed to click on 

the sentence they heard, and after that the next two sentences would show up on the screen. 

There was no time limit to this test; the subjects were instructed to take as much time they 

needed in order to distinguish the sounds, and were encouraged to listen to the sentence again 

if they were not absolutely sure which sound they had heard. Each time the experiment was 

run, the sentences were automatically randomised, so that no two subjects heard the sentences 

in the same order. I chose to have the subjects do the perception test after they had done the 

recording in order to keep them from overarticulating the words after having seen them next 

to each other in the perception test. 

 

3.4. Delimitations 

 

The program I used for tracking formants, Praat, had quite some difficulties to locate the F2s 

for some of the female speakers. This is probably partly a result of the highly compressed 

format of the sound files, since I used an mp3-player for recording. Within the field of 

acoustic analysis, it is generally accepted that formants are harder to find for female speakers. 

According to Michael A. Berger, PhD student at the University of Edinburgh (personal 

communication), this is because, for women, “resonances are broader and less prominent in 

the frequency domain, and due to the higher fundamental frequency, harmonics are more 

widely spaced, thus providing lower frequency resolution”. Hence it is more common to use 

male speakers than female. In this study, the difficulties of locating some of the formants may 

have resulted in the F2s of some phonemes and speakers being much higher than they would 

have been if the formants were clear. Therefore, the deviation for some phonemes might not 

be accurately represented. However, since I cannot prove this without doing new recordings 

with the same speakers and different recording equipment, I had to disregard this when 

analysing the material. 

 

4. Analysis and results 

 

Since the perception test results could be extracted in Praat, it was easy for me to see how 

many mistakes the subjects had made for each phoneme. However, when it was time to 

analyse the data I had collected, I realised that it would be impossible for me to evaluate 
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exactly to what degree the subjects had acquired a native-like pronunciation. This was due to 

my lack of phonetic training and the fact that the subjects all had different accents; some 

spoke distinctly British English, others American English and others again had Swedish 

accents. Simply listening to the recordings was not sufficient since it was close to impossible 

for me to hear how much alike the different occurrences of the phonemes were. 

 

What I decided to do instead was to look at the mean F1 and F2 for the phonemes I was 

investigating, and compare how distinct the subjects’ pronunciation of the vowel pairs were. I 

used a tool in Praat to calculate the mean formants for each vowel and, in addition to 

comparing the phonemes with each other, I also had the tool calculate the standard deviation 

for each vowel in order to see how consistent each speaker’s pronunciation was. 

 

4.1. Total results for the perception test 

 

The results for the perception test were highly individual; some subjects made as many as 14 

mistakes for the phonemes I was interested in, while others only made three, four or even as 

few mistakes as one. Nonetheless, with the exception of one subject, who only made one 

mistake concerning the sounds I was testing, the phonemes I was studying proved to be more 

problematic than the dummy sounds. Only one subject, however, encountered problems with 

the /i/ – /ɪ/ distinction. Table 2 shows the total amount of mistakes for all ten subjects. 

 

Table 2. The total number of mistakes made by the ten subjects. It shows how many times the subjects chose the 

wrong phoneme over the one that was really being used. 

Type of mistake /ɪ/ for /i/ /i/ for /ɪ/ /e/ for /æ/ /æ/ for /e/ /ʌ/ for /ɑ/ /ɑ/ for /ʌ/ 

Number of mistakes 1 2 3 10 22 9 

 

Looking at Table 2 it is evident that what caused the subjects the most trouble was the /ʌ/ – 

/ɑ/ distinction. Since these are the sounds that I myself have had problems distinguishing from 

one another I was not particularly surprised by the result. The total number of mistakes for 

these phonemes was 31, but the more common mistake was that of choosing /ʌ/ instead of /ɑ/, 

which was more than twice as common as the opposite mistake. As I mentioned earlier, these 

results were highly individual, but the choice of /ʌ/ where /ɑ/ was the vowel used was the only 

mistake that was made by all ten subjects. The second most difficult pair was /e/ – /æ/, where 

the subjects made 12 mistakes altogether. Only three of these mistakes were made on 
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monosyllabic words. The subjects chose /æ/ where /e/ was used three times more often than 

the other way around. As I already mentioned, all three mistakes concerning /ɪ/ – /i/ were 

made by the same subject. This confirmed my belief that the subjects should not have 

difficulties distinguishing between these phonemes. This subject’s mistakes might have been 

partly due to her not being familiar with the words, since in the production part she missed the 

target sound completely for some of the monosyllabic words spelled with -ee-, pronouncing 

beets [bits] like bets [bets] and heed [hid] like head [hed]. 

 

4.2. Production and perception test results for individual subjects 

 

The results of the perception test for each subject are presented along with a graph showing 

the mean formant frequencies for each phoneme. The size of the rings in the Figures 4-13 

equals the mean standard deviation for each phoneme. In reality, the standard deviations for 

F1 and F2 differed a lot for most subjects and phonemes (except for subject C, whose F1 and 

F2 standard deviation was very consistent), especially for the female speakers. Since the 

deviation I present here is the mean value of F1 and F2, I will discuss briefly in the text cases 

where the deviations of F1 and F2 differed significantly. For most of the graphs, the formant 

frequencies are based on ten instances of the phonemes, but since some of the subjects 

encountered spelling-related problems and completely missed the target sound for some of the 

words, I had to remove those sounds for some subjects (e.g. where the pronunciation of goner 

was [goʊner] and that of schemer [skemer]. Some subjects also pronounced rut like route).  

In addition to looking at the standard deviation of each phoneme for each subject in order to 

decide how well the subject has managed to develop a consistent pronunciation of the sounds, 

I will also compare each graph to the ones of Figures 2 and 3 (see page 15), which show the 

formants of American and British English (data from Peterson and Barney 1952, and 

Deterding 1997). This way I will get an indication of whether the subjects are close to a 

native-like pronunciation or if they have internalised a faulty phoneme (or one of an 

uncommon accent). In Figure 3, the phoneme /ɑ/ is absent, and replaced with its British 

equivalent /ɒ/, which, as the figure shows, is a more close vowel than the American sound. 
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Figure 2. Vowel formants of American English.  Figure 3. Vowel formants of British English. 

 

As Figure 4 shows, the standard deviation for Subject A is quite small for /e/, /æ/ and /ɑ/, 

while higher for the other three phonemes. Despite this variation the subject’s pronunciation 

agrees quite well with the positions of these phonemes in Figure 2, and he distinguishes well 

between the sounds. In Table 3 we can see that the only problem this subject encountered in 

the perception test was with the distinction of /ʌ/ and /ɑ/. 

 

Table 3. Total number of mistakes made by  

Subject A in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ 1 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 3 

/ɑ/ for /ʌ/ - 

               Figure 4. Vowel formants for Subject A. Bubble size is 

               the mean value of F1 and F2 standard deviation. 

 

Subject B has very small deviation for /æ/ and /i/, while it is slightly higher for /ʌ/ and /ɑ/, and 

even higher for /ɪ/ and /e/. The curve of his formants follows the one of the phonemes in 

Figure 2 quite well, and with the exception of the production of /i/, which lies almost 

completely within the deviation for /ɪ/, he distinguishes well between the different sounds. As 

Table 4 shows, the only mistake he made repeatedly in the perception test was the one of 

choosing /ʌ/ instead of /ɑ/ on three occasions. 
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Table 4. Total number of mistakes made by  

Subject B in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 3 

/ɑ/ for /ʌ/ - 

             Figure 5. Vowel formants for Subject B. Bubble size is 

                the mean value of F1 and F2 standard deviation. 

 

The pronunciation by Subject C is concentrated to a small area, and standard deviation is 

quite similar between the different phonemes. The placement of the phonemes agrees to some 

extent with the phonemes in Figure 2, but the F1 for /ɑ/ and /e/ diverge slightly from the 

curve. Overall, this subject has a smaller difference between the phonemes than Figures 2 and 

3 suggest. There is almost no difference between the formants of /ʌ/ and /ɑ/, and only a slight 

difference between those of /e/ and /æ/. In Table 5 we can see that Subject C had some trouble 

distinguishing /e/ from /æ/ and /ʌ/ and /ɑ/ from each other in the perception test. 

 

 

Table 5. Total number of mistakes made by  

Subject C in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ 4 

/ʌ/ for /ɑ/ 2 

/ɑ/ for /ʌ/ 2 

             Figure 6. Vowel formants for Subject C. Bubble size is 

               the mean value of F1 and F2 standard deviation. 

 

The standard deviation for Subject D is big for /i/, /ʌ/ and /ɑ/, but small for the other three. 

The pronunciation is concentrated in a small area, but the speaker still distinguishes between 
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all phonemes. Except for the slightly low F1 of /ʌ/ and /ɑ/, the formants of Figure 7 follow the 

American ones of Figure 2. Table 6 shows that Subject D only made one mistake in the 

perception test, which was choosing /ʌ/ instead of /ɑ/. 

 

Table 6. Total number of mistakes made by  

Subject D in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 1 

/ɑ/ for /ʌ/ - 

             Figure 7. Vowel formants for Subject D. Bubble size is 

                the mean value of F1 and F2 standard deviation. 

 

The pronunciation of Subject E is also concentrated to a small area, and the standard deviation 

for all phonemes, except /i/ and /ɑ/, is very low. The formant curve in Figure 8 follows the 

one in Figure 2, but the subject does not make a big distinction between /ʌ/ – /ɑ/ and /ɪ/ – /i/. 

The production of /ɪ/ lies entirely within the area of /i/, and the same is true for /ʌ/ and /ɑ/. 

According to Table 7, this subject had slight problems distinguishing /ʌ/ from /ɑ/, and once 

with distinguishing /e/ from /æ/ in the perception test. 

 

Table 7. Total number of mistakes made by  

Subject E in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ 1 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 1 

/ɑ/ for /ʌ/ 1 

Figure 8. Vowel formants for Subject E. Bubble size is 

the mean value of F1 and F2 standard deviation. 
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For Subject F, who is the first female subject, the standard deviation of /i/ is bigger than the 

others, but the deviation for /ɪ/ and /e/ is also quite big. For this speaker, the standard 

deviation for F2 of these phonemes was remarkably high, as Praat had difficulties tracking 

these formants. If we compare Figure 9 to Figure 2 we can see that Subject F has a clearly 

British pronunciation, with the exception of the location of /i/ further back than /ɪ/. She also 

distinguishes between all phonemes, although less so between /ʌ/ and /ɑ/ than between the 

others. We can see in Table 8 that she encountered some difficulties in distinguishing /ɑ/ from 

/ʌ/ in the perception test. 

 

Table 8. Total number of mistakes made by  

Subject F in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ 1 

/ʌ/ for /ɑ/ 3 

/ɑ/ for /ʌ/ - 

             Figure 9. Vowel formants for Subject F. Bubble size is 

                the mean value of F1 and F2 standard deviation. 

 

For subject G, Figure 10 (see page 19) shows that the standard deviation of /e/, /ʌ/ and /ɑ/ is 

higher than for the other three phonemes, but the curve follows that of the British 

pronunciation in Figure 3 perfectly, and Subject G distinguishes well between the phonemes 

in speech. Table 9 shows that she did, however, have some difficulties distinguishing /e/ from 

/æ/ and /ʌ/ from /ɑ/ in the perception test. 
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Table 9. Total number of mistakes made by 

Subject G in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ 2 

/ʌ/ for /ɑ/ 2 

/ɑ/ for /ʌ/ 2 

             Figure 10. Vowel formants for Subject G. Bubble size 

                is the mean value of F1 and F2 standard deviation. 

 

For Subject H, deviation is quite high for /e/, /ʌ/ and /ɑ/. The formant curve of Figure 11 

follows the one for British English in Figure 3 to some extent, but F1 for /ʌ/ and /ɑ/ are 

practically the same, and the F2 of /i/ is lower than that of /ɪ/, despite small deviation for these 

phonemes. According to Table 10, Subject H made mistakes concerning the /e/ – /æ/ and /ʌ/ – 

/ɑ/ distinctions in the perception test. 

 

Table 10. Total number of mistakes made by  

Subject H in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ 1 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 2 

/ɑ/ for /ʌ/ - 

              Figure 11. Vowel formants for Subject H. Bubble size 

                 is the mean value of F1 and F2 standard deviation. 

 

As Figure 12 shows, Subject I had low standard deviation for /ɑ/ and /e/, but quite high for the 

other phonemes. However, for the phonemes with high deviation, Praat had difficulties 

locating the F2s. The standard deviation for the F2s of these phonemes was much higher than 

that of the F1s. This subject seems to have a somewhat British accent, but although she 

distinguishes well between most phonemes, the F2 of /ɪ/ and /i/ are practically the same, and 
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they overlap each other more than the other phoneme pairs. As we can see in Table 11, she 

only made one mistake in the perception test, and that was concerning the /ɑ/ – /ʌ/ distinction. 

 

Table 11. Total number of mistakes made by  

Subject I in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ - 

/i/ for /ɪ/ - 

/e/ for /æ/ - 

/æ/ for /e/ - 

/ʌ/ for /ɑ/ 1 

/ɑ/ for /ʌ/ - 

             Figure 12. Vowel formants for Subject I. Bubble size 

                is the mean value of F1 and F2 standard deviation. 

 

The production of Subject J is concentrated to a very small area and, with the exception of /ɪ/ 

and /i/, the standard deviation is very low. The formant curve of Figure 13 follows that of 

Figure 3 quite well, but the F2 of /i/ is lower than that of /ɪ/. The F2s for these two phonemes 

were difficult to track, which resulted in the standard deviation for them being about five 

times as high as those of the first formants. Subject J distinguishes well between the 

phonemes in speech, but as Table 12 shows, she did have a lot of trouble with the perception 

test, making mistakes with all sounds but the distinction of /æ/ from /e/. 

 

Table 12. Total number of mistakes made by  

Subject J in the perception test. 

Type of mistake Number of mistakes 

/ɪ/ for /i/ 2 

/i/ for /ɪ/ 1 

/e/ for /æ/ - 

/æ/ for /e/ 3 

/ʌ/ for /ɑ/ 4 

/ɑ/ for /ʌ/ 2 

               Figure 13. Vowel formants for Subject J. Bubble size 

                  is the mean value of F1 and F2 standard deviation. 
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5. Discussion 

 

A matter for discussion is the formant curve for the male American speaker who recorded the 

sentences for the perception test (see Appendix 4), which shows that this speaker makes very 

little difference between /ʌ/ – /ɑ/ and /e/ – /æ/. This makes me wonder whether the subjects 

who distinguished well between these phonemes in speech in fact had a less native-like 

pronunciation than the subjects who made little distinction between these sounds. This 

inability to evaluate to what extent the subjects have internalised a native-like pronunciation 

has been one of the difficulties of this study. Furthermore, this makes me think that the results 

of the perception test would have been different, showing fewer errors, had I used a British 

speaker, since it seems that British English has a clearer distinction between e.g. /ʌ/ and /ɑ/. 

This, of course, I cannot prove without data from both American and British speakers. The 

fact that the phoneme pairs for the American speaker overlap to a much greater extent than for 

most of the subjects in the study also makes me wonder if , for native speakers, vowel 

quantity is a more important cue in distinguishing between /ʌ/ – /ɑ/ and /e/ – /æ/ than it is for 

Swedish speakers of English. 

 

If we assume that the standard deviation of a phoneme is an indication of how well a speaker 

has internalised that sound, we can also assume that a high standard deviation indicates that 

the speaker is less sure of how to pronounce a certain phoneme. Furthermore, it is likely that 

the relationship between perception and production should be that the more clearly someone 

can distinguish a sound when hearing it, the easier it is for that person to pronounce it 

consistently, thus resulting in a low standard deviation for that phoneme. 

 

This was the relationship I expected to see in my study; a higher deviation for the phonemes 

with which the subjects had difficulties in the perception test, and a lower deviation for the 

ones that did not present any problems. However, a relationship of this kind has been 

impossible for me to prove through the results of my study. The phonemes that the subjects 

had the most difficulty distinguishing between in the perception test were /ʌ/ and /ɑ/. If it is 

assumed that there is a positive correlation between perception and production, the standard 

deviation for these two phonemes should be higher than that of the other four phonemes in the 

study. The results, however, clearly show that this was not the case. On the contrary, the 

standard deviation of /ʌ/ and /ɑ/ proved to be quite low for most of the subjects, despite their 

difficulties in distinguishing between them in the perception test. 
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The phonemes for which the subjects showed the most inconsistency in production were /ɪ/, /i/ 

and /e/. Although the distinction between /e/ and /æ/ was one that caused the subjects slight 

problems in the perception test, the high standard deviation for /e/ is too common among the 

subjects to be explained by those results alone. Swedish lacks short /e/ and instead Swedish 

speakers use /ɛ/ both for short /e/ and /æ/. This is very likely an additional reason as to why 

the subjects had such difficulties pronouncing English short /e/ consistently, despite being 

able to hear it quite well. 

 

For /ɪ/ and /i/, it was not uncommon that the circle for one of the phonemes was located 

entirely within that of the other. Despite this, they had no difficulties distinguishing between 

the two phonemes in the perception test. This leads me to believe that, when hearing these 

sounds, the subjects listen primarily for vowel length to distinguish them from one another. 

Before performing the study, I suspected that vowel quantity would prove to be a more 

important factor than vowel quality when it came to the subjects’ pronunciation of these 

phonemes. This was confirmed by the results of the recordings, which showed that the 

subjects made a great difference in length between the two phonemes, even though they 

sometimes pronounced them almost identically. 

 

Although I did not intend to look at vowel length in this study, it was inevitable that I noticed 

it when analysing the recordings. From what I can tell, the subjects rely more on vowel length 

for the distinction between /ɪ/ – /i/ and /e/ – /æ/ than they do to distinguish between /ʌ/ and /ɑ/. 

Therefore they put less effort in keeping the quality of the phonemes separate. However, they 

expend much more effort trying to make a clear distinction between the quality of /ʌ/ and /ɑ/, 

since they know that vowel length is of lesser importance than vowel quality here. 

When the phonemes which the subjects distinguish between through vowel quantity occur in a 

context where the surrounding consonant sounds are pronounced incorrectly by a Swedish 

speaker of English, e.g. by devoicing of a voiced consonant or making /t/ too dental, it will 

affect the length of the vowel and often lead to confusion. It would be wrong to say that the 

perception of these phonemes alone is the cause for any mispronunciation. Even though the 

way we perceive a sound inevitably plays a role in our production of it, the relationship is 

clearly more complex than that. For a native-like pronunciation to be acquired, all phonemic 

pieces must be learned and fit together. 
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6. Summary and conclusion 

 

When we learn our first language, we internalise a set of phonemic categories which help us 

make sense of the sounds that constitute our native language. These categories might make it 

difficult for us to learn other languages properly, since our sound perception is “tuned in” to 

our L1, which can decrease our ability to distinguish foreign sounds. When it comes to 

vowels, the difference between phonemes can sometimes be very subtle, and the difficulties 

of explaining exactly how and where they are produced add to the problems a student might 

have with the vowels of a new language. 

 

In this study, I investigated the possible relationship between how Swedish speakers of 

English perceive some problematic vowels and how they pronounce them. In order to study 

the relationship between perception and production, I had ten subjects participate in a 

perception test where they were to distinguish between the vowels in three different minimal 

pairs. In addition to this I also recorded the subjects’ reading of a number of sentences 

containing the vowels I was studying. I then used acoustic analysis to track the formants of 

the phonemes and compared those results to the ones from the perception test. 

 

The results show that, although the subjects had the most difficulty distinguishing between /ʌ/ 

and /ɑ/ in the perception test, they (still) had a consistent and distinct pronunciation of these 

phonemes. Similarly, the results for /e/ and /æ/ show that despite encountering quite few 

problems with these sounds in the perception test, the subjects’ pronunciation of /e/ was very 

inconsistent, which might be related to the fact that Swedish lacks short /e/. However, 

although the subjects had no difficulties hearing the difference between /ɪ/ and /i/, their 

production of these sounds was extremely inconsistent. This shows that behind the 

mispronunciation of these phonemes lies a more complex reason than simply the fact that the 

speaker does not perceive them correctly. 

 

I think it would be interesting to look more closely at the importance of vowel quantity as a 

cue of distinction for native and Swedish speakers of English respectively. I would also like to 

study other subtle but important aspects of phonology and perception, such as how Swedes 

perceive voiced and voiceless consonants and how important that distinction is to successful 

communication. Furthermore, I would like to perform a study similar to this, using subjects of 

a more narrow age span, perhaps between 20 and 25, and compare their results to a group of 
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middle-aged subjects in order to see what differences there are in perception and production 

between the groups. It would also be very interesting to see whether the subjects who 

pronounce /ʌ/ and /ɑ/ very distinctly have internalised the “correct” phonemes or if they, like 

me, are substituting the target sounds with ones that are more distinct but less English. 
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Appendix 1. 

Questionnaire for subjects of c-paper study 

 

Name: ______________________________________ 

Age: _________ 

 

What is your level of English education (högstadie, gymnasie, universitet etc.)? ___________ 

___________________________________________________________________________ 

 

 

Have you worked or studied in an English speaking country?       Yes                       No                 

If yes, where? __________________________________ 

For how long? __________________________________  

 

 

Have you worked or studied with native English speakers in a non-English speaking country? 

Yes                     No               

If yes, where? _____________________________ 

For how long? _____________________________ 
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Appendix 2. Minimal pairs 

These are the minimal pairs I used for the perception and production tests in this study. The 

pairs I studied are the first 30 ones. 

 

/ʌ/ /ɑ/  

cuddle  coddle        

utter  otter         

cup  cop           

puppies  poppies       

gunner  goner        

fund  fond          

hut  hot          

hubby  hobby     

rut rot     

lulling  lolling       

/e/ /æ/ 

settle       saddle 

kettle       cattle 

letter       latter 

bed          bad 

perish  parish 

mess     mass 

wreck   rack 

peck      pack 

legging landing 

better  batter 

/ɪ/ /i/ 

kill         keel 

pick         peak 

hid          heed 

bits         beets 

knitter      neater 

skimmer schemer 

licking    leaking 

 

 

kin          keen 

piss         peace 

dill         deal 

 

Dummy pairs 

veil         wail 

vet          wet 

verse        worse 

vine         wine 

  

hitch        itch 

heart        art 

heating      eating 

 

fought       thought 

fin          thin 

fuse         thews 

  

doubting     doting 

gout         goat 

now          know 

rouse        rose 

town         tone 

  

marrow       narrow 

maim         name 

mime         mine 

lame         lane 

coming cunning 
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Appendix 3. Sentences 

The 100 sentences used in the perception and production tests, divided into five sentence 

frames containing 10 minimal pairs each. 

 

They took a closer look at the gout 

They took a closer look at the goat 

They took a closer look at the cop 

They took a closer look at the cup 

They took a closer look at the kill 

They took a closer look at the keel 

They took a closer look at the letter 

They took a closer look at the latter 

They took a closer look at the pick  

They took a closer look at the peak 

They took a closer look at the heart 

They took a closer look at the art   

They took a closer look at the skimmer 

They took a closer look at the schemer 

They took a closer look at the mime   

They took a closer look at the mine  

They took a closer look at the poppies 

They took a closer look at the puppies 

They took a closer look at the dill 

They took a closer look at the deal 

I don’t know what marrow means 

I don’t know what narrow means   

I don’t know what fond means 

I don’t know what fund means   

I don’t know what rouse means 

I don’t know what rose means 

I don’t know what doubting means  

I don’t know what doting means   

I don’t know what verse means   

I don’t know what worse means  

I don’t know what knitter means  

I don’t know what neater means  

I don’t know what coming means 

I don’t know what cunning means  

I don’t know what veil means 

I don’t know what wail means   

I don’t know what legging means  

I don’t know what lagging means 

I don’t know what vine means   

I don’t know what wine means  

Can you say fin again? 

Can you say thin again?  

Can you say fought again?  

Can you say thought again?   

Can you say vet again?   

Can you say wet again?  

Can you say kin again? 

Can you say keen again?  

Can you say hid again?  

Can you say heed again?   

Can you say otter again? 

Can you say utter again?   

Can you say perish again?   

Can you say parish again?  

Can you say rot again?  

Can you say rut again? 

Can you say lame again?  

Can you say lane again? 

Can you say better again? 

Can you say batter again?   
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Is mess a common word?  

Is mass a common word? 

Is peck a common word?   

Is pack a common word?  

Is hitch a common word?   

Is itch a common word?   

Is bed a common word?   

Is bad a common word?  

Is lolling a common word?   

Is lulling a common word?  

Is licking a common word? 

Is leaking a common word?   

Is hot a common word?   

Is hut a common word?  

Is hobby a common word?  

Is hubby a common word? 

Is bits a common word? 

Is beets a common word?  

Is fuse a common word?  

Is thews a common word?   

She said maim but she meant something 

different   

She said name but she meant something 

different  

She said coddle but she meant something 

different  

She said cuddle but she meant something 

different 

She said settle but she meant something 

different   

She said saddle but she meant something 

different 

She said wreck but she meant something 

different 

She said rack but she meant something 

different 

She said goner but she meant something 

different  

She said gunner but she meant something 

different   

She said kettle but she meant something 

different  

She said cattle but she meant something 

different 

She said piss but she meant something 

different  

She said piece but she meant something 

different   

She said town but she meant something 

different   

She said tone but she meant something 

different  

She said now but she meant something 

different  

She said know but she meant something 

different   

She said heating but she meant something 

different   

She said eating but she meant something 

different 
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Appendix 4. Formant curve for the male American speaker 

 

The formant curve for the American speaker (Subject O) who recorded the sentences for the 

perception test shows that he does not make as big a distinction between /e/ – /æ/ and /ʌ/ – /ɑ/ 

as some of the subjects of the study did. This makes me wonder whether the pronunciation of 

the subjects who did make a clear distinction is more or less native-like than that of the 

subjects who pronounced them with less of a distinction. 
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