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ABSTRACT 

 

The categorical nature of speech perception may 

result in learning difficulties when L2 speech sounds 

overlap with L1 sound areas. In addition to possible 

learning difficulties, it may create interesting 

overlapping phoneme category areas between the 

bilinguals’ two native languages. Here, we tested how 

language learners, simultaneous bilinguals and 

monolinguals perceive the same rounded closed /y/-

/ʉ/-/u/ vowel area. In learners and bilinguals this area 

is divided either into two or three categories in their 

two languages (Finnish and Swedish, respectively), 

whereas only the three category division is in use in 

the monolinguals (Swedish). It seems that second 

language learners’ learning process is still ongoing 

since their /ʉ/–/u/ boundary was less sharp in vowel 

identification than the other two groups’. On the other 

hand, both learners and bilinguals seem to benefit 

from being language oriented and from using two 

languages in their daily lives as they were more 

sensitive discriminators than the monolinguals. 
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1. INTRODUCTION 

Due to categorical perception, which is essential for 

speech perception, speech sound discrimination is 

easy at the immediate vicinity of category boundaries, 

whereas within category discrimination is difficult 

[16]. The native language speech sound categories are 

formed early in life [4, 15] and thereafter, speech is 

perceived through the phonological system of the 

mother tongue. According to the Native Language 

Magnet Model (NLM), the prototypical speech sound 

category representatives pull the nearby sounds 

towards the centre of the category impeding within 

category discrimination and creating a hierarchical 

native language speech sound system [13, 14]. 

The phoneme categories of two languages may 

overlap altogether or partially in varying degrees and 

different speech perception and learning models 

tackle these discrepancies, for example, through the 

assimilability or similarity of the foreign sounds to 

the native language phonemes. The Perceptual 

Assimilation Model (PAM/PAM-L2) [2, 3] offers 

four perceptual assimilation patterns according to 

which the non-native categories may assimilate into 

native categories. Three of these patterns predict 

perceptual difficulties. One pattern predicts problems 

when two non-native categories are assimilated 

equally well or equally poorly into one native 

category. Some problems are predicted, in two other 

patterns, when two non-native categories assimilate 

unequally into a single native category or when they 

are non-assimilable. The Speech Learning Model 

(SLM) [6, 7] describes non-native speech sounds 

according to their similarity with the native ones. The 

model predicts severe learning problems when a 

speech sound of the target language is similar to a 

sound in the mother tongue, whereas minor problems 

are predicted, in the beginning of the learning 

process, when the foreign sound is totally new, not 

representing any of the mother tongue sounds. 

High proficiency bilinguals, whether 

simultaneous or sequential, are of special interest in 

speech perception since their two native languages 

usually have at least partially overlapping speech 

sound systems. Hence, a boundary of two phonemes 

in one of their native languages may locate in the 

middle of a phoneme category in the other language. 

This should be problematic since discrimination is 

challenging within category or when the sounds are 

similar [6, 7] or assimilate differently to the sounds 

of the other language [2, 3]. However, for example 

simultaneous bilinguals manage both their native 

languages without difficulties even though their 

native languages are intertwined and the other 

language cannot be switched off when the other one 

is in use [20]. Foreign language learners, even highly 

proficient, on the other hand, have two separate 

systems which can be switched off when only the 

other one is in use [17, 20]. Speech sound processing 

takes also more time, due to the intertwined 

phonological system, in the simultaneous bilinguals 

compared to the sequential bilinguals [20]. 

For the second language learners some of the 

target sounds are bound to be more difficult than 

others depending on the relationship of the native and 

foreign languages. By using the challenging speech 

sound differences in studies on foreign language 



 

 

learning it has, for example, been shown that native-

like perception is not achieved through classroom 

learning [10, 18]. However, the achieved memory 

traces for non-native phonemes of highly proficient 

university level language learners can be 

strengthened through a short term listen-and-repeat 

training [22]. Hence, even though the subjects were 

highly proficient, the learning process was 

unfinished. Further, the continued use of the mother 

tongue, synchronous with the ongoing learning 

process, is shown to impede the learning of foreign 

language production [8, 9]. In contrast to learning in 

a classroom, learning in a natural environment seems 

to result in native-like perception [19, 23]. 

The aim of this study was to see how different 

language backgrounds, namely monolingual, 

bilingual and foreign language learner, affect the 

perception of the same vowel area. The particular 

vowel area has only one function for the 

monolinguals but in both bilinguals and language 

learners the area is divided into two categories in one 

language and into three in the other. The hypothesis 

was that the dual set of categories in one area might 

show some effects on perception in bilinguals and 

hinder perception especially in language learners. 

2. METHODS 

2.1. Subjects 

The participants were divided into three groups. 

Group 1 (Learners) consisted of 9 Finnish university 

students majoring in Swedish, i.e., highly proficient 

language learners (aged 20–27 years, mean 24.3, 8 

females). They had passed demanding entrance 

examinations to enter the Department of Swedish 

language at the University of Turku and had then 

studied Swedish for 1–6 years at the university level. 

Group 2 (Bilinguals) consisted of 12 Finnish-Swedish 

bilinguals (aged 16–31 years, mean 20.3, 7 females) 

who had acquired both languages from birth, one 

language from one parent, i.e., simultaneous 

bilinguals. Group 3 (Monolinguals) consisted of 9 

monolingual Swedish speakers (Swedish as spoken in 

Sweden) (aged 20–36 years, mean 27.2, 6 females) 

who did not study any languages. 

All subjects were tested for normal hearing with 

an audiometer with perceptually relevant frequencies. 

The study was approved by the Ethics Committee of 

the University of Turku, Finland. 

2.2. Stimuli 

The stimuli used in this study formed a continuum of 

isolated vowels from /y/ to /u/ varying in the second 

formant (F2). The stimulus continuum consisted of 18 

vowels so that F2 ranged from 606Hz (703Mel) to 

2077Hz (1553Mel) in 50Mel steps. This vowel area 

is divided into two vowels in Finnish, namely /y/ and 

/u/, and into three vowels in Finland-Swedish and in 

Swedish, namely /y/, /ʉ/, and /u/. The stimuli are 

described in detail in [20, 21]. According to NLM 

[13], PAM [2], and SLM [6, 7], this vowel area 

should be problematic to language learners and, on 

the other hand, it serves an interesting area for 

research on simultaneous bilinguals as well. 

2.3. Procedure and analysis 

First, in an identification task (ID), the subjects were 

asked to identify the 18 vowels as /y/, /ʉ/, or /u/ by 

pressing the appropriate symbol on a numpad. In 

order to ensure correct use of the symbols, the 

participants were given example words containing 

these sounds. The stimuli were presented ten times 

each in random order. The forced choice 

identification task was self-paced. On the basis of the 

individual results, we selected two stimulus pairs for 

an oddball discrimination task so that one pair was 

within the category /ʉ/ and one pair crossed the /ʉ/–

/u/ category boundary so that one stimulus 

represented /ʉ/ and one represented /u/. The pairs 

were 100Mels apart from each other. The individual 

stimulus selection was done in order to make sure that 

the stimuli represented either one category or two 

different categories for each individual, since the 

exact location of the category boundary may vary 

between subjects and average stimuli may not 

represent intended categories for all subjects. 

In the oddball discrimination task, one block was 

the between category block and the other was the 

within category block. The stimulus with higher F2 

always functioned as the standard, whereas the one 

with lower F2 functioned as the deviant in both 

blocks. The subjects were asked to press a button as 

soon as they heard the deviating stimulus. There were 

130 standards and 20 deviants in each block. All 

communication, including instructions for both tasks, 

were given in Swedish. 

Category boundary location and boundary 

consistency were measured on the basis of the ID test 

data. The ID data was subjected to logit 

transformation analysis in SPSS to locate the point 

where the answers were distributed evenly to both 

categories and to obtain the steepness value for the 

boundary cross-over point. The category boundary 

and steepness values were then separately subjected 

to a Multivariate analysis (MANOVA, Group (3) × 

Boundary (2) or Steepness (2); post hoc Tukey tests 

when appropriate) (SPSS). The oddball 

discrimination task was carried out to measure 

discrimination sensitivity (d’) and reaction time (RT). 

The hits, misses, correct rejections and false alarms 



 

 

were used in calculating the d’ values and the RTs 

were measured from deviant stimulus onset to button 

press. Button presses within ±3 standard deviation 

were included in the analysis. Also the d’ and RT 

values were separately subjected to a Multivariate 

analysis (MANOVA, Group (3) × d’ (2) or RT (2); 

post hoc Tukey tests when appropriate). 

3. RESULTS 

There was a significant difference between the groups 

in how they located the /ʉ/–/u/ boundary in the 

identification task and in the consistency of this 

boundary, as shown in the main effects of group 

F(2,26)=3.920, p=0.033 and F(2,26)=5.821, p=0.008, 

respectively. The post hoc (Tukey HSD) comparisons 

revealed that the consistency of the /ʉ/–/u/ boundary 

was statistically different between the students of 

Swedish and the bilinguals (p= 0.007). This is clearly 

seen in the mean steepness values as well, see Table 

1 for comparison of the two groups. When we 

compared the steepness values of the category 

boundaries per group, we found that the only 

significant difference was within the simultaneous 

bilinguals (t(11)=3.763, p=0.003), indicating that one 

boundary was placed more systematically than the 

other. Table 1 shows that the /ʉ/–/u/ boundary was the 

more systematic one. The identification results in full 

are presented in Table 1 and Fig. 1. 

 
Table 1: Mean, minimum, and maximum category 

boundary location and boundary steepness values 

for Learners (Group 1), Bilinguals (Group 2), and 

Monolinguals (Group 3). Standard deviations are in 

brackets. 

 

Group Boundary Mean Min/Max 

1 
/ʉ/–/u/ 4.52 (0.80) 3.30/5.60 

/y/–/ʉ/ 13.66 (1.41) 11.89/16.08 

2 
/ʉ/–/u/ 4.59 (0.76) 3.51/5.94 

/y/–/ʉ/ 12.86 (1.23) 10.41/14.70 

3 
/ʉ/–/u/ 5.51 (1.00) 4.60/7.50 

/y/–/ʉ/ 13.71 (0.96) 12.46/15.00 

Group Steepness Mean Min/Max 

1 
/ʉ/–/u/ 1.56 (0.55) 0.95/2.62 

/y/–/ʉ/ 1.55 (0.78) 0.55/2.78 

2 
/ʉ/–/u/ 2.70 (0.93) 1.15/4.47 

/y/–/ʉ/ 2.01 (0.54) 1.29/2.95 

3 
/ʉ/–/u/ 2.07 (0.55) 1.00/2.82 

/y/–/ʉ/ 1.69 (0.70) 0.59/2.44 

 

 

 

 

 

 

Figure 1: ID scores for the Learners, Bilinguals, 

and Monolinguals. The X-axis shows the 18 vowel 

continuum where number 18 is the most /y/ like and 

number 1 the most /u/ like. The Y-axis shows the 

occasions the vowel was identified as a member of 

/y/, /ʉ/, or /u/ category (max 10 times). 

 

Discrimination sensitivity in the between category 

situation was statistically different between the 

groups as shown in the main effect of group 

F(2,26)=4.641, p=0.019. Further, the post hoc (Tukey 

HSD) comparisons revealed that the Swedish 

speakers’ discrimination sensitivity differed 

statistically significantly from both students’ d’ 

(p=0.049) and from bilinguals d’ (p=0.026). Further, 

as Table 2 shows, the native Swedish speakers were 
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less sensitive in discriminating the /ʉ/–/u/ boundary 

stimuli than the other two groups. There were no 

statistically significant differences between the 

groups concerning the RTs. The d’ and RT data are 

presented in Table 2. 

 
Table 2: Mean, minimum, and maximum RT (ms) 

and d’ values in the within category and between 

category situations for Learners (Group 1), 

Bilinguals (Group 2), and Monolinguals (Group 3). 

Standard deviations are in brackets.  

 

Group RT Mean Min/Max 

1 
within /ʉ/ 556 (77) 462/686 

/ʉ/–/u/ 546 (76) 439/634 

2 
within /ʉ/ 484 (76) 379/671 

/ʉ/–/u/ 471 (115) 337/768 

3 
within /ʉ/ 523 (124) 382/694 

/ʉ/–/u/ 532 (112) 412/711 

Group d’ Mean Min/Max 

1 
within /ʉ/ 4.54 (0.19) 4.06/4.61 

/ʉ/–/u/ 4.44 (0.31) 3.72/4.61 

2 
within /ʉ/ 4.34 (0.30) 3.68/4.61 

/ʉ/–/u/ 4.45 (0.29) 3.70/4.61 

3 
within /ʉ/ 4.27 (0.41) 3.44/4.61 

/ʉ/–/u/ 3.87 (0.71) 2.28/4.61 

4. DISCUSSION AND CONCLUSIONS 

The present study was designed to see how Finnish 

university students majoring in Swedish, 

simultaneous Finnish-Swedish bilinguals and 

monolingual Swedish speakers perceive the closed 

rounded vowel area covering /y/, /ʉ/, and /u/ in 

Swedish. More importantly, the aim was to compare 

the three groups’ identification and discrimination 

performance. 

The identification task revealed that all three 

groups were able to categorise the vowel area into 

three categories, and that the Finland-Swedish and 

Sweden-Swedish closed rounded vowel areas are 

quite similarly identified as /y/, /ʉ/ and /u/ within our 

vowel continuum. The more fronted position of the 

Sweden-Swedish /ʉ/ [e.g., 1, 5] is not shown in the 

behavioural ID task which may very well be due to 

the forced-choice nature of the task and a fixed 

continuum of the 18 vowels. Despite the similar 

identification of the three groups, the language 

learners of Swedish had a less sharply defined /ʉ/–/u/ 

category boundary than the other two groups. This 

may imply that the students had not learned to 

perceive the target language sound system well 

enough to be consistent in identifying the stimuli of 

the foreign language. They also naturally still use 

their native language which may have affected the 

learning process [8, 9]. The simultaneous Finnish-

Swedish bilinguals and Swedish monolinguals, on the 

other hand, were native speakers of the target 

language and hence, they were more consistent in 

identifying their native language vowels. The 

monolingual speakers positioned between the other 

two groups regarding the steepness of the vowel 

boundaries, simultaneous bilinguals were most stable 

in the identification whereas learners were least 

stable. This may further indicate that bilinguals need 

to be systematic in keeping their two languages 

separate, whereas monolinguals only have one 

language and hence there is room for hesitation, and 

the learning process is not yet finished for the 

language learners which shows as hesitation. 

The Swedish /ʉ/ is similar [6, 7] to the Finnish /u/, 

or /y/, and Swedish /ʉ/ and /u/ assimilate unequally 

[2, 3] into the Finnish /u/ and hence, the Swedish /ʉ/ 

is problematic for the Finnish learners of Swedish. 

The bilinguals do not come across any learning 

problems due to these differences but naturally the 

vowels need to be kept apart from each other, which 

is possible due to the native language magnets [13]. 

The less sharp /ʉ/–/u/ boundary in the learners may 

indicate the predicted problems, whereas the 

bilinguals and monolinguals had sharp boundaries as 

they identified according to their native languages. 

The between category discrimination sensitivity 

data revealed that the native monolingual Swedish 

speakers were different from the other two groups: 

they were less sensitive in discriminating the vowels 

in comparison with the bilinguals and language 

learners. Even though individually selected stimuli 

were used, this may be an indication of the more 

fronted Sweden-Swedish /ʉ/, since the forced-choice 

ID task somewhat steers the identification and the 

more fronted /ʉ/ does not show in the ID result. 

Perhaps more importantly, it seems that the learners 

and the bilinguals might be more sensitive in 

discriminating these speech sounds as they are more 

language oriented than monolinguals and use at least 

the two languages more or less daily. They probably 

benefit from the fact that they are language oriented, 

as has also been shown by Immonen and colleagues 

[11] in children and by Jähi and colleagues [12] in 

elderly learners. 

To conclude, it seems that the unfinished learning 

process affects the identification systematicity in the 

language learners so that they are more hesitant than 

simultaneous bilinguals and monolinguals. However, 

the continuous use of the two languages in both the 

language learners and the simultaneous bilinguals 

seems to be beneficial, since in comparison with 

monolinguals, these two types of bilinguals are 

sensitive discriminators. 
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