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ABSTRACT 
 

This paper studies the production of Estonian vowels 
in three quantity degrees by Spanish L1 learners of 
Estonian. The Estonian vowel system includes 9 
vowels /i, y, e, ø, æ, ɑ, o, ɤ, u/ while the Spanish vowel 
system has 5 /i, e, a, o, u/. Estonian has a rather 
complex three-way quantity system whereas in 
Spanish there are no phonological length oppositions. 

Twenty-two native speakers of Spanish 
participated in a reading task. As a control group ten 
native speakers of Estonian were recorded. 

The results showed that Spanish speakers did not 
distinguish between Estonian close-mid vowels (/ø, 
ɤ/) but produced instead an ambiguous mid-vowel. 
Also, the Estonian vowels /æ/ and /ɑ/ were merged 
into Spanish /a/. The results improved with more 
exposure to the target language. Additionally, the 
vowels produced by Spanish speakers were 
significantly longer.  
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1. INTRODUCTION 

Second language (L2) acquisition theories suppose 
that L1 has an important role in language acquisition. 
According to the Speech Learning Model (SLM) 
acquiring L2 categories that are new compared to L1 
is easier than acquiring those that are similar to the L1 
categories [1], [2]. Also, the Perceptual Assimilation 
Model (PAM) relies on the phonetic similarity in 
order to make predictions about the acquisition of L2 
contrasts [3]. Furthermore, the Native Language 
Magnet (NLM) theory proposes that L1 categories are 
represented in long-term memory as prototypes and 
in case of L2 acquisition the L1 categories act as 
perceptual magnets by assimilating nearby categories 
[4], [5]. 

Spanish has 5 vowels /i, e, a, o, u/. The Estonian 
vowel system is more crowded, including 9 vowels /i, 
y, e, ø, æ, ɑ, o, ɤ, u/. The vowels /i, u, e, o/ are identical 
in both languages, while Estonian /æ/ and /ɑ/ are 
similar to Spanish /a/, and Estonian /y, ø, ɤ/ do not 
have counterparts in Spanish [6], [7]. 

Estonian has a complex three-way quantity system 
consisting of short (Q1), long (Q2) and overlong (Q3) 

quantity degrees. The Estonian quantity combines the 
segmental duration and tonal features while Spanish 
does not have a phonological length opposition. The 
Estonian quantity can be described by the duration 
ratios of the first and second syllable which typically 
are 2/3 in a Q1 foot, 3/2 in a Q2 foot, and 2/1 in a Q3 
foot [7]–[11]. The quantity also has an effect on 
vowel quality which ranges from more central in Q1 
to more peripheral in Q2 and Q3 [12], [13].  

The Spanish speakers’ production of L2 vowels 
has been studied based on different languages but the 
main focus has been on English. It was found in [2] 
that Spanish speakers produced English /ɛ/ and /æ/ as 
Spanish /e/ and /a/. The production of English /i/ and 
/ɪ/ was shown to be difficult for Spanish speakers 
regardless of their experience with English [2], [14], 
[15].  

In addition to the acquisition of L2 vowels the 
acquisition of prosodic contrasts has been studied as 
well. A study conducted by [16] showed that Spanish 
speakers were less successful in perceiving the 
Swedish quantity than the Estonian and English 
speakers. 

Studies on the acquisition of Estonian vowels by 
L2 speakers have shown that the production of /y, ø, 
ɤ, æ, ɑ/ is problematic for L2 speakers of Estonian 
(for more details see [17], [18]). The results of a 
previous study [19] showed that Spanish speakers 
have difficulty producing the vowels /ø/ and /ɤ/ which 
were produced as an ambiguous mid-vowel. Also, /æ/ 
and /ɑ/ were assimilated into one category and 
produced as Spanish /a/. However, the longer the 
Spanish speakers had studied Estonian the closer their 
vowels were to the Estonian L1 speakers’ production.  

It is hypothesized that Spanish speakers with a 
shorter length of residence (LOR) reduce all Estonian 
vowels to the Spanish vowel categories and those 
with a longer LOR are capable of creating new 
categories. However, the acquisition of new 
categories might be difficult due to similarities 
between the new and existing categories (e.g. /ø, ɤ/, 
/æ, ɑ, a/). Additionally, it is expected that Spanish 
speakers find it difficult to produce durational 
distinctions of the Estonian vowels. 
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2. MATERIALS AND METHODS 

A reading task was carried out using SpeechRecorder 
software [20] in a soundproof recording booth at the 
phonetics lab of the University of Tartu. The reading 
task formed part of a larger experiment. Another part 
of the experiment has been reported in [21]. 

2.1. Participants 

Twenty-two native speakers of Spanish (11 females 
and 11 males) from different Spanish speaking 
countries (Spain (11), Colombia (5), Mexico (4), 
Honduras (2)) participated in the experiment. The 
Spanish L1 participants were between 20 and 46 
years old (mean 30.45). They had learned Estonian 
and lived in Estonia from one month to 16 years 
(mean duration of studies 1.9 years, mean length of 
residence 3.2 years).  

Due to the small number of Spanish L1 learners of 
Estonian, it was impossible to control the duration of 
study, LOR and country of origin of the participants. 
The whole Spanish speaking community of Tartu 
participated in the experiment. As the quality of 
vowels is remarkably stable in different dialects of 
Spanish [7], [22], the varying dialectal background of 
the participants was not considered a problem. 

As a control group 10 native speakers of Estonian 
(5 females and 5 males) were recorded. The Estonian 
L1 participants were between 23 and 55 years old 
(mean 29.5). All Estonian participants spoke standard 
Estonian. 

2.2. Test procedure 

The participants were asked to read sentences from 
the computer screen. Every sentence included a 
CV(ːː)CV structured test word (see Table 1). The 
sentences were presented to the participants in 
random order. In total 81 sentences were recorded (9 
vowels x 3 quantity degrees x 3 test words for each 
category). The first syllable vowel of the test word 
was analysed. 

2.3. Data analysis 

A Praat script based on the method described in [23] 
was used to measure the first three formants of the 
central 60% of the vowel. The formant values were 
determined 201 times in 10 Hz steps between 4500-
6500 Hz for women and between 4000-6000 Hz for 
men. Grouping by speaker and vowel, the ceiling with 
the lowest variation was chosen to be the optimal 
ceiling. The formant values were log-scaled and 
normalized to z-scores. 

The statistical analysis was carried out in R using 
lme4 [24]. The Euclidean distance was measured to 
evaluate the acquisition of vowel categories (see 
Section 3.2.). Linear mixed-effects models were fitted 
to analyse the effect of language experience (see 
Table 2) and the acquisition of duration patterns (see 
Section 3.3). 
 

Table 1: An example of the sentences presented to 
the participants in the reading task. 
 

Test word Sentence 
sada [sɑtɑ] 
‘hundred’ 

Mehel on sada eurot. 
‘The man has a hundred 
euros’ 

saada [sɑːtɑ] 
‘to send’ 
2SG, IMP 

Palun saada talle sõnum. 
‘Please send him/her a 
message 

saada [sɑːːtɑ] 
‘to become’ 
INF 

Tüdruk tahab saada 
politseinikuks. 
‘The girl wants to become 
a police officer’ 

3. RESULTS 

3.1. Vowels in F1-F2 space 

There are no significant differences between the two 
groups of participants in the production of /i, u, e, o/ 
which are identical categories in both languages (see 
Figure 1). Greater variation can be seen in the 
production of /y, ø, æ, ɑ, ɤ/.  

Spanish L1 speakers have created a new mid-
vowel for the Estonian /ø/ and /ɤ/ which is different 
from any Spanish vowel category. Within this new 
category Spanish L1 speakers do not distinguish /ø/ 
and /ɤ/ in the production and there is some overlap 
with /o/. A similar tendency can be seen in case of /æ/ 
and /ɑ/ which are merged into Spanish /a/. The 
greatest variation occurs in the production of /y/ 
where the ellipse extends from /i/ to /u/. 

The short vowels produced by the Estonian L1 
speakers are located in the more central and the long 
and overlong vowels more peripherical area of the 
vowel space (see Figure 1). No such tendency occurs 
in the production of the Spanish L1 speakers. 

3.2. Length of residence (LOR) and L2 use 

The Euclidean distance of Spanish speakers’ vowels 
from Estonian speakers’ mean values was calculated 
in order to measure how well the Spanish speakers 
have obtained the Estonian vowel categories. 

A linear mixed-effects model was fitted to analyse 
the effect of L2 use, the duration of study and LOR 
on the vowel production.
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Figure 1: Estonian vowels produced by Estonian L1 and Spanish L1 speakers grouped by mother tongue. The points 
marked as vowels are the means, the colour of the vowel marks the quantity (black – Q1, blue – Q2, red – Q3), the 
ellipse shows standard deviation. 

 

 
 
Prior to the analysis the participants were divided into 
two groups according to their L2 use: those who use 
Estonian daily and those who do not.  

The optimal model evaluates the distance of L2 
production from the L1 groups’ as a function of the 
vowel (only new vowel categories were included /æ, 
ɑ, ɤ, ø, y/) and L2 use (yes/no) (see Table 2). The 
effect of the speaker was added as a random factor. 
The intercept of the model corresponds to the distance 
of vowel /æ/ of the Spanish speaker who does not use 
Estonian daily. Factors such as test word, gender, 
duration of study and LOR were not significant and 
were therefore excluded from the model. Although 
L2 use as a main factor was not significant, the 
interaction of L2 use and vowel was the strongest 
compared to the interactions of duration of study and 
vowel, and LOR and vowel. Therefore, L2 use was 
included in the optimal model. 

Figure 2 shows the effect of L2 use on the 
production of new vowel categories. The production 
of the participants who use Estonian daily is closer to 
the target vowels than the production of those who do 
not use Estonian daily. The greatest effect is seen in 
case of /ɑ/, /ø/ and /y/ which also have the strongest 
interaction according to the model. 

3.3. Vowel duration  

The duration of stressed syllable vowels in the three 
quantity degrees was measured. A linear mixed-
effects model was fitted to evaluate the effect of L1 
and quantity on vowel duration.  

 
Table 2: Linear mixed-effects model evaluating the 
distance of L2 production from that of the L1 group. 

 

 
L1 has a statistically significant effect on the vowel 
duration (F(1, 30) = 20.5, p < 0.001): the vowels 
produced by the Spanish L1 speakers have a 
significantly longer duration and there is more 
variation compared to the Estonian L1 speakers.  

Also, the quantity (F(2, 77717) = 17914.1, p < 
0.001) and the interaction of L1 and quantity (F(2, 
77717) = 528.6, p < 0.001) turned out to be 
statistically significant factors.  

Another linear mixed-effects model was fitted to 
analyse the effect of language experience on Spanish  
 

Fixed 
effects 

Estimate Std. 
Error 

t value Pr(>|t|) 

Intercept 0.404 0.063 6.39 < 0.001 
Vowel /ɑ/ 0.369 0.054 6.81 < 0.001 
Vowel /ɤ/ 0.154 0.054 2.82 < 0.01 
Vowel /ø/ 0.405 0.054 7.48 < 0.001 
Vowel /y/ 0.926 0.054 17.1 < 0.001 
L2 use yes 0.093 0.09 0.99 0.33 
Vowel /ɑ/: 
L2 use yes 

-0.321 0.077 -4.19 < 0.001 

Vowel /ɤ/: 
L2 use yes 

0.001 0.077 0.01  0.99 

Vowel /ø/: 
L2 use yes 

-0.192 0.077 -2.51 < 0.05 

Vowel /y/: 
L2 use yes 

-0.630 0.077 -8.22 < 0.001 
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Figure 2: Euclidean distance from L1 vowels grouped 
by L2 use (green – do not use Estonian daily, blue – 
daily users of Estonian) and vowel. 

 
speakers’ results. Factors such as duration of study, 
L2 use and LOR were not significant. 

The Spanish L1 speakers distinguish between two 
categories of length: short (mean duration123 ms) vs 
long (Q2 194 ms, Q3 194 ms), whereas the Estonian 
speakers have three clear categories: short (73 ms) 
long (130 ms), and overlong (158 ms) (see Figure 3). 
All the vowels produced by the Spanish speakers are 
significantly longer compared to the Estonian L1 
productions. 

4. DISCUSSION 

Previous studies have shown that Spanish learners 
find it difficult to acquire new L2 vowel categories 
[2], [14], [15]. The results of this study are in line with 
previous results [19]: for a Spanish L1 speaker the 
most difficult categories to acquire are the Estonian 
/y, ø, æ, ɑ, ɤ/.  

The vowels produced by Spanish L1 speakers 
seem to cluster around the five Spanish vowel 
categories as predicted by the Native Language 
Magnet theory [4], [5]. There is some overlap of /ø, 
ɤ/ with /o/, /æ, ɑ/ with /a/ and /y/ with /i, u/. With 
respect to the acquisition of new categories the vowel 
/y/ appears to be the first new category that Spanish 
L1 speakers start to produce (see the stretched ellipse 
in Figure 1). The production of vowels /ø/ and /ɤ/ 
seems to be the most difficult for Spanish speakers as 
the ellipses overlap greatly. 

As Estonian is a quantity language, the duration of 
vowels is influenced by the quantity. The Spanish 
speakers differentiate short vowels from long and 
overlong but compared to Estonian speakers the 
vowels are longer. As expected, the Spanish speakers 
do not distinguish long and overlong vowels as these 
were produced with a similar duration which is in line 
with the results of a previous perception test [21]. 

Figure 3: The duration of stressed syllable vowels 
grouped by mother tongue (green – Estonian L1, blue – 
Spanish L1) and quantity degree. 

 
The quantity also has an effect on the vowel quality, 
the short vowels produced by the Estonian L1 
speakers are located in the more central, and the long 
and overlong vowels in the more peripherical area of 
the vowel space, as also found in [12], [13]. 

The results of [19] showed a positive effect of 
duration of study on the production of Estonian 
vowels. In the present paper, the duration of study and 
LOR were not generally statistically significant 
factors. However, L2 use had a significant effect only 
on some of the vowels (/ɑ/, /ø/ and /y/). It is shown in 
[25] that across different studies the effect of LOR 
varies and in about half of the studies LOR did not 
have an effect on the results. Also, it is argued that 
LOR might affect some aspects of language more 
than others (for more details see [25]). 

5. CONCLUSIONS 

The results of a production experiment testing the 
acquisition of Estonian vowel categories showed that 
the Spanish L1 speakers do not distinguish Estonian 
vowels /ø/ and /ɤ/ and produce instead an ambiguous 
mid-vowel. Also, the production and differentiation 
of /æ/ and /ɑ/ was problematic and these vowels were 
merged into Spanish /a/. 

To some extent, the Spanish L1 participants with 
greater experience of Estonian produced vowels 
closer to the Estonian L1 target vowels. The language 
experience did not have an effect on the production of 
durational distinctions. 
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