Prosodic prominence in Greek: methodological and theoretical considerations
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Abstract

A popular paradigm for studying prominence is Rapid Prosody
Transcription (RPT), in which linguistically untrained
participants listen to utterances and mark on a transcript words
they perceive as prominent. RPT responses can be sensitive to
the type of instructions used, such as whether participants are
asked to select only the most prominent word or all the words
they deem prominent. Here, we compare results from two RPT
studies with the same Greek materials but using the two above-
mentioned instruction types. Inter-rater agreement scores were
similar across the two studies and yielded comparable overall
results (e.g., words in focus were more likely to be selected in
both). However, the relevance of certain criteria varied
depending on task: in the multi-word task, duration, amplitude,
and FOmax predicted prominence, while in the single-word task
FOmax Was not a predictor. These differences suggest that the
tasks investigated here are not interchangeable, despite
similarities. Most importantly, they can each lead to different
interpretations of what constitutes prominence, suggesting that
researchers need to be cautious when using them.

1. Introduction

A number of studies in recent years have investigated the
properties that make some words stand out compared to others.
These studies have shown that various factors contribute to
prominence assessment: acoustic cues (e.g., FO, duration, and
amplitude), phonological properties (e.g., presence and type of
pitch  accent), semantic-pragmatic  information (e.g.,
information structure), lexical factors (e.g., part of speech,
lexical frequency), and syntactic factors (e.g., canonical vs.
cleft sentences); among others, see [1], [2], [3], [4], [5], and [6].

Despite numerous studies, there is still a lack of agreement
as to which cues contribute to prominence, and what their
relative contribution might be, even when the same or similar
languages are tested. This ultimately affects our understanding
of prominence, a point we return to in 84. For example, some
studies show that changes in FO are strongly related to
prominence [2], [3], while others have reported a weaker
relation between the two [1], [7]. Some of these inconclusive
results may be linked to methods used to study prominence. In
the last decade, many studies have relied on the Rapid Prosody
Transcription paradigm (henceforth RPT, [1], [8]), in which
linguistically untrained participants listen to utterances and
mark on a transcript phrasal boundaries and prominent words.
An increasing number of languages have been investigated
using RPT, including prominence perception by non-native
listeners [9] and listeners unfamiliar with the language of the
stimuli [10]. Despite the popularity of RPT, some studies
suggest that responses are sensitive to the instructions used and
the language tested. For instance, [11] instructed one group of
English-speaking participants to pay attention to acoustic cues,

and another group to focus on meaning. The same instructions
were tested with English, Spanish, and French listeners [4].
Both [4] and [11] report that the instructions steered listener
preferences towards a specific set of cues, though the effect was
smaller in English than French and Spanish [4].

Given the sensitivity of RPT to language and task, we
conducted two RPT studies using different instructions to test
their suitability for Greek. The two versions differed as to the
number of words listeners were asked to select, one word per
utterance (single-word task), as in [5], or as many as they saw
fit (multi-word task), as in [1] and many other studies. These
two versions were chosen for the following reasons. First, in
Greek, all content words carry a pitch accent, unless they
occupy a post-nuclear position [12]. This could potentially
make it difficult for participants to differentiate degrees of
prominence. An additional concern was that in Greek, the same
term zévog ['tonos] is used to denote both orthographic accent
and the phenomena of stress, accent, and prominence. Further,
all polysyllabic words are orthographically accented, but the
orthographic accent does not always correspond to what we
could call prominence; e.g., monosyllabic verbs (e.g., (o [z0]
“I live”, which most likely carry a pitch accent, do not bear
orthographic accent, but disyllabic function words (e.g. omd
[apo] “from™), which are unaccented in running speech, do [12].
Thus, if Greek participants were asked to select [toni'zmenes
‘leksis], which translates to both “prominent words” and
“orthographically accented words”, they could opt for all the
words with orthographic accent. If so, instructions to select only
the most prominent word could be advantageous, as they would
help clarify our intended meaning. Additionally, a comparison
between the two instruction types allowed us to investigate the
extent to which they lead to different conclusions regarding
prominence assessment. To address this point, we tested the two
versions with comparable groups of Greek participants. Their
responses were analyzed as a function of a predefined set of
predictors shown to affect RPT responses across languages, i.e.,
phonological properties related to the presence and type of pitch
accent, and acoustic properties of words, to test for the effect of
instructions. Thus, our aim was not to conduct a traditional RPT
study, in which the responses are analyzed to observe what
makes words prominent, but to test the suitability of the two
tasks in Greek. This, in turn, allowed us to make observations
about RPT and the notion of prominence that go beyond Greek.

2. Method

2.1. Participants

Twenty native speakers of Greek participated in the multi-word
study: 13 F, 5 M, 1 non-binary, 1 preferred not to say; 20-61
age range, x = 31.50, SD = 13.1. Another 17 took part in the
single-word study: 14 F, 2 M, 1 non-binary; 19-59 age range x
=30, SD = 12.81. None of the participants reported any history



of speaking or hearing disorders. Participants were recruited via
personal networks and participated voluntarily. Results from
power analysis conducted on a separate RPT study in Greek
with a similar design suggest that the number of participants is
adequate for the type of analysis we report [13].

2.2. Description and analysis of the stimuli

The same 74 utterances, recorded by a 46 y.o. female native
speaker of Greek were used as stimuli in both studies. They
ranged from 2 to 8 orthographic words (277 in total) and
included different sentence types (see Table 1). Two study
authors listened to the utterances to ensure they were produced
with the intended tune, focus location, and phrasing (one
intonational phrase consisting of one intermediate phrase) [12].
Broad focus statements (16 items) were realized with a H*
nuclear accent on the final word and L*+H accents on all
preceding content words. Narrow focus statements were
realized with a L+H* accent on the focused word and
prenuclear L*+Hs on all preceding content words (final narrow
focus, N = 10; non-final narrow focus, N = 16). All statements
ended in L-L%. Polar questions were realized with a L* accent
on the focused word, L*+Hs on all preceding content words,
and H-L% edge tones (final focus, N = 10; non-final focus, N
= 16). Finally, wh-questions (6 items) had a nuclear L*+H
accent on the sentence-initial wh-word and L-H% edge tones.
For more details on Greek prosodic structure, see [12].

Table 1: Examples and tunes of the stimuli; nuclear
accents and words bearing them are in bold.

Sentence Type Tune N
Broad focus statements (L*+H) H* L-L% 16
['eci 'krio ne'ro sto psi'jio]
“There’s cold water in the fridge.”
Narrow focus statements
[to ya'lazjo 'forema]
“The blue dress.”
Polar questions (L*+H) L* H-L% 26
[sto ‘'mano a'resi to Bima'ris¢o ‘meli]
“Does Manos like thyme honey?”
Wh-questions
['pote na po'tiso ta lu'ludja]
“When should I water the flowers?”

(L*+H) L¥H* L-L% 26

L*+H L-H% 6

We first analyzed the duration, Root Mean Square (RMS)
amplitude, and FOmax of individual words. For polysyllabic
content words, the values were extracted from their stressed
syllable; function words were always monosyllabic. The values,
extracted in Praat [14], were z-scored and used as dependent
variables in linear mixed models in R [15]. The models had the
phonological status of the word (6 levels: unaccented, H*, L*,
L+H*, L*+H, prenuclear L*+H) as fixed factor and the
utterance as random intercept. We note that the results are not
the output of a full production study but only serve to describe
the stimuli; they should be treated with some caution due to the
small sample elicited from one speaker.

Overall, these analyses show that the acoustic properties of
the words varied substantially across phonological categories.
First, accented words were not always more salient acoustically
(viz. louder, longer, or higher pitched) than unaccented ones.
Second, there were differences related to accent type. Accented
words were longer than unaccented words, with the exception
of those with L*+H (Fig. 1A). Additionally, words with L+H*
had the highest RMS of all categories except for words carrying

prenuclear accents (Fig. 1B). Finally, as expected, L* had
significantly lower FOmax than the other categories, while rising
accents (L+H* and L*+H) had the highest FOmax (Fig. 1C).
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Figure 1: z-scored Duration (A), RMS amplitude (B),
and FOmax (C) of stressed syllables in the stimuli.

2.3. Procedure

The two studies were conducted online. Both consisted of 3
practice trials followed by 74 experimental trials, and included
4 prompts for self-paced breaks. Trial randomization was done
by creating three lists containing all the stimuli in different
orders; the lists were randomly assigned to participants. In each
trial, participants listened to an utterance twice while seeing its
Greek transcript on screen; the transcript lacked punctuation,
other than apostrophes in contractions, and capitalization,
except for proper names. During the second repetition, a
checkbox appeared next to each orthographic word. In both
studies, participants were asked to select the word(s) that in
their opinion “stand out from the rest, that is, sound more
important or stressed or as if the speaker has emphasized them”
by checking the box next to that word. The wording of the
instructions was chosen to overcome the terminology issue
discussed in 81 and avoid biasing participants towards focusing
on either acoustic or semantic aspects of the words [cf. 4, 11].
Participants in the multi-word study were instructed to select as
many words as they saw fit, while participants in the single-
word study were told to select only the most prominent one.

2.4. Statistical analysis

Following previous RPT studies ([2], [4]), we calculated Fleiss’
kappa (x) and p-scores. Fleiss’ k (which ranges from 0 to 1,
with 1 representing perfect agreement) was calculated for all
utterances as an overall indication of inter-rater agreement, and



separately by sentence type. P-scores, percentages of
participants who mark a word as prominent, were used for
visualization purposes. We also ran Generalized Linear Mixed
Effect Models (GLMMs) separately for each study. The
dependent variable was the RPT binary response (1 selected; 0
not selected). The independent variables related to phonological
and acoustic properties of the words (see §2.2): (i) metrical
strength (unaccented, prenuclear accent, nuclear accent); (ii)
nuclear accent type (H*, L*, L*+H, L+H*); (iii) duration; (iv)
RMS amplitude; and (v) FOmax. Following [4], we ran five
separate models, one for each independent variable. The
random structure included intercepts for participants and for
word nested within the utterance.

3. Results

3.1. Inter-rater agreement

No substantial differences in inter-rater agreement were
detected between studies: Fleiss’ x was 0.40 (z = 90.1) for the
multi-word task, and 0.38 (z = 58.6) for the single-word task.
These scores indicate fair to moderate agreement as has also
been reported for English RPT [1]. As shown in Table 2,
however, Fleiss’ k varied considerably between tasks with
respect to specific sentence types, such as narrow focus
statements, while variation across sentence types was
somewhat greater within the multi-word task.

Table 2: Fleiss’ kscores with z in parentheses; all x
values are significantly different from zero.

Sentence Type x (multi) k (single)

Broad Focus Statements 0.34 (36.9) 0.31 (23.3)
Narrow Focus Statements  0.46 (59.5) 0.39 (34.5)
Polar questions 0.43 (55.7) 0.42 (38.5)
Wh-questions 0.25 (17.6) 0.30 (14.5)

3.2. Phonological predictors

Fig. 2 shows that the two tasks yielded very similar p-scores
with respect to the phonological predictors, viz. presence and
type of accent. The GLMMs confirmed this impression.

With respect to metrical strength, the models showed that
accented words were more likely to be selected as prominent
than unaccented words, and words with nuclear accents were
selected more often than those with prenuclear accent. This
applied to both tasks and all pairwise comparisons: for the
multi-word task, unaccented vs. prenuclear: 2.13 (.19), z =
11.23; unaccented vs. nuclear: 3.67 (.18), z = 20.04; prenuclear
vs. nuclear: 1.54 (.21), z = 7.24; for the single-word task:
unaccented vs. prenuclear: 2.05 (.27), z = 7.72; unaccented vs.
nuclear: 3.25 (.25), z = 12.85; prenuclear vs. nuclear: 1.21
(.23), 2=5.19; p <.0001 in all cases.

The models testing the type of nuclear pitch accent revealed
no significant differences among words accented with L*,
L+H*, and L*+H. Only those carrying H* were significantly
less likely to be selected as prominent relative to those with
other accents, and this applied to both tasks.

3.3. Acoustic predictors

The models showed a positive correlation between stressed
syllable duration and the likelihood of a word being selected as
prominent. This applied to both studies, though the estimate
value was larger for the multi-word task (0.95 (0.11), z = 8.15)
than the single-word task (0.65 (0.14), z = 4.53; p < .0001 for

both. Similarly, the higher its RMS amplitude, the more likely
a word was to be selected, but with greater magnitude for the
multi-word task (multi-word: 0.96 (0.12), z = 7.93; single-
word: 0.66 (0.15), z = 4.46); p < .0001 for both. FOmax was
significant only in the multi-word task (0.38 (0.13), z =3.02, p
<.01; single-word task (0.10 (0.15), z = 0.65, p > .05).
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Figure 2. Distribution of p-scores as a function of
phonological predictors (presence and type of pitch accent)
for the multi-word task (top) and single-word task (bottom).

4. Discussion and conclusions

We conducted two RPT studies in Greek using two types of
instruction, one asking participants to mark as prominent as
many words as they saw fit (multi-word task), the other asking
them to select only the word they considered the most
prominent (single-word task). Overall, the two tasks did not
yield substantially different outcomes. This is reflected in their
Fleiss’ « scores, which indicate comparable overall inter-rater
agreement. Essentially, the words selected by participants in the
single-word task were to a large extent a sub-group of the words
selected by participants in the multi-word task. With respect to
cues used, in both studies, responses were largely affected by
metrical strength, i.e., whether the word was accented or not,
and whether the accent was nuclear or prenuclear. In contrast,
accent type was a weaker predictor, as all nuclear accents,
except H*, were equally likely to be selected as prominent.
Overall, our results provide evidence that both tasks are viable
in Greek and confirm the suitability of the single-word task for
RPT, also shown in [5] with English and Samoan participants.

Further, our findings have repercussions for our
understanding of prominence in Greek, the nature of RPT and
of prominence more generally. We address each in turn.

The similarities between the two studies help us understand
how Greek listeners interpreted prominence regardless of
potential task differences. As noted, metrical structure was a
strong predictor of prominence assessment. This result differs
from findings of previous studies on English and German,
which have shown that the relative prominence of different
accents depends on their FO properties: falling and low accents
are typically rated less prominent than high accents, and high
accents are rated less prominent than rising accents [4], [6],
[16], [17]. Our results do not support these earlier findings: in
Greek, L*s were as likely as L*+Hs and L+H*s to be selected
as prominent when all were found in nuclear position. This
suggests that our Greek listeners perceived as prominent the



words in strong metrical positions regardless of their acoustic
properties (see also [5] and [18]). The only exception was H*:
H*-accented words were less likely to be selected as prominent
relative to all other accents, both nuclear and prenuclear. A
plausible reason that in Greek, L* and L+H* narrow the focus
domain to one word, which therefore stands out metrically
relative to others. In contrast, H* marks the last word in “broad
focus” statements, as in other languages, such as English. Thus,
our results for H* provide evidence in support of [19] who
argue that broad focus sentences do not have focus. In short,
words bearing H*s in Greek did not stand out relative to other
words because they marked the last item in broad focus
declaratives. This result points to the fact that listeners do not
always consider as prominent words that are acoustically
salient: as shown in §2.2, the stressed syllables of H*-accented
words were not acoustically less salient than those of words
bearing other accents (see Fig. 1). Rather, our participants
decided based not on acoustic salience but higher order criteria,
both phonological and pragmatic (cf. [5], [6], [15], [20]).

Further, the relative importance of the criteria used by our
participants differed by task. As mentioned, the relation
between responses and phonological predictors was similar
across tasks. These similarities indicate that the connection
between phonological cues and prominence is strong and
unlikely to shift as a function of task. On the other hand, the
relationship between prominence and acoustic predictors
showed notable cross-task effects. This was most evident with
respect to FOmax, Which was a significant predictor only in the
multi-word task. Perhaps this outcome is not surprising: since
nuclear accents were those predominantly selected as
prominent in the single-word task and they included L*, FOmax
was an unlikely predictor [cf. 18]. However, the same applies,
to an extent, to duration and amplitude for which no such
explanation is possible: though both duration and amplitude
correlated positively with the probability of word selection, the
magnitude of the effect was larger in the multi-word task. One
interpretation of these differences is that in the multi-word task,
our participants paid more attention to acoustic salience, while
in the one-word task, they focused on metrical structure.

These findings have repercussions for how we interpret
RPT results. As mentioned, while both the multi- and single-
word task proved viable, our participants used the acoustic
predictors more in the former than the latter. This suggests that
caution is needed when raw acoustic values are treated as
prominence transducers, because the conclusions we reach
about them are task-related. Specifically, we argue that
differences like the FO effect in our two tasks are directly related
to task demands: a higher number of predictors is likely to be
statistically significant when participants are asked to select
more words; this is because allowing them to select more words
implicitly allows them to rely on more criteria. In turn, this runs
the risk of one study claiming FO to be a predictor of
prominence in a given language, [2], [3], while another argues
for the opposite, [1], [7].

At a minimum, the task differences we report suggest that
while both tasks are useful for investigating prominence, they
cannot be used interchangeably: one or the other should be
selected depending on the specific research question addressed
by the study. One could argue that the multi-word task yields a
finer-grained picture, by allowing researchers to capture the
effect of predictors that make modest contributions to
prominence. The role of these predictors may be minimized or
even eliminated in the single-word task. Thus, the multi-word
task is more suitable for studies with a broad scope, such as the

investigation of all potential cues to prominence in order to
determine their relative importance at the group or individual
level; [2], [6]. The single-word task may be useful for
preliminary investigations of prominence and for obtaining a
general understanding of the link between prominence
perception and linguistic factors. It may also be a better choice
for testing a specific hypothesis, such as whether L* is
considered less prominent than H* by the speakers of a given
language. The single-word task, however, may require greater
control of the stimuli: it may not be suitable for long utterances
or utterances with more than one intonational phrase, as such
stimuli could be particularly challenging for lay participants
when they have to choose only one prominent word.

At any rate, while RPT is a viable paradigm yielding
replicable results (see, for example, [15] and [6]), multiple
studies, including the present one, indicate that its output is
sensitive to the types of instructions used and the language(s)
under investigation. This has clear repercussions for the way we
relate the results—e.g., the significance of predictors—to the
notion of prominence. If we ascribe to a purely psychophysical
view of prominence that can be investigated post hoc by asking
participants to mark prominent words and then examining their
characteristics, we may reach different conclusions about
prominence in a given language, depending on the instructions
used or, potentially, other aspects of the study’s set up. This
may not be much of an issue in the Germanic languages that
have been mostly tested with RPT, as in these languages, the
concept of phrasal stress is relatively clear to study participants,
while acoustic salience and metrical strength largely go hand in
hand, as argued in [18]. In other languages, however, this may
not apply. This is one way to interpret the fact that instructions
influence performance more in languages like French, in which
Germanic-style prominence does not apply [4], or the greater
variability evinced in the responses of Samoan speakers in [5].
Our Greek results, which show that accentuation trumps pitch
height, add to this trend. Thus, caution should be applied when
using RPT to determine what prominence is in a given
language, and what we understand as prominence more
generally. We note that the answer to this last question cannot
simply be that prominence is expressed in different ways across
languages, as this line of argumentation leads to an
understanding of prominence that cannot generate constrained
predictions and is essentially unfalsifiable. Instead, we side
with [18] in asserting the preponderance of metrical strength, as
evinced by our results.

To conclude, our studies showed that RPT is a robust
paradigm suitable for investigating prominence in Greek
despite our initial concern about the lack of distinct terms for
orthographic accent, accent, and stress. Nevertheless, our
findings also indicate that task instructions can affect responses,
by drawing participants’ attention to different dimensions of the
signal. This suggests that researchers need to be cautious when
selecting RPT and when interpreting the results, especially
when investigating new languages.
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