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Abstract

Prosodic structures are one of the most challenging features for second or foreign language
(L2) speakers to learn. Since prosody is also crucial for speech intelligibility and fluency,
the ability to quantify language learners’ proficiency in terms of prosody can be of use not
only to language teaching but also to the developers of language testing and assessment
methods or tools. This doctoral dissertation explores non-native prosody with new
multidisciplinary methods and cross-lingual research data. The focus is on investigating
the relations between the assessment of prosodic proficiency and fluency-related temporal
features as well as syllable-level prominence realizations.

This dissertation presents three original publications (Studies I-III). In these studies,
the relations of the selected prosodic features to human assessments are investigated
from Finland Swedish as an L2 (produced by Finnish speaking students) and from L2
English produced by Czech, Slovak, Hungarian, and Polish speakers. Objective temporal
fluency features are measured based on previous research on L2 speech fluency. In
addition, a state-of-the-art method based on continuous wavelet transform (CWT) is
used for estimating syllable prominence. All analyzed speech data were assessed using
the Common European Framework of Reference (CEFR) scale for prosodic proficiency.

The results of Study I and III indicate that articulation rate and certain types of disfluencies
in speech can reliably predict the perceived prosodic proficiency level regardless of the
language context. However, results from Study I reveal that assessors seem to weigh
temporal features differently depending on the speech type (read vs. spontaneous) as well
as their individual foci.

Study II provides promising results on the use of CWT-based prominence estimation
in predicting L2 proficiency. Correlations of prominence estimates for L2 utterances
with estimates for native speakers’ corresponding productions were used as a predictive
measure, and the the level of agreement conceptualized this way correlated significantly
with the human assessments of prosodic proficiency.

In Study III, manually annotated temporal fluency measures were compared to CWT-based
prominence estimates as predictors of prosodic proficiency. Temporal measures served
as more reliable predictors of prosodic proficiency, but prominence measures provided a
significant improvement to the prediction of prosodic proficiency. The predictive power of
the individual measures varied both quantitatively and qualitatively with respect to the
speaker’s first language (L1).

In conclusion, this dissertation supports the earlier observations on the role of temporal
fluency measures, especially articulation rate, in estimating L2 speaker’s oral proficiency.
The CWT method, in turn, revealed differences in the productions of L2 prominence with
regard to speaker’s L1 and thus provided complementary information for the prediction
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ii Abstract

of prosodic proficiency. The acoustic features underlying L2 stress production should
therefore be further studied with respect to speaker’s L1. Furthermore, the speech type as
well as speaker’s L1 should be acknowledged in developing robust and reliable automatic
spoken language learning and assessment tools.



Tiivistelmä

Tämä väitöskirja koostuu tutkimuksista, joissa selvitetään suullisen kielitaidon arvioinnin
taustalla vaikuttavia puheen prosodisia piirteitä. Aiemmissa tutkimuksissa on havaittu,
että prosodia – puheen intonaatio, painotus ja rytmi – on kielenoppijoille yksi haas-
tavimmista kielitaidon osa-alueista. Samalla prosodian hallinnan on todettu olevan hyvin
olennaista puheen ymmärrettävyydelle ja sujuvuudelle. Prosodisten piirteiden tutkimi-
nen kielenoppijoiden puheesta auttaa kehittämään paitsi suullisen kielitaidon opetusta
myös automaattisia arviointimenetelmiä. Väitöskirja tuo uutta tietoa kielenoppijoiden
prosodiasta monikielisen aineiston avulla sekä esittelee uuden, aallokemuunnoksiin poh-
jautuvan puheen analyysimenetelmän, jota ei ole aiemmin käytetty kielenoppijan puheen
tutkimisessa.

Kolmessa osatutkimuksessa kielenoppijoiden puheesta analysoidaan sujuvuuteen liitettyjä
temporaalisia piirteitä, kuten artikulaationopeutta ja tauotusta. Lisäksi analysoidaan sana-
ja lausepainojen toteutumista aallokemuunnoksiin pohjautuvalla työkalulla. Akustisten
parametrien yhteyksiä ihmisten tekemiin arvioihin tutkitaan logististen regressiomallien
avulla kahdesta erikielisestä aineistosta: suomenkielisten puhumasta ruotsista (Tutkimuk-
set I ja II) sekä tsekin-, slovakian-, puolan- ja unkarinkielisten puhumasta englannista
(Tutkimus III).

Tutkimusten I ja III tulokset vahvistavat temporaalisten sujuvuuspiirteiden kieliriippuma-
tonta merkitystä suullisen kielitaidon objektiivisessa mittaamisessa. Lisäksi Tutkimus I
osoittaa, että eri piirteiden merkitys riippuu sekä arvioijien yksilöllisistä mieltymyksistä
että siitä, onko arvioitava puhe luettua vai spontaania. Tutkimus II puolestaan osoittaa,
että aallokemuunnosten avulla mitattujen sana- ja lausepainojen toteutumilla voidaan
ennustaa kielenoppijoiden prosodista taitotasoa.

Tutkimuksessa III vertailtiin temporaalisten sujuvuuspiirteiden ja aallokemuunnoksella
mitattujen sana- ja lausepainojen voimaa prosodisen taitotason ennustajina erikielisillä
englanninoppijoilla. Tulokset osoittavat, että temporaaliset sujuvuuspiirteet ovat mitat-
tuja sana- ja lausepainoja luotettavampia ennustamaan ihmisten antamia arvioita, mutta
sana- ja lausepainojen huomioiminen parantaa tilastollisen mallin selitysvoimaa. Lisäksi
tulokset osoittavat, että oppijan äidinkieli todennäköisesti vaikuttaa siihen, mitä keinoja
kielenoppija käyttää sana- ja lausepainojen tuottamiseen.

Tutkimustulosten perusteella artikulaationopeus on tärkein yksittäinen piirre kielenoppijan
prosodisen taitotason arvioinnissa, ja tätä piirrettä voidaan käyttää myös suullisen
kielitaidon automaattisessa arvioinnissa puhetyypistä ja kielikontekstista riippumatta.
Sen sijaan tauotuksessa näyttää olevan erilaiset standardit luetussa ja spontaanissa
puheessa. Lisäksi äidinkielen vaikutusta vieraan kielen painotusten tuottamiseen tulee
tutkia entistä kattavammin, jotta tätä piirrettä voidaan luotettavasti käyttää kehittämään
suullisen kielitaidon automaattista arviointia.
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1 Introduction

In recent years, the teaching and assessment of second or foreign language (L2) speaking
skills have gained more and more attention in Finland. An example of the current
orientation is the Ministry of Education and Culture’s goal to include spoken language skills
as part of the Matriculation Examination, nationwide exams at the end of upper secondary
education (The Ministry of Education and Culture in Finland, 2017). Furthermore, on
account of the growing interest in spoken language skills, several research projects have
been initiated in Finland, such as the DigiTala project1, Broken Finnish2, and FDF23.
Focusing on different aspects of L2 speech, all these projects include a speech analysis
component. However, the phonetic perspective in L2 speech research has remained
marginal, especially when it comes to studying the assessment of spoken language
proficiency. Since many language curricula base their objectives of learning outcomes
on certain proficiency level descriptions, up-to-date research on L2 speech proficiency
is clearly called for. This doctoral dissertation begins to fill the gap in L2 assessment
research in Finland by providing insights into L2 speech proficiency in under-examined
language contexts from an acoustic-phonetic perspective.

The topic of this dissertation falls under the umbrella term pronunciation, but the focus is
on quantifying specific prosodic features of L2 pronunciation – namely, temporal features
related to speech fluency and acoustic realizations of syllable prominence. While these
features are not new to phonetic L2 research, their relations to prosodic proficiency
assessments are studied infrequently.

The studies presented in this dissertation belong primarily to the field of quantitative
phonetics, but the impetus has been the trend of developing automated assessment
for L2 speaking. The work started as part of the DigiTala project that studies and
develops automatized tools to assist the large-scale assessment of L2 speaking skills.
Although automatic assessment for L2 speech is already present, the systems are closed
and dominated by the English speaking world (Educational Testing Service, 2014; Pearson,
2017). Moreover, the dominant systems often use massive sets of data, which enables

1https://www2.helsinki.fi/en/projects/digital-support-for-learning-and-assessing-second-language-
speaking

2https://www.jyu.fi/hytk/fi/laitokset/solki/broken-finnish/in-english
3https://sites.utu.fi/flowlang/projects/fdf2/
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2 Chapter 1. Introduction

statistical extraction of relevant features using machine learning – a so-called "black box"
approach. This means, however, that even the test developers cannot be sure of the precise
combination of the acoustic features that best predicts the human ratings. Nevertheless,
it is important for the users of the automatic systems to know how they work – that is,
what is being measured in speech and how the final grade is being formed. Revealing the
features underlying the L2 oral proficiency would also benefit language learners as well
as test and teaching material developers working in language contexts where the use of
massive data sets is not yet realistic. The black box can essentially be transformed into a
glass box with acoustic analysis focusing on the global or language-specific features that
affect the perception of oral language proficiency. With less studied language contexts,
this dissertation brings new information on the assessment of L2 speech that is potentially
useful in developing automatic rating systems as well as language teaching and learning
methods.

The first two studies in this dissertation focus on the quantitative analysis of L2 Finland
Swedish spoken by Finnish upper secondary school students, a language context that has
received little attention from the acoustic-phonetic perspective. The third study, in turn,
belongs to the research continuum of English as a foreign language, but with an uncommon
set of learner L1’s: Czech, Slovak, Hungarian, and Polish. The unusual selection of data
in this dissertation stems from collaboration with two different research consortia, but
also from the motivation to expand the scope of L2 speech research to under-examined
languages. Using these two data sets with different language contexts, the relation of
temporal fluency features to prosodic proficiency is studied in parallel with syllable
prominence. A new method for measuring syllable prominence is applied in the analysis
of both speech materials, providing new information about L2 prominence realizations,
which are overlooked in L2 assessment research as well as automatic assessment systems.

The following sections discuss the role of prosody as an aspect of L2 proficiency (1.1)
with specific focus on speech fluency in L2 assessment (1.1.1) and measures of fluency
(1.1.2) as well as prominence (1.1.3). Section 1.2 presents the relevant features of the
languages involved in the present studies, with focus on the production of stress and the
possible L1 effect on L2 speech.

Chapter 2 introduces the aims of the studies in this dissertation. Chapter 3 gives
a description of data and methods used in the studies, and Chapter 4 proceeds to
summarize the main results of the studies. The results are discussed in Chapter 5, along
with limitations and strengths, contributions to relevant research fields, and implications
to spoken L2 assessment, followed by concluding remarks of the whole work.
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1.1 Prosody as an aspect of spoken L2 proficiency

The term prosody generally refers to the temporal, tonal, and dynamic features in speech.
The variation in these acoustic features - measured as duration, fundamental frequency
(f0), and intensity - lead, for example, to the perception of speech rhythm and intonation.
Prosodic features are suprasegmental: they operate on syllables and larger units of speech.

Prosodic features are crucial for speech perception because they provide the structure that
links individual sounds together and convey linguistic as well as paralinguistic meanings.
It is thus prosody that makes speech comprehensible: using prosody inappropriately
would be like ignoring spaces, punctuation, and capitalization when writing text or placing
them arbitrarily between the letters. The prosodic systems of languages, however, differ
substantially (Hirst and Di Cristo, 1998), which can lead the prosodic patterns of the
learner’s L1 to hamper their acquisition of L2 prosody.

The well-known language learning theories have focused on the segmental aspects of
pronunciation (Best et al., 1994; Flege, 1995; Kuhl, 1993), but prosody has received
increased attention among L2 researchers in the past decade (Isaacs, 2018). The correct
use of prosodic features have been found very important in achieving intelligibility,
comprehensibility, and fluency in L2 (Anderson-Hsieh et al., 1992; Kang, 2012; Munro
and Derwing, 1999; Pinget et al., 2014). Despite its recognized importance, the role of
prosody - along with pronunciation in general - has been both underrepresented and
problematic in popular guides and language standards, such as the Common European
Framework of Reference (CEFR) (North, 2007), as well as in high-stakes, large-scale L2
speaking tests (ACTFL, 2012; British Council, 2019). In the ACTFL proficiency guidelines,
pronunciation is merely mentioned as an aspect that “may be strongly influenced by the
first language”, and fluency is referred to as “flow” or “ease” of speech (ACTFL, 2012).
Speakers at the “Advanced High” level, are expected to use “precise intonation to express
meaning”, but other references to prosody are absent. The IELTS (International English
Language Testing System) speaking band descriptors, in turn, has separate sections for
fluency and pronunciation (British Council, 2019). While the fluency descriptors seem
to follow the discoveries of research literature, the ones for pronunciation manage to be
so general that any specific features related to the production of phonemes or prosody
remain unclear. In its latest version, the CEFR has updated descriptions for phonological
control with specific criteria for sound articulation as well as prosodic features (Council
of Europe, 2018). These descriptors provide a slightly more comprehensive view on L2
prosody compared to the previous ones, mentioning the speaker’s ability to control stress,
rhythm, and intonation in the target language. This six-level proficiency scale is also
used in the current studies for assessing prosodic proficiency.

Despite its neglected role in testing and assessment, L2 prosody is widely studied from
the perspectives of foreign accent and/or fluency (Bosker et al., 2013; Cucchiarini et al.,



4 Chapter 1. Introduction

2002; Derwing et al., 2004; Kaglik and de Mareüil, 2010). Since fluency is also a widely
used term when conceptualizing and assessing second or foreign language proficiency, it
serves as a starting point for the current studies.

The other phenomenon chosen for the current studies is syllable prominence as realizations
of word and sentence stress. While fluency is often related to features that realize globally
in speech, prominence is a phenomenon that occurs locally in syllables. The two selected
aspects of L2 prosody thus operate on different levels of prosodic hierarchy. However, it
has been noted that prosodic errors tend to accumulate in L2 speech so that disfluencies
affect stress production (Rasier and Hiligsmann, 2007). This means, for example, that
unintentional pausing and hesitation can cause the L2 speaker to stress wrong words
or syllables. The direction of this effect, however, can also be reversed: difficulties in
achieving temporal fluency in L2 speech might be based on incorrect production of word
or sentence stress. Thus, introducing the evaluation of syllable prominence measures to
complement the more traditionally used temporal fluency features of L2 speech can help
improve assessment methods and define the concept of language proficiency in terms of
prosody.

The following sections define speech fluency in relation to oral L2 proficiency (1.1.1) and
review the literature on measuring fluency in L2 speech (1.1.2). Section 1.1.3 defines
syllable prominence and reviews previous studies on L2 stress production.

1.1.1 Speech fluency and oral L2 proficiency

Fluency is one of the most commonly used dimensions of L2 proficiency and it is part of
many assessment criteria of L2 speaking skills, including CEFR (Council of Europe, 2018),
Pearson (Pearson, 2017), IELTS (British Council, 2019), and TOEFL iBT (Educational
Testing Service, 2014), for example. Fluency is also very likely the primary measure that
ordinary interlocutors assess in everyday interaction. There are, however, several ways to
approach fluency (Chambers, 1997; Huhta et al., 2019; Lennon, 2000). Lennon (2000), for
example, presents two types of fluency definitions: a broad one and a narrow one. The
broad sense corresponds to a higher-order, general proficiency, and fluency is commonly
used in this way in everyday life (for example, when describing someone as “fluent in
English”). The narrower definition of fluency, in turn, refers to spoken performance and
more precisely to the temporal properties and “smoothness” of the speech. The distinction
of the narrow and wide fluency, however, is not always clear in many assessment criteria,
where temporal properties of speech can be accompanied with other requirements such
as naturalness and spontaneity (Council of Europe, 2018), coherence (British Council,
2019), or pronunciation (Educational Testing Service, 2014; Pearson, 2017).

This dissertation approaches fluency from the narrow perspective, which could also
be referred to as utterance fluency, as defined by Segalowitz (2010). In the current
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studies, temporal fluency features are measured and investigated as indicators of prosodic
proficiency in an L2.

Despite the varying perspectives on fluency, research indicates that utterance fluency is an
important aspect in assessing L2 speaking proficiency. Iwashita et al. (2008), for example,
compared the relative contribution of fluency, linguistic skills, and phonological skills on
overall TOEFL iBT ratings and found that fluency and vocabulary affected the overall
ratings the most. Duijm et al. (2018), in turn, compared untrained and professional raters’
assessments of L2 Dutch, which was manipulated for fluency and/or accuracy. Their
findings showed that non-professional raters gave more points when speech fluency was
improved, while the professional raters seemed to value accuracy over fluency. However,
the improvement of either fluency or accuracy led to higher ratings in both assessor
groups.

The following section presents and reviews temporal fluency measures used in previous
research and automatic assessment of L2 fluency and/or proficiency.

1.1.2 Measuring L2 speech fluency

Speech fluency can be measured using several temporal features, some of which can be seen
as promoting and some as impairing fluency. Tavakoli and Skehan (2005) distinguished
three components related to speech (or utterance) fluency: (1) speed fluency, referring
to the speed at which speech is delivered; (2) breakdown fluency, referring to pausing
phenomena, and (3) repair fluency, referring to false starts, corrections, and repetitions.
These three dimensions have guided many researchers who have analyzed fluency of L2
speech, and measures of speed and breakdown fluency in particular have been found to
correlate with fluency assessments (Bosker et al., 2013; Cucchiarini et al., 2002; Derwing
et al., 2004; Kormos and Dénes, 2004; Lennon, 1990; Préfontaine et al., 2016) as well as
oral proficiency (Iwashita et al., 2008; Kang and Johnson, 2018).

Speed fluency is generally measured as speech rate, articulation rate, or mean length of
syllables. Speech and articulation rate are commonly computed following Riggenbach’s
(1991) methods: speech rate as the number of syllables per second, including pauses in an
utterance, and articulation rate as the number of syllables per second without pause time.
Speech samples are generally pruned by excluding syllables, which could be counted as
features of repetition or hesitation (Derwing et al., 2004; Iwashita et al., 2008). Speech
and articulation rate can also be measured as the number of phonemes instead of syllables,
as in Cucchiarini et al. (2002). Bosker et al. (2013), in turn, measured speed with mean
length of syllables, which they calculated as the remainder of spoken time/number of
syllables. Their speed measure is thus an equivalent of articulation rate.

All the above studies found speed measures to be amongst the best indicators of fluency
and/or oral proficiency. The current study uses articulation rate as the primary measure
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of speed fluency.

Breakdown fluency is generally measured as the frequency, length, and/or relative amount
of silent and filled pauses in an utterance. A combination of speed and breakdown
measures has also been used to predict fluency ratings: Derwing et al. (2004) and Kormos
and Dénes (2004) computed mean length of run, defined as the average number of syllables
between silent pauses. Pause frequency, however, is proven to be a good indicator of
fluency – or disfluency, as L2 speakers tend to pause more frequently than native speakers
(Tavakoli, 2011; Toivola et al., 2009). Kormos and Dénes (2004) also found pause frequency
to be an adequate indicator of L2 proficiency: less advanced speakers tend to pause more
often than speakers at higher proficiency levels. Iwashita et al. (2008) showed a clear
relationship with proficiency level and number of silent pauses as well as total pause time.
Riazantseva (2001), in turn, concluded that even highly proficient L2 speakers pause
more frequently in their L2 than in their L1. The role of filled pauses, often realized as
hesitations or fillers such as “um” or “hm”, is less clear as an indicator of L2 fluency or
proficiency than the one of silent pauses (Cucchiarini et al., 2002; Iwashita et al., 2008;
Kormos and Dénes, 2004).

Although the measures of speed and breakdown fluency in particular have been found
to correlate with fluency assessments, the diversity of the conceptualizations and opera-
tionalizations of fluency and its measures makes the previous studies difficult to compare.
There are, for example, some inconsistencies in defining pauses: depending on the study
and speech material, the pause threshold ranges generally from 200 ms (Cucchiarini et al.,
2002) to as high as one second (Iwashita et al., 2008), but it can also vary within a study
(Kormos and Dénes, 2004), which can result in characterizing similar data with different
parameter values. Some acoustic measures, in turn, are confounds: for example, both
speech rate and mean duration of pause depend on the duration of pauses in the speech
signal and are therefore interrelated, which can affect the interpretation of the results.

Repair fluency generally refers to partial or full repetition of words, syllables, or entire
phrases; false starts; and reformulations (self-correcting grammatical or structural mis-
takes). Much like with filled pauses, the relationship between repairs and proficiency or
fluency ratings remains inconsistent in existing research: for example, Bosker et al. (2013)
and Pinget et al. (2014) found the number of repetitions and the number of corrections
per second of spoken time correlating with fluency ratings, but not as strongly as the
speed and pause measures. Cucchiarini et al. (2002), Kormos and Dénes (2004), and
Iwashita et al. (2008), in turn, found no significant relationship between repair measures
and fluency or proficiency ratings.

It is worth noticing that disfluencies can occur differently depending on the speech
material: for example, Cucchiarini et al. (2000, 2010) found filled pauses to occur much
more often in spontaneous L2 speech than in read L2 speech, while silent pauses and
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restarts (repetitions of initial parts of words) were more frequent in read L2 speech.
Moreover, the use of pauses and hesitations can be a language-specific phenomenon; for
example, Campione and Véronis (2002) noted that Italians generally make shorter pauses
than French, English, and German speakers, whereas Spanish speakers tend to pause
longer than the other language groups. In French conversational speech filled pauses
seem to be frequent, while silent pauses are used parsimoniously and spared for syntactic
structuring (Duez, 1982). Finnish speakers, in turn, tend to use even longer silent pauses
(while reading) than non-native speakers of Finnish (Toivola et al., 2009). These findings
encourage further research to take into account the possible effects the chosen speech
material has on the occurrence of fluency features.

1.1.3 Measuring syllable prominence in L2 speech

In stress languages, one syllable in a word is usually pronounced with more prominence to
make it stand out acoustically and perceptually: such syllable is considered phonologically
stressed. While the alternation of stressed and unstressed syllables form the perceivable
rhythm in speech, languages differ in both the positioning and acoustic realization of stress
(Ladefoged and Johnson, 2014). Language learners thus often struggle with the appropriate
production of language-specific stress patterns, which can affect the intelligibility and
fluency of L2 speech (Field, 2005; Hahn, 2004; Kormos and Dénes, 2004; Munro, 1995;
Trofimovich and Baker, 2006; Wennerstrom, 2000).

Acoustically, a stress-bearing syllable is typically characterized by an increase in f0,
duration, and intensity (Cruttenden, 1997; Lehiste, 1969; Lieberman, 1967; Vainio and
Järvikivi, 2006). Since these parallel signal characteristics combine in a complex manner,
prominence can be difficult to quantify. Perhaps due to this complexity, previous studies
on L2 prominence production have focused mainly on the placement of word stress or
the frequency of stressed syllables (Altmann, 2006; Guion, 2005; Kang and Johnson,
2018; Kijak, 2009; Kormos and Dénes, 2004; Wennerstrom, 2000; Zechner et al., 2009),
neglecting the role of language-specific acoustic features in stress production.

Research indicate that L2 learners tend to produce stressed syllables either too seldom
(Kormos and Dénes, 2004) or too frequently (Wennerstrom, 2000). The difficulties are often
attributable to the interference from the speakers’ L1, which affects both the perception
and production of L2 stress (Altmann, 2006; Altmann and Kabak, 2011; Archibald, 1993).
The evidence of L1 stress transfer, however, is mainly based on theoretical knowledge
about the properties of the native language versus target language (Archibald, 1993;
Bakti and Bóna, 2014), although some acoustic analysis of L2 stress productions is also
available (Bilá and Zimmermann, 1999; Weingartová et al., 2014).

Automatic stress detection systems developed for L2 learning or assessment purposes
usually use binary or ternary classification of stress (stressed/unstressed or primary
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stress/secondary stress/unstressed) based on syllable-level f0, duration, and intensity as
well as complementary features such as RMS (root mean square) energy range and f0 slope,
spectral tilt, or relative sonority levels (Ferrer et al., 2015; Li et al., 2018; Tepperman and
Narayanan, 2005; Yarra et al., 2017). Moreover, they focus on identifying word stress
and are thus suitable for evaluating the placement and frequency of stressed syllables,
but differences in the use of acoustic features for stress realizations remain ignored. In
the present studies, syllable prominence is estimated using a recent methodology based
on continuous wavelet transform (CWT) of prosodic features. The method estimates
syllable prominence using f0, duration, and intensity as separate and combined prosodic
signals and it has been shown to provide strong correlations with perceptual prominence
(Eriksson et al., 2018; Suni et al., 2017). Compared to previous methods used in detecting
syllable stress, the CWT method produces relative prominence values for all syllables
in an utterance instead of categorizing syllables as either stressed or unstressed. This
allows taking into account both word- and phrase-level production of prominence and
comparing the acoustic stress realizations between speakers in more detail.

The differences between the speaker’s L1 and the target language may affect the use of f0,
duration, and intensity in producing prominence, and these differences should be taken
into account when syllable prominence is used as a measure of L2 proficiency. Therefore,
the next section outlines the relevant similarities and differences in the prosodic features
of the languages involved in the present studies.

1.2 Relevant features of the languages involved in the current
studies

The L1 of a language learner can affect their speech production in an L2 in many ways,
but the focus here is on the language-specific prosodic features, which are related to the
production of word or sentence stress in the respective languages. We have already seen
that languages differ with respect to both positioning and acoustic realizations of stress.
Both aspects of stress are considered in this section, first with the languages involved in
Studies I and II (Finland Swedish and Finnish), and then with the languages involved in
Study III (English, Czech, Slovak, Hungarian, and Polish).

1.2.1 Finland Swedish and Finnish

Studies I and II investigate Finland Swedish spoken by Finnish upper secondary school
students. Finland Swedish (hereafter referred to as FS) belongs to the East Scandinavian
branch of North Germanic languages. FS is a variety of Swedish spoken in Finland and it
is one of the two official languages in the country.

Compared to Central Standard Swedish (CSS), FS has its own characteristics in phonology,
morphology, and syntax, as well as in lexicon and pragmatics (Norrby et al., 2012).
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However, the most relevant differences between CSS and FS here concern their prosodic
properties. The prosody of Finland Swedish is said to be affected by the majority language,
Finnish, and it differs from CSS with regard to both word and sentence stress (Aho,
2010; Hirst and Di Cristo, 1998; Tevajärvi, 1982; Vihanta et al., 1990). Perhaps the most
salient difference considers the lexical pitch accents acute and grave that are characteristic
for CSS but absent in FS (Ivars, 2015). With this word accent opposition, some words
in CSS can have two f0 peaks, distinguishing them from their one-peaked homophones
(Bruce et al., 1978). The lexical pitch accent can affect the realization of syllable stress
in CSS so that the f0 peak is delayed or spread to the following syllable (Vihanta et al.,
1990; Xu, 1999). In FS, in turn, words have only one f0 peak, which is more constantly
timed in the middle of the prominent vowel, compared to CSS (Bruce, 2005; Tevajärvi,
1982). The lack of lexical pitch accent in FS also affects its sentence intonation, which
is found to be similar to Finnish: in FS, f0 tends to fall after the stressed syllable in a
word, and statements and questions generally have falling intonation patterns (Aho, 2010;
Vihanta et al., 1990). Therefore, FS is often associated with varieties of Swedish that are
characterized by a relatively simple melody with periodic f0 peaks and a flat intonation
between stressed syllables (Bruce, 2010).

The linguistic properties of CSS, however, also define the stress structure of FS. While
spoken Finnish has fixed word stress on the initial syllable, the placement of word stress
varies in FS. Moreover, duration contrast in Finnish is largely related to phonological
quantity, which makes it more consistent in comparison to Swedish, where duration
contrast is strongly related to the production of stress (Bruce, 2005; Engstrand and Krull,
1994; Fant et al., 1991). It has been claimed that if a language uses an acoustic property
for one function, it will not use the same property for another function (Remijsen, 2002).
Based on this Functional Load Hypothesis (FLH), Finnish would prefer other acoustic
cues instead of duration when marking prominence. Lunden et al. (2017), however, claim
that most languages seem to fail to follow the FLH, based on their their Stress Correlate
Database of 140 languages (Lunden and Kalivoda, 2021). In this database, the primary
stress marking for Finnish is stated as duration. However, the studies that the Stress
Correlate Database refers to, do not in fact prove duration to be the primary stress cue
in Finnish. The (very brief) study of Engstrand and Krull (1994) compare the durational
contrasts of lexically stressed syllables in CSS, Finnish, and Estonian, and observe that
the duration contrasts are maintained much more constantly in Finnish and Estonian
than in CSS regardless of whether the syllable is stressed or not, indicating that duration
is notably more important indicator of stress in Swedish than in Finnish (or Estonian).
Although Suomi and Ylitalo (2004) found lengthening in the initial syllables of Finnish
words as a cue for word stress, in a study by Suomi (2005) the extent of lengthening
was discovered to be constrained by a need to maintain the quantity opposition. The
durational variations between stressed and unstressed segments were seen as strongly
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related to the use of f0 as a cue for sentence stress (Suomi, 2005, 2007).

The stress production of L2 Finland Swedish have previously been studied by Kautonen
(2017), Heinonen (2019), and Heinonen and Kautonen (2020). Kautonen (2017) examined
Finnish speakers’ intonation in declarative utterances in FS on CEFR levels B1–B2 and
found that the L2 speakers varied their f0 more than native speakers of FS. This was
seen as a result of exaggeration in the stress productions of the L2 speakers. Heinonen
(2019), in turn, discovered that Finnish speakers of FS struggle with using duration to
create distinctions between stressed and unstressed syllables in utterances. Heinonen and
Kautonen (2020) further analyzed the sentence stress of Finnish learners of Swedish based
on raters’ descriptions in pronunciation assessment. The sentence stresses with the lowest
ratings were most often described as having too many or too few stressed syllables. Other
comments concerned the placement as well as the manner of stress (related to under- or
overstressing and the use of acoustic correlates).

Besides the studies mentioned above, the stress realizations of L2 Finland Swedish are
scarcely studied. However, difficulties in stress production of L2 learners, arising from the
differences between FS and Finnish, can be expected to occur not only in the placement
but also in the use of acoustic cues of stress.

1.2.2 English, Czech, Slovak, Polish, and Hungarian

Study III investigates L2 English produced by speakers with either Czech, Slovak, Hun-
garian, or Polish as their L1. Czech, Slovak, and Polish are West-Slavic Indo-European
languages, while Hungarian belongs to the Finno-Ugric branch of the Uralic language
family. However, Czech, Slovak, and Hungarian share a number of prosodic characteristics
and other linguistic features, which have been hypothesized to stem from historical
convergence as well as direct linguistic influence (Newerkla, 2000).

Various sources have noted the difficulty of the English stress system to language learners
(Hahn, 2004; Halle and Keyser, 1971; Kormos and Dénes, 2004; Mixdorff and Ingram,
2009; Trofimovich and Baker, 2006; Wennerstrom, 2000). For the present study, the
most relevant differences between the target language English and the language learners’
L1s are in the positioning and acoustic realization of word stress. While Czech, Slovak,
Hungarian, and Polish all have fixed word stress, English has varying stress, making it
less predictable than languages with fixed stress (Bolinger, 1965; Halle and Keyser, 1971).
In Czech, Slovak, and Hungarian primary word stress falls on the first syllable of the
word, in Polish on the penultimate one.

In addition to the placement of stress, we need information how the prosodic signals f0,
intensity, and duration are used in the languages at hand in order to better understand
the possible effects of L1 in the L2 prominence production. The primary prosodic feature
signalling prominence in English is said to be duration: stressed syllables in English
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are considerably longer than unstressed syllables, leaving f0 and intensity contributing
markers of stress (Ladefoged and Johnson, 2014). An interesting feature regarding the
use of duration is the phonemic quantity distinction for vowels in Hungarian, Czech, and
Slovak (Hungarian also has such a distinction for consonants). This may weaken the role
of duration as a signal for prominence in these languages (based on FLH): the available
studies reported in the Stress Correlate Database (Lunden and Kalivoda, 2021) indeed
support the tendency in Czech and Hungarian.

The f0 patterns in Hungarian have been assumed to be determined primarily by sentence
information structure (Varga, 2002). Vogel et al. (2015) have found f0 to also be the
strongest indicator of Hungarian lexical stress and suggest that duration is avoided as a
cue to prominence. Studies on acoustic correlates of stress in Czech, in turn, indicate
that the realization of prominence in the language is not straightforward: Dubeda and
Votrubec (2005) found f0 as the strongest and duration as the weakest predictor of
stress, while Skarnitzl and Eriksson (2017) proved both features meaningful but found
them to behave in a counter-intuitive way, resulting in lower f0 and shorter duration in
stressed syllables. The results of Skarnitzl and Eriksson (2017) indicate that the acoustic
characteristics of prominence might even be delayed to the following syllable in Czech.
The acoustics of Slovak stress has been studied only marginally, but – much like in
Czech – the absence of clear prosodic marking of prominence is also noted in Slovak
Beňuš et al. (2014). However, duration has been found to have very little effect on both
the production and perception of prominence (Beňuš and Mády, 2010, 2012). Polish,
as opposed to the other L1s in this research data, does not have a quantity distinction
in its vowels (Dogil and Williams, 1999). Malisz and Wagner (2012), however, found
that f0 and intensity serve as main determinants of overall prominence in Polish, leaving
duration less significant also in this language. Their results support the previously found
importance of f0 in the Polish stress system (Jassem, 1962).

Relatively few studies have been done on the production of English stress patterns by
speakers of Czech, Slovak, Hungarian, and Polish (Archibald, 1993; Bakti and Bóna,
2014; Bilá and Zimmermann, 1999; Weingartová et al., 2014). For Hungarian learners
of English, studies have focused only on stress placement, explaining production errors
with both fixed word stress and quantity-sensitivity (Archibald, 1993; Bakti and Bóna,
2014). Archibald (1993) also found some evidence of L1 stress transfer in the speech
of Polish learners of English, but a comprehensive study on the production of English
stress by Hungarian and Polish speakers is still lacking. For Slovak and Czech learners
of English, the use of duration in marking prominence has been under inspection (Bilá
and Zimmermann, 1999; Weingartová et al., 2014). Bilá and Zimmermann (1999) found
evidence that Slovak speakers face difficulties in using duration to differentiate stressed
and unstressed syllables in English. Weingartová et al. (2014), in turn, investigated
prominence patterns in Czech-accented English and found the duration ratio between
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stressed and unstressed syllables to be the most significant correlate of language learners’
proficiency.

It should be noted that in English, the contrast between stressed and unstressed syllables
is manifested relatively strongly, often resulting in reduction of the unstressed vowels
to a schwa (Bolinger, 1965; Halle and Keyser, 1971). In Czech, Slovak, Hungarian, and
Polish, vowel reduction does not operate as a stress correlate (Dancovicova and Dellwo,
2007; Jassem, 1962), but the languages are not entirely immune to reduction processes: a
centralization effect has been found at least in Polish (Rojczyk, 2019) and Slovak (Beňuš
and Mády, 2010). In all the four languages, however, stress contrasts seem to be notably
weaker compared to English. In fact, acoustic marking of word stress is found to be
absent in Czech (Skarnitzl and Eriksson, 2017), realization of prominence in Hungarian
has been deemed to be relatively weak (Vogel et al., 2015), and Mocova (2012) claims
that “Slovak stress is one of the weakest among European languages.” Word stress in
Polish, in turn, has been characterized as “at best weakly realized” (Dogil and Williams,
1999) and acoustic marking of prominence has been found at the phrase-level only (Cwiek
and Wagner, 2018). The reasons for the weak realizations of stress can be looked for
in the fixed positioning of stress: in comparison to English, the fixed word stress is not
important for lexical contrast in Czech, Slovak, Hungarian, or Polish.

As for sentence stress in English, the most prominent part of a phrase (without a specific
focus condition) is usually in the final position, and elements before sentence stress are
prosodically reduced (Duběda and Mády, 2010; Roach, 2000). However, English word
order is relatively fixed, and the use of, for example, focus (broad vs. narrow) can be
confirmed with the placement of sentence stress (Duběda and Mády, 2010). Similar
findings on the position of sentence stress have been presented for Polish and Czech, but
in contrast to English, there is a tendency to keep the prominent part at the end of a
phrase regardless of the focus condition, which is permitted by the relatively free word
order in these languages (Duběda and Mády, 2010; Eschenberg, 2008).

Hungarian, also a language with free word order, differs from Polish and Czech with
regards to sentence stress: Hungarian generally has the strongest prominence in the
beginning of a phrase (Duběda and Mády, 2010; Varga, 2002). Regarding the use of
prosodic signaling of Hungarian word and sentence stress, Szalontai et al. (2016) found
syllable duration to be significantly affected by both word-level and phrasal stress patterns,
but f0 and intensity contributed only to phrasal stress. Cwiek and Wagner (2018), in
turn, studied Polish word and sentence stress and found duration as the most significant
marker of prominence when word and sentence stress were realized in the same syllable.
For the Polish sentence stress alone, however, f0, intensity, and spectral balance were
more salient markers than duration. Similarly, Igras and Ziolko (2014) found f0 and
energy parameters as the best measures of Polish sentence stress, while syllable duration
increased only slightly. For the Czech sentence stress, f0 seems to be the primary marker
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and duration the least significant (Dubeda and Votrubec, 2005). Realization of sentence
stress in Slovak has been less studied, but Beňuš et al. (2014) modeled the accentual
phrase intonation in Slovak and Hungarian and concluded that f0 contour patterns have
a falling tendency in Hungarian, while the Slovak f0 contours rise before they fall.

To summarize, differences between the stress features in English and language learner’s
L1 may affect the production of syllable prominence in many ways. First, speakers of
languages with fixed word stress may have difficulties in acquiring the variable word stress
of English. Second, language-specific characteristics in the acoustic realization of word
and sentence stress may result in over- or under-stressing syllables. Furthermore, the
fixed word order in English permits the placement of sentence stress to vary more than in
other languages in this study, which may inhibit the functional use of sentence stress in
non-native speakers of English. Finally, inappropriate manifestations of stress can also
affect overall temporal features in L2 speech.





2 Aims of the studies

The present set of studies addresses the role of temporal fluency features and prosodic
prominence in the assessment of L2 prosody.

The purpose of Study I was to investigate the role of temporal fluency features in the
assessment of L2 prosodic proficiency with a less studied language context (Finnish as
L1 and Finland Swedish as L2). The goal was to find out, whether there are universal
fluency measures that can be used to predict oral L2 proficiency regardless of the target
language. On the basis of previous influential research, acoustically measured temporal
features similar to other studies were expected to affect proficiency ratings.

Study II aimed to broaden the scope of L2 prosody analysis from global features to
local features: a state-of-the-art analysis method is applied to estimate syllable-level
prominence in Finnish learners of Finland Swedish. The main goal was to study the
potential of syllable-level prominence realizations in predicting prosodic proficiency in L2.
Since stress patterns are language-specific and previous research have found deviation in,
for example, placement of word stress between L1 and L2 speakers, acoustic realizations
of syllable prominence were expected to affect assessments of prosodic proficiency.

Study III compared the predictive power of signal-based syllable prominence and
traditional temporal fluency features in L2 prosody assessment. Study III also extended
the findings of Studies I and II to new languages, with English as L2 and Polish, Czech,
Slovak, and Hungarian as L1s. Based on the results of Study II, using prominence measures
alongside fluency features was expected to add explanatory power to statistical models.
Additionally, syllable-level prominence realizations were expected to bring complementary
information on L2 speech production with respect to learner’s L1.

15





3 Data and methods

In this chapter I present and discuss the data and methods of my research. The data in
Studies I and II are of same origin and thus the data and methods of these studies are
discussed together in 3.1. Study III is discussed separately in 3.2. Within these sections,
the speech data collection procedures are presented first, followed by the descriptions of
assessment data. Subsequently, speech data analysis methods are discussed followed by
the details of the statistical models used.

Participation to experiments reported in this thesis have been voluntary and subject to
prior consent. In the case of Studies I and II, permission to conduct research in schools
with underage participants was applied separately from municipalities and schools. The
students’ guardians were carefully informed about the research and their rights to deny
the participation of their ward. The students (and their guardians) were also informed
that their performance would not influence their grades. All participants, L2 learners
as well as assessors, were informed about their right to cancel their participation at any
stage of the research.

The expert assessors in Studies I and II were paid 30 euros reward for each 10 speech
samples they assessed. The student assessors in Study III were given either course credits
or gift cards of 10 euros value depending on their affiliation.

The research data have been processed following the General Data Protection Regulation
(EU GDPR). Personal data have been pseudonymized and direct identifiers, such as names
or contact details of participants, have been removed and stored separately from the
analyzed speech and assessment data. Since voice is also considered a direct identifier, the
access to speech samples have been restricted to only researchers and assessors involved
in the projects and essential collaborators. Later the pseudonymized speech data used in
Studies I and II will be stored in the Language Bank of Finland and will be available for
research purposes, as appointed in the DigiTala project plan.

17
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3.1 Studies I and II

3.1.1 Speech data

The speech data in Studies I and II were chosen from a corpus collected in the DigiTala
project in 2015 and 2016 (Karhila et al., 2016). The original goal of the DigiTala research
project is to develop a digital tool for assessing spoken L2 skills. In the first phase of the
project a prototype of a computer-mediated speaking test was developed and piloted,
and the speech data presented here was collected using the prototype test. Pilot tests
were conducted for groups of upper secondary school students (aged 16-17 years) in
a classroom environment using headset microphones. The web-based test design was
implemented for Finland Swedish (FS) as a foreign language, and all participants were
native speakers of Finnish who had studied FS as a compulsory subject for 4-7 years. The
overall language proficiency of the participants was not controlled. Seven upper secondary
schools from six municipalities in Finland participated in the pilot tests, and speech data
from approximately 760 voluntary pupils was recorded and stored in a database. The
same test was also taken by native FS speakers of the same age in order to obtain reference
samples and evaluate the degree of difficulty of the test tasks. The native speakers of
Finland Swedish were from the same geographical area in Finland and spoke the same
language variant as their mother tongue.

The pilot test included four tasks:

a) A read-aloud task: newspaper headlines or a written phone message

b) Situational reacting task: reacting to situations given with a picture and/or a text
clue in Finnish

c) A simulated video phone call with pre-recorded replies from one native speaker of
the target language

d) A live dialogue task with a peer.

Tasks a, b, and c had several subtasks and every task was timed. Instructions were in
written Finnish or Swedish depending on the task. Tasks a and b had a pool of trials
(subtasks), from which a random set was given to each examinee.

For Study I, a subset of 60 samples was chosen from the larger pilot data: 50 samples
from Finnish learners of FS, and 10 samples from native FS speakers. The native samples
were selected to elicitate higher proficiency scores and thus enable investigating all levels
of the CEFR scale. The speech samples included 19 read utterances from subtask a
(newspaper headlines) and 41 spontaneous utterances from subtasks b and c.
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For Study II, a subset of 225 samples was chosen from subtask a (newspaper headlines).
20 L2 productions of nine utterances was selected randomly, and five productions of the
same utterances from native speakers of Finland Swedish were selected as a reference.
The data in Study II is thus read speech only and contain 180 L2 productions and 45
L1 productions. The target utterances were chosen based on their frequent occurrence
and structure: for these utterances, the accurate placement of lexical and utterance-level
stress was deemed important.

Table 3.1: Target utterances of Studies I and II

Utterance in Swedish Utterance in English Study
Allt fler högskolestudenter pluggar More and more highschool students in Sweden I and II
på distans i Sverige. are using distance learning.

Bananer med droger i smugglades Bananas with drugs inside were smuggled I and II
i tunnelbanan. in the underground.

Bilreparatören fick en schock när han The car mechanic was startled when he II
öppnade bagageluckan. opened the trunk.

Den moderna mormodern tågluffar The modern grandmother interrails II
med barnbarnen. with grandchildren.

Dödsrisken 7,3 procent mindre bland The risk of death is 7.3 percent smaller among I and II
cycklister med skyddshjälm. cyclists wearing safety helmets.

Kyligt väder försenade jordgubbsskörden. Chilly weather delayed the strawberry harvest. I and II

Recordmånga ålänningar gör frivilligt A record number of Alanders volunteer for I and II
värnplikt. military service.

Vi köper begagnade kläder i gott skick. We buy secondhand clothes in good condition. II

Välfärdsstaten klarar inte av The welfare state can’t deal with II
den ökande arbetslösheten. the increasing unemployment.

Table 3.1 shows the target utterances (with their English translations), five of which were
used also in Study I. The speech samples in both studies were chosen randomly from the
database, pseudonymized and treated subsequently as individual samples regardless of
the speaker background (such as school or gender); thus there is not an equal number of
samples per speaker, but an equal number of samples with the same or similar content.
Since the research questions focus on revealing speech features that affect the assessors’
perceptions, the reasons causing these features - speaker characteristics - is a secondary
question. The relevance in the current set of studies lies in the acoustical content of the
speech signal.

3.1.2 Human assessments

Previous research suggests that both trained and untrained as well as native and non-
native raters can assess L2 speech relatively consistently, but phonetic and/or linguistic
training, experience, and specific rating instructions increase the inter-rater reliability
(Brennan and Brennan, 1981; Cucchiarini et al., 2002; de Wet et al., 2009; Derwing et al.,
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2004; Huang et al., 2016; Munro, 2008; Rossiter, 2009; Thompson, 1991). The assessors in
Studies I and II consisted of expert raters with experience in both teaching and assessing
L2 skills. The assessors were further trained to use the rating scale at hand; the training
was seen essential, since the applied CEFR scale was new at the time of conducting Study
I. Furthermore, the scale was developed for expert use (teachers and expert assessors of
language proficiency).

A six-level proficiency scale for phonological control from the updated CEFR Companion
Volume (Council of Europe, 2018, p. 136) was used in assessing the speech samples. The
CEFR scale for phonological control has three sections: overall phonological control,
sound articulation, and prosodic features. Both sound articulation and prosodic features
were given their own grades, but studies discussed here focused on the assessment of
prosody. The descriptors of prosodic features in the CEFR scale at hand pay attention
to the production of word and sentence stress, rhythm, and intonation with respect to
the perceived intelligibility of speech. Speech fluency is not directly mentioned in the
descriptors, but terms such as “effective” and “smooth” is used in describing speech
in higher proficiency levels. An unofficial Finnish translation of the CEFR scale for
phonological control was done for the studies described here. The assessment procedure in
Study I was also part of piloting the revised descriptor scales from a proposed version of
the CEFR illustrative descriptors, authorized by the Council of Europe Language Policy
Section.

A separate training session was organized to familiarize the assessors with the CEFR
descriptors and the speech data at hand. The details in the rating scale as well as its
implementation to utterance-sized samples was discussed and exercised in the training
session. Each speech sample was then assessed independently by the trained raters who
were either Swedish language teachers or native speakers of Finnish Swedish. Relevant
background information of the assessors are in Table 3.2. In addition, all assessors had
studied at least some phonetics, and all Swedish language teachers (with Finnish as their
L1) had studied and/or taught spoken L2 skills. Note that all seven assessors participated
in rating samples in Study I, but only assessors A1, A2, A3, and A5 rated the speech
samples in Study II.

Additionally, four experts of Finland Swedish (different from the assessors) were asked
to mark linguistically stressed syllables for the target utterances in Study II. Stressed
syllables were assigned the value of 1 and unstressed syllables were given the value of
0. The linguistic stress markings were collected for statistical analysis phase and are
discussed with more detail in section 4.2.
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Table 3.2: Assessor backgrounds in Studies I and II

Assessor L1 Teaching a language Participation
A1 Finnish Swedish Study I and II
A2 Finnish Swedish Study I and II
A3 Finnish Swedish Study I and II
A4 Swedish None Study I
A5 Finnish Swedish Study I and II
A6 Finnish Swedish Study I
A7 Swedish Other language Study I

3.1.3 Fluency measures

For Study I, a set of commonly used temporal fluency measures were calculated for
analysis. Table 3.3 presents the fluency measures, their operationalizations, and abbrevia-
tions used hereon. The following variables were chosen and measured based on previous
research on temporal speech fluency features: articulation rate (ArtRate), short (<200
ms) silent pause-time ratio (SS-ratio), medium (200-1000 ms) silent pause-time ratio
(SM-ratio), long (>1000 ms) silent pause-time ratio (SL-ratio), filled pause-time ratio
(FP-ratio), and corrections or repetitions-time ratio (CR-ratio). Previous research has
found similar measures to be salient predictors of L2 fluency or prosodic competence
(Bosker et al., 2013; Cucchiarini et al., 2002; Derwing et al., 2004; Kang and Johnson,
2018; Kormos and Dénes, 2004; Préfontaine et al., 2016). The current study avoided
intercorrelating variables, such as overall pause-time ratio and speech rate. Furthermore,
disfluency-time ratios were selected as fluency measures instead of more commonly used
number of disfluencies standardized per minute De Jong (2016); Kormos and Dénes (2004)
because the speech samples studied here are only 5 to 30 seconds long. Disfluency-time
ratio depends on both the number and the length of disfluencies and is therefore seen as
a comprehensive measure for the current purposes. Studying disfluency frequencies and
durations separately would require more extensive data with longer stretches of speech
than the ones analysed here. A ternary division was, however, chosen for silent pauses,
because they were expected to appear in speech more often than other disfluencies.

Disfluencies longer than 50 ms were annotated manually in utterance-sized samples
using Praat (Boersma and Weenink, 2016). The unusually short disfluency threshold
was chosen based on the findings of Campione and Véronis (2002); Hieke et al. (1983);
Scherer (1986), and observations on the current speech data: even such short pauses or
repetitions of syllables can occur in speech without being part of deliberate articulation
and cause perception of disconnected or disfluent speech. Pauses related to articulation
of voiceless plosives were distinguished from disfluencies through auditory analysis and
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visual inspection of the spectrogram. Disfluency-time ratios were calculated by dividing
the total duration of certain disfluency type by total duration of given speech sample.
Articulation rate was calculated as syllables produced per second excluding all disfluencies
(following Derwing et al. (2004)) and pauses longer than 50 ms.

Table 3.3: Fluency measures, their abbreviations, and operationalization in Study I

Abbreviation Measure Operationalization
ArtRate Articulation rate The number of syllables produced per second

excluding all pauses and disfluencies longer than 50 ms.
SS-ratio Short silent pause The total duration of silent pauses with duration

-time ratio of 50 to 200 ms divided by total
duration of the given speech sample.

SM-ratio Medium silent pause The total duration of silent pauses with duration
-time ratio of 200 to 1000 ms divided by total

duration of the given speech sample.
SL-ratio Long silent pause The total duration of silent pauses that

-time ratio were longer than 1000 ms divided by total
duration of the given speech sample.

FP-ratio Filled pause The total duration of filled pauses above 50 ms
-time ratio divided by total duration

of the given speech sample.
CR-ratio Corrections The total duration of self-corrections

and repetitions and self-repetitions divided by
-time ratio total duration of the given speech sample.

3.1.4 CWT-based prominence estimates

Study II introduced a novel method for analyzing L2 prosody: Continuous Wavelet
Transform (CWT) technique was implemented to obtain prominence estimates for in-
dividual syllables. In speech processing, wavelet transforms have previously been used
for audio compression, noise filtering, pitch detection, and speech recognition (see Nair
and Shah (2015) for an overview). The main advantage of wavelets over the commonly
used Fourier Transform is that wavelets are well localized in both time and frequency
domain, making them more suitable for non-stationary signals (such as speech) than
the standard Fourier transform that is only localized in frequency domain. Wavelets
allow complex signals to be decomposed into basic forms at different locations and scales
and subsequently reconstructed with high precision into a time-frequency scale-space
representation of the signal.

The CWT technique applied in the present studies was originally developed for word
prominence detection and has been shown to correlate strongly with perceived word
stress (Eriksson et al., 2018; Suni et al., 2017). The Wavelet Prosody Toolkit1 used for
the analyses is available online. The main advantage of the chosen CWT technique is

1https://github.com/asuni/wavelet_prosody_toolkit
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that it enables simultaneous use of suprasegmental variables (namely, f0, duration, and
energy) that are traditionally measured separately from speech. Since the information of
these variables is encoded in parallel in the one-dimensional speech signal, the automatic
analysis of word stress has been difficult. CWT also takes into account the relationship
of adjacent prosodic events and allows us to focus locally on syllables by filtering out the
effects of utterance-level declination, phrasing, and fast perturbations in the prosodic
signals. The CWT technique decomposes a signal to a wide range of frequency components
using a convolution of the signal with a scaled wavelet function. The wavelet function
is scaled (stretched in time and amplitude) to obtain the components of appropriate
frequencies. Applying the CWT decomposition to prosodic signals produces components
roughly corresponding to prosodic events at various time scales: syllable, word, or phrase
levels.

The speech samples were prepared for CWT-analysis using Praat (Boersma and Weenink,
2016). For the utterance-sized samples, annotated at a syllable level (yielding syllable
durations), f0 contours were extracted using sample-dependent settings to avoid measure-
ment errors that could arise from speaker and sample based voice characteristics, such as
creakiness. Syllables with the same labels were numbered in order to separate them in
the prominence correlation analysis phase. Energy envelopes were obtained by band-pass
filtering the speech signals between 400 and 5000 Hz and then extracting a smoothed
Hilbert envelope.

The extracted f0 and energy envelope signals were subsequently sampled at 200 Hz and
further pre-processed using methods described in Suni et al. (2017). The duration signal
was smoothed by placing the value of each syllable duration in the mid-time point of the
unit and the measure of duration difference between adjacent syllables in the boundary
of respective syllables. These points were then connected using cubic interpolation.

The individual signals were z-scored, and weighted sums were used for the signal combina-
tions using the following feature weights 1.0, 1.0, and 0.5, for f0, en, and dur, respectively.
The current set of studies used a Mexican Hat mother wavelet with scales a quarter of an
octave apart. Lines of maximum amplitude were determined for each syllable from ten
scales centered on average syllable length of the stimuli, yielding the final syllable-based
prominence estimates. In order to investigate what prosodic signals correspond best to
proficiency assessments, the CWT-based prominence estimates were obtained from seven
combinations of f0, energy, and duration: with each signal separately, all three pairs
of signals, and the combination of all three signals.The prominence estimates will be
referred to by the signal combinations used for their calculation: f0, dur, en, f0-dur,
f0-en, en-dur, and f0-en-dur.

Figure 3.1 illustrates the estimation of syllable prominences with a composite prosodic
signal. The CWT scalogram is shown as a heat map above the blue signal contour
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Figure 3.1: Illustration of a CWT scalogram (upper pane) with a composite prosodic signal
(middle pane with the blue contour) and syllable annotation (lower pane). Warm colours in the
scalogram represent prominent peaks with lines of maximum amplitude (LoMA) shown as black
vertical lines.

and syllable labels. The warm colors in the scalogram represent prominent peaks with
lines of maximum amplitude (LoMA) shown in black. The scalogram is a result of the
convolution with, from bottom to up, progressively more and more scaled up wavelets
(scale functions seen as horizontal curves in the heat map). Peaks from scales related
to syllable-level movement are traced and summed to obtain prominence estimates for
each syllable (prominence is visualized with color intensity in the lower pane containing
syllable labels).

Study II also compared prominence estimates calculated with simple acoustic measures
(f0 and intensity maxima, syllable duration) to CWT-based prominence estimates.

3.1.5 Correlations as an agreement measure

The essential approach of Study II was the comparison of syllable-level prominence between
L1 and L2 renderings of the same sentence. Figure 3.2 illustrates the motivation for the
comparison: certain syllables in the native speech are clearly realized more prominently
than the others. The more proficient non-native speaker uttered the same sentence in
a similar fashion, with prominent syllables standing out. In comparison, for the less
proficient speakers, there is less variation in prominence between syllables, and the lines
of maximum amplitude are "blurred" together.

The CWT technique described in the previous section yields a single (signal combina-
tion dependent) numeric prominence value for each syllable in the analyzed utterances.
Correlations between these prominence estimate values for corresponding syllables of the
same sentence uttered by two different speakers were used as an agreement measure. A
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Figure 3.2: Wavelet representation of a native utterance "Recordmånga ålänningar gör frivilligt
värnplikt", compared to three L2 productions of the same utterance in descending order of
assessed proficiency.
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sentence-specific correlation measure was calculated from the correlations of corresponding
syllables.

First, Pearson correlations were calculated for each pair of L1 speakers, each sentence,
and each prominence estimation method (with seven signal combinations explained above)
to see if native speakers produced the target sentences similarly or if there were clear
irregularities between the speakers. A high mutual consistency among native speakers
were considered as a justification to use the mean prominence estimates for L1 speakers as
a representation of an average native production of a given sentence. However, two ways
of evaluating the sentence-level correlation between the native and L2 material was used:
first, each syllable of each L2 sentence was compared to the mean prominence estimate of
corresponding syllables across all L1 speakers in our database. Second, correlations were
calculated between L2 prominence estimates and the ones of each L1 speaker, and the
highest of these correlations was picked (the best match between the L2 speaker and any
L1 speaker for the given utterance) as the agreement measure for the given L2 speakers
and the utterance.

3.1.6 Statistical models

The main statistical models in the present studies included cumulative link mixed model
(CLM) and proportional odds logistic regression model (POLR) performed using the R
program R Core Team (2020). Both models are designed for analysing responses measured
on an ordinal scale and arise from focusing on the cumulative distribution of the response
(Christensen, 2019; McCullagh, 1980). The current models were chosen because they fit
the ordinal and categorical assessment data. Moreover, CEFR scale used for assessments
is a cumulative description of proficiency. The POLR model (also referred to as ordered
logit model) is a direct extension of the common multinomial logistic regression model
that applies the logit transformation to cumulative response probabilities.

The research questions in Study I addressed the relation between temporal fluency features
and prosodic proficiency assessments as well as possible differences between assessors.
The effect of temporal features to assessments was studied with a cumulative link mixed
(CLM) model from the R package “clmm2”. The CLM model gives improved estimates
of regression coefficients compared to continuous models that do not take into account
the ceiling and floor effects nor the possible skewness of the ordinal variable. The grades
given by assessors were treated as an ordered response (categories A1-C2) and temporal
measurements as explanatory variables. Analysis was done separately for read and
spontaneous speech samples. In the main model, assessor was treated as a random effect,
but the effect of temporal measurements on each assessor was studied with a separate
cumulative link (CL) model.

The assessments in Study I were further analyzed with a multi-faceted Rasch measurement
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(MFRM) using the Facets program (Linarce, 1989). Facets is a development of simpler
Rasch models (Rasch, 1960) which are psychometric models used in analyzing data from
tests, questionnaires, and other types of assessment. In the present study Facets was used
to investigate the quality of the assessments, particularly the consistency of the assessors.

The main aim of Study II was to evaluate whether the degree of agreement (correlation)
between L2 and L1 speakers reflects the assessments of L2 speakers’ prosodic proficiency.
A proportional odds logistic regression (POLR) model was selected because it is based on
cumulative distribution probabilities and fits well with ordinal categorical data (McCullagh,
1980). The POLR function, implemented in the “MASS” package in R (Venables and
Ripley, 2002), also provides the Akaike Information Criterion (AIC), an estimator of the
relative quality of the models.

POLR models were fitted for each combination of wavelet-based prominence estimates
with a measure of agreement (listed in Table 3.6) as an independent variable and the grades
given by assessors (treated as an ordered response) as a dependent variable. Assessor
was treated as an independent variable. The POLR models were fitted separately for
each prominence estimate and each of the correlation types. First, the minimal model
was sought using the standard likelihood ratio test (analysis of variance). The fits were
compared based on the Akaike Information Criterion (AIC) and the model with the lowest
AIC was further evaluated using a post hoc Wilcoxon rank sum test (with Bonferroni
correction for multiple comparisons).

3.2 Study III

3.2.1 Speech data

Four European universities provided the speech data for Study III: Constantine the
Philosopher University in Nitra, Slovakia; Metropolitan University Prague, Czech Republic;
University of Łódz, Poland; and the Hungarian Academy of Sciences. These universities
had recorded adult speakers with either Slovak (N=14), Czech (N=14), Polish (N=17),
or Hungarian (N=16) as their L1 reading the same narrative text in English.

The recordings were done one participant at a time using either a recording studio or
some other quiet space with portable recording device. All participants were given at
least two minutes to get acquainted with the text and the opportunity to ask if they did
not understand some words. Pronunciation instructions, however, were not given. The
participants were then asked to read the text aloud as if they were telling the story to
someone. If they stumbled, they could start again from the beginning of a sentence.

To gain reference samples for the comparison of prominence realizations, seven native
speakers of English were recorded in soundproof studios during fall 2018: six speakers in
Constantine the Philosopher University in Nitra and one speaker in the Slovak Academy
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of Sciences, Bratislava. Five (male) speakers were native speakers of British English and
two (one male and one female) were native speakers of American English. The native
speakers read the same narrative as previously recorded L2 speakers.

The narrative text consisted of 16 sentences and the full recordings were approximately 1.5
minutes long. A subset of four utterances was selected for this study using the following
principle: the target utterances differ from each other with respect to utterance and word
length, vocabulary, and structure. The same four utterances were extracted from the
seven native speakers and 56 L2 speakers, resulting in 28 L1 speech samples and 224 L2
samples. The utterances were extracted as grammatical sentences and are listed in Table
3.4.

The final subset includes samples from 14 speakers from each L2 speaker group, excluding
two Hungarian speakers due to poor audio signal quality. Three speakers from the Polish
L1 group were excluded so that the each L1 group would be equally represented in the
data. The excluded Polish speakers were selected based on their perceived proficiency
level: one representing a low level (A1 or lower) speaker, one as an intermediate level
(B1), and one as a proficient speaker (C1/C2). Otherwise, the proficiency levels within
the respective L1 groups were not controlled for prior to recording of the material.

Table 3.4: Target utterances in Study III

They said it was a five star hotel, but I wouldn’t give it one star.
There were big ships travelling past, and the sea was all polluted and brown, it looked horrible.
It was a sort of greeny black colour, and as we looked more closely, we realised that it was
full of frogs.
Instead we were very surprised to see lots of different types of vegetables: carrots, peas,
cabbage, and a big bowl of lettuce.

3.2.2 Human assessments

Such as in Studies I and II, a six-level proficiency scale for phonological control from
the updated CEFR descriptors Council of Europe (2018) was also used in Study III for
grading the samples and the grades for prosodic features were analyzed.

Assessments were performed by advanced university students (Constantine the Philosopher
University in Nitra, Metropolitan University Prague, University of Łódz, and Eötvös
Loránd University in Budapest) majoring either in English or Phonetics. The assessors’
L1s were Czech (N=7), Slovak (N=7), Hungarian (N=13), and Polish (N=13). All
assessors provided a self-evaluation of their English skills based on the foreign language
proficiency descriptors of Common European Framework of Reference (CEFR) North
(2007). The self-evaluated proficiency levels varied from B2 (advanced independent user)
to C2 (advanced proficient user), but most assessors estimated themselves as C1-level
(proficient) English users.
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An identical introductory lecture, including practical exercises, was given in all universities
for groups of potential assessors on assessing spoken L2 proficiency using the mentioned
CEFR scale for phonological control. The volunteered assessors were subsequently given
written instructions and they conducted their assessments independently.

The L2 speech samples were first divided into two pseudo-randomized sets that included
equal number of samples from each L1 speaker group. Each assessor was given one of
the two sets, including 108 samples, so that each speech sample was assessed by 19 to 20
assessors. The order of the speech samples within the sets were further randomized for
each assessor to avoid possible bias from comparing consecutive samples. Native English
samples were not assessed. Note that each utterance was graded by assessors with several
different L1s.

Interrater reliability was tested with Cronbachs Alpha.

3.2.3 Analysis of speech data

The analysis of the speech data follows Studies I and II, with some alternations based
on previous results. Compared to Study I, new fluency measures were added to Study
III and some measures were left out: based on the descriptive statistics of Study I, the
frequencies of different disfluencies can vary and thus affect the results. Therefore Study
III included the frequency of disfluencies to the acoustic measures, operationalized as the
number of certain disfluency (silent pauses, filled pauses, or corrections/repetitions) in
the given speech sample. However, the frequencies and disfluency-time ratios proved to
be highly correlating measures. Therefore, in order to reduce potential multicolinearity
effects, combining these measures in single models was avoided. Therefore, the results
only involving the ratio measures (continuous measures slightly less correlated with
ArtRate) are reported. In addition, the number of disfluencies in both Study I and
III was insufficient for investigating the effect of disfluency durations. Consequently, the
ternary division of silent pauses was not used in Study III. Table 3.5 presents the final
fluency measures used in Study III.

Table 3.5: Fluency measures and their operationalization in Study III

Measure Operationalization
ArtRate The number of syllables produced per second

excluding all pauses longer than 50 ms.
SP-ratio The total duration of silent pauses > 50 ms

divided by total duration of the given speech sample.
FP-ratio The total duration of filled pauses > 50 ms

divided by total duration of the given speech sample.
CR-ratio The total duration of corrections and repetitions > 50 ms

divided by total duration of the given speech sample.
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Syllable-level prominence was estimated using the same CWT analysis technique described
in 3.1.4 and following the same procedure details as in Study II. Both native and non-
native samples were analyzed in order to compare the prominence realizations of L2
speech to L1 speech.

3.2.4 Statistical models

Proportional odds logistic regression (POLR) was performed in order to study both the
effects of temporal features as well as distances between native and L2 syllable prominence
estimates to proficiency assessments. All statistical analyses were carried out using the R
program (R Core Team, 2020).

Similarly to Study II, L2–L1 correlations were used to quantify the degree of similarity
between the native and non-native renditions of the same sentence, and the L2 correlation
was evaluated for both the mean and median L1 prominence values. In addition, root
mean square (RMS) distance was tested as an agreement measure. Moreover, the highest
correlation (or lowest RMS distance) with a native rendition was selected for each non-
native utterance as a measure of similarity. Differing from Study II, correlations between
L2 prominence values and binary linguistic stress markings were not used in this study.
Table 3.6 lists the agreement measures used in Study II and Study III.

Table 3.6: Agreement measures tested in Studies II and III

Agreement measure Study
L2 corr to mean L1 II and III
L2 corr to median L1 II and III
L2 corr to best L1 match (highest corr) II and III
RMS between L2 and mean L1 III
z-scored RMS between L2 and mean L1 III
RMS between L2 and median L1 III
z-scored RMS between L2 and median L1 III
RMS between L2 and best L1 match (lowest RMS) III
z-scored RMS between L2 and best L1 match (lowest RMS) III
L2 corr to linguistic stress II

The PORL models were fitted with grade (proficiency levels A1–C2 treated as an ordered
factor) as a dependent variable and temporal or prominence distance measures and their
interactions with the speaker’s L1 as independent variables. The models were fitted
separately for temporal measures and signal combinations used for estimating syllable
prominence. To quantify the effect sizes for individual native languages, the fitted models



3.2. Study III 31

were re-centered for each language separately. Furthermore, the interactions between
any given individual measure and speakers’ L1s in the re-centered models were used to
compare the effect sizes of the measure on the grade for different languages. The models
were compared based on the Akaike information criterion (AIC) in order to find out the
relevant acoustic properties affecting prosodic proficiency assessment.





4 Results

This chapter summarizes the results of each individual study involved in this dissertation.

4.1 Study I

Study I investigated the role of fluency-related temporal features as indicators of prosodic
proficiency. The effect of temporal measures to expert raters’ assessments was studied
with cumulative link mixed (CLM) model, where assessments were treated as dependent
variable and acoustic measurements as explanatory variables. Table 4.1 shows the estimate
values and statistical significance of articulation rate and different disfluency types on
assessments with respect to speech type (read or spontaneous). The model showed a
positive effect for ArtRate and negative effect for disfluencies: that is, faster articulation
rate and small disfluency-time ratio indicate higher perceived proficiency level. ArtRate
and FP-ratio proved to be extremely significant predictors of the assessed proficiency level
in both read and spontaneous speech. Both SS-ratio and SL-ratio as well as CR-ratio
were significant predictors in read speech, while in spontaneous speech only SL-ratio was
somewhat significant, but SS-ratio, SM-ratio, and CR-ratio remained insignificant.

Table 4.1: The effect of articulation rate and disfluency-time ratios (estimate values and
statistical significance) on prosodic proficiency assessments.

Speech type ArtRate SS-ratio SM-ratio SL-ratio FP-ratio CR-ratio
Read 2.40*** -39.78** -1.29 -34.96*** -41.26*** -4.48**
Spont 0.98*** -7.33 -0.65 -1.79* -9.67*** -4.97

The quality of fits in terms of variance explained by the temporal variables was computed
using a multinomial linear regression (LM) model (the significance of different effects
in the linear model was identical to the CLM-model). The models resulted in marginal
r2-values of 0.59 for read speech and 0.34 for spontaneous speech. This indicates that
the temporal features explain a substantial amount of assessment variance, but better
for read speech than spontaneous speech. These measures provide a lower bound for the
quality of fit of the more comprehensive CLM-models.
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Figure 4.1: The assessor effect in prosodic proficiency assessments in Study I

Inter-rater variation was investigated with two methods: by analyzing the assessor effect
from the CLM model, and examining the effect of ArtRate and disfluencies on each
assessor separately with a cumulative link (CL) model. The assessor effect was based on
the conditional distribution of the random effects in the CLM model (Assessor). Figure
4.1 shows that A1, A5, and A6 gave generally higher proficiency scores for prosody
than other assessors, and differed statistically significantly from A3, A2, and A4 in
permissiveness. A4 and A7, who happened to be the native Finnish Swedish speaking
assessors, represented the average raters in this data. The assessments were further
analyzed with the Facets program in order to measure how systematic the assessors
actually were in their ratings (intra-rater reliability). All infit and outfit mean square
values, indicating rater consistency, were close to ideal (1.0) except those of A2 and A5,
although also their infit values remained below the general cut-off point (1.5). However,
some inconsistency can be assumed for these assessors’ ratings based on the infit and
outfit values and standard deviations slightly higher than those of other assessors (infit
SD = -1.7 and outfit SD = -1.8 for A2, infit SD = 2 and outfit SD = 3.2 for A5).

Tables 4.2 and 4.3 show the results of the CL models with respect to assessor and speech
type. Table 4.2 shows that for read speech, the positive effect of ArtRate was significant
for all assessors, unless the probability was 0 or 1. The negative effect of SL-ratio was
extremely significant for all assessors but A5, to whom CR-ratio had a significantly
negative effect. Table 4.3 shows that for spontaneous speech, ArtRate was significant for
all assessors, but FP-ratio remained significant only for A5 and A6, and CR-ratio only
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had significant effect on the ratings of A5.

Table 4.2: The effect of articulation rate and disfluency-time ratios for different assessors, read
speech.

Assessor ArtRate SS-ratio SM-ratio SL-ratio FP-ratio CR-ratio
A1 1.09** -9.58 -4.7 -4.26 -9.35 1.9
A2 0.73* -9.19 0.31 -1.7 -5.71 -3.38
A3 0.91* -13.84 0.12 -1.26 -14.53 -11.12
A4 1.54*** -6.74 1.25 0.18 -11.54 -13.44
A5 1.28** 3.57 -21.63* -16.59**
A6 1.58*** -6.97 2.16 -1.4 -21.66* -6.18
A7 1.10** -12.29 -1.57 -2.56 -5.42 -1.28

Table 4.3: The effect of articulation rate and disfluency-time ratios for different assessors,
spontaneous speech.

Assessor ArtRate SS-ratio SM-ratio SL-ratio FP-ratio CR-ratio
A1 3.57** -2.43 8.63 -1.58*** -6.68* -2.22
A2 1.93* 1.79 2.29 -1.49*** -4.53* 2.37
A3 3.94** 2.89 -1.47*** -2.7 -2.36
A4 -6.29* -8.54 -1.46*** -1.48 -3.49
A5 3.25** 3.02 -2.59 -61.29* -16.04**
A6 -7.68* -1.09 -1.46*** -1.11 -3.47
A7 2.99** -9.7 -7.38 -1.53*** -2.79 -1.05*

4.2 Study II

Study II investigated whether automatically estimated prosodic prominence levels of
syllables can be used to predict the prosodic competence of Finnish learners of Swedish.
The hypothesis was tested with a proportional odds logistic regression (POLR) model.
Correlations of syllable-level prominence values between different renditions of the same
sentence served as an agreement measure.

The consistency among the native speakers was first tested by calculating correlations for
each pair of L1 speakers and each sentence, separately for every prominence estimation
method. The overall median correlations were high (0.73), which indicate that the native
speakers produced syllable-level prominence in a similar manner.

The high overall correlations would have justified the use of mean prominence estimates
for individual syllables of all five speakers as a representation of L1 performance. How-
ever, individual L1 renditions were also used as a basis of evaluation of L2 prominence
realizations in order to take into account the individual variation in native prominence
production. This "best agreement" approach calculated correlations between L2 speakers
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Table 4.4: Summary of the best proportional odds logistic regression model for each prominence
estimation method, corresponding raw acoustic measures, and two correlation types. The minimal
model for all conditions was with both independent variables (grade and assessor) but without
the interaction of the two.

Average L1 Linguistic stress
corr effect t-value AIC corr effect t-value AIC

f0 1.47 5.79 2071 1.40 5.04 2079
raw f0 1.16 3.65 2091 0.68 2.16 2100
dur 2.55 9.95 1998 1.41 6.36 2064
raw dur 0.40 2.22 2100 0.84 2.81 2097
en 2.05 8.68 2027 2.07 8.64 2028
raw en 0.46 2.20 2100 0.89 3.42 2093
f0-dur 2.78 10.25 1991 1.98 7.46 2047
raw f0-dur 0.91 3.37 2093 0.91 2.99 2096
f0-en 2.50 10.01 1998 2.25 8.97 2021
raw f0-en 0.74 3.22 2094 0.81 2.99 2096
en-dur 3.11 12.15 1941 2.77 11.07 1973
raw en-dur 0.93 4.42 2085 1.14 4.31 2086
f0-en-dur 3.01 11.54 1959 2.59 9.97 2000
raw f0-en-dur 1.21 5.09 2079 0.99 3.70 2091

and each L1 speaker, and picked the highest of these correlations as the agreement measure
for the given L2 speakers and the utterance. For all signal combinations, however, the
models that used mean L1 prominence provided better fits in terms of AIC values than
the models that used "best agreement" approach. Therefore, the mean L1 prominence
estimates served as an agreement measure in the tested POLR models.

In addition to the comparison of L2 to L1 prominence estimates, correlations between L2
prominence estimates and linguistic stress (binary value of 0 or 1 given to each syllable by
four experts of Finland Swedish) was also used as a possible agreement measure. POLR
models were fitted separately for the two agreement measures and for each CWT-based
prominence estimate. The predictive power of CWT-based prominence estimates was
also compared to ones calculated with simple acoustic measures (f0 and intensity maxima,
syllable duration) and separate POLR models were fitted for these raw acoustic measures
as well.

The minimal POLR model for all conditions was with both independent variables: grade
and assessor. There was, however, no significant difference between the models with
and without interaction between the independent variables. Table 4.4 summarizes the
resulting fits for the minimal model, separately for each prominence estimation method
and agreement measure (correlations to mean L1 prominence and linguistic stress). The
estimate of the correlation effect on assessments is significantly positive for every model,
indicating that the greater the agreement between L2 and L1 prominence patterns, the
better the proficiency grade, regardless of the prominence estimation method. The raw
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Assessor 1 Assessor 2 Assessor 3 Assessor 4 All assessors

Figure 4.2: The relation of L1-L2 prominence correlations using en-dur to prosodic proficiency
grades for each expert assessor (first four box plots from left) and for all assessors together.

acoustic measures, however, provided notably lower correlation effects and higher AIC
values, which suggests that the CWT-based prominence estimates capture the relationships
between prominence agreements and the assessment better than the estimates based only
on the raw acoustic measures.

From all tested signal combinations, the correlations of L1 and L2 prominences estimated
with a combination of wavelet-based energy envelope and duration (en-dur) yielded
the lowest AIC (1941) and highest t-value (12.15). Figure 4.2 shows the distributions of
correlations between the L2 and the L1 prominence estimates for the en-dur model per
individual grades, separately for each assessor (in the left) and for all assessors pooled
together (right). It illustrates that in general the higher correlations correspond to better
assessment grades. This seems to be the case particularly for the lower grades in the
range A1–B1. A post hoc Wilcoxon rank sum test (using the appropriate Bonferroni
correction for multiple comparisons) was used to compare correlation distributions for
different grades supports this observation: the distributions for A1 and A2 grades are
both significantly different from those of all other grades (p < 0.001 for all pairs except
A2–C1 and A2–C2 with p < 0.01 and p < 0.05, respectively).

4.3 Study III

The relation between the fluency-related temporal measures and prosodic proficiency
assessments was studied using a proportional odds logistic regression model (POLR) with
grade treated as an ordered categorical dependent variable. As opposed to Study II,
where the correlations with the mean L1 prominence provided better fits in terms of AIC
values, the "best agreement" approach yielded the best results in terms of explaining the
prosodic proficiency assessment in Study III. Therefore, this "best" correlation was used
in the final analysis reported here.

To acknowledge the differences arising from the L1s of the speakers as well as different
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proficiency level distributions, the fitted models were re-centered for each language
separately and effects of temporal measures were compared among the L1 groups. Table
4.5 summarizes the correlation effect sizes and t-values of the fits for the fluency measures
used as independent variables.

The models showed positive effects for ArtRate and negative effects for disfluencies: that
is, faster articulation rate and smaller disfluency-time ratio indicate higher perceived
proficiency level. Articulation rate has consistently the highest t-values across the L1
groups. Figure 4.3 summarizes the relationship between this measure and the assessment
grades for all L1 groups.

Table 4.5: Summary of the proportional odds logistic regression models with articulation rate
and each temporal measure used separately as a predictor of grade, centered for each speaker’s
L1. The AIC measure depicts the quality of fit for each model.

L1 ArtRate SP-ratio FP-ratio CR-ratio
effect t-value effect t-value effect t-value effect t-value

CZ 0.89 13.54 -0.08 -2.69 -0.06 -0.09 -0.98 -12.06
SK 1.51 25.34 -0.37 -17.99 -12.86 -19.83 -0.84 -12.63
PL 0.83 11.44 -0.19 -8.82 -6.71 -9.46 -0.63 -9.79
HU 1.2 15.43 -0.16 -5.53 -6.51 -7.12 -1.23 -9.18
AIC 15082 15734 15694 15761

Significance of the fluency measures varies with respect to speaker L1. For the Czech
and Slovak L1 groups, all fluency variables have relatively high (absolute) t-values. For
the Hungarian L1 group, frequencies of silent and filled pauses as well as corrections or
repetitions seem to have an effect on the assessments. For the Polish L1 group, in turn,
frequencies of silent and filled pauses as well as silent pause– time ratio have relatively
high t-values.

It is important to note that the occurrence of some disfluencies varies between L1 groups:
filled pauses are rare in all L1 groups (mean pause-time ratio = 0.01), while silent pauses
were more common in Slovak L1 group (mean pause-time ratio = 0.17 and mean frequency
= 5) than in other groups (mean pause-time ratio = 0.12 and mean frequency = 3 for all
other L1 groups). The amount of corrections and repetitions varied between L1 groups.

Table 4.6 summarizes the results from POLR models used for investigating the effect of
syllable-level prominence production to prosodic proficiency assessments. The correlation
between CWT-based prominence estimates of L2 speakers to the best native match were
used as independent variables, with interaction with the speaker L1 (CZ, SK, HU, or SK).
The models were again re-centered for each language separately, and the analysis was
done individually for each prominence estimation method.

The effect sizes for different fits revealed interesting similarities and differences between
the L1 groups. When prominence was estimated with duration, the effect sizes differed
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Figure 4.3: The relation of articulation rates (syllables per second) to prosodic proficiency
grades for each speaker’s L1 group from left to right: Czech, Slovak, Polish, and Hungarian.

significantly between all L1 groups except for the PL–HU pair. It is notable that the
effect sizes for duration were considerably higher for the CZ and SL group than for the
HU and PL groups.

The effect sizes for en and en-dur divide the L1 groups to two ‘sets’: SL–HU and CZ–PL
pairs, with non-significant differences within each pair and significantly greater effects for
the SL & HU groups compared to the CZ and PL groups. For the signal combinations of
f0en and f0-en-dur, the effect sizes are not significantly different within CZ–SL–HU set
(except for CZ–HU pair for f0-en-dur with t = 2.15) but are significantly lower for the
Polish L1 group.

Table 4.6: Summary of the proportional odds logistic regression models with each prominence
estimation method as a predictor of prosodic proficiency, centered for each speaker’s L1. The
AIC measure depicts the quality of fit for each model: AIC for the null model was 16852.

L1 f0 en dur f0-en f0-dur en-dur f0-en-dur
effect t-value effect t-value effect t-value effect t-value effect t-value effect t-value effect t-value

CZ 1.26 6.51 0.33 1.24 5.87 13.81 1.74 7.34 1.15 5.42 0.57 1.76 1.54 5.9
SK 2.04 7.63 1.77 6.92 3.99 11.97 1.68 7.61 2.73 9.27 2.71 8.88 2.12 7.75
PL 1.45 5.81 -0.39 -1.5 0.64 2.22 0.16 0.61 1.82 5.73 -0.19 -0.69 -0.16 -0.54
HU 1.56 6.03 2.38 7.56 1.48 3.56 2.03 7.38 1.92 6.19 2.44 7.56 2.4 7.9
AIC 16086 16146 15909 16090 16070 16113 16098

For Czech and Slovak L1 groups, the model with dur estimate as a predictor yields the
highest t-value among the predictors, for Polish the highest t-value was provide by the
f0-based fit and for Hungarian by the f0-en-dur. Figure 4.4 summarizes the relationship
between the best language-specific prominence estimation method and prosodic proficiency
grades.

The AIC values for different models reveal a notable worse quality of fit for the prominence
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Figure 4.4: The relation of L1-L2 prominence correlations to prosodic proficiency grades for
each speaker’s L1 group from left to right: Czech, Slovak, Polish, and Hungarian. The best
language-specific feature combination is shown on top of each plot.

based measures than for the articulation rate and temporal fluency based measures. In
order to find out, whether the prominence-based measures add any explanatory power over
the temporal measures in terms of assessment, one more set of POLR models were fitted
with temporal measures and prominence-based measures as independent variables. These
combination models were then compared to the models with only temporal measures
using log-likelihood comparisons. All models with additional prominence-based measures
provided significantly better fits regardless of the signal combination used (p < 0.001).

4.4 Summary of results

Study I addressed the role of fluency-related temporal measures as predictors of prosodic
proficiency in Finland Swedish as an L2, complementing previous research done on
other languages. The results show that fluency-related temporal measures can serve
as predictors of prosodic proficiency also in L2 Swedish, supporting the universality of
certain temporal features as indicators of oral proficiency. Moreover, temporal measures
were good predictors of proficiency despite the relatively short duration of the provided
speech samples (< 30 seconds). Articulation rate had a positive effect on the assessments
of prosodic proficiency, while disfluencies affected the assessments negatively. The most
significant predictors were articulation rate and filled pause-time ratio. Other notable
results considered the effects of temporal measures in relation to speech type and individual
assessors: disfluencies are generally tolerated better in spontaneous speech than in read
speech, but assessors seem to emphasize different fluency features in their rating behaviour.

Study II aimed to broaden the scope of L2 prosody research by applying a new analysis
method to study the potential of syllable-level prominence production in predicting
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prosodic proficiency. The predictive power of prominence measures was tested by corre-
lating syllable prominence (estimated with several prosodic signal combinations) of L2
speakers to the ones of L1 speakers and to binary, lexically determined stress patterns.
Both measure types correlated with proficiency assessments, but the correlation of L2 to
L1 prominence estimates served as a more reliable predictor of proficiency. Interestingly,
syllable prominence estimated with energy and duration presented the best signal combi-
nation for capturing syllable prominence characteristics correlating with L2 proficiency,
while adding f0 signal to prominence estimator had a detrimental effect on the quality of
fit. Overall the results provide strong support for the use of the wavelet-based prominence
estimation techniques in computer-assisted assessment of L2 speaking skills.

The main aim of Study III was to compare the methods used in Study I and Study II
in predicting prosodic proficiency assessments in L2. In addition, Study III examined the
possible effects of speaker’s L1 on prosodic proficiency from the perspective of temporal
features as well as production of syllable-level prominence.

With regards to temporal fluency features, articulation rate proved again to be the
most significant predictor of prosodic proficiency. However, the POLR model combining
articulation rate and disfluency measures showed results differing from the ones of Study I:
silent pause-time ratio and corrections/repetitions provided significant positive effects on
assessments, while in Study I all disfluencies had a negative effect on prosodic proficiency.
Models fitting each individual temporal measure separately, in turn, reveal that on
their own the temporal fluency measures capture expected effects: articulation rate
has a significantly positive effect and all disfluency measures have a negative effect on
assessments. The counter-intuitive result of the combination model might be due to
relatively high correlations between articulation rate and the disfluency measures.

Temporal measures, especially articulation rate, had stronger predictive power than
syllable-level prominence realizations. However, statistical models with temporal measures
augmented with prominence-based measures explained the assessment results significantly
better than the models with only the temporal measures. This indicates, that syllable-level
prominence realizations bring complementary information to the evaluation of L2 prosody.
Scrutinizing the results for the prominence measures also revealed interesting similarities
and differences between the L1 groups. These results complement the ones of Study II
about the possible effects of speaker’s L1 on the production of L2 prominence.





5 Discussion

This chapter discusses the main results of the present studies (5.1 and 5.2) along with
their limitations and strengths (5.3) as well as their contributions to relevant research
fields (5.4) and implications to L2 assessment and teaching (5.5). Section 5.6 concludes
this dissertation.

5.1 Temporal fluency features as indicators of prosodic
proficiency

Studies I and III investigated whether objectively measured temporal features in speech
can be used to predict the prosodic proficiency of L2 learners. Both studies analyzed the
relationship between temporal measures (articulation rate, silent and filled pause-time
ratio, and corrections and repetitions-time ratio) and human ratings of prosodic proficiency.
Additionally, Study I compared the results for read and spontaneous L2 speech samples,
and examined the individual differences between expert assessors. Study III, in turn,
investigated the predictive power of temporal measures with respect to language learners’
L1s. Study I focused on L2 Swedish produced by L1 Finnish speakers, while Study III
analyzed L2 English produced by native speakers of Czech, Slovak, Polish, and Hungarian.

The results in both studies suggest that articulation rate is the strongest individual
predictor of prosodic proficiency, regardless of the speech type (Study I), assessor (Study
I) or speaker’s L1 (Study III). The results are in line with previous studies that support
the importance of speed measures as indicators of fluency or oral proficiency (Cucchiarini
et al., 2002; de Wet et al., 2009; Iwashita et al., 2008; Kang, 2010; Lennon, 1990). The
results of the present as well as previous studies imply that the faster the articulation, the
better the proficiency of the L2 speaker. This conclusion is expected, since the speed of
speech delivery is strongly related to linguistic knowledge and processing skills (see, e.g.,
De Jong et al., 2013). Inefficient linking of words to meanings might slow down the overall
cognitive processing and create overload problems in short-term memory (Goldman-Eisler,
1968). In other words, the more the speaker needs time and energy to retrieve words and
form sentences in an L2, the more that process slows down their speech production.

Although the results support fast articulation as a feature of good L2 proficiency, it is
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probable that a saturation effect exists: when articulation rate increases beyond certain
threshold, it will likely reduce the intelligibility of the speech. It seems, however, that
most L2 speakers involved in the present as well as previous studies do not reach an
articulation rate fast enough to hamper with the speech intelligibility. After all, very
fast articulation requires both high motor skills and good command of the language, and
language learners presumably focus rather on accurate production than aiming to speak
fast. Nevertheless, variation has been found both between and within the articulation
rates of individuals (Miller et al., 1984), which can also affect the perception of speech
fluency. It would thus be interesting to study, whether language-specific thresholds for an
"ideal" articulation rate exist.

The result of Study I concerning the significance of articulation rate in spontaneous
speech differed from Cucchiarini et al. (2002): in Study I, articulation rate was the most
significant predictor of prosodic proficiency in spontaneous speech, while in the study
by Cucchiarini et al. (2002), articulation rate had almost no relationship with perceived
fluency. The reason for the conflicting results could be found in the differences in the
data: Cucchiarini et al. (2002) suspect that the importance of articulation rate diminishes
when the number of silent pauses increases. In their data, silent pauses were much more
frequent in spontaneous than in read speech. In Study I, in turn, short silent pauses were
relatively frequent in read speech, while in spontaneous speech the pauses were more
evenly distributed with respect to their duration: consequently, only silent pauses longer
than one second were deemed significant in spontaneous speech. Also, the articulation
rates between read and spontaneous speech in Study I did not differ remarkably, which
makes it logical that this variable remained significant in both speech types.

Interestingly, in Study I, the effect of medium-length silent pauses (200-1000 ms) to
proficiency ratings remained non-significant, although they were the most common type
of disfluency in the data. The significant effect short silent pauses (50-200 ms) had
on proficiency ratings in read speech, in turn, suggests that the commonly used pause
threshold of 250 ms should be revised: shorter pauses, especially when occurring frequently,
can lead to a perception of a staccato-like "broken" rhythm in speech and thus affect the
proficiency ratings negatively. However, automatic detection of pauses as short as 50 ms
might stumble on voiceless plosives that are characterized by silent breaks before the
release burst. In the current study, silent pauses were distinguished from plosives with
manual annotation. Moreover, the number of speech samples was relatively small, and
the size of data thus remains insufficient for reliable investigation of the effect of pause
duration on prosodic proficiency. Therefore, Study III investigated silent pauses without
the ternary length division. The results of Study III also support the importance of silent
pauses in the assessment of prosodic proficiency. When predicting the assessments together
with articulation rate, however, the significance of silent pauses diminished for the group
where silent pauses occurred the most frequently. This in an interesting result in the



5.1. Temporal fluency features as indicators of prosodic proficiency 45

light of the study by Cucchiarini et al. (2002), who suspected the frequent occurrence of
silent pauses to reduce the importance of articulation rate in fluency assessments in their
data. Although Study III examined only read speech and the results of Cucchiarini et al.
(2002) considered spontaneous speech, there might be something connecting these data
sets - perhaps a strong correlation between articulation rate and silent pauses. Although
articulation rate does not directly depend on pausing, it is possible that speakers who
articulate faster generally pause less, and vice versa.

The results regarding filled pauses in both Study I and Study III differed from previous
studies: the relative amount of filled pauses was found a significant predictor of prosodic
proficiency (the more filled pauses in speech, the lower the proficiency grade), as opposed
to the results of, for example, Cucchiarini et al. (2002) and Kormos and Dénes (2004).
Filled pauses were, however, the least frequent disfluency type in both studies, although
in Study I they occurred relatively often in spontaneous speech compared to read speech.
Corrections and repetitions, in turn, significantly lowered the prosodic proficiency grades
in both studies despite the relatively rare occurrence of these disfluency types in the speech
samples. In Study I, however, corrections and repetitions were significant predictors of
prosodic proficiency only for read speech, where they occurred notably more often than
in spontaneous speech. This occurrence of corrections and repetitions is, interestingly, in
contrast with the comparison study by Cucchiarini et al. (2002), where similar disfluencies
occurred more often in spontaneous speech than in read speech. Since the spontaneous
speech samples were elicited in a similar manner and were of similar length in these
studies, the reason for this difference might be in the distribution of speaker proficiency:
Cucchiarini et al. (2002) had notably more read speech samples from intermediate and
advanced than beginner level L2 learners, while the data for spontaneous speech consisted
of roughly 50 per cent of beginner level and 50 per cent of intermediate level speech. In
Study I, in turn, read and spontaneous speech was collected from the same speakers, and
the speaker proficiency distribution was clearly skewed towards the beginner and low
intermediate levels (as seen in Figure 5.1). It is likely, that disfluencies such as repetitions
and corrections are more common for beginner than intermediate or advanced level L2
learners, when they read aloud. Moreover, the target sentences used in Study I may have
been more difficult than the proficiency level of the participants would have called for,
causing the L2 speakers to stumble relatively often when trying to articulate words which
they might not have been familiar with.

In Study III, the significance of individual disfluency features (SP-ratio, FP-ratio, and
CR-ratio) to prosodic proficiency ratings differed with respect to the speakers’ L1. The
SP-ratio and FP-ratio in particular had much higher t-values for the Slovaks than for the
other L1 groups. The difference in SP-ratio can be attributed to the varying occurrence
of silent pauses, which were more common in the Slovak L1 group than in the other L1
groups. The differences in FP-ratio, in turn, could be explained by the relatively rare
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Figure 5.1: Distribution of prosodic proficiency grades in Study I

occurrence of filled pauses in the data in general, making it less reliable measure than, for
example, silent pause. When filled pauses, corrections, and repetitions do occur in speech,
they might have a significantly negative effect on prosodic proficiency assessments. The
ratio values for these disfluencies remained, however, very low: mean FP-ratio = 0.01 for
all L1 groups, mean CR-ratio = 0.05 for the Czech, 0.03 for the Slovak and Polish, and
0.02 for the Hungarian L1 group. Therefore, the predictive power of these measures to
the prosodic proficiency grades should be examined critically.

5.2 Syllable prominence measures as indicators of prosodic
proficiency

Studies II and III investigated the relation of syllable-level prominence realizations to
the perceived prosodic proficiency level in L2 learners. While Study II focused solely on
the prominence estimations, Study III examined the potential of prominence realizations
in comparison to the more widely used temporal fluency measures. Moreover, Study II
analyzed L2 Swedish speech produced by native Finnish subjects, while Study III had
data from Czech, Slovak, Hungarian, and Polish learners of English. The cross-linguistic
data in Study III enabled comparing of the relevant acoustic L2 prominence features with
respect to the speakers’ L1.

In Study II, the agreement level of the estimated syllable prominence between native and



5.2. Syllable prominence measures as indicators of prosodic proficiency 47

L2 speakers correlated with the prosodic proficiency levels of the L2 speakers, regardless
of the signal combination used in prominence estimation. Also, the CWT-based promi-
nence estimates served as a more reliable predictor of L2 proficiency compared to binary,
lexically determined stress patterns or raw acoustic measures of syllable prominence. The
CWT-based method successfully captured assessors’ distinctions especially between A-
and C-level samples. However, distinguishing between neighbouring proficiency levels,
in particular at the higher end of the scale (levels B2–C2), was less reliable. Neverthe-
less, syllable prominence estimations showed great potential for spoken L2 assessment.
Interestingly, duration and energy presented the best signal combination for capturing
syllable prominence characteristics relevant for L2 proficiency, while f0 seemed to have
a detrimental effect on the prediction model. The reason for the fact that the f0 did
not serve as a reliable signal for prominence estimation in Study II can be looked for
in the language-specific properties: in Finland Swedish, f0 might be involved mainly in
expressing sentence intonation (Bruce, 2010). In fact, the intonation patterns of FS are
found to be similar to Finnish, and f0 tends to be falling on syllable, word, and utterance
levels (Aho, 2010; Vihanta et al., 1990). Due to these properties, we can expect the
differences between L1 and L2 speakers in this data to occur mainly on the word-level
prominence production. Duration, for its part, was the best single parameter in predicting
prosodic proficiency in L2 FS. The finding is in line with the general understanding that,
in general, duration is the most consistent stress correlate in Swedish, while in Finnish it
has a more dominant role in marking phonological quantity (Fant and Kruckenberg, 1994;
Fant et al., 1991).

The results of Study III differed from the ones of Study II with respect to the predictive
power of syllable prominence as well as the best signal combinations for capturing
relevant prominence characteristics of the L2 speakers. The latter was expected due to
different language contexts: while Study II examined the L2 Finland Swedish of Finnish
speakers, Study III investigated L2 English speech from four different L1 backgrounds:
Czech, Slovak, Hungarian, and Polish. The results for the prominence measures thus
revealed interesting similarities and differences among the L1 groups. Based on the stress
characteristics of the target language English, duration was expected to be involved in
the best signal combinations for capturing relevant prominence characteristic of the L2
speakers. This was the case for the Czech, Slovak, and Hungarian L1 groups, but not
for the Polish. The reason for this distinction can be looked for in the language-specific
properties: Czech, Slovak, and Hungarian have a phonemic quantity distinction, which can
hinder the use of duration as a cue for signalling prominence in the respective languages
(Remijsen, 2002), and the tendency may be transferred to L2 English. In other words,
the lengthening of the stressed syllables might be insufficient, especially in the lower
proficiency level speakers of English.

The two most closely related L1s in Study III, Czech and Slovak, shared duration as
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the strongest predictive prominence feature, although the effect sizes differed notably.
However, the analysis did not reveal whether the different effect sizes can be attributed
to language-specific tendencies or to the different proficiency distributions of the two
L1 groups: the majority of the assessments for the Czech group were rather evenly
distributed to levels A2-B2, while about 70 per cent of the Slovak group’s assessments
remained below the B1-level. Nevertheless, the result supports the findings of Bilá and
Zimmermann (1999) and Weingartová et al. (2014): the way speakers of these languages
use (or disuse) duration to differentiate stressed and unstressed syllables in English affects
the perception of their prosodic proficiency. For the Hungarian L1 group, interestingly,
the best combination was with all three prosodic signals (f0-en-dur). The Hungarian
speakers have consistently high effect sizes for all feature combinations involving energy,
while duration alone yielded the lowest (yet significant) t-value. Because Hungarian, like
Czech and Slovak, has a phonemic distinction of quantity (Hungarian for both vowels and
consonants) and researchers have questioned the role of duration in signaling prominence
in Hungarian (Vogel et al., 2015) a stronger effect was expected for the duration signal in
predicting prosodic proficiency in L2 English. Explanations for this result can be looked
for in the Hungarian sentence stress: Hungarian has the tendency to place sentence stress
at the beginning of a phrase, while all the other languages in the present study tend
to place the most prominent part of a phrase at the final position (Duběda and Mády,
2010; Eschenberg, 2008; Roach, 2000). Moreover, Hungarian f0 contour patterns have a
relatively sharp falling tendency, as opposed to the other L1s (Beňuš et al., 2014; Duběda
and Mády, 2010; Eschenberg, 2008; Varga, 2002). It is possible, that the differences in
global phrasal tendencies may affect the acoustic realizations of stress also at the local
syllable level.

For the Polish speakers, the best predictive feature was f0, which has previously been
found to be the most relevant cue in marking prominence in Polish (Jassem, 1962; Malisz
and Wagner, 2012). It is possible that Polish speakers transfer the tendency to use f0 as
the primary cue for prominence from their L1 to English, making it a potential feature
in capturing the raters’ distinctions between less proficient and advanced speakers. It
should be noted, however, that the effect sizes were in general lower for Polish than for
the other L1 groups, regardless of the model. The overall correlations between L2 and L1
prominence estimations were also relatively low in all proficiency levels. Moreover, the
analyses do not reveal the manner in which the Polish use of f0 as a stress signal may
differ from English. The implications based on syllable prominence estimates should thus
be treated with caution, and further investigation on the matter is recommended. The
low effect sizes could indicate variation in the acoustic prominence realizations within
this group, or they may stem from the weak manifestation of Polish word and sentence
stress (Cwiek and Wagner, 2018; Dogil and Williams, 1999).

As mentioned, the predictive power of syllable prominence differed between the two
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Figure 5.2: The relation of L1-L2 prominence correlations (y-axis) to prosodic proficiency
grades (x-axis, 1–6 corresponding to levels A1–C2) in Studies II and III.

studies: syllable prominence served as a more reliable predictor of prosodic proficiency
in Study II than in Study III. The difference is well illustrated in Figure 5.2, where the
correlations and grades of each L1 group in Study III are pooled together. Note, however,
that for some L1 groups in Study III, the CWT method provided more reliable results
than for other L1 groups (as presented in Section 4.3, Figure 4.4). The results of Study
III showed that temporal measures have stronger predictive power than syllable-level
prominence realizations. However, statistical model with both temporal and prominence
measures explained the prosodic proficiency ratings significantly better than the models
with only the temporal measures. This indicates that syllable-level prominence realizations
do in fact bring supplementary information with respect to the assessment of prosodic
proficiency in L2. The results of Study III complement the ones of Study II and encourage
taking into account the effect of the speaker’s L1 on the production of L2 stress patterns
when researching L2 prosody.

Reasons for the statistically modest results of the CWT-based prominence measure in
Study III in comparison with Study II can be looked for in the differences between
research data. First, the target utterances in Study II were probably more suited for
studying stress production, as they included minimal pairs differing only in word stress.
Such aspect was not considered when recording speech data for Study III. Second, the
prosody of the target language in Study II – Finland Swedish – differs substantially
from English, which was the target language in Study III. While both languages have
relatively strong stress realizations (Bolinger, 1965; Fant and Kruckenberg, 1994), the
importance of stress and a complex syllable structure makes English stand out (Dauer,



50 Chapter 5. Discussion

1983; Ladefoged and Johnson, 2014). Moreover, FS shares many characteristics with
Finnish, which may have resulted in the prominence measures capturing more subtle
differences in the Finnish speakers’ proficiency in Study II than in L2 English speakers
proficiency in Study III. When estimating syllable prominence in L2 English, features
complementing the traditional prosodic measures – such as RMS energy range and f0
slope (Tepperman and Narayanan, 2005), spectral tilt (Ferrer et al., 2015), or relative
sonority levels (Yarra et al., 2017) – could improve the results.

The results of Studies II and III differed also with respect to the prominence measure
type. In Study II, correlations with the average L1 prominence estimates provided the
best quality of fit, while in Study III the "best agreement" approach – choosing the
native rendition with the highest correlation to the L2 production – provided the best
results. This may be due to differences in the native speaker selection between the two
studies: in Study II, all native speakers of FS were of same age and region, but Study
III used native speakers of both British and American English, possibly providing more
variation to the production of syllable prominence in the data. On one hand, the more
heterogeneous selection of native speakers in Study III enables unbiased assessment of
L2 speakers who might attempt to speak either of these varieties. On the other hand,
the number of native speakers was five for British English and two for American English.
Thus a larger number of native speakers would have given more reliable representations of
prominence realizations in the two varieties. It is also possible, that the selected reading
material (a narrative) in Study III allows more variation in the stress patterns than the
utterances in Study II, which represent a more restricted speaking style (news headlines).

5.3 Limitations, strengths, and future directions

The data in the present set of studies include mainly read speech, which has its benefits
as well as limitations. Although read speech is said to lack naturalness and interaction
that is essential in everyday speech communication, it was preferred in the current studies
due to comparability; the exact same content was assessed from several language learners,
allowing to compare the differences in these productions in both global prosodic level as
well as syllable-level. Especially in Studies II and III with CWT-based measurements,
it was important to be able to compare the same syllables in the same phonetic and
linguistic environment with the ones of the natives. Another limitation of read speech
is that the current data have no reference for reading proficiency in speaker’s L1: for
example, the results concerning the importance of corrections and repetitions could be
attributed to reading proficiency instead of the ability to produce correct prosody in an
L2. Moreover, read speech can differ from spontaneous speech with regards to temporal
fluency features (Cucchiarini et al., 2002, 2010), which can affect the results concerning
the predictive power of temporal measures. In Study I, articulation rates did not differ
significantly between read and spontaneous speech. However, the significance of silent
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pauses and other disfluency measures remained smaller for spontaneous speech than read
speech, indicating that these two speech types have different requirements for prosodic
proficiency. The results of Study I also provided insight into the assessors’ individual
preferences – conscious or not – for weighing temporal features when assessing prosodic
proficiency in L2. However, the data set for spontaneous speech was relatively small
(N=41) and larger data is yet recommended to study the relative importance of different
features between read and spontaneous speech.

It has been stated that the fluency in spontaneous L2 speech can be predicted by L1
fluency, indicating that L2 fluency measures could largely be measures of individual
speaking style (De Jong and Mora, 2019). Using read speech may prevent some of
this individual variation in L2, when the speakers do not need to use their cognitive
capacity for retrieving words and grammar rules. The benefits of read speech compared
to spontaneous speech also reach the assessments, at least with regard to pronunciation
features. According to Riggenbach (1991) and Freed (1995), raters’ judgments of fluency
are often confounded by a wide range of linguistic phenomena. With read speech, the
linguistic factors can be kept constant so that the raters have to focus more on the
pronunciation level, such as temporal fluency variables and prominence production. This
constraint of variables, in turn, is likely to increase the reliability of the assessments.

The speech data in the present studies was collected in various environments, which can
affect the quality of the audio signals. This, in turn, can have various effects on the
reliability and validity of the studies: for example, poorly recorded samples can affect
the validity of the assessments, if speech intelligibility is confounded with poor sound
quality. The data used in Studies I and II were recorded using headset microphones
in a classroom environment, which sometimes resulted in disturbing background noise.
For the present studies, a subset of the original recordings was selected based on audio
quality that would not affect the intelligibility of the speech (and thus the perception of
the human assessors) and that would suffice analysing syllable prominence acoustically
from the speech signal. Recordings for Study III, in turn, were provided by four different
universities in four different countries, and although they followed a shared protocol in
collecting the speech data, some variation in the quality of the recordings was evident.
As a result, some speakers were discarded from the final set of recordings used in Study
III. To further enhance the reliability of the acoustic analysis, sample-dependent settings
were used for extracting f0 contours in both speech data sets. Although the quality of
the recordings was controlled afterwards, it would be more practical to ensure the data
quality beforehand. However, since the present studies were collaborative in nature, the
author’s influence on the quality of the original speech data was limited.

Several previous studies suggest that both trained and untrained as well as native and non-
native raters can assess L2 speech relatively consistently, but phonetic and/or linguistic
training, experience, and specific rating instructions increase the inter-rater reliability
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(Brennan and Brennan, 1981; Cucchiarini et al., 2002; de Wet et al., 2009; Derwing
et al., 2004; Huang et al., 2016; Kormos and Dénes, 2004; Munro, 2008; Rossiter, 2009;
Thompson, 1991). The present studies included only non-native raters, but in Studies I
and II expert language assessors were used, and in Study III the raters were advanced
university students majoring either in the target language, English, or in phonetics.
Separate training sessions were organized to familiarize the assessors with the rating scale
and the speech data at hand. The inter-rater consistency was high in all the present
studies, although some variation was found between the individual raters in Studies I and
II. The individual variation was seen important to investigate in these studies, since the
number of raters was low (N=7 in Study I and N=4 in Study II). Study III, instead, had
40 raters, and thus looking at each individual separately was not seen relevant. However,
the raters in Study III were of four different language backgrounds, which could have
affected the assessments. Since the overall inter-rater consistency was high, this aspect
was not investigated in the present study. There is, however, an ongoing study on the
assessments data from Study III investigating the possible effects arising from assessor’s
L1.

Regarding the assessments, it is notable that the assessment distributions of all data
sets in the present studies were skewed towards lower proficiency levels, and it was more
difficult to distinguish between higher level speakers than lower level speakers with the
selected speech features. One reason for this can be the cumulative nature of the CEFR
rating scale: the differences between proficiency levels are greater at the lower part of the
scale because the language learning process is seen as progressive or accumulative. In
other words, the higher the proficiency gets, the slower the gaining of new skills becomes.
Moreover, it is expected that most language learners remain at B-level proficiency and
only a handful will reach a C-level proficiency. These tendencies can also be seen in
our results. The fact that the selected methods struggled in distinguishing the higher
level speakers could also stem from a saturation effect, as it is generally more challenging
even for human raters to consistently differentiate between the levels of highly proficient
speakers.

As far as I know, the studies presented in this dissertation were the first ones to use
the CWT method to study L2 speech as well as to predict the proficiency of L2 speech.
Obviously, more research on the use of CWT in L2 speech analysis is called for, but
the present results are very promising. The results of Study III, however, differed from
Study II regarding the role of syllable-level prominence in proficiency prediction models.
Observing the differences in the speech data between the two studies, the CWT method
seems to work better with controlled data designed for studying stress production in L2.
However, in addition to the direct comparison of L1 and L2 prominence realizations in
short utterances, the CWT method could also bring new possibilities for the examination
of temporal fluency in longer stretches of speech, as demonstrated in Suni et al. (2019).
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The choice of the languages in the current studies was somewhat unusual: it would have
been more traditional to focus on the same languages in all three studies. However, the
main reason for the cross-linguistic approach was to test whether the CWT method reveals
differences in the prominence productions that could be associated with the speakers’ L1.
Indeed, the cross-lingual data in Study III provided many interesting observations about
the effect of speaker L1 in L2 speech production and assessment. The second reason
was to study investigate, whether the global temporal fluency measures predicting L2
proficiency are language-independent.

One more aspect worth discussing is that the current studies used native speakers as
references for "ideal" production. It has traditionally been the case for many studies
as well as assessment protocols to compare L2 renditions to natives, but this policy is
lately been criticized by many researchers and language teaching authorities (Isaacs,
2018). Native-like speech is seen as a utopian goal for most language learners, since many
pronunciation features tend to fossilize at an early age. Therefore, using native speakers
as a reference is seen as a reflection of the outdated yet still common assumption, that a
proficient speaker of a second or foreign language should resemble native speakers. In the
current studies, however, the native speech samples provided purely the acoustic reference
and were not used deliberately to guide the assessors: in Study III, the assessors did not
rate nor hear native samples at all, and in Studies I and II, the assessors were not aware
of the nativeness of some samples. Moreover, the CEFR rating scale used in the studies
was updated to meet the current standards in spoken L2 assessment, which emphasize
intelligibility over nativeness.

5.4 Contributions to relevant research fields

This doctoral dissertation began to fill the gap in L2 assessment research in Finland by
providing insights into L2 speech proficiency in under-examined language contexts from
an acoustic-phonetic perspective. The main contribution of this work is the application of
acoustic-phonetic analysis in predicting prosodic proficiency of L2 speakers, which has not
been previously done for the present language combinations. The current set of studies
are multidisciplinary in nature, applying acoustic phonetics to L2 assessment research.
Thus the studies contribute to the discussions of L2 speech analysis methods as well as
the concept of spoken L2 skills, in particular from the perspective of assessing prosodic
proficiency.

The current studies provide new information about the temporal fluency and acoustic
prominence realizations of L2 Finland Swedish produced by Finnish speakers as well as
L2 English spoken by Czech, Slovak, Hungarian, and Polish speakers. The selected speech
features were not previously studied with the current language combinations, or have been
studied only marginally from different perspectives. Moreover, cross-linguistic studies on
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L2 speech with relating L1s have been marginal. The current studies report preliminary
attempts to untangle the acoustic complexity of L1 transfer to L2 stress production.

Study I addressed the role of fluency-related temporal measures as predictors of prosodic
proficiency in Finland Swedish as an L2, complementing previous research done on
other languages. The results show that fluency-related temporal measures can serve as
predictors of prosodic proficiency also in L2 Swedish, supporting the universality of speed
measures in particular as indicators of oral proficiency. However, the results concerning
short silent pauses (50-200 ms) challenge the previous pause thresholds commonly used
in measuring L2 fluency. Short pauses, in particular when occurring frequently, can affect
the assessments of oral proficiency and should therefore be considered also in automatic
assessment of L2 fluency. Such a short threshold for pauses, however, might be difficult
to apply to languages with geminate consonants.

The present studies were the first ones to apply a continuous wavelet transformation based
method in analyzing prosodic proficiency in L2. The findings of Studies II and III show
the potential of this signal-based prominence estimation method for automatic assessment
of prosodic proficiency. However, much is yet to be discovered with this method and the
possibilities it provides to L2 speech analysis and assessment. In the current studies, the
CWT-based method seems to work better with controlled data specifically designed for
studying stress production. However, interesting results from overall temporal fluency in
L2 speech has also been shown Suni et al. (2019).

Although the temporal measures served as better predictors of prosodic proficiency in
the current studies, syllable-level prominence measures provided L1-specific information
potentially useful for the assessment of L2 speaker proficiency. The acoustic features
underlying non-native stress production should be therefore scrutinized in more detail
with respect to speaker’s L1. Cross-linguistic studies on L2 speech with relating L1s have
been marginal so far, but the findings of Study III suggest that prosodic differences can
be found in the L2 speech of the speakers even from typologically close languages.

5.5 Implications to L2 assessment and teaching

The concept of L2 oral skills is undeniably multifaceted, and this dissertation contributes
only to a small part of it: pronunciation, and more specifically to the prosodic features
underlying spoken L2 proficiency. One motivation for the current studies was the increasing
interest in using automatized tools for teaching and assessing language skills. Instead
of developing rating algorithms, however, the current studies provide new information
potentially useful for the assessment of L2 speaking proficiency – both from human as
well as automatic perspective.

Studies I and III showed that temporal fluency measures related to the speed of speech
delivery are good indicators of prosodic proficiency in L2 Finland Swedish and English.
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Fluency measures were not previously studied in L2 Finland Swedish, but the results
support earlier findings on global fluency features used in automatic assessment of L2
speech, indicating similar measures to be of importance also in FS. The main new finding,
however, regards the pause duration: most studies applying automatic measures of speech
fluency use a pause threshold of approximately 250 ms, while in the current studies pauses
as short as 50 ms have been measured. The results of Study I indicate, that short pauses
also have an effect on assessments, especially when occurring frequently. Short pauses,
however, are difficult to detect automatically, since they could also be the closure phases
of unvoiced (geminate) consonants, and thus be part of the speech articulation.

When assessing fluency from automatically derived features in speech, the definition
of the concept is important: temporal measures capture fluency from the the narrow
perspective (referring to the "smoothness" of the spoken performance) (Lennon, 2000),
but they omit broader notions of fluency that humans may observe in rating speech, such
as coherence and argumentation (Ginther et al., 2010). In the current studies, however,
raters were not instructed to assess fluency but prosodic proficiency. Temporal measures
of speech fluency were related to these assessments, but the application of the results is
not straightforward: although articulation rate is strongly related to fluency and prosodic
proficiency assessments, it does not make sense to advice language learners to speak faster
in order to gain speech fluency. Rather, faster articulation is a by-product of general
language proficiency and comes from efficient cognitive processing of the language. From
automatic assessment point of view, however, the application of articulation rate as well
as several disfluency measures should be considered.

The results from Study III regarding syllable-level prominence measures showed differences
in the acoustic signals of prominence in an L2 with respect to speaker’s L1. This indicates
that the speaker’s L1 may affect the way they use acoustic cues in another language.
The results support the importance of the speaker’s L1 for designing robust and reliable
assessment methods for L2 speech, as well as for the customization of teaching and
learning tools. Further research on the matter is recommended, possibly investigating the
effect of speaker’s L1 on multiple second or foreign languages they speak. It should also
be considered, that a person’s L2 may affect the way the speak another second or foreign
language.

Study I showed that human raters may emphasize speech features differently when
assessing prosodic proficiency. This is an important observation for language teaching and
assessment in general, but also from the perspective of automatic assessment: if the human
raters disagree on which pronunciation features are relevant, how could a machine know
better what to measure? In order to develop a reliable assessment algorithm, it would be
useful to scrutinize the behaviour of human assessors in relation to the instructions given
to them as well as to the language-specific acoustic speech features.
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The speech data in Studies I and II were collected using a pilot version of a computer-
administered oral language test targeted for Swedish as an L2. With respect to oral
language testing in general, the use of computer-administered tasks helps to standardize
the testing conditions for all participants as well as to reduce the effect of the behavior
of other individuals in the communication, enabling to study language proficiency as an
individual attribute.

In general, this dissertation complements the research on the assessment of prosody
as part of oral proficiency, which remains frustratingly scarce. I think it is crucial for
language teachers and testers to be aware of the current research findings in the area
of foreign or second language learning of prosody, the type of prosodic and intonational
errors L2 learners are likely to make, and in particular where these errors stem from.

5.6 Summary and conclusions

This dissertation investigated L2 prosody using both traditional and novel acoustic-
phonetic methods, applying them to under-examined language contexts. Although the
focus was on acoustical measurements, the topic is also of interest to L2 teaching and
assessment, particularly from the perspective of automatic assessment development.

The results of the current studies show that fluency-related temporal measures can serve
as predictors of prosodic proficiency in L2 Finland Swedish as well as L2 English with
speakers from different L1 backgrounds. The current observations together with previous
research findings support the role of articulation rate in particular in estimating a L2
speaker’s oral proficiency.

The present studies were the first ones to apply continuous wavelet transform based
analysis to L2 speech. CWT-based estimations of syllable-level prominence provided new
information to the evaluation of L2 prosody, revealing possible effects of speaker’s L1 on
the realization of L2 stress.

The present studies bring deeper understanding to the basis of oral language skills and
spoken L2 assessment and offer new information about the relation of speech and language.
The results of this study can be used to develop more reliable and comprehensive L2
assessment and teaching methods and tools.
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