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Abstract 
This paper analyses the production of Estonian quantity degrees 
by Spanish learners. Estonian has an intricate three-way 
quantity system that combines durational and tonal features. It 
has been shown to be challenging for Estonian L2 learners to 
master this system and in particular the distinction between the 
long (Q2) and overlong (Q3) quantity degrees. 

This study is based on data from 22 native speakers of 
Spanish who participated in a reading task. The reading task 
consisted of 81 sentences including CV(ːː)CV structured test 
words. The analysis focused on vowel duration, syllable ratios 
and F0. The effect of length of residence was taken into account 
while interpreting the results. 

The results show that Spanish L1 speakers have two rather 
than three categories. Most striking in their production is the 
overlap of Q2 and Q3 degrees. The results of this study support 
previous findings of Estonian L2 production and are in line with 
the Feature Hypothesis which suggests that contrasts that are 
not present in L1 are difficult to produce in L2. 
Index Terms: quantity, production, L2, Estonian, Spanish  

1. Introduction 
This paper focuses on the production of Estonian quantity 
degrees by native speakers of Spanish. Unlike Spanish, 
Estonian is a quantity language. The complex three-way 
quantity system of Estonian combines both durational and tonal 
features, while in Spanish there is no phonological length 
opposition [1], [2].  

As numerous studies have shown, the Estonian three-way 
quantity system consists of short (Q1), long (Q2) and overlong 
(Q3) quantity degrees which operate over a disyllabic sequence. 
The quantity contrast is carried by the vowel of the stressed 
syllable or by the intervocalic consonant [3]–[11]. This paper 
focuses on words where the contrast is based on the duration of 
vowels, e.g. sada Q1 [sɑtɑ], saada Q2 [sɑːtɑ], saada Q3 
[sɑːːtɑ] (for the translation and gloss see Table 1). 

The Estonian quantity system can be characterised by 
syllable ratios. Due to foot isochrony the duration of stressed 
syllable vowel increases with quantity degree and the duration 
of unstressed syllable decreases. Both changes contribute to 
establishing the difference in the ratio between the syllables. 
The syllable ratio in Q1 is 2/3, in Q2 3/2 and in Q3 2/1 [4] (for 
a more detailed overview see Table 4.1 in [12]). 

In addition to temporal differences the pitch is a decisive 
factor in distinguishing between Q2 and Q3. In general, Q2 and 
Q3 have similar temporal patterns, but in Q3 words the F0 starts 
to fall early during the first syllable, while in Q1 and Q2, the 
fall takes place between the end of the first syllable nucleus and 
the beginning of the second syllable [3], [7], [10].  

The majority of L2 acquisition theories (e.g. Speech 
Learning Model [13], Perceptual Assimilation Model [14]) 
explain the difficulties in acquiring L2 speech sounds assuming 
that perception precedes production. The Feature Hypothesis 
[15] (first implied in [13]), on the other hand, focuses on the 
acquisition of phonological contrasts and suggests that “L2 
features not used to signal phonological contrast in L1 will be 
difficult to perceive for the L2 learner and this difficulty will be 
reflected in the learner’s production of the contrast based on this 
feature” (p 230). A Swedish quantity distinction study with 
Spanish, English and Estonian speakers was conducted to test 
the Feature Hypothesis. The results confirmed the hypothesis, 
as the Estonian L1 speakers’ performance was similar to that of 
the Swedish speakers while the Spanish and English speakers 
differed from the Swedish speakers. Thus, it was concluded that 
the participants’ L1 interferes with the acquisition of L2 and the 
success depends on the role of duration in L1 [15]. 

Few studies have focused on the production of Estonian 
quantity degrees by non-native speakers. Most of the L2 studies 
have described the L2 speakers’ production based on the 
temporal patterns. The results show that Russian L1 speakers 
cannot distinguish Q2 from Q3, and produce Q2 and Q3 with a 
similar duration which is closer to the Estonian Q2 temporal 
patterns. Finnish L1 speakers were also unable to distinguish 
Q2 from Q3, but in their production the temporal patterns were 
more similar to the Estonian Q3 [16]. Also, the Latvian L1 
speakers failed to produce the distinction between Q2 and Q3 
and produced a rather similar temporal pattern to the Estonian 
Q3 [17]. A similar tendency can be seen in the case of Japanese 
L1 speakers who were unable to produce the vocalic quantity 
distinction between Q2 and Q3, and instead produced a 
temporal pattern in-between Estonian Q2 and Q3 [18]. It seems 
to be challenging for Estonian L2 speakers to master the 
Estonian quantity system, especially the distinction between 
vocalic Q2 and Q3. 

As in case of vocalic quantity contrast the Q2 and Q3 words 
are not distinguished orthographically (e.g. saada Q2 [sɑːtɑ] 
and saada Q3 [sɑːːtɑ]) the effect of orthography on the Q2 and 
Q3 production has been studied. The results show that L2 
speakers do not distinguish between the vocalic Q2 and Q3 
temporal patterns while in words where the orthography 
indicates the quantity the distinction is also made in the 
temporal patterns. However, Russian L1 and Japanese L1 
speakers were capable of distinguishing Q2 and Q3 also in 
consonantal quantity contrast where orthography did not 
indicate the quantity while Finnish L1 speakers did not make 
this distinction [18], [19].  

Previous studies have to some extent taken into account the 
L2 speakers’ language background. The age of acquisition [19] 
and L2 use [17] have shown to have a positive effect on the 
quantity production. In this paper, in addition to temporal 
patterns the pitch contours are analysed and the participants’ 
length of residence (LOR) is taken into account. 
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Based on previous findings [16]–[19] it is expected that 
Spanish L1 speakers are unable to produce the temporal 
patterns and pitch contours characteristic of Q2 and Q3. The 
length of residence is expected to have a positive effect on the 
production. 

2. Materials and method 

2.1. Materials 

In order to test the production of Estonian quantity degrees by 
Spanish learners a reading task was constructed. The task 
consisted of sentences that each contained a CV(ːː)CV 
structured test word. There were in total 81 sentences (9 vowels 
x 3 quantity degrees x 3 test words for each category); all test 
words formed triplets of vowel and quantity (see Table 1 for 
examples). 

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

Test word Sentence 
sada [sɑtɑ] ‘hundred’ 
nom 

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’ 

 

2.2. Participants 

The participants were 22 native speakers of Spanish (11 
males, 11 females) from different Spanish-speaking countries 
(Spain (11), Colombia (5), Mexico (4), Honduras (2)). The 
participants were between 20 and 46 years old (mean 30.45). 
Due to the relatively small number of Spanish learners of 
Estonian in Tartu it was impossible to control for the 
participants’ country of origin, length of residence and language 
background. These factors have been considered in the analysis 
and have shown to have little or no effect at all (for more details 
see the Results section). 

All the participants were exposed to Estonian, but they 
differed in the length of residence (mean 3.2 years, max 16 
years, min 1 month) and duration of studies (mean 1.9 years, 
max 16 years, min 1 month). All the participants conducted a 
self-reported questionnaire about their study of Estonian. Some 
of the participants had participated or were participating in 
Estonian classes and some participants had studied Estonian 
individually. Most of the participants reported not using 
Estonian in their daily activities.  

As a control group 10 native speakers of Estonian (5 males, 
5 females) were recorded. The Estonian speakers were between 
23 and 55 years old (mean 29.5) and spoke standard Estonian. 
None of the participants reported hearing or speech problems. 

2.3. Procedure 

The reading task was conducted with SpeechRecorder software 
[20] in the soundproof recording-booth at the University of 
Tartu. All participants were instructed to read sentences from a 
computer screen, the sentences were presented in a random 
order and all participants read the same sentences.  

The reading task was part of a larger experiment that 
included several perception tasks and a picture description task. 
The results of the vowel production are reported in [21] and the 
perception of quantity in [22]. 

2.4. Data analysis 

The duration of stressed (V1) and unstressed (V2) syllable 
vowels was measured and syllable ratios (V1/V2) were 
calculated. The fundamental frequency (F0) was measured 
from 50 equidistant points over the test word and the F0 contour 
was smoothed and interpolated using Praat [23]. Only test 
words with H*+L intonation pattern were included in the 
analysis. For instance, all instances of rises were excluded as it 
has been shown that there are no quantity-dependent tonal 
differences in the case of rising intonation [24]. In total 1001 
tokens were analysed (511 tokens produced by Spanish L1 
speakers, 490 by Estonian L1 speakers). A linear mixed-effects 
model was fitted in R [25] using the lme4 package [26] to 
evaluate the effect of L1, quantity degree and LOR on the 
acoustic features of quantity (V1 and V2 duration, V1/V2 ratio, 
F0 turning point). The test word and subject were added as 
random intercepts and the intercept of the models corresponds 
to Spanish L1 and Q2. 

3. Results 

3.1. Vowel duration and syllable ratio 

The Spanish L1 speakers produce all Estonian vowels with a 
longer duration compared to native speakers (see Figure 1). The 
Spanish L1 speakers’ Q2 and Q3 vowels have a similar duration 
while in Estonian L1 speakers’ production, Q2 and Q3 differ 
clearly in duration: the mean values for the Spanish L1 group 
are 190 and 201 ms vs. 134 and 158 ms in the Estonian group.  

All the unstressed syllable vowels produced by Spanish L1 
speakers have a similar duration (mean values: Q1 109 ms, 
Q2 110 ms, Q3 116 ms), while in Estonian L1 production the 
duration of the unstressed vowel shortens with the quantity 
(mean values: Q1 97 ms, Q2 76 ms, Q3 56 ms). 

V1/V2 ratio was calculated for each quantity (see Table 2). 
The speaker’s L1 and the quantity degree were both statistically 
significant factors.  

Table 2: V1/V2 mean ratios grouped by L1 and quantity.  

 Estonian L1 Spanish L1 
Q1 0.8 1.14 
Q2 1.86 1.94 
Q3 3.07 1.99 

 
According to the linear mixed-effects model the Spanish L1 

speakers’ Q1 ratio differs significantly from Q2 (β = -0.8, t = -
7.18, p < 0.001), but the difference between Q2 and Q3 ratios 
is not significant. The interaction of L1 and quantity is also 
significant: the V1/V2 ratios of Q1 (β = -0.24, t = -2.2, p < 0.05) 
and Q3 (β = 1.17, t = 11.03, p < 0.001) of Spanish L1 speakers 
differ significantly from those of the Estonian L1 group. In case 
of Q2 the difference between L2 and L1 speakers is not 
significant. The Q2 and Q3 produced by the Spanish L1 
speakers are similar to the Q2 as produced by the Estonian  
speakers. 
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Figure 1: The duration of stressed and unstressed syllable vowels in ms by quantity degrees and L1. 

 

 
Figure 2: F0 contours annotated over 50 points of the test word in semitones and the duration of stressed (V1) and unstressed 

(V2) syllable vowels in seconds by quantity degrees (green – Q1, blue – Q2, violet – Q3). Vertical lines mark the F0 
turning point (TP); the colour of the line indicates the quantity degree.

 
The participants’ length of residence (LOR) was tested in 

order to analyse the effect of language experience on L2 
production. LOR does not have an effect on V1 duration, but 
the effect on V2 duration is statistically significant (β= -0.0004, 
t = -3.04, p < 0.01): the participants who have lived in Estonia 
for a longer period produce shorter V2 vowels. In case of V2 
duration the interaction of LOR and Q1 is significant (β = 
0.0003, t = -2.38, p < 0.05). In case of V1/V2 ratios LOR as a 
main factor is statistically not significant; however, the 
interaction on Q1 and LOR is significant (β = -0.08, t = -3.77, 
p < 0.001). 

3.2. Fundamental frequency 

As discussed above, in addition to vowel duration the F0 is an 
important feature in distinguishing Q2 from Q3. The F0 values 
were annotated from 50 points over the test word and a turning 

point (TP) was calculated for each quantity to compare the F0 
contours. The F0 TP was defined as the time from the beginning 
of V1 to the point after F0 maximum where the F0 was 5% 
lower than the F0 range in each word. 

The F0 contours produced by Spanish L1 and Estonian L1 
speakers are presented in Figure 2. The F0 TP in the data of 
Spanish L1 participants differs significantly from that of the 
Estonian L1 speakers in all quantity degrees (β = -0.08, t = -
4.28, p < 0.001). In Spanish L1 production, the F0 contours of 
Q2 and Q3 words are overlapping, and the TP occurs in the 
middle of the stressed syllable vowel or later. The difference 
between the TP in Q2 and Q3 is not statistically significant. In 
Estonian L1 production, there is a clear difference: in Q3 words 
the F0 starts to fall in the first part of the stressed syllable vowel 
and in Q2 the fall takes place later.  
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Interestingly, the participants’ LOR has a statistically 
significant effect on the TP (β = -0.0009, t = -3.72, p < 0.01): 
the longer the participants’ LOR the earlier the TP.  

4. Discussion 
Previous studies [16]–[19] have shown that the Estonian 
quantity system poses a challenge for the L2 learners of 
Estonian regardless of their mother tongue, and especially 
difficult is the distinction between the vocalic Q2 and Q3. In 
line with these findings, the results of the current study show 
that the Spanish L1 speakers have developed two categories of 
vowel length in their production of Estonian: short and long. In 
the native Estonian production, V1 and V2 durations differ in 
the three quantity degrees: V1 is the shortest in Q1 and the 
longest in Q3, and V2 is the longest in Q1 and the shortest in 
Q3. Spanish L1 speakers do not produce such temporal 
patterns; in their Estonian production V1 duration in Q2 and Q3 
is almost identical and V2 duration is not affected by the 
quantity degree. Additionally, all the segments produced by 
Spanish L1 speakers have longer durations. Similar patterns in 
L2 production have been found in previous studies as well. 

The Estonian quantity system is characterised by the 
stressed and unstressed syllable durations, and the syllable 
ratios. As in Spanish L1 production of Estonian, the duration of 
V1 is binary (short vs. long) and the duration V2 does not 
change over the quantity degrees, the Spanish L1 speakers’ 
V1/V2 ratios differ significantly from those of the L1 speakers. 
In Q1 produced by the Spanish L1 speakers the ratio is greater, 
in Q2 the ratio is similar, and in Q3 the ratio is smaller. The Q2 
and Q3 ratios in Spanish learners’ speech are close to the Q2 
ratio in Estonian L1, which has also been shown in earlier 
studies, e.g. Russian L1 [16] speakers were found to produce 
Q2 and Q3 ratios similar to Q2 temporal patterns, and Japanese 
L1 speakers [18] produced a pattern that was in-between Q2 
and Q3. 

The F0 is a secondary cue distinguishing Q2 from Q3: in 
the case of Q3 the F0 TP takes place earlier than in Q2. In 
Estonian L2 quantity production studies, F0 has not been 
studied before. The present results show that in Spanish L1 
production of Estonian, the Q2 and Q3 F0 contours and TPs are 
almost overlapping while in Estonian L1 production in Q3 the 
F0 starts to fall early in V1. It seems that Spanish L1 speakers 
do not use F0 to distinguish Q2 from Q3, although LOR has a 
statistically significant effect on TP. 

In general, LOR does not seem to affect the results and the 
effect of LOR is limited. LOR influences V2 duration and F0 
TP but does not have an effect on V1 duration and V1/V2 ratios. 
In this study the participants’ LOR varied from 1 month to 16 
years, while most of the participants have studied Estonian from 
6 months to 3 years. This means that there were very few 
participants with long LOR (e.g. one speaker had lived in 
Estonia for 10 years and another for 16 years) and distribution 
of LOR is therefore rather skewed, not capturing the higher end 
of the scale with many data points. Due to the limited number 
Spanish L1 learners of Estonian it was impossible to control the 
participants’ LOR. 

This paper focused on the production of vocalic quantity 
contrasts which might be problematic for L2 speakers due to the 
orthography: the Q2 and Q3 vocalic contrasts are written 
identically (e.g. saada Q2 [sɑːtɑ] and saada Q3 [sɑːːtɑ]). In 
order to know how to pronounce the vocalic Q2 or Q3 word the 
speaker needs to know the meaning of the word and understand 

the whole context. All this requires high proficiency 
considering that the quantity indicates grammatical information 
such as genitive, partitive or illative case (e.g. kooli kõrval Q2 
GEN ‘next to school’, vaatab kooli Q3 PART ‘he/she looks at 
school’, läheb kooli Q3 ILL ‘he/she goes to school’).  

The Speech Learning Model [13] and the Perceptual 
Assimilation Model [14] suggest that in the L2 acquisition 
process perception precedes production. A quantity perception 
study [22] conducted with the same participants showed that 
Spanish L1 speakers cannot distinguish Q2 from Q3 
perceptually. A previous L2 perception study [27] has shown 
that L2 learners in general tend to find it hard to distinguish 
between Q2 and Q3. 

The results of this study confirm the Feature Hypothesis 
[15] which suggests that the acquisition of an L2 feature 
depends on the similarity of L1 and L2. As Spanish does not 
have a phonological length opposition the acquisition of the 
intricacies of the Estonian vocalic quantity is a challenge for 
Spanish learners of Estonian. 

5. Conclusions 
This paper studied the production of Estonian quantity degrees 
by Spanish L1 speakers. The results show that Spanish L1 
speakers have developed two categories (short and long) 
instead of three (short, long and overlong). The Spanish L1 
speakers do not distinguish between Q2 and Q3: in their 
production the Q2 and Q3 vowels have similar durations, 
V1/V2 ratios, F0 contours and TPs. In other words, Spanish L1 
speakers do not use vowel duration and F0 to differentiate the 
Estonian Q2 from Q3. Participants’ LOR had a positive effect 
on V2 durations and TPs.  

6. Acknowledgements 
The authors would like to thank the participants for their time 
and participation. 

7. References 
[1] E. L. Asu and P. Teras, ‘Illustrations of the IPA: Estonian’, 

Journal of the International Phonetic Association, vol. 39, no. 
3, pp. 367–372, 2009. 

[2] J. I. Hualde, The Sounds of Spanish with Audio CD. Cambridge 
University Press, 2005. 

[3] I. Lehiste, ‘Segmental and syllabic quantity in Estonian’, in 
American Studies in Uralic Linguistics, Bloomington: Indiana 
University Publications, 1960, pp. 21–82. 

[4] I. Lehiste, ‘Search for phonetic correlates in Estonian Prosody’, 
in Estonian prosody: Papers from a symposium, I. Lehiste and 
J. Ross, Eds. Tallinn: Institute of Estonian Language, 1997, pp. 
11–35. 

[5] I. Lehiste, ‘Prosodic change in progress: From quantity 
language to accent language.’, in Development in prosodic 
systems, Studies in Generative Grammar, Berlin, New York: 
Mouton de Gruyter, 2003, pp. 47–65. 

[6] G. Liiv, ‘Eesti keele kolme vältusastme vokaalide kestus ja 
meloodiatüübid’, Keel ja Kirjandus, vol. 7–8, pp. 412–424, 
480–490, 1961. 

[7] H. Traunmüller and D. Krull, ‘The effect of local speaking rate 
on the perception of quantity in Estonian.’, Phonetica, vol. 60, 
pp. 187–207, 2003. 

[8] A. Eek and E. Meister, ‘Foneetilisi katseid ja arutlusi 
kvantiteedi alalt (I). Hääikukestusi muutvad kontekstid ja 
välde.’, Keel ja Kirjandus, vol. 11–12, pp. 815–837, 904–918, 
2003. 

884



[9] A. Eek and E. Meister, ‘Foneetilisi katseid ja arutlusi 
kvantiteedi alalt (II). Takt, silp ja välde.’, Keel ja Kirjandus, 
vol. 47(5), pp. 336–357, 2004. 

[10] E. L. Asu, P. Lippus, P. Teras, and T. Tuisk, ‘The realization of 
Estonian quantity characteristics in spontaneous speech’, in 
Nordic Prosody – Proceedings of the Xth Conference, Helsinki 
2008, M. Vainio, R. Aulanko, and O. Aaltonen, Eds. Frankfurt: 
Peter Lang Verlag, 2009, pp. 49–56. 

[11] P. Lippus, E. L. Asu, P. Teras, and T. Tuisk, ‘Quantity-related 
variation of duration, pitch and vowel quality in spontaneous 
Estonian’, Journal of Phonetics, vol. 41, no. 1, pp. 17–28, Jan. 
2013, doi: 10.1016/j.wocn.2012.09.005. 

[12] E. L. Asu, P. Lippus, K. Pajusalu, and P. Teras, Eds., Eesti keele 
hääldus. Tartu: Tartu Ülikooli Kirjastus, 2016. 

[13] J. E. Flege, ‘Second-language Speech Learning: Theory, 
Findings, and Problems.’, Speech Perception and Linguistic 
Experience: Issues in Cross-language research. Timonium, 
MD: York Press, no. In W. Strange (Ed), pp. 233–277, 1995. 

[14] C. T. Best and M. D. Tyler, ‘Nonnative and second-language 
speech perception: Commonalities and complementarities’, in 
Language Experience in Second Language Speech Learning: In 
Honor of James Emil Flege, M. J. Munro and O.-S. Bohn, Eds. 
Amsterdam: John Benjamins Publishing, 2007, pp. 13–34. 

[15] R. McAllister, J. E. Flege, and T. Piske, ‘The influence of L1 
on the acquisition of Swedish quantity by native speakers of 
Spanish, English and Estonian’, Journal of Phonetics, vol. 30, 
pp. 229–258, 2002. 

[16] E. Meister and L. Meister, ‘Native and non-native production 
of Estonian quantity degrees: Comparison of Estonian, Finnish 
and Russian subjects’, in Nordic Prosody : Proceedings of the 
XIth Conference, Tartu 2012, E. L. Asu and P. Lippus, Eds. 
Frankfurt am Main: Peter Lang Verlag, 2013, pp. 235–243. 

[17] E. Meister and L. Meister, ‘Estonian quantity degrees produced 
by Latvian subjects’, Linguistica Lettica, vol. 22, pp. 85–106, 
2014. 

[18] E. Meister, R. Nemoto, and L. Meister, ‘Production of Estonian 
quantity contrasts by Japanese speakers’, Eesti ja Soome-Ugri 
Keeleteaduse Ajakiri, vol. 6, no. 3, pp. 79–96, 01 2015, doi: 
10.12697/jeful.2015.6.3.03. 

[19] E. Meister and L. Meister, ‘L2 production of Estonian quantity 
degrees’, in Speech Prosody 7 : Proceedings of the 7th 
international conference, (Trinity College Dublin) May 20-23, 
2014, N. Campell, D. Gibbon, and D. Hirst, Eds. Dublin: 
International Speech Communication Association, 2014, pp. 
929–933. 

[20] C. Draxler and K. Jänsch, ‘SpeechRecorder - a Universal 
Platform Independent Multi-Channel Audio Recording 
Software’, in Proceedings of the Fourth International 
Conference on Language Resources and Evaluation 
(LREC’04), Lisbon, Portugal, 2004. 

[21] K. Leppik, P. Lippus, and E. L. Asu, ‘The production of 
Estonian vowels in three quantity degrees by Spanish L1 
speakers’, no. Proceedings of the 19th International Congress 
of Phonetic Sciences, 2019. 

[22] K. Leppik, P. Lippus, and E. L. Asu, ‘The perception of 
Estonian quantity degrees by Spanish listeners’, in Proc. 9th 
International Conference on Speech Prosody 2018, 2018, pp. 
478–482, doi: 10.21437/SpeechProsody.2018-97. 

[23] P. Boersma and D. Weenink, Praat: doing phonetics by 
computer [Computer program]. 2017. 

[24] E. L. Asu and F. Nolan, ‘The effect of intonation on pitch cues 
to the Estonian quantity contrast’, in Proceedings of the 14th 
International Congress of Phonetic Sciences, vol. 3, San 
Francisco, 1999, pp. 1873–1876. 

[25] R Core Team, R: A Language and Environment for Statistical 
Computing. Vienna, Austria: R Foundation for Statistical 
Computing, 2014. 

[26] D. Bates, M. Mächler, B. Bolker, and S. Walker, ‘Fitting Linear 
Mixed-Effects Models Using lme4’, Journal of Statistical 
Software, vol. 67, no. 1, pp. 1–48, 2015, doi: 
10.18637/jss.v067.i01. 

[27] E. Meister and L. Meister, ‘Production and perception of 
Estonian quantity contrasts by L2 subjects with different 

language backgrounds’, PPLC13 : Phonetics, phonology, 
languages in contact : Contact varieties, multilingualism, 
second language learning, Paris, France, 2013, August 21-23, 
Book of Abstracts, pp. 41–43, 2013. 

 
 
 

885


