UDC 811.163.41°34

UDC 811.111°34
https://doi.org/10.18485/ms_zmsfil.2025.68.1.8
ORCID 0000-0003-3046-1257

W3BOpHHM Hay4YHU paj

Bojana Jakovljevi¢

FO PROMINENCE AND SPEECH RHYTHM:
THE INITIAL EXPERIMENTS BASED ON ENGLISH AND SERBIAN

The paper examines the relation between FO prominence and speech rhythm. The
research is based on English and Serbian as they differ in the realization of pitch accents in
prosodic words. The research included two experiments. The production experiment involved
measuring FO prominence in English and Serbian initially-stressed di- and trisyllabic feet with
falling FO slope, realized as prosodic words within IPs. Prior to the perception experiment, FO
of Serbian IPs was manipulated according to the English measurements and the IPs were
resynthesized. The perception experiment involved evaluating the rhythmicity of the original
and modified Serbian IPs with uniform and non-uniform interstress intervals on a 5-point
Likert scale by 30 Serbian L1 speakers. The production analysis points to a greater FO
prominence in English feet. The perception experiment shows that greater FO prominence
results in higher rhythmicity judgments.

Key words: speech rhythm, F0, foot, speech production, speech perception.

VY pany ce ucnutyje npupoja Bese usmely npoMuHeHTHOCTH ocHOBHOT ToHa (f0) n
TOBOPHOT puTMa. McTpaxkuBame je CIPOBEICHO y SHIVIECKOM U CpIICKoM, Oyayhu na ce natu
je3UIN Pa3NKyjy y pealn3annju akIieHTa Ha HUBOY IIPO30HjcKe pedr. McTpakuBame 4nHe
JIBa eKcriepuMeHTa. EKcriepuMeHT poiyKIfHje 3aCHUBA0 ce Ha Mepery MpoMHHeHTHOCTH f0
Y CHIVIECKUM ¥ CPIICKMM HHUIMjaJTHO HATJIAIICHUM JBOCIOKHUM M TPOCIOKHUM CTOIIaMa ca
CHJIa3HUM TOHCKHUM KpeTameM, Koje Cy Oule pealn3oBaHe Kao IPO30AUjCKE PeUd YHYTap
MHTOHAIM]CKHUX (pa3a. [Ipe ekcriepumenTa neprenuuje, Kontypa f cprckux HHTOHAI]CKIX
(dhpaza monudrKoBaHa je mpemMa MepemruMa y SHIJIECKOM, a 3aTUM Cy HHTOHAIHjCcKe (ppa3se
pecHHTeTH30BaHe. EKCIepUMEHT Iepueniuje 3aCHUBA0 ¢ Ha IPOLEHH PUTMUYHOCTH CPICKHUX
OpPUTUHAJIHUX U MOAU(DUKOBAHUX HHTOHAIM]CKHUX (hpa3a Koje cy cajpkaBajie UIH CaMo JBO-
CJIO’KHE CTOIIE, MJIM KOMOWHAIIH]y IBOCIOKHHX M TPOCIOXKHUX cTomna. [Iponeny je Bpmmiro 30
M3BOPHMX TOBOPHHKA CPIICKOT je3MKa Ha MeTocTeneHoj JInkepToBoj ckamu. AHann3a mpomyK-
yje ykasana je Ha Behy nmpomunenTHocT f0 y eHrneckum cronama. EkcimpemenT nepueniuje
noka3ao je aa Beha npomunenTHocT f0 1onpuHOCH BUIIIEM BPEIHOBakY PUTMUYHOCTH TOBOPA.

Kwyune peuu: ToBopHU putam, ocHoBHH ToH (f0), cToma, mpoxyKiuja roBopa, neprer-
1Mja roBopa

1. INTRODUCTION. Speech rhythm is a universal prosodic property of languages,
which plays a significant role in both speech production and speech perception.
The first and still rather influential theoretical models of speech rhythm focus on
temporal cues or, more precisely, on the concept of isochrony, which is viewed as
an absolute rhythmic feature (Pike 1945; ABERCROMBIE 1967). Despite the absence
of any solid empirical evidence, the models in question established the first rhyth-
mic classification of languages into either stress-timed or syllable-timed.

The empirical evidence for the traditional language typology was to some
degree provided in cross-linguistic production studies which were based on tem-
poral measurements (Ramus et al. 1999; GrRaBE — Low 2002). Although these
studies did not reject the traditional classification of languages, they showed that
isochrony is a gradual rather than absolute feature, which resulted in placing
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languages along a continuum from maximum stress-timing to maximum syllable-
timing. However, as in the models by Pike (Pike 1945) and Abercrombie (ABER-
CROMBIE 1967), the classification is primarily based on temporal cues.

On the other hand, the first perception studies of speech rhythm reduced the
significance of temporal cues by pointing to the mismatch between isochrony in
speech production and speech perception, thus suggesting that speech rhythm is
primarily a perceptual phenomenon (Leniste 1977; 1979). The concept of ‘per-
ceived rhythmicity’, i.e., the impression of rthythmic strength of speech (Barry et
al. 2009), has proved to be rather significant as it contributed to the development
of new lines of research in the studies of speech rhythm. Instead of focusing on
duration as the only significant factor in the realization of speech rhythm across
languages, these studies also considered the importance of other components of
prosodic prominence, such as pitch (F0) (Dauer 1983; 1987; Barry et al. 2009;
ARVANITI — RoDRIQUEZ 2013), intensity (loudness) (BARrY et al. 2009), as well as
the reduction of vowel quality in prosodically non-prominent syllables (DAUER
1983; 1987; BARRY et al. 2009).

1.1. TRADITIONAL APPROACHES TO ISOCHRONY AND RHYTHM TYPOLOGY. The first
theoretical approach to speech rthythm was developed by Pike (Pike 1945), and
later adopted by Abercrombie (ABERCROMBIE 1967). The approach is essentially
based on the notion of ‘isochrony’, i.e., the reoccurrence of stressed syllables at
regular temporal intervals, which results in equal or approximately equal duration
of interstress intervals. Consequently, the vowels in unstressed syllables are re-
duced in both quantity and quality. The concept of isochrony was the basis of a
well-known rhythm typology according to which languages are classified as either
‘stress-timed’ or ‘syllable-timed’ (PIKE 1945: 34—-35; ABERCROMBIE 1967: 97). Stress-
timed languages such as English, Russian and Arabic are characterized by the
presence of isochrony, i.e., the interstress intervals are of (approximately) equal
duration and the vowels in unstressed syllables are both durationally and qualita-
tively reduced. On the other hand, languages such as French, Spanish, Telugu and
Yoruba are described as syllable-timed, i.e., due to the absence of isochrony, the
interstress intervals become longer as the number of unstressed syllables increas-
es and the vowels in unstressed syllables are not reduced in either duration or
quality. Equally important, these approaches view isochrony as well as stress-
timing vs. syllable-timing as absolute rather than gradual phenomena. In other
words, isochrony is either present or absent in a given language and, accordingly,
a language can be either stress-timed or syllable-timed.

The classification of languages into stress-timed and syllable-timed is still
rather influential despite the fact that its founders do not provide any empirical
data to support it. Also, it is rather disputable whether this typology is based on
speech production, speech perception, or both. Abercrombie (ABERCROMBIE 1967)
relies on the Pulse (or Motor) Theory (STETson 1951) to account for the two class-
es of languages, which points to the production basis of the typology. According
to the Pulse Theory, syllables correspond to ‘chest pulses’, i.e., the bursts of the
activity of the rib cage muscles, which result in the increase in air pressure. As
opposed to syllable-timed languages which are characterized by a periodic rep-
etition of chest pulses coinciding with each syllable, stress-timed languages are



FO PROMINENCE AND SPEECH RHYTHM: THE INITIAL EXPERIMENTS BASED ON ENGLISH... 141

characterized by the reinforced periodic chest pulses which coincide with stressed
syllables, thus causing the reduction of the unstressed ones (ABERCROMBIE 1967:
97). However, Abercrombie (ABERCROMBIE 1967) often mentions ‘hearing’ as well
as ‘feeling’ the rhythm of languages with different timing properties, which sug-
gests the perceptual basis of the typology. Therefore, the traditional stress-timing
vs. syllable-timing language typology is to a certain extent impressionistic, lack-
ing clearly defined theory and solid evidence.!

The dichotomy between stress-timed and syllable-timed languages, origi-
nally proposed by Pike (Pike 1945) was later modified by introducing the class of
so-called ‘mora-timed languages’, such as Japanese (Broch 1950; Han 1962; LADE-
FOGED 1982). Essentially, the underlying mechanism of mora-timed languages is
rather similar to the one of syllable-timed languages, i.c., syllable-timed languages
are characterized by (approximately) the same duration of each syllable, whereas
mora-timed languages are characterized by (approximately) the same duration of
each mora.

1.2. EMPIRICAL EVIDENCE FOR ISOCHRONY AND RHYTHM TYPOLOGY. The production
studies which are based on the measurements of speech rhythm indicate that the
models proposed by Pike (Pike 1945) and Abercrombie (ABERCROMBIE 1967) are
not empirically grounded. The studies in question show that absolute isochrony
in stress-timed languages does not exist (LEa 1974) as well as that all human
languages show a tendency towards isochrony and stress-timing (DAUEr 1983).
Lea (Lea 1974: 34—42) measures the duration of interstress intervals in English
and finds that it is directly proportional to the number of unstressed syllables.?
Dauer (Dauer 1983) measures the duration of interstress intervals in English, Thai,
Spanish, Italian and Greek and shows that the tendency towards isochrony and
stress-timing is present in all the analyzed languages. Also, the measurements
indicate that the duration of interstress intervals containing the same number of
syllables is not statistically different in English and Spanish despite the fact that
these languages are traditionally classified as stress-timed and syllable-timed
respectively. Accordingly, instead of relying only on duration cues, Dauer (DAUER
1983) proposes the set of phonetic and phonological factors which characterize
the languages traditionally classified as stress-timed or syllable-timed. In contrast
to syllable-timed languages, stress-timed languages are characterized by the re-
duction of vowel quality in unstressed syllables, which become more centralized.
Another important phonetic factor is the realization of lexical stress which is rather
complex in stress-timed languages as it includes many components of prominence
such as pitch, loudness, vowel quantity and vowel quality. On the other hand, the
realization of stress (or accent) in syllable-timed languages is most often reduced
to the variations in pitch. As a result, the difference in overall prosodic prominence

! As suggested by Dauer (DAUER 1983), the absence of a clearly defined theoretical framework
as well as the lack of any empirical evidence to support absolute isochrony and either-or language
typology, makes the theoretical nature of the models by Pike (Pike 1945) and Abercrombie (ABER-
CROMBIE 1967) rather disputable.

2 The same tendency regarding the realization of rhythm in English had been proposed by
Classe (Crasse 1939) before the postulation of the models by Pike (Pike 1945) and Abercrombie
(ABERCROMBIE 1967).
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between stressed and unstressed syllables is higher in stress-timed than in syllable-
timed languages. The most significant phonological difference between stress-
timed and syllable-timed languages concerns the syllabic structure. As opposed
to syllable-timed languages which have rather simple CV syllables, stress-timed
languages are characterized by the presence of both simple and complex syllables,
i.e., syllables containing complex consonant clusters, which influences vowel
duration as well.

The approach to isochrony as a gradual rather than absolute feature resulted
in the development of more advanced measurement procedures which placed
languages along a continuum from the highest degree of stress-timing to the high-
est degree of syllable-timing (Ramus et al. 1999; GRaBE — Low 2002). The proce-
dure by Ramus et al. (Ramus et al. 1999) is based on measuring the duration of
the whole sentence as well as the duration of vocalic and consonantal intervals in
a sentence and then calculating the proportion of vocalic intervals (%V) and the
standard deviation of consonantal intervals (4C). The procedure obviously draws
from Dauer’s (DAUErR 1983) observation concerning the differences in the syl-
labic structure in stress-timed vs. syllable-timed languages. As mentioned, stress-
timed languages have complex consonant clusters whose duration varies consid-
erably. At the same time, complex consonant clusters reduce the percentage of
speech occupied by vowels or vocalic intervals. Accordingly, stress-timed lan-
guages are characterized by lower %V and higher AC than syllable-timed lan-
guages. Mora-timed languages have the highest %V and the lowest AC. The results
of the measurements show that Polish, English and Dutch are (to a greater or
lesser degree) stress-timed. Syllable-timed languages include French, Spanish,
Italian and Catalan, whereas Japanese is classified as mora-timed.

Another measurement procedure (GRABE — Low 2002) is based on so-called
‘pairwise variability indices’ (‘PVIs’). The procedure involves calculating the
mean durational differences between vocalic and consonantal (intervocalic) in-
tervals in the pairs of successive syllables (‘raw PVI’, ‘tPVI’), and then dividing
these differences by the mean duration of successive pairs (‘normalized PV T,
‘nPVTI’). While rPVI is used for consonantal intervals, nPVI is used for vocalic
intervals as vowels tend to be more susceptible to speaking rate than consonants.
Regarding that stress-timed languages exhibit greater durational differences in
successive syllables, they are characterized by higher PVI than syllable-timed
languages. In the research based on PVIs, there were 18 languages examined
(GrABE — Low 2002). The results show that stress-timed languages include British
English, German, Dutch and Thai, whereas Spanish, French, Luxembourgish and
Mandarin are classified as syllable-timed. Japanese was described as a mora-timed
language although it exhibits the same properties as syllable-timed languages.
The rest of the languages show either the properties of both stress-timing and
syllable-timing (Polish, Estonian, and Catalan) or they remain unclassified (Greek,
Romanian, Singapore English, Welsh, Malay, and Tamil).

The measurement procedures discussed above unquestionably provide a
useful tool for measuring the production of thythm cross-linguistically. At the same
time, they make it possible to examine the subtle differences in the realization of
rhythm in the languages traditionally classified as either stress-timed or syllable-
timed. Instead, the languages are described as more or less stress-timed vs. more
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or less syllable-timed (Ramus et al. 1999), or as mixed (GrRaBE — Low 2002).
However, as Arvaniti (ARvaNITI 2009) points out, the fact that both measurement
procedures analyze rhythm only from the perspective of speech production as
well as the fact that they rely only on temporal cues, thus neglecting the importance
of other factors in the realization of speech rhythm seems to be their major dis-
advantage. Also, the reliance on temporal cues only could be the reason why many
languages remain unclassified.

1.3. ISOCHRONY AND SPEECH RHYTHM RECONSIDERED. The view of isochrony and
stress-timing vs. syllable-timing as gradual phenomena as well as the observation
that all human languages tend towards isochrony and stress-timing considerably
changed the initial attitudes towards speech rhythm. However, the overall approach
to speech rhythm was crucially influenced by the results of perception studies.
The first perception studies (LEHISTE 1977; 1979) point to the discrepancy between
isochrony in speech production and speech perception, eventually suggesting that
rhythm is primarily a perceptual phenomenon. In a series of perception experi-
ments, Lehiste (LEHISTE 1977; 1979) tests the perception of synthetized utterances
containing the intervals of both identical and different duration by English native
speakers. Her main conclusion is that people hear what they expect to hear. In the
utterances which contained the intervals of different duration, the subjects did not
perceive the difference between them as they expected to hear isochronous utter-
ances. At the same time, in the utterances which contained the intervals of identical
duration, the last interval was consistently perceived as the shortest one because
the subjects expected it to be the longest due to the process of final lengthening.

The concepts of perceived isochrony resulted in considering other factors
which contribute to the perception of speech rhythm. One of these factors involves
the differences in pitch prominence between stressed and unstressed syllables. As
previously mentioned, the realization of lexical stress in stress-timed languages
is rather complex as it involves manifold components of prominence such as pitch,
loudness, vowel quantity and vowel quality, thus creating “a discernible beat”
(Daugr 1983: 58). First, the use of the term ‘beat’ clearly points to the significance
of perceived rhythmicity. And second, in view of the experiments which show
that pitch has the most significant role in the perception of lexical stress in some
languages such as English (Fry 1958) and German (KoHLER 2009), it can be hy-
pothesized that pitch prominence also affects the perception of speech rhythm
which in these languages results from stress/unstress alternations.

This hypothesis was confirmed in the subsequent perception studies (BARRY
et al. 2009; ArvanITI — RobrIQUEZ 2013). In the perception experiment by Barry
et al. (BARrry et al. 2009), the components of prominence were varied in trochaic
logatomes (nonsensical dada sequences) and the rhythmicity of the utterances
containing the modified logatomes was evaluated by Bulgarian, German and
English native speakers. The results of the research showed that duration and FO
have the major role in the perception of rhythmicity, whereas intensity and vowel
quality are less significant.? In addition, the research revealed that the ranking of

3 Almost identical ranking was observed in the perception of English lexical stress (Fry 1958;
1965), which suggests that the components of rhythmic prominence in English follow a similar pattern
as the components of word-stress prominence.



144 BOJANA JAKOVLIEVIC

the components of prominence depends on the listeners’ L1. For the native speakers
of German and English, which are stress-timed languages, duration was slightly
more informative than FO, whereas for the native speakers of Bulgarian, which is
considered to be syllable-timed, the two components of prominence were equally
informative.

The study by Arvaniti and Rodriquez (ArRvaniTI — RoDRIQUEZ 2013) examines
the influence of language-inherent speaking rate and FO prominence on the per-
ceptual discrimination of English from rhythmically similar (stress-timed) Polish
and Danish as well as from rhythmically different (syllable-timed) Spanish, Greek
and Korean by English native speakers. The initial hypothesis of the research was
that each language has its own inherent speaking rate which does not necessarily
correspond to stress-timing vs. syllable-timing typology, but which together with
FO prominence contributes to the perception of rhythm. The utterances from the
above-mentioned languages were converted into sasasa logatomes and the infor-
mation about speaking rate and FO was either retained (original stimuli) or removed
(modified stimuli). The results showed that both language-inherent speaking rate
and FO prominence significantly contribute to the perceptual discrimination of
English from other languages.* Although the effect of speaking rate was more
consistent, the discrimination based on FO prominence only was also confirmed.

Therefore, it can be concluded that speech rhythm represents a rather complex
prosodic feature which plays an important role in both speech production and
speech perception and whose realization does not depend only on temporal cues,
as it was initially claimed, but on a variety of different factors, including FO
prominence.

2. RHYTHM IN ENGLISH AND SERBIAN. Both English and Serbian exhibit the
properties of stress-timed languages. English is labelled as a stress-timed language
in the traditional models of speech rhythm, which are based on either-or approach
to isochrony (PikE 1945; ABERCROMBIE 1967: 97) as well as in the empirically
grounded and more advanced classifications which view isochrony as a gradual
feature (Ramus et al. 1999; GraBe — Low 2002). Also, English exhibits all the
properties which Dauer (DAUER 1983) relates to stress-timed languages. Therefore,
it is characterized by the presence of both simple and complex syllabic structures,
the reduction of vowel quantity and quality in unstressed syllables, i.e., vowels are
centralized and most often reduced to [9] or syllabic consonants, as well as by a
rather complex realization of lexical stress which involves pitch, intensity, vowel
quantity and vowel quality. In addition, English is prone to the process of com-
pensatory shortening, i.e., the shortening of stressed syllables (or the nuclei of
stressed syllables) as the number of unstressed syllables in a foot increases, which
is another significant feature of stress-timed languages (BERTINETTO 1989).

The analysis of Serbian rhythm also points to the presence of compensatory
shortening, which is especially significant in the production of long vowels
(Markovic — MiLicev 2011). Also, the vowels in unstressed syllables undergo the

41t is also important to mention that language non-inherent, i.e., speaker-dependent, speaking
rate can influence the perception of rhythm, i.e., faster speech tends to be perceived as more rhyth-
mical (ORDIN — PoLyaNskAya 2015).
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reduction in both quantity (SoviLi-Niki¢ 2007: 55) and quality (Markovi¢ 2016),
i.e., the vowels become more centralized and rather similar to the English vowel [9],
as the number of unstressed syllables in a foot increases. The measurements of
formant frequencies show that the reduction of vowel quality takes place in un-
stressed syllables both preceding and following the stressed syllable in a foot,
although the reduction tends to be greater in the former case (Markovi¢ 2016).

However, English and Serbian differ with respect to the degree of stress-timing,
which was observed in the studies of L2 English acquisition by Serbian native speak-
ers (Markovi¢ 2011a). The measurements of the production by Serbian learners
of L2 English show that the shortening of unstressed vowels is directly propor-
tional to the number of unstressed syllables in a foot, which further supports the
tendency towards stress-timing in Serbian. However, as the degree of shortening
is higher in the production by L1 English speakers, Markovi¢ (Markovi¢ 2011a)
concludes that both English and Serbian exhibit the properties of stress-timed
languages, although the degree of stress-timing tends to be higher in English than
in Serbian.

Shifting focus to the role of FO in the perception of speech rhythm, it is ex-
pected that the changes in FO prominence in a foot will influence the rhythmicity
judgments in both English and Serbian. The relation between FO prominence and
perceived rhythmicity in English has already been proved (Barry at al. 2009;
ARvANITI — RopRrIQUEZ 2013). Similarly, we predict that greater FO prominence will
contribute to higher evaluations of rhythmicity in Serbian, but only on the condi-
tion that the highest FO peaks coincide with stressed syllables, which is not always
the case in the Serbian accentual system (see Section 3).

3. WORD ACCENT IN ENGLISH AND SERBIAN. English word accent (also referred to
as ‘word-stress’ or ‘lexical stress’) is dynamic, i.e., stressed syllables are produced
with considerable expiratory force, which results in greater intensity and therefore
loudness (OnaLa 1977). However, in addition to intensity, English word-stress is
characterized by a complex set of other components of prominence, including pitch,
or rather pitch movement, vowel quality, and vowel quantity (RoacH 1991: 86; Cor-
LINS — MEES 2003: 109—110; CRUTTENDEN 2008: 236-237).

On the other hand, Serbian is a pitch accent language in which stress is com-
bined with tones, i.e., the variations in pitch (INKELAS — ZEC 1988; Goprevac 2005;
ZEec — ZsiGA 2010). Serbian has 4 pitch accents which are referred to as ‘long falling’,
‘long rising’, ‘short falling’ and ‘short rising’ and which can be used to distinguish
among word meanings (SuBoTic et al. 2012: 98). Long and short accents are pri-
marily differentiated on the basis of distinctive length of the vowel in a stressed
syllable.® The difference between falling and rising accents primarily depends on
FO of the vowel in the syllable which immediately follows the stressed one, i.e.,
lower FO of the vowel in the following syllable is the property of falling accents,

5> These components of prosodic prominence refer only to the realization of English primary
stress.

6 Still, it should be mentioned that distinctive quantitative differences, at least in the production
of some stressed vowels, can be accompanied by qualitative differences, i.e., the differences in the
formant structure, which was observed in the variant of Standard Serbian spoken in Novi Sad (MAR-
KOVIC — SREDOJEVIC 2021).
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whereas higher FO characterizes rising accents (JIExucte — UBun 1996: 53—69;
Gobievac 2005; TTerpoBus — I'vaypun 2010: 118—122; Zec — Zsica 2010; CPEJJOJEBUR
2011: 3233, 42—43; SREDOIEVIC 2017: 79-83).

Another difference between the accentual systems of English and Serbian
concerns the correlates of stress. As mentioned, English stressed syllables are, among
other factors, consistently characterized by greater intensity. As for Serbian, the
most significant correlate of stress is duration, i.e., stressed syllables are longer than
the unstressed ones (MBun — JIEXucTE 2002: 17, 24, 32, 36; JOKAHOBUR-MUXAJIOB
2007: 91-93; Zkc — Zsiga 2010; Sreposevi¢ 2017: 223). The intensity, on the other
hand, is not fully reliable correlate of stress in Serbian as stressed syllables are not
necessarily produced with greater intensity, which is especially the case with the
words in [P-initial position (SREpoJEVIC 2017: 204). According to Ivi¢ and Lehiste,
rising accents, unlike the falling ones, can exhibit the ascending intensity relation
between the stressed and the following syllable (MBun — JIExucte 2002: 41-45),
whereas Jokanovi¢-Mihajlov finds that the stressed and the following syllable are
characterized by either equal or ascending intensity in the case of both falling and
rising accents (JokaAHOBUR-MuxauioB 2007: 71-96).

Finally, English and Serbian accentual systems differ with respect to the
co-occurrence of a stressed syllable and FO maximum of a word. English stressed
syllables always coincide with FO maximums, whereas Serbian exhibits this ten-
dency only in the words with falling accents (Zec — Zsiga 2010). To put it another
way, while the co-occurrence of stress and FO maximum in English words is
consistent, Serbian lacks this constancy due to a complex interplay of stress and
tone. Therefore, we expect a more significant role of FO in the realization of
stressed syllables in English than in Serbian. Specifically, we predict that English
stressed vowels will exhibit greater FO prominence at the lexical level than the
comparable Serbian vowels, i.e., Serbian stressed vowels in the words with falling
accents.

4. THE DESIGN OF THE RESEARCH. Based on the predictions about FO prominence
in English and Serbian lexically stressed syllables, i.e., the syllables which are
perceived as the most salient in lexical (or more generally prosodic) words, as well
as the role of FO prominence in the perception of speech rhythm, the paper aims
at testing the following hypotheses:

Hypothesis 1 (H1): If FO maximum coincides with a stressed syllable, FO prominence
in a foot will be greater in English than in Serbian;

Hypothesis 2 (H2): If FO maximum coincides with a stressed syllable, FO manipulation
in Serbian feet in accordance with English production measurements will contribute
to higher rhythmicity judgments in Serbian.

The research consisted of production and perception parts. In the production
experiment, we measured the difference in the maximum and mean FO values
between the vowel in a stressed syllable (V1) and the vowel in the immediately
following unstressed syllable (V2) in English and Serbian metrical feet. In both
languages, the measurements were conducted in the initially-stressed disyllabic
and trisyllabic feet which corresponded to the initially-stressed disyllabic and
trisyllabic prosodic words (DSWs and TSWs). The difference in FO maximum and
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FO mean between V1 and V2 will from this point on be referred to as the parameters
D (FOmaxy,; — FOmaxy,) and D (FOmeany,; — FOmeany,,) respectively.

Both English and Serbian DSWs and TSWs had CV syllabic structure. Also,
both analyzed vowels were preceded by a voiced consonant, as voiceless conso-
nants can cause rather abrupt and inconsistent pitch increase at the onset of the
following vowel (MADDIESON 1996: 166—167), which results in the inability to
determine the true FO maximum.” The research was limited to English words with
short V1 and short V2 and Serbian words with short falling accent. The reason
for choosing short falling rather than long falling accent was practical, as the words
with short falling accent, CV syllabic structure and a voiced consonant in syllable
onset were more frequent. In order to overcome the differences between male and
female speakers, the values of the parameters D (FOmaxy,, — FOmaxy,) and D
(FOmeany,, — FOmeany;,) were expressed in semitones (STs), i.e., the units of perceived
pitch differences.

The prosodic words (feet) analyzed in the production experiment were ex-
tracted from IP non-final (non-focalized) and IP-final (focalized) position, ensur-
ing that the number of words in the initial and medial IP-position is as similar as
possible. The IPs were selected from the corpus of read speech produced by 5
English and 5 Serbian professional newsreaders (3 female and 2 male speakers
per language). English and Serbian IPs were comparable regarding the recording
quality, i.e., the sampling rate was 44.1 kHz, as well as the articulation rate (AR),
i.e., according to the t-test, the difference in AR between English and Serbian IPs
is not statistically significant (Table 1). Also, the results of One-Way ANOVA did
not point to a statistically significant difference in AR among 10 subsets of IPs
produced by individual newsreaders (F(9,773)=1.628, p=0.103). All the selected IPs
were realized as matrix clauses with final information focus followed by a silent
pause and they had falling intonation. The tokens analyzed in both languages
included 200 DSWs and 200 TSWs, half of which were in IP non-final position,
whereas the other half were in IP-final position. The measurements were con-
ducted in Praat (version 6.0.29, BoErsMA — WEENINK 2018) and the results of the
measurements were statistically analyzed in SPSS 20.

Table 1. Mean AR (syll/sec) of the IPs produced by 5 English and 5 Serbian newsreaders.

N Mean SD N Mean SD Mean p
English English English Serbian Serbian Serbian Diff. t (2-tailed)
388 5.51 0.607 395 5.56 0.703 -0.05 -1.159 0.274

The most frequent DSWs in the English corpus were (synchronically) simple
adjectives and nouns ending in -y (e.g. busy, ready, body, money, etc.) as well as
the agent nouns derived from monosyllabic verbs by adding the suffix -er/~or (e.g.,

7 Although voiced consonants can cause the opposite process, i.e., the lowering of FO at the
onset of the following vowel, the influence of voiceless consonants on vowel pitch is regarded as
considerably greater (MADDIESON 1996: 166). The choice of voiced consonants in syllable onset is
additionally motivated by a rather significant FO increase after voiceless aspirated stops (LADEFOGED
2003: 86—87) which are typical realizations of English voiceless stops at the beginning of both stressed
and unstressed syllables, although the degree of aspiration tends to be higher in the former case
(CRUTTENDEN 2008: 236-237).
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bomber, robber, etc.). The set of TSWs primarily included adverbs with the suffix
-ly (e.g., busily, readily, etc.) and agent nouns derived from disyllabic verbs (e.g.,
visitor, manager, etc.). Both DSWs and TSWs included frequent personal names
(e.g., Johnny, Danny, Jennifer, etc.). Other common words in the English corpus
were many, bigger, manner, bother, register (noun and verb), legacy, remedy (noun
and verb), misery and malady. As for Serbian, the most frequent DSWs in the
corpus were the comparative forms of the adjectives mali (small), dobar (good),
dug (long), nizak (low) and dalek (far) with different gender, number and case
features (e.g. manji, manja, manje, manju, bolji, bolja, bolje, bolju, duzi, duza,
duze, duzu, niZi, niza, nize, nizu, dalji, dalja, dalje, dalju).® Other frequent DSWs
were the 3™ person singular forms of the verbs Zaliti (to regret), delati (to act),
nuditi (to offer) and voditi (to lead) in the present tense (e.g., zali, dela, nudi, vodi).
Regarding TSWs, the most frequent ones were some infinitival and 1* person
plural forms of the abovementioned verbs in the present tense (e.g., Zaliti, delati,
nuditi, Zalimo, delamo, nudimo, vodimo) as well as the deverbal nouns Zaljenje
(regret), delanje (acting, action) and videnje (view, opinion). Other highly recurrent
words in the Serbian corpus were the nouns voda (leader) and godina (year), which
had different forms with respect to case and number features (e.g., voda, vodi,
vodu, vode, vodama, godina, godini, godinu, godine). The examples of some IPs
selected from the English and Serbian corpus, which contain the above listed
words in both IP-positions are given in (1) and (2) respectively.’

(1) a. [Two months later,];p [the Boston Marathon homber was sentenced to death.];p
b. [Nonetheless,];p [federal government is pretending to look busy.];p
c. [In 2020,];p [Jennifer received the Nobel Prize in Chemistry.];p
d. [In cases like this,];p [the employees should speak to the manager.];p

(2) a.[Medutim,];p [njihove vode zagovaraju nasilje.]p

however their  leaders promote  violence
‘However, their leaders promote violence.’
b. [Kako je ve¢ najavljeno,];p [prosecne neto zarade ¢e biti manje.];p

as was already announced average net earnings will be smaller
‘As already announced, the average net earnings will be lower.’

c.[A trenutno,];p [vodimo razgovore sa  evropskim zvani¢nicima.]p
and currently lead.Pres.Ipl conversations with European officials
‘And currently, we are leading conversations with European officials.’

d. [Prema njegovim re¢ima,];p [trenutna situacija zahteva delanje]p
according-to his words  current situation requires action
‘According to his words, the current situation requires (taking) action.’

The perception part of the research involved compiling the corpus of Serbian
read speech which included isolated sentences realized as IPs with final informa-
tion focus as well as estimating their rhythmicity on a 5-point Likert scale by 30
native speakers of Serbian.

The corpus of isolated sentences consisted of 20 original IPs (O-IPs), 20
modified IPs (M-IPs) and 20 distractor sentences (DSs), which resulted in the

8 Also, it should be mentioned that the neuter singular forms of comparatives in the nominative
case can be used as adverbs, which were also rather frequent DSWs in the Serbian corpus when used
unemphatically.

% English and Serbian DSWs and TSWs analyzed in the production experiment are italicized.
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total of 60 IPs. All O-IPs were SVO clauses which consisted of 3 initially-stressed
words realized as initially-stressed metrical feet. As in the production experiment,
the words were disyllabic (DSWs) and trisyllabic (TSWs) with short falling accent,
CV syllabic structure and a voiced consonant preceding V1 and V2. The set of
DSWs included rather frequent common nouns such as mama (mother), baba
(grandmother) and deda (grandfather), feminine personal names such as Nina and
Dunja as well as the 3" person singular forms of commonly used transitive verbs
such as voleti (to love) and voziti (to drive sb somewhere/to give sb a ride) in the
present tense (e.g., voli, vozi, etc.). The set of TSWs included the euphemistic/di-
minutive forms of the above listed nominals, some of them being idiomatized,
which contain the suffix -ica (e.g., mamica, babica, dedica, Dunjica, Ninica, etc.).
Regarding the number of syllables in a foot, out of 20 O-IPs, 10 IPs had uniform
feet (O-U-IPs), i.e., they consisted of 3 DSWs, whereas 10 I[Ps contained non-
uniform feet (O-NU-IPs), i.e., they consisted of 1 TSW followed by 2 DSWs, as
illustrated in (3)!°. The set of 20 O-IPs and 20 DSs were recorded as they were
read by a Professor at the Faculty of Philosophy in Novi Sad, whose expertise
includes Serbian accents, intonation and diction. Prior to the recording, the speaker
was asked to control the production of O-IPs for AR.!' As in the production study,
the sampling rate was 44.1 kHz.

(3) a.Dunja voli mamu.
Dunja.Nom love.Pres.3sg mother.Acc
‘Dunja loves her mother.’
b. Dunjica vozi dedu.
Dunjica.Nom give-a-ride.Pres.3sg grandfather.Acc
‘Dunjica is giving her grandfather a ride.’

The set of 20 M-IPs was created by carefully manipulating FO in 20 O-IPs
with respect to the measurements of FO in English words, which were previously
obtained in the production experiment.'? The pitch prominence of Serbian initially-
stressed DSWs and TSWs was changed according to the pitch prominence of the
corresponding English words by considering the parameters D (FOmaxy, —
FOmaxy,) and D (FOmeany, — FOmeany,). The position of each pitch point of V1
in the originally produced Serbian DSWs and TSWs was changed manually, en-
suring that the shape of the FO contour observed in the realizations of short falling
accent of the original words is preserved to the greatest extent possible. The FO
manipulation in O-IPs and resynthesis of 20 M-IPs was done in Praat (version
6.0.29, BoErsMA — WEENINK 2018).

10 Other examples of O-U-IPs and O-NU-IPs used in the perception task followed the same
pattern.

' The mean AR was 5.26 syll/sec and it was almost identical in all O-IPs. Also, according to
the Mann-Whitney U test, the difference in AR between O-U-IPs and O-NU-IPs was not statisti-
cally significant (U(n1=n2=10)=44.5, Z=-0.417, p=0.677), which eliminated the influence of AR on
the perception of rthythmicity of IPs consisting of uniform and non-uniform feet.

12 Although it was experimentally shown that the short falling accent has different realizations
in continuously read speech and isolated sentences, the differences primarily concern the tonal slope
on the stressed vowel rather than the entire word (SREDOJEVIC 2017: 58—60, 84—-86, 99101, 122-126).
Thus, the manipulation of FO in the words in isolated IPs according to the measurements of con-
tinuously read speech is not expected to influence the relevance of the results of this research.
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The main difficulty in creating M-IPs was the realization of FO in English
and Serbian prosodic words in [P-final position. While English marks final infor-
mation focus by considerable FO prominence (LamMBRECHT 2000; Gobsevac 2000:
13—44; Markovi¢ 2011b), Serbian makes use of preboundary lengthening, thus
relying on durational cues only (JAKOVLIEVIC — MARKoOVIC 2020; JakovLIEVIC 2021).
As a result, the FO contour of English IPs with final information focus is charac-
terized by a considerable increase in FO on a final focalized word, whereas Ser-
bian IPs exhibit a rather smooth declining FO contour which does not display FO
jumps. In order to avoid the influence of English intonation and focus marking
strategies on the perception of thythm of Serbian M-IPs, the values of D (FOmaxy,
— FOmaxy,) and D (FOmeany;, — FOmeany,) of English DSWs and TSWs in IP non-
final position were applied to the corresponding Serbian words in both IP non-
final and IP-final position. Accordingly, a smooth and rather consistent declination
was preserved in all resynthesized Serbian M-IPs. This was also confirmed by
the auditory impression of resynthesized M-IPs which were described as having
either flat or slightly falling intonation without unnaturally high or low prominence
of the words in IP-final position."?

When the corpus of 60 IPs was compiled, a random sample of 30 second year
students of English at the Faculty of Philosophy in Novi Sad were asked to listen
carefully to each IP and estimate its rhythmicity on a 5-point Likert scale. The
notion of rhythmicity or the strength of speech rhythm was defined as a tempo-
rally regular beating pattern, which was done for two reasons. First, the students
were not familiar with the notion of perceived rhythmicity, but rather isochrony;
and second, this approach made it possible to analyze the interaction between
temporal cues and FO prominence in the perception of speech rhythm in Serbian.
The IPs were randomized and the students could hear each sentence twice if
uncertain about the evaluation. After the evaluation process, the results of the
rhythmicity judgments of O-1Ps and M-IPs with both uniform and non-uniform
feet were statistically analyzed (SPSS 20).

5. THE RESULTS OF THE PRODUCTION EXPERIMENT. In this section we present the
results of the production experiment. We begin by giving the overview of the
results regarding FO prominence of English initially-stressed DSWs and TSWs
containing short vowels, realized in IP non-final and IP-final position. The follow-
ing subsection focuses on FO prominence of the corresponding Serbian words, i.e.,
the initially-stressed DSWs and TSWs with short falling accent. In the last part
we compare the measurements of FO prominence of English and Serbian words.

5.1. EncrisH. The results of the production experiment show that FO promi-
nence of the initially-stressed DSWs (Table 2) and TSWs (Table 3) is greater in
[P-final than in IP non-final position. The difference between the mean values of
the parameters D (FOmax,; — FOmaxy,) and D (FOmeany, — FOmeany,) measured
in [P non-final and IP-final position is statistically significant for both DSWs
and TSWs (p<0.001). Although the results point to somewhat higher means of

13 The evaluators of M-IPs were 4 high school English teachers (Novi Sad, Serbia), 3 high school
Serbian teachers (Novi Sad, Serbia), and 3 students at the Faculty of Music (Belgrade, Serbia). All of
them are Serbian native speakers.
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D (FOmaxy, — FOmaxy,) compared to D (FOmeany, — FOmeany;,), the difference
between the means is not statistically significant in any realization of the analyzed
words, i.e., [P non-finally in DSWs (t(198)=1.023, p=0.306) and TSWs (t(198)=0.755,
p=0.451) as well as IP-finally in DSWs (t(198)=0.586, p=0.559) and TSWs (t(198)=0.686,
p=0.493).

Table 2. The comparison of D (FOmaxy; — FOmaxy,) and D (FOmeany; — FOmeany,) (ST) between
English initially-stressed DSWs in IP non-final (IP-NF) and IP-final (IP-F) position, produced by
5 native speakers of English.

Parameter Mean SD Mean SD Mean p
IP-NF IP-NF [IP-F IP-F Diff. t nl=n2 (2-tailed)

D (FOmaxy,; — FOmaxy,) 271 1102 473 1.818 -2.02 -9.511 100 0.000

D (FOmeany,; — FOmeany,) 2.55 1.117 458 1.812 -2.03 -9.538 100 0.000

Table 3. The comparison of D (FOmaxy, — FOmaxy,) and D (FOmeany,; — FOmeany,) (ST) between
English initially-stressed TSWs in IP non-final (IP-NF) and IP-final (IP-F) position, produced by
5 native speakers of English.

Parameter Mean SD Mean SD  Mean p
IP-NF IP-NF [P-F IP-F Diff. t nl=n2 (2-tailed)

D (FOmaxy, — FOmaxy,) 229 1307 390 1726 -1.61 -7436 100 0.000

D (FOmeany, — FOmeany,) 2.15 1315 373 1781 -1.58 -7.137 100 0.000

The results of the measurements also point to a greater FO prominence of
DSWs compared to TSWs realized both IP non-finally (Table 4) and IP-finally
(Table 5). The difference in the mean values of D (FOmaxy, — FOmaxy,) and D
(FOmeany,; — FOmeany,) between DSWs and TSWs is statistically significant in
both I[P-positions (p<0.05).

Table 4. The comparison of D (FOmaxy, — FOmaxy,) and D (FOmeany,; — FOmeany;,) (ST) between
English initially-stressed DSWs and TSWs in IP non-final position, produced by 5 native speakers
of English.

Parameter Mean SD Mean SD Mean p
DSW DSW TSW TSW Diff. t nl=n2 (2-tailed)

D (FOmaxy; — FOmaxy;,) 271 1102 229 1307 042 2451 100 0.012

D (FOmeany, — FOmeany,) 2.55 L1117 2.15 1315 040 2316 100 0.022

Table 5. The comparison of D (FOmaxy, — FOmaxy,) and D (FOmeany; — FOmeany,) (ST) between Eng-
lish initially-stressed DSWs and TSWs in [P-final position, produced by 5 native speakers of English.

Parameter Mean SD Mean SD  Mean P
DSW DSW TSW TSW Diff. t nl=n2 (2-tailed)

D (FOmax,, — FOmaxy,) 473 1818 390 1726 083 3313 100  0.002
D (FOmeany, — FOmeany,) 4.58 1812 373 1781 085 3.348 100  0.002

5.2. SErBIAN. The analysis of FO prominence in Serbian words points to
rather similar tendencies as in the corresponding English words. Thus, the mean
values of the parameters D (FOmaxy; — FOmaxy,) and D (FOmeany; — FOmeany,)
are higher in IP-final than in IP non-final realizations of Serbian DSWs (Table 6)
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and TSWs (Table 7). The difference between the means of the parameters meas-
ured IP non-finally and IP-finally is statistically significant for both DSWs
(p<0.001) and TSWs (p<0.05). As in English, the mean values of D (FOmaxy; —
FOmaxy,) are higher than the mean values of D (FOmeany,, — FOmeany;,), but the
difference between the means of the parameters in question is not statistically
significant in any realization of the analyzed words, i.e., in IP non-final DSWs
(t(198)=0.336, p=0.739) and TSWs (t(198)=0.341, p=0.734) as well as in IP-final
DSWs (t(198)=0.439, p=0.661) and TSWs (t(198)=0.349, p=0.727).

Table 6. The comparison of D (FOmaxy; — FOmaxy,) and D (FOmeany; — FOmeany,) (ST) between
Serbian initially-stressed DSWs in IP non-final (IP-NF) and IP-final (IP-F) position, produced by
5 native speakers of Serbian.

Parameter Mean SD Mean SD  Mean P
IP-NF IP-NF IP-F IP-F Diff. t nl=n2 (2-tailed)

D (FOmaxy, — FOmaxy,) 1.37 0.831 2.01 1122 -0.64 -4.586 100 0.000

D (FOmeany,; — FOmeany,) 133  0.845 194 1.141 -0.61 -4.298 100 0.000

Table 7. The comparison of D (FOmaxy, — FOmaxy,) and D (FOmeany,, — FOmeany,) (ST) between
Serbian initially-stressed TSWs in IP non-final (IP-NF) and IP-final (IP-F) position, produced by
5 native speakers of Serbian.

Parameter Mean SD Mean SD  Mean P
IP-NF IP-NF [IP-F [IP-F Diff. t nl=n2 (2-tailed)

D (FOmaxy, — FOmaxy,) 082 0.626 115 0.809 -0.33 -3.226 100 0.002

D (FOmeany,; — FOmeany,) 079 0.621 1.11 0.815 -0.32 -3.123 100 0.003

English and Serbian also exhibit rather similar tendencies regarding the FO
prominence in DSWs and TSWs. The mean values of D (FOmaxy,; — FOmaxy,) and
D (FOmeany, — FOmeany,) are higher in Serbian DSWs than in TSWs both IP non-
finally (Table 8) and IP-finally (Table 9). The difference in the means of D
(FOmaxy,; — FOmaxy,) and D (FOmeany; — FOmeany,) between DSWs and TSWs
is statistically significant in both [P-positions (p<0.001).

Table 8. The comparison of D (FOmaxy; — FOmaxy,) and D (FOmeany; — FOmeany,) (ST) between
Serbian initially-stressed DSWs and TSWs in IP non-final position, produced by 5 native speakers
of Serbian.

Parameter Mean SD Mean SD  Mean p
DSW DSW TSW TSW Diff. t nl=n2 (2-tailed)

D (FOmaxy, — FOmax,,) 137 0831 082 0.626 055 528 100  0.000
D (FOmeany, — FOmean,;) 133 0.845 079 0621 054 5149 100  0.000

Table 9. The comparison of D (FOmaxy,; — FOmaxy,) and D (FOmeany; — FOmeany,) (ST) between Ser-
bian initially-stressed DSWs and TSWs in IP-final position, produced by 5 native speakers of Serbian.

Parameter Mean SD Mean SD  Mean p
DSW DSW TSW TSW Diff. t nl=n2 (2-tailed)

D (FOmaxy, — FOmaxy,) 201 1122 115  0.809 0.86 6.217 100 0.000

D (FOmeany, — FOmeany,) 194 1.141 1.1l 0.815 0.83 5919 100 0.000
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5.3. THE COMPARISON OF ENGLISH AND SERBIAN. The comparison of FO measure-
ments in English and Serbian points to a few important common tendencies.
However, language-specific tendencies regarding FO prominence in English and
Serbian initially-stressed words realized as metrical feet were also observed.

The main similarities between English and Serbian concern the prominence
of FO with respect to IP-position and the number of syllables in a word (foot). The
mean values of the parameters D (FOmaxy,; — FOmaxy,) and D (FOmeany,; —
FOmeany,) in both DSWs and TSWs are higher in [P-final than in IP non-final
position (cf. Table 10 and Table 11). Furthermore, the parameters in question have
higher mean values in DSWs than in TSWs in both [P-positions. The measure-
ments also show that the difference between the means of D (FOmaxy,; — FOmaxy,)
and D (FOmeany, — FOmeany,) is not statistically significant in any realization of
the analyzed words in both English and Serbian.

On the other hand, the main difference between English and Serbian relates
to the degree of FO prominence in all realizations of the analyzed words (feet).
The mean values of the parameters D (FOmaxy; — FOmaxy,) and D (FOmeany;, —
FOmeany,) are higher in English than in Serbian DSWs and TSWs, especially in
IP-final position (cf. Table 10 and Table 11). The difference between the mean
values of the given parameters measured in English and Serbian words is statisti-
cally significant (p<0.001) both IP non-finally (Table 10) and IP-finally (Table 11).

Table 10. The comparison of D (FOmaxy,; — FOmaxy,) and D (FOmeany,; — FOmeany,,) (ST) between
English and Serbian initially-stressed DSWs and TSWs in IP non-final position.

Parameter Mean SD Mean SD  Mean p
English English Serbian Serbian Diff. t nl=n2 (2-tailed)

DSW
D (FOmaxy, — FOmaxy,) 271 1102 137 0831 134 9712 100  0.000
DSW
D (FOmeany, - FOmeany,) 2.55 L1117 133 0845 122 8719 100  0.000
TSW
D (FOmaxy, — FOmaxy,) ~ 2.29 1307 0.82 0.626 147 10.144 100  0.000
TSW
D (FOmeany, — FOmean,,) 215 1315 079 0621 136 9352 100  0.000

Table 11. The comparison of D (FOmaxy,; — FOmaxy,) and D (FOmeany;; — FOmeany,,) (ST) between
English and Serbian initially-stressed DSWs and TSWs in IP-final position.

Parameter Mean SD Mean SD  Mean P
English English Serbian Serbian Diff. t nl=n2 (2-tailed)

DSW
D (FOmaxy, — FOmaxy,) 473 1818 201 1122 272 12733 100  0.000
DSW
D (FOmeany, — FOmeany,) 4.58 1.812 194 1141 264 12329 100  0.000
TSW
D (FOmaxy, — FOmaxy,) 390 1726 115 0.809 275 14427 100  0.000
TSW
D (FOmeany, — FOmeany,) 373 1781 111 0815 262 13378 100  0.000
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6. THE RESULTS OF THE PERCEPTION EXPERIMENT. The results of the perception
experiment indicate that greater FO prominence in the initially-stressed feet (the
initially-stressed DSWs and TSWs with short falling accent) contributes to higher
evaluations of rhythmicity. Thus, M-IPs were evaluated as more rhythmical than
O-IPs (Table 12) and the difference between the mean rhythmicity judgments is
statistically significant (p<0.001).

Table 12. The evaluation of rhythmicity of Serbian original IPs (O-IPs) and modified IPs (M-IPs)
by 30 native speakers of Serbian.

Mean SD Mean SD Mean
O-IPs O-IPs M-IPs M-IPs Diff. t nl=n2 p (2-tailed)
3.07 0.887 3.59 0.844 -0.52 -10.536 600 0.000

Furthermore, the results point to higher rhythmicity judgments of M-IPs with
both uniform (Table 13) and non-uniform feet (Table 14). In both cases, the dif-
ference between the means is statistically significant (p<0.001). However, it can
also be observed that FO prominence has a greater influence on the rhythmicity
evaluations of U-IPs compared to NU-IPs, which indicates that the uniformity of
metrical feet with respect to the number of syllables has an impact on the evalu-
ation of rhythmicity of Serbian IPs (cf. Table 13 and Table 14).

Table 13. The evaluation of rhythmicity of Serbian original uniform IPs (O-U-IPs) and modified
uniform IPs (M-U-IPs) by 30 native speakers of Serbian.

Mean SD Mean SD Mean
O-U-IPs  O-U-IPs M-U-IPs M-U-IPs Diff. t nl=n2 p (2-tailed)
3.26 0.881 3.93 0.733 -0.67 -10.124 300 0.000

Table 14. The evaluation of rhythmicity of Serbian original non-uniform IPs (O-NU-IPs) and
modified non-uniform IPs (M-NU-IPs) by 30 native speakers of Serbian.

Mean SD Mean SD Mean
O-NU-IPs O-NU-IPs M-NU-IPs M-NU-IPs Diff. t nl=n2 p (2-tailed)
2.87 0.849 3.25 0.811 -0.38 -5.652 300 0.000

This observation is confirmed by the comparison of the rhythmicity judg-
ments of U-IPs and NU-IPs with both original (Table 15) and modified FO contour
(Table 16). The mean rhythmicity judgments are higher for both O-1Ps and M-IPs
provided that they contain uniform feet (p<<0.001), although the means are greater
in the latter case (cf. Table 15 and Table 16).

Table 15. The evaluation of rhythmicity of Serbian original uniform IPs (O-U-IPs) and original
non-uniform IPs (O-NU-IPs) by 30 native speakers of Serbian.
Mean SD Mean SD Mean
O-U-IPs  O-U-IPs O-NU-IPs O-NU-IPs Diff. t nl=n2 p (2-tailed)
3.26 0.881 2.87 0.849 0.39 5.565 300 0.000
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Table 16. The evaluation of rhythmicity of Serbian modified uniform IPs (M-U-IPs) and modified
non-uniform IPs (M-NU-IPs) by 30 native speakers of Serbian.

Mean SD Mean SD Mean
M-U-IPs M-U-IPs M-NU-IPs M-NU-IPs Diff. t nl=n2 p (2-tailed)
3.93 0.733 3.25 0.811 0.68 10.773 300 0.000

In order to test whether the uniformity of metrical feet in terms of the num-
ber of syllables is reflected in temporal features, we additionally examined the
duration of unstressed intervals in 10 O-U-IPs and 10 O-NU-IPs used in the
perception experiment. The results showed that the unstressed intervals are longer
in O-NU-IPs than in O-U-IPs, as well as that the difference between them is
statistically significant (t(58)=2.542, p=0.014), which indicates that the duration
of unstressed intervals in metrical feet increases with the number of unstressed
syllables.!*

Therefore, the results of the perception experiment show that the duration of
unstressed intervals is sufficient to differentiate between metrically uniform and
non-uniform O-IPs. The unstressed intervals are shorter in the initially-stressed
disyllabic feet (DSWs) than in the initially-stressed trisyllabic feet (TSWs) and
therefore the O-1Ps which contain uniform feet, i.e., 3 disyllabic feet, are perceived
as more rhythmical than the O-IPs which contain non-unform feet, i.e., 1 trisyl-
labic foot followed by 2 disyllabic feet. However, the results also indicate that the
increase in FO prominence in metrical feet contributes to higher rhythmicity judg-
ments of Serbian IPs, i.e., M-IPs with both uniform and non-uniform feet are
evaluated as more rhythmical than the corresponding O-IPs although the evalu-
ators were instructed to view rhythmicity as a temporally regular beating pattern,
which excludes other components of rhythmic strength.

7. Concrusions. The results of the research verify both pre-specified hypotheses:

Hypothesis 1 (H1): If FO maximum coincides with a stressed syllable, FO
prominence in a foot will be greater in English than in Serbian;

Hypothesis 2 (H2): If FO maximum coincides with a stressed syllable, FO
manipulation in Serbian feet in accordance with English production measurements
will contribute to higher rhythmicity judgments in Serbian.

Regarding H1, the results of the production experiment show that English
initially-stressed feet realized as the initially-stressed DSWs and TSWs with short
vowels exhibit greater FO prominence than the corresponding Serbian feet realized
as the initially-stressed DSWs and TSWs with short falling accent. The measure-
ments point to higher mean values of the parameters D (FOmaxy; — FOmaxy,) and
D (FOmeany; — FOmeany,) in English than in Serbian DSWs and TSWs both [P
non-finally (Figure 1) and IP-finally (Figure 2). The difference in the mean values
between English and Serbian words is especially large in IP-final position (cf.
Figure 1 and Figure 2) as the final information focus in English IPs is marked by
FO prominence, whereas Serbian makes use of preboundary lengthening.

4 In order to eliminate the influence of inherent consonant duration, we measured only the
duration of vowels in unstressed intervals.
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The results of the production task also point to the similarities between
English and Serbian. The first similarity concerns the relation between FO prom-
inence and IP-position as higher mean values of D (FOmaxy, — FOmaxy,) and D
(FOmeany, — FOmeany,) were observed in IP-final realizations of both DSWs and
TSWs. The second similarity refers to the relation between FO prominence and
the number of syllables in a word considering that the mean values of D (FOmaxy,
— FOmaxy,) and D (FOmean,, — FOmeany,) are higher in DSWs than in TSWs in
both IP-positions.

The results of the perception experiment verify H2 as M-IPs with both uniform
and non-uniform feet were evaluated as more rhythmical than the corresponding
O-IPs (Figure 3). Therefore, we conclude that that greater FO prominence in met-
rical feet contributes to higher evaluations of rhythmicity.

Figure 1. The mean values of the parameters D (FOmaxy,; — FOmaxy,) and D (FOmeany; — FOmeany,)
(ST) in English and Serbian DSWs and TSWs in IP non-final position.
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Figure 2. The mean values of the parameters D (FOmaxy, — FOmaxy,) and D (FOmeany, — FOmeany,)
(ST) in English and Serbian DSWs and TSWs in IP-final position.
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However, the results also indicate that the duration of unstressed intervals is
sufficient to differentiate between metrically uniform and metrically non-uniform
IPs. The duration of unstressed intervals increases with the number of unstressed
syllables and therefore both O-IPs and M-IPs containing uniform feet, i.e., the feet
which have the same number of unstressed syllables, are perceived as more rhyth-
mical than the corresponding IPs containing non-unform feet, i.e., the feet which
differ in the number of unstressed syllables. Considering that M-IPs with both
uniform and non-uniform feet are evaluated as more rhythmical than the corre-
sponding O-IPs, we conclude that FO prominence additionally contributes the
perception of rhythmicity in Serbian.

Figure 3. The rhythmicity judgments of Serbian O-IPs and M-IPs by 30 native speakers of Serbian.
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In future research, we are to analyze whether the FO manipulation of voiced
consonants, primarily sonorants, in the onset of the initially-stressed syllables of
Serbian words with short falling accent contributes to the perception of rhythmic-
ity of Serbian IPs. Also, we are to examine how the temporal uniformity of met-
rical feet and the decrease in FO prominence according to the Serbian production
measurements presented in the paper interact in the perception of rthythmicity of
English IPs by English native speakers. Finally, the future research involves ana-
lyzing the role of FO prominence in the perception of rhythmicity of Serbian IPs
which consist of initially-stressed prosodic words with rising accents.
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Bojana JakoBsreBuh

[MPOMHMHEHTHOCT OCHOBHOI' TOHA 11 'OBOPHU PUTAM: UHULTUJAJIHA
EKCIIEPUMEHTHU 3ACHOBAHU HA EHIJIECKOM U CPIICKOM JE3UKY

Pe3uwme

V pany ce uctutyje npuposa Bese n3Mel)y IpOMUHEHTHOCTH OCHOBHOT TOHA U TOBOPHOT PUTMa.
HcTpakuBame je CIpOBEICHO y CHITIECKOM M CPIICKOM je3uKy, Oyayhin 1a ce 1aTh je3uin pa3iiukyjy
y peann3alijy ak[eHTa Ha HUBOY [TP030/1ujcKke peur. McTpaxknBame YnHe ABa eKcrieprumMenTa. Exc-
NepUMEeHTAIHA aHAIH3a POy KI[Hje 3aCHUBAJA Ce Ha MEPErby IPOMHHEHTHOCTU OCHOBHOT TOHA y
SHTJIECKHUM U CPIICKUM JIBOCIIOKHHMM U TPOCJIOKHHM CTOIIaMa, Koje Cy Onie peaan3oBaHe Kao Mpo-
30/IMjCKE PEUH Ca aKIIEHTOM Ha IIPBOM CJIOTY U KOj€ j€ OJTMKOBAJIO CHJIa3HO TOHCKO KpeTame. Y TOM
CMHCITY, MEPEHE Cy pPa3JINKe y MAKCHMAJTHUM U CPEIHBUM BPEIHOCTHMA OCHOBHOT TOHA H3Mehy
BOKAaJIa y HHUIIMjaJIHOM HarJIallIEeHOM CJIOTY U BOKaJa y CJIOry KOjU HEIOCPEHO ciiein. Mepema cy
BpILCHA y TPO30AMjCKUM peuynuMa y He(rHAIHO] U (UHAIHOj TO3ULIUjH MHTOHALUJCKUX (paza Koje
j€ UnTano neT M3BOPHUX TOBOPHMKA EHTIIECKOT, OAHOCHO TTET H3BOPHUX FOBOPHHKA CPIICKOT je3MKa.
Pesynrtaru aHaau3e NpoayKIlHje yKas3aiu cy Ha Behy TpOMHHEHTHOCT OCHOBHOT TOHA Y CHITIECKUM
HETO0 y CPIICKUM MTPO30JMjCKUM pevunMa, OJHOCHO cTomama. [Ipe ekcriepruMeHTa eprLeniyje, OCHOBHI
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TOH CPICKUX HHTOHAIM]CKUX (pa3a MOAU(DHKOBAH je y CKITaay ca pe3yaTaTHMa Mepera y CHITIECKOM
je3HKY, @ 3aTHM Cy HHTOHAIIMjCKe (hpa3e peCUHTETH30BaHe. EKCIEpUMEHT NepLeniuje 3aCHUBao0 ce
Ha MPOLICHH PUTMUYHOCTH CPIICKUX OPUTHHAIHUX ¥ MOAN(GUKOBAaHUX MHTOHALM]CKUX (pa3a, KaKko
yHH(POPMHHX, TAaKO U HeyHU(OPMHHX. YHU(POPMHE HHTOHANUjCcKe (hpase cajpxKaBae Cy TpU ABO-
CIIOXHE TIPO30JIMjCKe peuH (cTore), 10K cy HeyHH(DOpMHEe HHTOHAIH]CKe (pa3e calipikaBalie jeHy
TPOCJIOKHY U JIBE IBOCIIOKHE MTPO30JIUjCKe peuH (cTore). Y oba ciiydaja, IpOo30AHjCKe PEUH j& OJUIH-
KaBao aKLICHAT Ha IIPBOM CJIOT'y U CHJIA3HO TOHCKO KpeTame. PuTMuuHOCT je mporemuBaio 30 uzsop-
HUX FOBOPHHKA CPIICKOT je3uka Ha JInkepToBOj cKaiu o1 5 cTynmbeBa. [leprenTHBHU eKCIIEPUMEHT
M0Ka3ao je aAa Beha MpOMHHEHTHOCT OCHOBHOT TOHA JAOIPUHOCH BUIITMM ITPOIEHAMa PUTMHIHOCTH.
PesynTartu excriepumeHTa Takohe ykasyjy a je Tpajare HeHaIIaIeHNX HHTEpBaJla JOBOJbAH MPe-
YCJIOB 3a HepLeNINjy pa3iauka u3mehy MeTpuduku yHU(POPMHUX U METPUUKU HEYHU(DOPMHUX UHTO-
Hanujckux Qpasa, Te Ja TeMIOpaHe OJUINKe TOBOPA HECIIOPHO TONPUHOCE OaXKarby PUTMHYHOCTH
y CpIICKOM je3uKy. M3 cBera HaBeIeHOT IPOMCTHYE Ja jé TOBOPHH PUTaM H3y3E€THO CIIOXKEH MPOIYK-
THUBHO-NICPLENTUBHYU ()EHOMEH Ha YHje OJINKE y Pa3IMIUTUM je3ULIIMa HE yTHYE CaMO TEMIIOpaiHa
opraHusalyja rosopa, seh 1 YHHHOLY IPO3011jCKE IPOMUHEHTHOCTH, ILITO j€ Y OBOM UCTPA’KUBAIbY
M0Ka3aHO Ha IIPHMEPY OCHOBHOT TOHA.
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