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Abstract—Considering all the many challenges of forced migration to the immigrants themselves, learning the
local language is of extreme importance when attempting to integrate into a new society. Earlier research
shows that the mother tongue phonology disturbs the perception of those redundant contrasts that are crucial
to the target language, which then affects the production of the second language. The main purpose of this
study was to see whether Arabic speakers learn to produce universally difficult non-native vowel sounds with
only a short and simple articulatory training protocol. Thirteen Arabic speaking asylum seekers were tested
and trained with natural stimuli produced by four speakers. The vowels /y/ and /g were embedded in
pseudowords /ty:ti/ and /tati/. The first three formants of both pre- and post-test productions were analyzed,
and the results of both acoustic and statistical analyses showed that there was a significant change in the
production of both vowels. This implies that even a short-term phonetic training improves the production of
the target language, which is worth noting as an enabler of the language learning process that immigrants
undergo during their journey towards cultural integration.

Index Terms—immigrants, vowel production training, second language learning

. INTRODUCTION

Oral communication between humans relies on speech perception and production. Speech perception starts to
develop already during pregnancy (Kuhl, 2000) and approximately six months after birth the infant develops a
language-specific perception for vowels (Kuhl, 2004). The perceptual learning process is based on detecting patterns
and exploiting statistical properties, which perceptually changes the infant’s language capacity (Kuhl, 2000). The
memory traces of native speech sounds (N&i&nen et al., 1997) function as patterns that help to establish phonological
categories of native speech sounds within the first year of life (Kuhl, Williams, Lacerda, Stevens & Lindblom, 1992).
As the native speech sound categories have been formed in the process of acquisition, non-native sounds become
redundant. The perception process enables the learning of speech production, starting with the infant developing
production patterns with the help of native language acoustic model and articulatory gestures: the auditory feedback
mechanism helps to evaluate whether the produced speech is consistent with the acoustic-auditory intention (Perkell,
1997).

Traditional second language acquisition (SLA) theories support the idea that one must remodel the native language
sound system in order to learn the sounds of a foreign language. According to Lado (1957), phonemes are transferred
from the native language system into the second language system, emphasis being on the phonemic and non-phonemic
differences. Weinreich’s theory classifies the learning problems according to the level of difficulty, under-
differentiation being the most challenging learning situation (Weinreich, 1968). Following the traditional theories to
some extent, the more recent SLA model, the Speech Learning Model (SLM), divides sound differentiation into three
types: identical, new and similar. On the level of difficulty, the identical phone is the most undemanding situation for a
second language learner. A completely new sound that does not have any similar qualities to other sounds in the native
system takes more time and effort to learn, yet it will be correctly pronounced over time. Reflecting on both perception
and production the highest learning difficulty arises when the foreign sound is similar to a native sound and is therefore
too easily perceived and pronounced incorrectly (Flege, 1987). The Perceptional Assimilation Model (PAM) divides the
relations of first and second languages into four assimilation patterns: (1) two second language (L2) categories
assimilate into two native language (L1) categories, which is the same situation as the identical sounds of SLM. (2) L2
phones differ from L1 categories too notably to be assimilated, like the new sound in SLM. The remaining two types of
assimilation describe the same problem as the similar sound in SLM: (3) the two L2 phonemes assimilate into one L1
category equally well or equally poorly or (4) two L2 phonemes assimilate into one L1 category unequally (Best &
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Strange, 1992). The most problematic assimilation pattern is the one in which two L2 categories assimilate into one L1
category equally well or equally poorly. The second most difficult assimilation pattern is the one listed above as the last
one — two L2 phonemes assimilate into one L1 category unequally. L2 phones differing from L1 categories too
substantially to be assimilated is considered the third most problematic assimilation pattern, and the most undemanding
pattern is the first one listed above — two L2 categories assimilating into two L1 categories.

Despite the effect of the native language on second language learning, previous research has shown that training
helps different types of language learners to defeat the occurring learning difficulties. Child learners have improved
their production patterns when tested with a listen-and-repeat training (Taimi, Alku, Jébi & Peltola, M.S., 2014), as
have senior learners, too (J&bi, Alku & Peltola, M. S., 2015). Adult learners benefit from training whether they are
learning a second language in a classroom setting (Peltola, M. S., Lintunen & Tamminen, 2014) or as immigrants (Flege,
Bohn, & Jang, 1997). MMN studies have also revealed that immigrants are able to develop cortical memory
representations for the foreign phoneme system and categorize language-specific phonemes preattentively (Winkler et
al., 1999). Earlier studies have shown that phonetic listen-and-repeat production training not only improves non-native
language perception and makes significant changes in the MMN responses (Tamminen & Peltola, 2015, Tamminen,
Peltola, M. S., Kujala & N&ianen, 2015), but also improves non-native vowel production (Taimi, Alku, J&ni & Peltola,
M.S., 2014). As for the different levels of training, one of the most significant of early studies in second language
training showed that phonetic training improves perception on the same type of stimuli but does not generalize to
natural stimuli, for example (Strange & Dittman, 1984).

This study examines the Finnish vowel production training of Arabic speaking asylum seekers residing in Finland.
There are only three short vowels and their long counterparts (/i/, /u/ and /a/) in the Arabic system (IPA, 1999), while
there are eight vowels (/i/, /e/, e, Iyl, I, lul, lo/ and /a/) in the Finnish sound system. Considering the Arabic and
Finnish sound systems, especially the universally difficult Finnish vowels /y/ and /& are difficult for Arabic speakers to
identify and pronounce. In this study the focus is on the production of the above-mentioned universally difficult vowels
Iyl and /. For Arabic speakers the Finnish /y/ is closest to their native /i/ and differs in pronunciation by the lip posture:
lips are vastly spread in /i/ but heavily rounded when pronouncing /y/. The Finnish /d is rather in the middle of /i/ and
/al in Arabic — it is a complicated sound, since learners need to find a tongue position in the middle of their two familiar
phonemes /i/ and /a/ that are at the very opposite ends in height. In addition to that, lips need to be rounded, which is not
a familiar characteristic for Arabic front vowels. Considering the foregoing second language learning theories, these
two Finnish vowels are difficult to produce and therefore make logical targets for a listen-and-repeat training.

Over the recent years, forced migration has been a major subject of discussion especially in Europe, often referred to
as the “migration crisis.” Due to the devastating events (coups, war, terrorism) in their home countries, many habitants
of the Middle East have left and sought for asylum in Europe. Looking at this issue from a linguistic point of view, new
challenges naturally arise as a growing amount of people from different language and cultural backgrounds start a new
life in an alien culture. More second language teachers will be needed, and additional education needs to be provided to
teachers who are in charge of teaching the target language. Arabic is the native language to a large part of asylum
seekers in Finland (Finnish Immigration Service, 2018), which is why it is important to study the relationship between
Arabic and Finnish more closely. Considering this relationship, especially some of the Finnish vowels are easily
mispronounced by Arabic speakers if not practiced with the help of a native speaker. Therefore, the aim of this study is
to confirm the need of vowel pronunciation training from the very start of second language learning by proving that
even short-term phonetic training improves second language vowel production.

Il. METHODOLOGY

A. Participants

Thirteen 17-54-year-old (mean 32.4 years) Arabic speaking male subjects participated in the study. The participants
had resided in Finland from one to six months (length of residence, LOR, 4.1 months in average). They had participated
in Finnish lessons for up to three months (1.9 months in average), but were not able to communicate in Finnish at the
time of the testing. Most participants had learned English at some point in their lives, varying from a few months to
over 20 years of exposure. None of the subjects had learned languages in which the sounds /y/ or /d are included in the
vowel system. All participants reported to have a normal hearing.

B. Design of the Study and Data Collection

All subjects were tested and trained according to the same procedure that lasted for approximately 30 minutes. The
procedure was conducted in three different reception centers in Turku using LAB-lab portable laboratory containing
Sanako Study Student 7.20 (7.20.030508.00) software on a laptop (Dell Latitude E7240) and Beyerdynamic MMX 300
headset. The aim at the reception center was to find a quiet place without any disruption, yet it was not always possible.
However, the high-quality headset blocked the possible external noises and the data was obtained successfully.

After collecting background information (age, LOR, education, foreign language skills) and getting a written consent
from each participant, the subjects were asked to listen and repeat pseudo-words /ty:ti/ and /tati/ (each word 12 times)
for the baseline (pre-test) measurement. The inter stimulus interval (ISI) was 2.5 seconds, during which the subjects
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were asked to imitate the word they heard. This measurement was followed by the training block that included the
baseline measurement block repeated four times, resulting in 48 stimuli per pseudo word. After the first training session,
the participants were asked to have a 5-10-minute break. The same training block was repeated after the break. The
final (post-test) recording was identical to the baseline measurement. The participants repeated altogether 240 stimuli
out of which 48 were recorded and then analyzed.

C. Stimuli

Four speakers (two females and two males) were selected to produce natural stimuli for this study. The same
Beyerdynamic headset was used both when recording the stimuli and when testing and training participants. We
recorded the speech of these four speakers on Praat software: both of the pseudo words /ty:ti/ and /tati/ ten times. Three
words out of ten were chosen to be used as stimuli according to their proportion of vowel duration to word duration in
order to avoid any problems that might appear in case the target vowel is too long or too short compared to other stimuli.
In addition to being universally difficult, the target vowels /y/ and /g were chosen because these phonemes are
unfamiliar and, according to SLA theories, difficult to pronounce for Arabic speakers. The target sounds were long
because longer duration gives more time for the subject to process what he heard and repeat it after. Of all consonants,
the alveolar plosive /t/ causes least changes to neighboring sounds, which is why it was chosen to be a suitable
environment for the target vowel. /i/ is a suitable vowel in the end of the pseudo word because the subjects are familiar
with it in their native language and, therefore, they will be less likely to pay attention to the final vowel. Thus, the
participants can focus on pronouncing the target vowels.

D. Data Analysis

The production data of all participants was acoustically analyzed using Praat software (version 5.3.01). Altogether
624 productions (24 words x 13 participants x 2 measurements) were analyzed by obtaining the following measures in
each production: word duration, vowel duration, FO, F1 and F2 values of the target vowel. In addition to acoustic
analyses, statistical analyses were conducted, and the data was subjected to a Repeated Measures Analysis of Variance
(ANOVA).

I1l. RESULTS

The statistical analysis was carried out using a Word (2) x Session (2) x Measure (2) repeated measures analysis of
variance (ANOVA). The main effect of Word (f(1,16)=8.677, p=0,009) describes the existing difference between
vowels (f(1,16)=246,819, p<0,001). We found a main effect of Session (f(1,16)=12.248, p=0,003) which indicates that
the production changed as a function of training. In addition, there was a Session x Word interaction (f(1,16)=12.951,
p=0,002) showing that the training had an impact on the target vowels. The Session x Measure interaction
(f(1,16)=9.397, p=0,007) confirms that the formants change differently.

As for the target vowel /y/, the inspection of the acoustic difference suggests that the largest mean formant change
between pretest and post-test is found in F, values. The mean F, value in pretest was 1416 Hz but it increased after
training by 187 Hz. The greatest dispersion lies in the pretest F, values (minimum 938 Hz — maximum 1799 Hz, range
861 Hz and Standard Deviation (STD) 331 Hz): this indicates that there were vast differences between the participants’
pretest F, values. The mean F; values of /y/ increased by 11 Hz after training. There was a typical pattern occurring in
many productions: the subjects tried to produce the target vowel by combining the familiar vowels /i/ and /u/, which
resulted in the diphthong /iu/. While many participants clearly struggled in the pretest, some already appeared to have
started from a rather decent level. Furthermore, in some cases the productions varied immensely within-subject; a few
subjects had the tendency to pronounce approximately every other word as a different word (eg. “tuuti” - “t66ti” -
“tyyti” - “tuuti”, etc.) which would explain why within a single participant’s test block acoustic measurements some
words seem to have very successful formant values and some are remarkably far from the target values.

The most extensive mean difference among the formant values for /& was found between pretest and post-test F,
values (63 Hz). The most substantial dispersion in the measured values of /& was found in the pretest F, values
(minimum 938 Hz — maximum 1778 Hz, range 840 Hz and STD 254 Hz). Despite /& being a mid-height and falling in
between the Arabic /a/ and /i/ categories, the participants succeeded to raise the mean F; values by 21 Hz. Moreover,
the F;  minimum value between pretest and post-test increased by 71 Hz. The subjects’ F, values of /& were already
fairly native-like in the pretest but the mean F, values were approximately 200 Hz short from the target. This indicates
that their tongue is too retracted possibly due to excess lip rounding, which will not necessarily be corrected by training.
Nevertheless, some subjects’ individual mean F, values were over 1700 Hz already in the pretest. Remarkably, the
maximum F, values also decreased after training. Similarly to the way the subjects often pronounced /ty:ti/ as /tiuti/,
[tati/ also had a regular mispronunciation pattern /tojoti/. The palatal approximant /j/ functions as an aid for reaching
the target sound.
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TABLE 1.
Iyl MeanPre  MeanPost MinPre Min Post  Max Pre Max Post  Std. Deviation Pre Std. Deviation Post
F, 368 379 275 324 435 433 42.89 29.16
F, 1416 1604 938 1003 1799 1723 344.79 271.59
/9 MeanPre  MeanPost MinPre Min Post  Max Pre Max Post  Std. Deviation Pre Std. Deviation Post
F, 481 501 356 426 543 542 52.24 34.34
F, 1464 1526 938 1103 1778 1720 264.58 220.61

Mean, minimum and maximum formant values (Hz) and standard deviations are shown for both vowels in both pretest and post-test settings.

1V. DISCUSSION

The main purpose of the present study was to see whether Arabic speakers learn to produce universally difficult non-
native vowel sounds with only a short and simple articulatory training protocol. The hypothesis was that the conducted
short-term phonetic training will result in improvement of production performance on both target vowels, and the
results support this hypothesis. /y/ and /& are both secondary cardinal vowels and less commonly found in the vowel
systems of the world’s languages (Ladefoged & Maddieson, 1996), and from the perspective of the native language
these sounds are extremely difficult to produce. Within the framework of SLM (Flege, 1987), it can be argued that /y/ is
a Similar sound to Arabic speakers, because the results suggest that the participants attempt to accomplish the correct
pronunciation through the native /u/, yet the F, values do not still reach a fully native-like level. The assimilation
pattern of Category Goodness Difference (Best & Strange, 1992) is suitable to describe the relationship between /y/ and
/ul: they both assimilate into the native category /u/, only /y/ is a poorer representative of the category. Another option
is that the sound is learned as New and is Non-Assimilable, but the first option ought to be more plausible. The Finnish
vowel /d is placed between the native Arabic vowel phoneme categories /i/ and /a/, but it seems to be positioned too far
to be assimilated into either of those native categories. Especially lip-rounding seems to affect pronunciation rather
deeply: interestingly, according to the acoustic measurements, some subjects seek for the correct pronunciation through
/ol (which is also not a native sound to Arabic speakers). From the perspective of Arabic as the native language, it is
reasonable to consider /@ a New (SLM, Flege, 1987) and a Non-Assimilable sound (PAM, Best & Strange, 1992).

The study was operated using a listen-and-repeat phonetic training protocol featuring two non-native vowels
embedded in pseudo-words, which is the type of phonetic training that has been productively utilized in previous
studies (J&ni, Alku & Peltola, M. S., 2015, Peltola, K. U., Tamminen, Alku & Peltola M.S., 2015, Taimi, Alku, J&i &
Peltola, M.S., 2014). While the afore-mentioned studies were based on a two-day production training, the current study
investigated the possible effects of a shorter training period. Also, instead of a native-non-native contrast the subjects
learn to improve their production of two non-native target vowels. Interestingly, another short-term training study tested
the ability of Finnish and American English speakers to produce a non-native vowel contrast (/ty:ti/ - /ta:ti/), yet
according to their results both groups failed to improve their productions and continued to produce the pseudo-words
according to the mother tongue model (Peltola, K. U., Rautaoja, Alku & Peltola, M. S., 2017). How is it possible that
the Arabic speakers improved their production even though the target vowels are universally difficult and the training
period was relatively short? What exactly makes this training so efficient? The difference between the compositions of
the above-mentioned training studies (J&ni, Alku & Peltola, M. S., 2015, Peltola, K.U., Rautaoja, Alku & Peltola, M. S.,
2017, Peltola K. U., Tamminen, Alku & Peltola M. S., 2015, Taimi, Alku, J&i & Peltola, M.S., 2014) and the current
study is immense — more training and only one target sound — hence it could have been possible that the Arabic
speaking participants would have needed more training in order to improve the production of these two non-native
target vowels. The stimuli are also different: while previous studies have been conducted utilizing semi-synthetic
stimuli, the stimuli in the current study were naturally produced by four different speakers. Considering the short-period
training study on Finnish and American English speakers (Peltola, K.U., Rautaoja, Alku & Peltola, M. S., 2017), there
are a few differences between that and the current study that may explain the contradictory results: firstly, the study
conducted by Peltola, K. U., Rautaoja, Alku & Peltola, M. S. (2017) entailed two different language groups, and
secondly, the current study focused on two non-native target vowels whereas Peltola, K. U., Rautaoja, Alku & Peltola,
M. S. (2017) designed their study for a non-native vowel contrast (/y/ not being a target vowel for the Finnish speakers).
Thirdly, the native Arabic vowel system is less complex than the American English one, which may facilitate the non-
native target vowel production. However, the question of whether a more complex L1 vowel inventory supports second
language acquisition and production because of more successful assimilation or hinders it due to the difficulty of
learning new categories, remains fully unanswered as the research results remain contradictory. A vowel identification
study conducted by Iverson and Evans (2007) contradicts with the results of the current study — their results suggest that
a larger vowel inventory facilitates learning instead of hindering it. This contradiction increases the significance of the
current result and it must be further investigated whether it is particularly the native language Arabic and its vowel
system that generated such rapid improvement in production.

V. CONCLUSION
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The most remarkable finding of this study is that the improvement in production happens so fast with such a short
training. The result is promising from the perspective of teaching Finnish as a second language to asylum seekers and
immigrants, and it can be assumed that further training will continue to strengthen the improvement of production. The
ability to speak the language of the society one is integrating into is crucial and it stands to reason that being understood
by native speakers improves one’s confidence, which creates better prospects for one’s future in a new society.
Therefore, pronunciation training should gain more status in the curriculum of second language learning.
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