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SUMMARY 

Formant J'requencies of standard Slovene have already heen analvsed hy 
several phoneticians (Lehiste, 1961; Toporišič, 1975; Petek et ah, 1996; Ozbič. 
1998; Tivadar, 2004a). The aim of this study is to present a more in-depth view 
of stressed vowe/s and their formant frequencies, in order to address some of the 
prob/ems that have not yet been considered. A 24l-word corpus of one- to three-
svllables was compiled according to suprasegmental criteria (stress, tone, 
duration). Ten subjeets were ehosen, representative by sex, tone contrast, dialect 
of origin, etc. F1-F4 of a total of5,960 vowe1s were measured using Praat LPC-
analysis software. A total of 21,220 readings, or 95.41% were acknowledged. 
Data were averaged and analvsed statistica/lv (ANOVA). The measurements 
confirm that lexical tone does not influence formant frecpiencies of most vowels 
to any statistical significance (see F1 *F2 vowel space in Fig. 3). However, there 
are statistica/lv significant differences among accent types of/e/, /a/, Jo/, and /u/. 
IVhile dispersion of /u/ is most probablv induced by segmenta/ variab/es, the 
differentiation of/e/, /a/ and /o/ can be exp/ained by comparing two varieties of 
SS, the tonal and the non-tonal. In the latter, the contrast bet\veen the tones is 
statislical/y insignificant (fortheoming-a). Separate vowel spaces and values are 
given for female and male speakers (Fig. 4). 

Key rvords: vowel formant frecjuencv, vowels, lexical tone, phonetic differences, 
the Slovene language, the standard language 



128 P. Jurgec: Formant freguencies of standard Slovene vovvels 127-144 

1. INTROD UCTION 

Formant frequencies of standard Slovene (SS) vovvcls have been one of the 
more researched ficlds in 20'h century Slovenian acoustic phonetics. Rcccntly, these 
studies wcre prcsented in dctail by Toporišič (2003) and Tivadar (2004a). Thereforc, 
only issues of a methodological valuc will be discussed in this section. 

Lehiste (1961) introduccd the topic of SS formant frequencies. Hcr study of 
SS phoncmes included a detailcd analysis of formant frcqucncies for both stressed 
and unstresscd vovvcls, paying particular attention to the phonetic realization of 
unstressed /e/ and /o/, or altcmatively, /e/ and /d/.1 lnterestingly enough, she did 
rccognize the phonological valuc of quantity in stressed vovvcls, only to be 
complcmcnted by a phonetic notion of simple and compound (i.e. doublc-pcaked) 
stress. Unfortunately. her formant measurements were limited to one female speaker 
possessing a non-central dialect in origin, which failed to make the extcnsivc prc-
digital spcctrographic analysis (425 speetrograms from approx. 50 hours of 
rccordings) fully represcntativc. A later spcctrographic analysis by Toporišič (1975) 
offcrcd more precise data. A 174-item corpus (i.c. 700 words, approx.) was 
compilcd. Sevcn male speakers of both tonal and non-tonal variety of SS were 
instmeted to pronouncc vvords in citation form (2-54 items per speaker). The author 
offered more represcntativc values of formant frcqucncies, but the study failed to 
address the possible influence of tone and position of the vowel in the word. The 
results were not analysed statistically. Srebot Rejec (1988b) organised Toporišič's 
data in a vowcl space ehart and compared Slovene and English vowel systems. Petek 
and associates (1996) were the first to analyze fonnant frequencies of SS vowels 
digitally. The authors rccorded three speakers (two male and a female), each reading 
96 one- and two-syllables in a frame sentence (approx. 4 minutes per speaker), and 
only the average values of F1-F3 were prcsented. Ozbič (1998a) used FFT in her 
analysis of SS fonnant frequencics. Eleven female infonnants from ccntral Slovenia 
were rccorded and one instance of each vovvcl per prosodic combination was 
mcasured. From the description of the digital analysis procedure (p. 56), it is obvious 
that only the hannonic closest to F1 (i.c. Al) was actually mcasured, and averaged. 
This was not the case in Tivadar's studies (2004a; cf. 2003ab, 2004b), where FFT 
readings vverc estimated manually on the basis of the relative amplitude of 
harmonics closest to F1 (2004a: 39-40). Particular attention was paid to the sclcction 
of speakers, who were mainly professional radio announcers. Formant frequencics of 
6 speakers of the non-tonal varicty of SS vvere analysed, or approximatcly 600 items. 
Only the measurements of stressed vovvcls' F1 and F2 vvere averaged separately for 
male and female speakers. 

In summarv, previous studies did offcr a general ovcrvicvv of formant 
frequencies that enabled vovvcl space to be constructed, and the values of individual 
vovvel phonemes. Whercas, phonological variables of stress and quantity (Lehiste, 
1961; Toporišič, 1975; Tivadar, 2004a) and the extra-linguistic variable of the 

1 The problem was later re-evaluated in the works of T. Srebot Rejec (1988b. 1998). 
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speakcr's scx (Tivadar 2004a) werc considered, other linguistic variables, such as 
tone, position in the word/phrasc/prosodic unit remained unanswered. The averaged 
valucs are not to be considcred representative for the entirc Slovene speaking arca, or 
eithcr tonal or non-tonal variety of SS. In this paper, formant frcquencies are 
measured on the basis of a controlled expcriment with 10 speakers, ehosen to 
represent contemporary SS and originating from various dialects, both tonal and 
non-tonal." Values are given scparately for male and femalc speakers. A subsequent 
statistical analysis determincd significance of stress, lcxical tone and word-position. 
Herc only basic characteristics of SS vowel system are presented; others will be 
published elsewherc (Jurgec, 2005; fortheoming-a, fortheoming-b). 

2. METHOD 
2.1 Corpus 

A 241-vvord coipus was compilcd using electronic editions of Slovene 
Orthographv (SP 2003) and the Dic1ionaiy of Standard Slovene (SSKJ 1998). The 
corpus consists of one-, tvvo- and three-syllablc words, according to suprasegmental 
critcria (stress, quantity and tone). The following phonological criteria \vcrc 
considered: number of syllables, position of the stressed vowel, stress, position of the 
unstrcssed vowel, quantity of the stressed vovvel and tone of the long (also stressed) 
vovvel.' 

Tvvo words per combination per vovvel were ehosen. Homonyms, as wcll as 
doublets wcrc heavily disfavoured, although it was not possiblc to omit them cntirely 
duc to the strong moiphological nature of Slovene.4 Words more frequent in usc and 
basic forms werc preferred. Of the ideal number of 282 combinations that would bc 
possible according to the phonological distribution of vovvels in SS,' not ali wcrc 

" The general concept of formants is not discussed further in the text. Rather, wc presume a purely 
technical acoustical definition of formant frcquency from Potter and Steinberg 1950:811, 

• r? ZaiJi i.c. r = , vvlierc »/, = frequency of the /th component, and = a weighting factor 

dependent on the number of dB and that the /th component is belovv the dominant or maximum 
component«. or alternative view in Fant, 1956: 110: »The frcquency of a formant is the position on 
the frcquency scale of the peak of the speeturm envelope drawn to enclose the peaks of the 
harmonics.« 

The complete list of the words analvsed can be obtaincd from the author. 
4 Examplcs of homonvms from the corpus: karale [kara'te:] 'karate' (in the corpus) vs. ['karrate] 
'to blame. lsl pers. pl. praes.', izrazit [izra'zht] 'distinetive. adj.' vs. [i'zraizit] 'to express, supp.'. 
The word used in the experiment is much more frequent in usc. The speakers pronounced the non-
targeted word in pairs only very infrcquently (<10% of ali cascs). 
5 According to traditional grammar, the main distributional lavvs are as follows: (1) Stress is free, 
but predictable in Slovene. (2) Long vovvels are always stressed. (3) If there are no long vowels, 
the last is stressed = Short vovvels can be normally stressed only vvord-flnally. (4) /a/ is a1ways 
short and can be stressed, regardless of the previous nilc. (5) /e/ and /o/ cannot bc short, and to 
some authors (cf. ToporiŠiČ, 2000: 71-72; see Srebot Rejec, 1988b, for a revicvv) also not stressed. 
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realized lexically. For example, non-cpenthctic h / is frequcntly substituted by ['e:] in 
a stressed position or unstressed [e], possibly due to the influence of the spelling. 
According to Slovene orthoepy, these cases are (still) considered non-standard, while 
many others are already a standard doublet (sestaviti /ss'staiuiti/ <-* /se'staiuiti/, 
čebula /tja'bčila/ <-» /tfe'beila/) or cvcn the sole pronunciation (20lh century SS steklo 
/"steiklo/ < Proto-Slavic *stbklo). Examples from the corpus: dežek 'rain, dimm.' 
/1do33k/ —> / 'de^ak/, dežnik 'umbrella' /do'jniik/ —> /de^niik/ Jazbečar 'dachshund1 

/•jaizbatfar/ —> /jaizbetfar/. Furthermore, acute tone is rarely realized lexically in 
words with final stress, the fact being conditioncd diachronically (cf. Rigler, 1980). 
Long and stressed ['e:] and ['o:] in the word-final position are limited to words of 
foreign origin, which are predominantly circumflcx in tone (cf. Jurgec, 2004), etc. 

2.2. Speakers 
Ten speakers wcre seleeted, five female and five male. Five of the speakers 

čame from central Slovenia, i.e. born and living in Ljubljana, others had lived there 
for at lcast the last 4 years. Educated speakers from Ljubljana are believed to be most 
prominent in the contemporary standardisation process (Srebot Rejec, 1988; 2000), 
although 20lh century Slovene orthoepy is largely diachronically based (cf. Rigler, 
1968; 1970; see Šekli, 2004: 45f f , for discussion). The speakers werc aged 35 years, 
on average, at the time of recording. 

Figure 1. Geographical origin of the speakers 
Slika 1. Porijeklo ispitanika 

(6) Long vovvels and non-final / V distinguish tvvo tones, the so called acute (labelled ') and 
circumftex ('). 
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Five of the speakers have lexical tone contrasts, although at least three (one 
generally eonsidered to be tonal and two non-tonal) are doubtful, i.e. their tonal 
eontrast is impaired. It seems there are many independent and seemingly unrelated 
proeesses of tone loss in Slovene. Lundberg (2003) examines tone loss in Eastem 
Haloze dialeet cxperimentally. Tone loss is also reported in the extreme westem part 
of the Slovene speaking area (R. Dapit, personal communication) and in the eastern 
Dolenjska region (V. Smole, personal communication). Detailed analysis by Srebot 
Rejec also confirms progressive tone loss in Ljubljana. She concludes: "The lexical 
(phonological) funetion of the two aeeents [i.e. acutc and cireumflex] in on the wane, 
while the phonetic characteristics, the sing-song effect, is retained." (Srebot Rejec, 
2000:66) It is this kind of tone contours that vvere frequent in our recordings, also 
conditioncd by sentencc intonation as vvords vvere isolated. Rclevant characteristics 
of the speakers are summarized in Table 1 vvith their gcographical origin 
represented in Fig. 1. 

Table 1. Speakers' charactcristics 
Tablica 1. Karakteristike ispitanika 

Label Origin 
Oznaka Porijaklo 

F0 mean 
Age and SD 

Dialeet (years) (Hz) 
Dijalekt Dob Prosječni 

(godine) F0 i štand. 
dev. (Hz) 

Characteristics 
Karakteristike 

Linguistic 
Acoustic (phonetic/phonological) 
Akustičke Lingvističke 

(fonetske/fonološke) 

Para-/Extralinguistic 
Para-

/Ekstralingvističke 

01zn 

02zn 

Otovci Prekmurje 25 247 ± 42 

Maribor/Spodnja South 
24 182 ± 3 2 

Unclear F3 and 
F4 

Difficult reading 
of F3 and F4 

for front vowels 
Kungota Pohorje 

03zt Ljubljana LJ Urban 24 212 ± 3 0 Creakyvoice 

Problematic F1 
and F2 of back 
vowels, and F2 
and F3 of front 

vovvels 
Very high F3 

and F4 

04zt Ljubljana LJ Urban 56 163 ± 2 4 

05zt Ljubljana LJ Urban 27 204 ± 4 4 

06mn Blanca/Sevnica Posavje 36 107 ± 1 4 Unclear F4 

07mn Ljubljana LJ Urban 35 132 ± 2 0 

08mt Ljubljana LJ Urban 36 100 ± 1 9 

09mt Vnanje Gorice Mixed 

10mn Nova Gorica Kras 
(Carst) 

63 135 ± 2 7 

23 134 ± 1 9 

Problematic distribution of 
mid vovvels 

Problematic distribution of 
mid vovvels 

Problematic realization of 
lexical tone; reduetion 

Even F3 

Very low pitch, 
creaky voice 

Student 

lntensity decreasing 
throughout the 

recording; student 

Student 

Overall lovv intensity 

Rising intonation 
regardless of the tone 

Problematic realization of 
lexical tone 

Hypercorrectness 

U-kanje 

Problematic realization of 
lexical tone; problematic 
distribution of mid vovvels 

Living in Ljubljana 
for 12 years 

Father non-Slovene 

Professional 
speaker 

Linguist, university 
professor 

Student 
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2.3. Procedure 
Corpus material was randomized manually; each word was used twice 

non-consecutivcly. The list was exportcd to the PowcrPoint program; words 
wcre put on separate slides on a vvhite background. A short introduetion and 
instruetions were added initially. Speakers were instrueted to read each word 
once (i.e. in citation form), but werc encouragcd to correct thcmsclves, if they 
found their pronunciation imperfeet, regardless of the rcason. Basic forms 
were added for morphological dependent ones: kipi —> trije kipi 'statue, pl. ' , 
kepate —> vi kepate ' to snowball, 2nd pers. pl. praes. ' , sob —> brez sob ' room, 
gen. pl.' Speakers were instrueted to read only the second word in these cascs. 

Recordings took place in the studio of the Department of Phonetics in 
Zagreb during March-April 2004. One speaker (namely 08 mt) was recorded 
in the studios of Radio Slovenija in Ljubljana. Sampling frequency was 44.1 
kHz, at a 16-bit rate. Recordings werc stored on digital storage deviccs and 
later transferred to a computer for acoustic analysis. The first four formant 
frequencies were mcasured using a Praat softvvare program (vcr. 4.2-4.2.14). 
Typically, individual formant steady state was mcasured, wherc possible. 
Alternativcly, the ccntral point or averaged value of transient was mcasured. 
Standard Praat scttings of LPC based formant estimates were used. Doubtful 
cascs6 (4.59%) were dismisscd as irrelevant. Altogether, 21,220 readings wcrc 
acknowledged. Statistical analysis followed; average values, standard 
dcviation (SD) and confidence intervals wcre calculated. Analysis of variancc 
(ANOVA) was performed using Excel and SPSS programs. 

3. RESULTS 

Vowels were averaged according to suprasegmental criteria. Although 
traditional grammar (Toporišič, 2000) classifics vovvels into three groups, i.e. 
long stressed, short stressed and unstresscd, the author proposes an alternative 
classification. Instead, circumflex, acute, short and unstresscd groupings are 
more appropriatc.7 These are represented systcmatically in Fig. 2. 

Statistical analysis followcd. The average values of F1-F4 and 
corrcsponding sample size, SD and confidcnce interval are represented in 
Table 2. It is vvorth noticing that sample size varies bctween individual 
combinations, which is a conscqucncc of phonological. lexical, combinatory, 
and phonetic reasons. Confidence intervals are rclativcly narrow, conditioncd 

6 These are instances of words pronounced incorrectly, i.e. in contradiction to the standard, e.g. 
ukanje, hypercorreetion or reduetion proeesses. or irregularities because of phonetic reasons, e.g. 
formant characteristics. Hovvever, no words were diseharged dne to vovvel quantity (cf. Petek et al., 
1996; Srebot Rejee, 1988b, 1998) 01" lcxical tone. 
' h l is considered acute or circumflex, rathcr than short, although it is inherentlv short, according 
to the traditional grammar (e.g. Toporišič, 2000). 
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by a large enough sample size, and are somewhat higher for short vovvels, 
perhaps mirroring the ongoing loss of quantity contrast in the present-day SS 
(Srebot Rejcc, 1998b). 

Standard Slovene Vowels / Samoglasnici standardnog slovenskog 

Stressed / Naglašeni Unstressed / NenaglaSeni 

I 1 1 
Long / Dugi Short / Kratki i e a @ o u 

Acu te ! Akut Circumflcx / Cirkumfleks "i "E "a "O "u 

"i/: V : TJ: "a/: "(a)J "O/: "o/: "u/: "<V "e\: "EV: "a\: "()\: "o\: "ut 

Figure 2. An alternative model of standard Slovene vovvels 
Slika 2. Alternativni model za samoglasnike standardnoga slovenskog 

jezika 

Confidence intervals are rclatively narrow, conditioned by a large 
enough sample size, and are somevvhat higher for short vovvels, perhaps 
mirroring the ongoing loss of quantity contrast in the present-day SS (Srebot 
Rejec, 1998b). The average SD is approx. 1 1.2% of the mean value. Relative 
differences among the speakers in regard to their dialect of origin and their 
voice characteristics (most prominently the difference in their average 
fundamental frequencies) contributes to the relatively high SD (see Table 1 
for an overvievv). Hovvever, the coefficient of SD does not differ significantly 
among accent types and phonemes. The exceptions vvith relatively high 
coefficient of SD are F1 o f / e / , /e/, lol and /u/ (14.4%, 16.5%, 14.1% and 
14.0%) and F2 of lol and /u/ (14.1%, 17.4%). 

These results can be represented as a two-dimensional vovvel spacc of 
standard Slovene (Fig. 3). The largest difference betvveen any accent type of the 
same phoneme is attested in short vs. long (acute and circumflex) [a]. The degrce 
of centralization is not attested elsevvhere in phoncmic systcm of standard 
Slovene, except perhaps for /u/, but there are other (segmental) variables to 
considcr (see section 4 belovv). Differences among various accent types are not 
statistically significant (p > 0,05) in /i/, /e/, hl and lol, i.e. in ali high, high-mid 
and mid vovvels vvith the exccption of /u/. 
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Table 2. Average values of measured fonnant frequencies in Hz 
aeeording to phoneme, fonnant and aeeent type. Below the mean 
values (boldface), standard deviation, number of samples and 
eonfidence interval are given. 

Tablica 2. Prosječne vrijednosti formanata u Hz po fonemu, formantu i tipu 
naglaska. Ispod prosječnih vrijednosti (masno otisnuto) nalaze se 
redom standardne devijacije, broj entiteta i rasponi pouzdanosti. 

Accent type 
Tip naglaska 

/i/ lel ni /a/ m ni lol hll 

Acute 277 382 578 

F1 

732 497 576 419 313 

Akut 31 82 240 403 55.87 158 8.71 98 65 137 16.52 94.52 220 1249 52.98 100 10 38 62 97 107 11.93 80.67 178 6.91 48 12 180 7.03 

Circumflex 
Cirkumfleks 

280 

2890 240 340 

389 

54 91 239 6 96 100 99 

589 

215 1350 85 42 

728 

240 10.81 

499 

45 11 229 5 84 64 86 

584 

146 10.52 

426 

58.52 240 7.40 

316 

42 02 239 5 33 

Short 283 592 692 601 / 334 

Kratki 31 85 100 6 24 89 74 109 18 85 100 87 100 19 73 52 79 104 10.15 44 02 40 13 64 

Average 280 386 586 717 498 587 423 321 

Prosjek 30 19 193 456 55.39 199 7.64 96.46 154 15.62 93.53 187 14 34 49.05 165 8.11 60 21 119 10.87 59.59 209 816 44 72 153 8.67 

Acute 2324 2250 1932 

F2 

1265 1380 979 810 826 

Akut 238 44 234 30.29 241 87 153 38 32 262 56 137 43 97 104 94 220 13.87 142 51 100 27 93 83 88 107 1589 126.05 178 18 52 146 32 180 21 38 

Circumflex 2304 2263 1833 1233 1356 989 818 890 

Cirkumfleks 241 59 236 30 82 244 56 234 31 33 249 50 214 33.43 100 97 240 12 77 147 66 229 19 12 86 91 146 14.10 102 95 240 13 03 169 49 237 21 58 

Short 2299 1815 1269 1010 841 

Kratki 238.74 98 47.27 218.89 108 41.28 11567 100 22 67 84 88 104 16 31 128 86 39 40 44 

Average 2309 2257 1860 1256 1368 993 814 852 

Prosjek 238 92 189 36.13 243 21 194 34 83 243 65 153 3956 107.19 187 16 44 145 08 165 23.53 85 23 119 15.44 114.50 209 15 77 148 22 152 27 80 

Acute 2949 2795 2695 

F3 

2567 2480 2665 2634 2575 
Akut 330.24 2 38 41.96 270.96 153 42.52 274.18 137 45.31 222 97 217 29.67 214.19 100 41 98 234.99 106 44.73 300.54 176 44 40 243.76 173 36.32 

Circumlex 
Cirkumfleks 

2906 

300 19 235 38.38 

2802 

288.04 235 34 27 291 67 

2632 

215 38.99 21231 

2605 

239 26 92 

2572 

186.29 229 24 13 238 21 

2679 

144 38.91 

2684 

276 79 237 

2560 

35 24 255 83 234 32 78 

Short 2872 2607 2531 2563 2547 

Kratki 30339 96 60.69 229 67 109 43.12 254 45 97 50.64 21781 102 42.27 240.37 40 7449 

Average 2909 2798 2645 2567 2526 2636 2659 2561 
Prosjek 31127 190 47 01 269.50 196 38 39 265 1 7 154 42.67 229 91 184 35.74 200.24 165 33.05 230 33 117 41.97 288 66 206 5 39 82 246 65 149 47 86 

Acute 3781 3735 3864 

F4 

3753 3685 3592 3514 3613 
Akut 398.64 226 51.97 395 85 156 6212 428.00 131 73 29 385 16 209 52 22 362 37 99 71 38 361 18 104 69 41 371 96 175 55.11 409.43 175 60 66 

Circumflex 
Cirkumfleks 

3776 

432.27 231 55 74 

3752 

440 34 232 56 66 445 10 

3791 

211 60 06 374 52 

3791 

229 48 51 

3655 

344 62 227 44 83 324 87 

3642 

138 54 20 

3555 

371 21 237 

3567 

47 26 432.15 236 55 14 

Short 3744 3724 3714 3630 3573 
Kratki 407 04 98 80 59 412.52 107 7816 361 84 92 73 94 353 39 10< 68 92 398 60 40 123 52 

Average 3767 3743 3793 3753 3670 3622 3534 3585 

Prosjek 4 1 2 6 5 1 8 5 H . 7 7 418 10 194 59 39 428 54 150 70 50 373 84 177 58 22 353 49 183 58 11 348 48 114 64 18 371 58 208 51.18 413.39 150 79.77 
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Figure 3. Vowel space of standard Slovene, according to the accent type. 
Legend: A - acute, • - circumflex, • - short. 

Slika 3. Samoglasnički prostor standardnoga slovenskog jezika. Znakovi: 
A - akut (uzlazni), • - cirkumfleks (silazni), • - kratki. 

Intcrestingly enough, there are no statistically significant differences 
between acute and circumflcx F1 in any vovvcl. This also contributes to the fact 
of why phonemes /e/, /o/ and hl shovv no contrast. Elsewhcre, at least one accent 
type is distinct from the other two. In F l , only short vs. long contrasts are 
attested (in /a/, /o/, and /u/), vvhile in F2, the situation is considerably more 
complex - the follovving differences are statistically significant: acute vs. 
circumflex and short /e/, acute vs. short Jof, acute vs. circumflex /u/, and 
circumflex vs. acute and short /a/. Altogethcr, ali accent types are contrastive in 
/ a / , /dl, a n d /li/. T h e s e results are further commented in section 4. 

" (HZ) 
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Table 3. Single faetor ANOVA analysis results for eaeh phoneme and 
accent type combination. The default Alpha faetor was used 
(.05). Statistically significant values are underlincd. 

Tablica 3. Rezultati analize ANOVA za pojedinačne foneme i tipove 
naglasaka. Alfa faktor je 0,05. Statistički značajne vrijednosti su 
podcrtane (acute = akut, circumflex = cirkumfleks, short = 
kratki). 

Phoneme 
Fonem 

F1 F2 

Accent types 
Tipovi naglaska 

df F p (CF.05) 
Accent types ^ 

Tipovi naglaska 
p (CF.05) 

/i/ Acute vs. circumflex 1 478 .980 .323 Acute vs. circumflex 1,468 .789 .375 
Acute vs. short 1 338 2.38 .124 Acute vs. short 1,330.723 .396 

Circumflex vs. short 1 338 .880 .349 Circumflex vs. short 1,332 .026 .872 

lel Acute vs. circumflex 1 395 1.35 .246 Acute vs. circumflex 1,385 .237 .627 

lel Acute vs. circumflex 1 350 1.05 .307 Acute vs. circumflex 1, 34912.56 .0004 
Acute vs. short 1 244 1.39 .240 Acute vs. short 1,24313.91 .0002 

Circumflex vs. short 1 322 .076 .783 Circumflex vs. short 1, 320 .427 .514 

/a/ Acute vs. circumflex 1 458 .209 .648 Acute vs. circumflex 1,45811.34 .0008 
Acute vs. short 1 31811.84 .0007 Acute vs. short 1,319.119 .730 

Circumflex vs. short 1 33811.38 .0008 Circumflex vs. short 1, 338 8.61 .004 

hl Acute vs. circumf!ex 1 327 0.064 .800 Acute vs. circumflex 1, 327 1.99 .159 

hl Acute vs. circumflex 1 251 1.15 .284 Acute vs. circumflex 1, 251 .738 .391 
Acute vs. short 1 20910.01 .002 Acute vs. short 1, 209 6.80 .010 

Circumflex vs. short 1 248 4.62 .033 Circumflex vs. short 1,248 3.59 .059 

lol Acute vs. circumflex 1 416 1.40 .238 Acute vs. circumflex 1, 416 .540 .463 

lul Acute vs. circumflex 1 417 .412 .521 Acute vs. circumflex 1,41516.55 .00006 
Acute vs. short 1 218 5.91 .016 Acute vs. short 1,217.351 .554 

Circumflex vs. short 1 277 5.74 .017 Circumflex vs. short 1,274 3.01 .084 
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The data can be represented separately for female and male speakers. Apart 
from generally greater values in ali formants, minor, yet statistically significant 
differences in some of the vovvels exist, e.g. in /u/. These can be partially explained 
by influences of a dialectal and sub-standard nature. Vovvel space of both female and 
male speakers are depicted in Fig. 3. Data is presented in Appcndixes 1 and 2. 

F2(HZ> 

2500 2 X 0 1500 1030 

Ml & • 

• 8 

* 4 

a* n/ # 
- 5 

• 8 • 8 

• / 
o - § 

* oo 
• 

i* + - i o - i 

CP 

Figure 4. Vovvel space for female and male speakers of standard Slovene, 
according to the accent type. Legend. Female speakers: A -
acute, • - circumflex, O - short. Male speakers: A - acute, • -
circumflex, • - short. 

Slika 4. SamoglasniČki prostor ženskih i muških govornika standardnoga 
slovenskog jezika. Znakovi. Žene: A - akut (uzlazni), • -
cirkumfleks (silazni), O - kratki. Muškarci: A - akut (uzlazni), • 
- cirkumfleks (silazni), • - kratki. 

On average, female formant frequencies are higher in comparison to male 
by 26 Hz or 5.5% in Fl, 126 Hz or 8,6% in F2, 246 Hz or 9.2% in F3, and 582 Hz or 
15.8% in F4. The difference inereases exponentially. Lovver SD vvould be expected 
in formant frequencies of speakers of one gender only, but the current data do not 
support it. This is connectcd to average FO variability among speakers. 
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4. DISCUSSION AND CONCLUSION 

In general, average values of fonnant frequencies do not differ considerably 
from the those previously established in Lehiste, 1961; Toporišič, 1975; Petck et al., 
1996; Ozbič, 1998a; Tivadar, 2004a. The differences present, of course, can be 
explaincd by speakers characteristics, i.c. most prominently their gender and 
gcographical origin. It is fair to conclude, that cunent findings do not contradict the 
findings of previous studies done. 

A more important question necds to be addressed. Why do some accent 
typcs differ from others of the same phoneme significantly, whilc others do not? 
These differences are limitcd to low-mid and low vowels /e/, /a/, /o/, and the high 
vowcl /u/ on the other hand. 

As regards the phoneme /u/, the dispersion attcsted is far greater that would 
be expectcd, if conditioned by accent type (i.c. tone and durational) differences 
alone. This notion is conoborated by the considerably inereased cocfficient of SD, in 
comparison to the other vowcls. One should also acknovvledge the relative 
infrequency of the phoneme /u/ and its distributional constraints, resulting in 
accidental gaps in vocabulary. For example, words with a final stress on the short [u] 
are monosyllables only, although polysyllables could bc possible phonologically. 
Comparison of the tonal and non-tonal SS confinns this hypothcsis (fortheoming-a). 
If both variants, tonal and non-tonal wcre taken into considcration and analysed 
statistically, the result would be an average valuc of both variants. If only the tonal 
was prcsented, differences betvveen suprasegmentals vvould bc considerably highcr 
(i.c. prcdominantly statistically significant), while the non-tonal SS would exhibit a 
poor amount of statistical significancc in the prosodemes (sce fortheoming-a for 
further discussion and results). This finding is in accordancc to Croatian data (c.g. 
Bakran, 1989). 

The higher coefficient of SD in mid vowels can be cxplained by the fact, 
that speakers' realization in standard specch diffcrs much more in mid vowels than 
in low or high ones. The dialcctal distribution of /c/ vs. /s / and /o/ vs. h / is 
inconsistent with the situation in SS, thus greater variability, hesitations ctc. is 
present in the spcech of many Slovcnes, when speaking in the standard form (cf. 
Srebot Rejec, 1998b for further conscquences, and Ozbič, 1998b for the contrastivc 
analysis of formants in Slovene as spoken in Trst/Triestc vs. standard Slovene). Ali 
these factors contribute to occasional statistical significance in mid vowels, with the 
cxception of/d / , for which only contrast betvveen long (acute and circumflex) and 
short ones is statistically significant. This is a likcly situation. as vowels similar in 
quantity tend to have more similar fonnants; long vowels are more resistant to 
reduetion processes, universally (see data for Croatian in Bakran, 1989). 

Regardless of ali the abovc mentioned facts, /a/ remains a struetural 
curiosity. The shoit [a] is belicved to be grcatly influcnccd by the reduetion proccss 
and is much more central in comparison to other vowcls. This is also true with 
regard to its duration. Whilc other short vs. long contrasts are mainly statistically 
insignificant in duration, the opposite is attestcd in /a/ (Srebot Rejec, 1988b; Petck et 
al., 1996). In SS, the reduetion processes othcrvvisc apparcnt in non-standard s p e c c h 
s c e m to be a v o i d e d in other vowels, i .c . /i/ and /u/ especially, by the speakers 
themselves (Rigler, 1968). 
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These are the reference values for SS formant frequencies. In the fiiture, the 
results should bc complemented by contrastive studies of SS in general and of more 
local, dialectal, and sub-standard or standardised varicties of SS, both tonal and non-
tonal. Furthermorc, scveral new qucstions ariše. For example, the phonological 
status of /a/ should be re-evaluated, and complemented by an cxtensive study of 
duration. 

ACKNOWLEDGEMENTS 

The author would like to thank Vesna Mildner and Matcja Blas for their 
valuablc contributions to this work. Any remaining errors are, of course, the 
author's. Earlier versions of the article (or parts thereof) have bccn presented at these 
confcrcnces: Istraživanja govora in Zagreb (Dcccmbcr 9-11, 2004), Between Stress 
and Tone in Leiden (June 16-18, 2005) and the International Conference of 
Language Variation in Europe in Amsterdam (June 23-25, 2005). The ZRCola font, 
used in this text, was developed by Peter Weiss at The Scicntific Research Centre of 
the Slovenian Academy of Scienccs and Arts in Ljubljana (http://www.zrc-sazu.si). 

REFERENCES 

Bakran, J. (1989). Djelovanje naglaska i dužine na frekvencije formanata vokala. 
Govw VI, 2, 1-12. 

Fant, C. G. M. (1956). On the predictability of formant levels and speetrum 
envelopes from formant frequencies. For Roman Jakobson (cds. M. Halle, 
II. Lunt, & II. MacLean). The Hague: Mouton. 

Jurgec, P. (2004). Fonološke značilnosti novejšega slovenskega besedja. 40. 
seminar slovenskega jezika, literature in kulture: Moderno v slovenskem 
jeziku, literaturi in kulturi, Zbornik predavan/ (ur. M. Stabcj), 179-181. 

Jurgec, P. (2005). Položaj v besedi in formantne frekvence samoglasnikov 
(standardne slovenščine): I. Naglašeni samoglasniki. Jezikoslovni zapiski 
XI, 1,87-95. 

Jurgec, P. (fortheoming-a). Docs tone affect formant frequencies? The case of 
standard Slovene. Submittcd. 

Jurgec, P. (fortheoming-b). O nenaglašenih /e/ in /o/ v standardni slovenščini. 
Submitted. 

Lehiste, I., (1961). The phonemes of Slovene. International journal of Slavic 
linguistics and poetics IV, 48-66. 

Lundberg, Grant H. (2003). Typology of tone loss in Haloze, Slovenia: An 
acoustic and autosegmental analysis, Slovenski jezik/Slovene linguistic 
studies III, 169-189. 

Ozbič, M. (1998a). Akustična spektralna FFT-analiza samoglasniškega sistema 
slovenskega jezika: formanti slovenskih samoglasnikov. Jezikovne 
tehnologije za slovenski jezik: Zbornik konference (eds. T. Eijavec & J. 
Gros), 55-59. Http://nl.ijs.si/isjt98/zbomik/sdjt98-Ozbic.pdf. 

Ozbič, M. (1998b). Razmerja med formanti samoglasnikov matične in tržaške 
slovenščine. Uporabno jezikoslovje VI: Jezikovne tehnologije, 124—135. 

http://www.zrc-sazu.si


140 P. Jurgec: Formant freguencies of standard Slovene vovvels 127-144 

Petek, B., Šuštaršič R., Komar, S. (1996). An acoustic analysis of contcmporary 
vowcls of the Standard Slovenian language. Proceedings ICSLP 96: Fourth 
International Conference on Spoken Language Processing, Octoher 3-6, 
1996, Philadelphia, PA, USA, 133-136. 
http://www.asel.udel.edu/icslp/cdrom/vol 1 /820/a820.pdf. 

Potter, R. K., Steinberg, J. C. (1950). Toward the specification of specch. Journal 
ofthe Acoustical Society of America XXII. 1, 807-820. 

Rigler, J. (1968). Problematika naglaševanja v slovenskcm knjižnem jeziku. Jezik in 
slovstvo XIII. 6, 192-199. 

Rigler, J . (1970). Akccntske variantc I. Slavistična revija XVIII, 1,4—15. 
Rigler, J. (1980). Nekaj opažanj pri akutu na zadnjem zlogu v slovenščini, 

Slavistična revija XXVIII, 1-4, 219-222. 
SP 2001: Slovenski pravopis (2001). Ljubljana: SAZU in ZRC SAZU. 
SP 2003: Slovenski pravopis: Elektronska izdaja, vl.0. (2003). Ljubljana: SAZU in 

ZRC SAZU. 
Srebot Rejec, T. (1988a). Kakovost slovenskih in angleških samoglasnikov 

(kontrastivna analiza obeh sestavov po njihovi kakovosti s stališča 
akustične, artikulacijske in avditivne fonetike). Jezik in slovstvo XXXIV, 3, 
57-64+128a. 

Srebot Rejec, T. (1988b). Word accent and vovvel duration in Standard Slovene: An 
acoustic and linguistic investigation. Munchcn: Otto Sagner (Slavistische 
Beitrage, 226). 

Srebot Rejec, T. (1998). O slovenskih samoglasniških sestavih zadnjih 45 let. 
Slavistična revija XLVI, 4, 339^16. 

Srebot Rejec, T. (2000). Ali je današnja knjižna slovenščina še tonematična? 
Razprave II. razreda XVII, 51-66. 

SSKJ 1998: Slovar slovenskega knjižnega jezika: Elektronska izdaja, vl.0. (1998). 
Ljubljana: ZRC SAZU in DZS, 1998. 

Sekli, IVI. (2004). Jezik, knjižni jezik, pokrajinski oz. krajevni knjižni jezik: 
genetskojczikosiovni in družbenojczikoslovni pristop k členjcnju jezikovne 
stvarnosti (na primeru slovenščine). Aktualizacija jezikovnozvrstne teorije 
na Slovenskcm: Členitev jezikovne resničnosti (cd. E. Kržišnik), 41-58. 

Tivadar, H. (2003a). Govorjena podoba slovenskega knjižnega jezika - pravorečni 
vidik: Magistrsko delo. Ljubljana. 

Tivadar, H. (2003b). Kontrastivna analiza slovenskih i hrvatskih vokala (mogući 
izgovorni problemi sa slovenskog aspekta). Govor XX, 1-2, 449-467. 

Tivadar, HL (2004a). Fonctično-fonološke lastnosti samoglasnikov v sodobnem 
knjižnem jeziku. Slavistična revija LII, 1, 31-48. 

Tivadar, H. (2004b). Priprava, izvedba in pomen pcrceptivnih testov za fonctično-
fonološke raziskave (na primeru analize fonoloških parov). Jezik in slovstvo 
IL, 2, 17-36. 

Toporišič, J. (1975). Formanti slovenskega knjižnega jezika. Slavistična revija 
XXIII, 2, 153-196. 

Toporišič, J. (2000). Slovenska slovnica. Maribor: Obzorja. 
Toporišič, J. (2003). Eksperimentalnofonetičnc raziskave slovenskega k n j i ž n o -

jezikovnega glasovja in tonemskosti. Slavistična revija LI, Posebna 
številka, 119-140. 

http://www.asel.udel.edu/icslp/cdrom/vol


V GOVOR XXII (2005). 2 141 

Appendix 1 Average values of measured formant frequencies in Hz for 
female speakers according to phoneme, formant and acccnt type. 
Under the mean values (boldface), standard deviation, number of 
samples and confidence interval are given, respectively. 

Prilog I Prosječne vrijednosti izmjerenih formantskih frekvencija u Hz za 
ženske ispitanike organizirane prema fonemu, formantu i tipu 
naglaska. Ispod prosječnih vrijednosti (masno otisnuto) nalaze se 
redom standardne devijacije, broj entiteta i rasponi pouzdanosti. 

Accent type 
Tip naglaska H /e/ ni lal ni ni lol /uf 

Acute 273 407 638 
F1 

763 499 577 422 309 
Akut 35 »4 120 641 64 82 80 14 20 103.61 67 24.81 106 37 110 19 88 57 87 50 1604 71 19 49 19 93 72.06 88 1506 58 61 90 1211 

Ctrcurntec 279 414 643 758 503 585 427 309 
Ciikumfleks 3105 120 556 57 05 120 10.21 108 96 106 2074 9371 120 16 77 46 03 114 8 45 62.34 69 14.71 68.25 120 12.21 42.78 120 7.65 

Short 278 642 717 609 325 
Kratki 35 89 50 995 87.51 53 26 25 121 66 50 33.72 4863 49 1362 4911 20 21 52 

Average 277 410 641 746 501 590 425 314 
Prosjek 34 26 97 731 60 94 100 12.21 10336 75 23 93 107.25 93 2346 51 95 82 12 24 60 72 56 1609 7015 104 13 63 5017 77 13.76 

Acute 2480 2392 2091 
F2 

1296 1420 993 818 830 
Akut 194 96 114 35 79 27046 75 61 21 272.14 67 65 16 122.16 110 2283 14791 50 41 00 100 69 49 28.25 140.31 88 29 31 160 62 90 3318 

Circumflex 2441 2438 1966 1264 1382 992 825 890 
Cirkumfleks 232.26 116 4227 201.62 115 36.85 26141 106 49 76 113.78 120 20.36 165 05 114 30 30 110 54 69 2608 11018 120 19 71 170 43 120 3049 

Short 2457 1897 1287 1009 847 
Kratki 221.86 48 62.76 264 82 52 7198 109.72 50 3041 82 57 49 2312 149 95 20 65.72 

Average 2459 2415 1984 1282 1401 998 822 855 
Prosie k 21636 93 46 94 236 04 95 49 03 266 12 75 62 30 115 22 93 24 53 156 48 82 3565 98 00 56 25 82 125 24 104 2451 160 33 77 4313 

Acute 3095 2956 2837 
F3 

2653 2547 2804 2795 2681 
Akut 340 59 120 60.94 244.25 78 54 20 280.81 67 67 24 215.22 107 40.78 245 90 50 66.16 246 36 48 69 69 285 16 87 59.92 210 06 83 45.19 

Circumflex 3039 2976 2775 2672 2653 2774 2874 2706 
Cirkumfleks 310.40 117 56 24 21490 116 3911 323.72 106 6163 218.33 120 39 06 19022 114 34 92 268 80 67 64 36 227 56 117 41.23 204 86 117 37 12 

Short 3042 2697 2624 2649 2653 
Kratki 303.53 47 86 78 252 02 53 67 85 289 11 48 8179 207.67 47 59.37 139 82 20 6128 

Average 3059 2966 2770 2650 2600 2742 2835 2680 
Prosjek 318.18 95 67 99 229.58 97 46 66 285.52 75 65.57 240 89 92 5388 218 06 82 5154 240 94 54 64.48 256 36 102 50 58 184 92 73 47 86 

Acute 4078 4049 4227 

F4 

4019 3987 3871 3795 3925 
Akut 252.99 116 46 04 258 61 87 54 34 261.10 78 57.94 252 96 109 47 49 150 95 50 4184 265 98 49 7447 239 78 86 50 68 15841 89 3291 

Circumfle* 4080 4079 4164 4015 3947 3845 3827 3909 
Oikumfleks 30406 116 55 33 298.90 118 53 93 260 31 104 50 03 247 49 120 44 28 169.38 113 31 23 283 34 68 67.34 20546 119 36.91 238 18 119 42.79 

Short 4072 4053 3961 3798 3833 
Kratki 243 24 49 6810 314 83 52 8557 231 03 48 65.36 245 99 49 68.87 31107 20 13633 

Average 4077 4064 4148 3998 3967 3838 3813 3889 
Prosiek 266 76 94 5649 278.75 103 54.14 28000 98 55.94 243 83 92 52.38 160 16 82 36.54 265 10 55 7023 22262 103 43 80 235 89 76 70 68 
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Appendix 2 Average values of mcasured formant frequcncies in Hz for male 
speakers according to phoneme, formant and accent type. Under 
the mean values (boldface), standard dcviation, number of 
samples and confidence interval are given, respectively. 

Prilog 2 Prosječne vrijednosti izmjerenih formantskih frekvencija u Hz za 
muške ispitanike organizirane prema fonemu, formantu i 
naglasnom tipu. Ispod prosječnih vrijednosti (masno otisnuto) 
nalaze se redom standardne devijacije, broj entiteta i rasponi 
pouzdanosti. 

Accent type 
Tip naglaska 

hl M ni /a1 m ni lol hil 

Acute 281 361 520 
F1 

700 496 575 417 318 
Akut 26 79 120 479 36 48 79 804 44 70 70 10.47 67 79 110 12 67 48 15 50 1335 55 72 58 14 34 47 25 90 9 76 34 30 90 709 

Circumflex 281 364 537 697 494 584 425 324 
Cirkumfleks 2207 120 3 95 39 34 119 7.07 55.01 109 10 33 63.11 120 1129 43 93 115 8 03 67.45 77 15.07 47 08 120 8 42 40 04 119 719 

Short 288 546 666 594 342 
Kratki 26 66 50 736 47 38 56 1241 65 88 50 18 26 55 68 55 1472 37 50 20 1643 

Average 283 362 534 688 495 584 421 328 
Prosjek 2514 97 5.37 37 91 99 756 49.03 78 11.07 65 59 93 1407 46 04 83 10 69 59 62 83 14.71 47 17 105 9.09 37.28 76 10.24 

Acute 2176 2100 1780 
F2 

1234 1341 968 802 821 
Akut 167.16 120 29.91 150 60 79 33.21 130 58 70 30 59 72.64 110 13.57 126 51 50 35 07 65 01 58 16 73 110.57 90 22 84 13124 90 2711 

Circumflex 2172 2094 1703 1201 1329 986 810 890 
Ciikumfleks 165 08 120 2954 14213 119 25 54 149 50 108 28.20 7412 120 13 26 12319 115 22.52 58 84 77 13 14 95 05 120 17 01 169.25 117 30 67 

Short 2148 1739 1252 1010 834 
Kratki 133 34 50 36 96 126 28 56 33 07 119.84 50 33 22 87.85 55 2317 105 99 19 47 66 

Average 2165 2097 1740 1229 1335 988 806 848 
Prosjek 155 19 97 32.13 146 37 99 29.37 135 45 78 30 62 88 87 93 2002 124.85 83 28 79 70.50 C3 17 68 102 81 105 1992 13549 75 35.15 

Acute 2801 2628 2559 
F3 

2483 2414 2551 2477 2477 
Akut 243.03 118 43.85 194.32 79 42 85 185 48 70 43 45 197 99 110 37 00 152.24 50 42.20 14825 58 38.15 22247 89 46.22 23232 90 48 00 

Circimfle* 
Cirkumfleks 

2774 

222 79 118 40.20 

2631 

195 35 119 35.10 16545 

2494 

109 3106 183.16 

2537 

119 32 91 

2492 

143.44 115 26 22 170.23 

2595 

77 38 02 

2499 

177.02 120 3167 21679 

2415 

117 39.28 

Short 2708 2522 2439 2490 2441 
Kratki 195.18 49 54.65 168 10 56 44.03 173 82 49 48 67 200 51 55 52 99 274.35 20 120 24 

Average 2761 2630 2525 2486 2453 2545 2488 2444 
Prosjek 220.33 95 46.23 194.84 99 38 97 165 63 75 38 86 184.99 93 39 53 147 84 83 34,21 17299 63 43 05 199.75 105 38 95 241 15 76 69 17 

Acute 3469 3421 3516 

F4 
3463 3377 3344 3240 3291 

Akut 261 94 110 48 95 216 28 79 47 69 249 19 67 59.67 28132 100 5514 231 07 49 64.70 230.33 55 60.87 250 72 89 52 09 332.67 86 7031 

Circumflex 
Cirkumfleks 

3469 

307 44 115 5619 

3414 

277 31 114 5091 240 25 

3429 

107 45 52 33347 

3544 

109 62 60 

3365 

198.51 114 36 44 228 15 

3446 

70 53 45 

3280 

288 91 118 5213 279 86 

3219 

117 50 71 

Short 3415 3412 3445 3472 3314 
Kratki 234 72 49 65 72 192 09 55 50 77 27659 44 81 73 367 75 52 99 95 29591 20 129 68 

Average 3451 3418 3452 3484 3371 3421 3260 3275 
Prosjek 268 03 91 5695 246 79 97 49.30 227 18 76 51.99 297 13 84 66.49 214 79 82 50.57 275.41 59 7142 269.82 104 52 11 302.81 74 83.57 
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Slovenija 

FREKVENCIJE FORMANATA SAMOGLASNIKA STANDARDNOG 
SLOVENSKOG JEZIKA 

SAŽETAK 

Iako su frekvencije formanata samoglasnika standardnog slovenskog bile 
proučavane od ranih 1960-ih, podaci većinom nisu dovoljni. Broj ispitanika i 
njihovo porijeklo nisu uvijek bili reprezentativni, a govorni je korpus često bio 
nedosljedan. Nadalje, nije se dovoljno pozornosti posvećivalo suprasegmentalnim 
osobinama. Naravno, većina ranih istraživača imala je na raspolaganju samo 
klasične spektrografske metode (Lehiste, 1961; Toporišič, 1975), dok su se u 
radovima nastalim u posljednjem desetljeću koristili isključivo digitalni 
(polu)automatski postupci (Petek i sur. 1996; Ozbič, 1998a, Tivadar 2004a). 
Ipak, količina istraženoga govornog materijala nije se značajno povećala, iako 
su metode određivanja formantskih frekvencija napredovale. Svrha je ovoga rada 
poboljšati strukturu korpusa riječi, povećati njegov opseg i broj govornika te na 
taj način postići reprezentativnost za standardni slovenski. 

Korpus 241 jedno, dvo i trosložne riječi organiziran je prema 
suprasegmentalnim kriterijima (naglasku, tonu i trajanju). Govornicima je dana 
uputa da pročitaju ponuđene riječi redom kojim se pojave na računalnom 
zaslonu, a koji je bio slučajan. Izabrano je 10 izvornih govornika slovenskog 
jezika, reprezentativnih s obzirom na spol (5 ženskih i 5 muških), tonski kontrast 
(5 netonskih i 4 tonska prema porijeklu) i dob (prosječna dob 35 godina). 
Ispitanici iz srednje Slovenije bili su najzastup/jeniji (v. sliku l). Snimanje je bilo 
digitalno i u standardnim uvjetima. Praat LPC program korišten je pod 
uobičajenim postavkama za mjerenje prva četiri for manta u 5960 samoglasnika. 
Kao što je uobičajeno, mjerena su stanja mirovanja formanta gdje god je bilo 
moguće. Prihvaćeno je 21 220 pročitanih entiteta (naglašenih i nenaglašenih 
samoglasničkih formanata), a 4, 59% je odbačeno zbog nekoliko razloga. Podaci 
su statistički (ANOVA) uprosječeni i analizirani posebno za svaku skupinu 
govornika. Rezultati su prikazani grafički na slici 2, a prema spolu na slikama 3 i 
4. Pripadajuće srednje vrijednosti, rasponi pouzdanosti i standardne devijacije 
nalaze se u tablici 2 i u prilogu. Prosječni koeficijent standardne devijacije 
iznosio je 11.2%, iako necentralni sredn ji samoglasnici pokazuju više vrijednosti. 

Usporedba sva tri "akcenatska tipa", odnosno sve tri kombinacije 
trajanja i tona u odnosu prema naglasku, pokazuje da samo određeni fonemi 
imaju značajno raspršenje, i to /a/, /D / i /u/ u Fl, /ef, /a/, /o / i /u/ u F2 (slika 4). 
Ovaj drugi slučaj posljedica je nekoliko faktora. Standardni slovenski je tonski i 
netonski jezik. Razlika u tonu značajno utječe na formantske frekvencije (v. 
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Jurgec, u pripremi). Srednje vrijednosti za obje varijante i njihove tonove 
ponekad su značajne u F1 i F2 (i to neovisno o spolu). Zatim, moguće je da su 
razlike u srednjim samoglasnicima uzrokovane zemljopisnim porijeklom 
govornika. U slovenskom realizacija srednjih samoglasnika varira ovisno o 
dijalektu (Ozbič, 1998b). Također se treba uzeti u obzir razlika u fonološkoj 
duljini, koja je zadržana u suvremenoj standardnoj slovenskoj normi samo 
zahvaljujući dijakronijskim odnosima. Srebot Rejec (1988) eksperimentalno je 
dokazala da ne postoji stvarna razlika u trajanju između slovenskih "dugih" i 
"kratkih" samoglasnika. Jedina iznimka je samoglasnik faj, u kojem je primjetna 
određena varijacija u trajanju (I.c) i kvaliteti (ovaj članak). 

Sljedeći članci (Jurgec, u pripremi-a; u pripremi-b) uzet će u obzir 
utjecaj obje varijante standardnog slovenskog na tonske osobine, naglasak i 
mjesto (Jurgec, 2005). Ipak, potrebna su sljedeća istraživanja da bi se objasnilo 
kako se dijalekti fonetski razlikuju s obzirom na realizaciju srednjeg 
samoglasnika te da bi se istražilo pitanje standardnog slovenskog samoglasnika 
[u], čija neobična raspršenost za sada ostaje neobjašnjena. 

Ključne riječi: frekvencija formanata samoglasnika, samoglasnici, leksički 
ton, fonetske razlike, slovenski jezik, standardni jezik 


