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Assessing Second Language 
Pronunciation: Distinguishing 
Features of Rhythm in 
Learner Speech at Different 
Profi ciency Levels
Evelina Galaczi, Brechtje Post, Aike Li, 
Fiona Barker and Elaine Schmidt

Introduction

Ongoing globalization in the 21st century, as well as the primary role 
of English as a lingua franca in educational and professional contexts, has 
brought to the forefront the fundamental role of second/foreign language (L2) 
pronunciation, due to the growing need for interlocutors from different first 
language (L1) backgrounds to engage in meaningful and intelligible commu-
nication in English. While pronunciation is clearly an important skill, and 
insufficient pronunciation ability is detrimental to the intelligibility of speech, 
it has a surprisingly minor role in theoretical L2 models, in assessment scales 
of speaking, and in practical assessment and teaching contexts involving 
examiners, teachers and learners. In terms of theoretical models, pronuncia-
tion ability is only minimally dealt with in the widely accepted framework 
of communicative language ability (Bachman, 1990), where pronunciation 
(phonology) is neglected and categorized together with graphology, despite 
the fundamental difference between these two constructs (Isaacs, 2014). The 
backstage role of pronunciation in theoretical models is also reflected in some 
well-known assessment scales, where pronunciation tends to be captured 
inconsistently or to be entirely absent. For example, the ACTFL Proficiency 
Guidelines for Speaking (ACTFL, 2012) do not include descriptors for pronun-
ciation at every level. Similarly, the Common European Framework of 
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Reference for Languages (CEFR) omits pronunciation as a criterion from the 
Spoken language use scale (Council of Europe, 2001: 28–29), attributing this 
decision to the difficulty in distinguishing across pronunciation ability levels 
in the same way as other language skills and the difficulty in interpreting 
descriptors of pronunciation consistently across languages (North & Hughes, 
2003: 6). Pronunciation is, instead, captured in the phonological control scale 
(Council of Europe, 2001: 117), which includes only brief descriptors. It does 
not consistently describe the construct of interest, and does not distinguish 
between CEFR Levels C1 and C2 (see Harding, this volume).

The underdeveloped nature of the pronunciation construct is also seen in 
the challenge presented by pronunciation for teachers and examiners: studies 
have indicated that examiners find the assessment of pronunciation to be 
more challenging than that of other skills, and that they tend to be more 
confident when making global judgements of intelligibility than when 
making judgements about micro-level segmental and prosodic features (e.g. 
Brown & Taylor, 2006; Isaacs et al., 2015; Yates et al., 2011). Teachers have 
also been found to lack training and confidence in their pronunciation exper-
tise (Levis, 2006).

The under-researched nature of the pronunciation construct is reflected 
in L2 acquisition research as well, where relatively little is known about how 
segmental and prosodic features develop over time. What is known is that 
cross-linguistic differences in segmental and prosodic proficiency are appar-
ent due to language transfer (e.g. difficulties with the /l/ and /r/ contrast for 
Japanese learners), especially at lower levels of proficiency, reflecting proper-
ties of the L1 (Major, 2008). While the L1 influence is important, research 
has also indicated that acquisition does not necessarily proceed in a uniform 
fashion, and that some features are subject to L1 transfer while others, such 
as accentual lengthening, show common developmental paths across lan-
guages (e.g. Li & Post, 2014). The picture is further complicated by the fact 
that proficiency emerges with the acquisition of phonology, morphosyntax 
and information structure and the mapping between them (Post et al., 2010) 
but phonological and prosodic acquisition can be out of step with acquisition 
in other areas of language competence at higher levels.

To sum up, there are difficulties with the theoretical conceptualization 
and practical operationalization of L2 pronunciation. One useful line of 
enquiry to pursue in making pronunciation a well-understood and integral 
part of learning, teaching and assessment contexts is to better understand 
the pronunciation features of learners with different L1s at different profi-
ciency levels. The present study aims to contribute to this need through 
providing an in-depth micro-analytic investigation of prosodic features 
observed in learner speech. The prosodic features of interest relate to the 
rhythm of speech, chosen for investigation here largely due to the under-
researched nature of rhythm in L2 speech, which is at odds with its impor-
tant role in comprehensibility (Isaacs & Trofimovich, 2012). Through its dual 
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interdisciplinary phonetics and assessment perspective, the study aims to 
establish a profile of the rhythmic properties of learner speech at different 
proficiency levels, which can in turn contribute towards a more comprehen-
sive definition and operationalization of the construct of L2 pronunciation. 
A broader aim is to raise awareness about micro-level features of rhythm and 
prosody which play a role in learner speech, and which teachers and asses-
sors are likely to benefit from.

Role of Rhythm in English Speech

Rhythm has traditionally been seen as a key distinguishing feature 
between languages, with stress-timed and syllable-timed languages regarded 
as distinct on the basis of differences in rhythmic properties (Abercrombie, 
1967; Pike, 1945). In stress-timed languages the durations between each 
stressed syllable tend to be approximately equal, whereas in syllable-timed 
languages the durations of syllables tend to be approximately equal. In stress-
timed languages, stressed syllables are significantly longer than unstressed 
syllables, and unstressed syllables which occur between consecutive stressed 
syllables are compressed (e.g. through vowel reduction) to fit into the time 
interval. For example, in the phrases ‘i LIKE to TRAvel’ and ‘i LIKE very 
much to TRAvel’, the unstressed words/syllables (in lower case letters) are 
reduced and shorter than their stressed counterparts and, importantly, the 
intervals taken by the unstressed syllables are of approximately equal dura-
tion. In syllable-timed languages, in contrast, syllables have more equal dura-
tion and prominence, with little or no vowel reduction. Table 9.1 provides a 
summary of key properties that have been associated with the stress-timed 
versus syllable-timed rhythm classification.

Although the rhythmic distinctions between stress-timed and syllable-
timed languages have been empirically supported (e.g. Ramus et al., 2003), 
many instrumental studies have failed to find constant and systematic evi-
dence to support the dichotomous approach to categorizing languages (e.g. 
Bolinger, 1965; Roach, 1982). In addition, it is clear that rhythm manifests 
itself along a number of phonetic dimensions, including duration, pitch and 
loudness. As a result, rather than categorizing languages in terms of two (or 
three) distinct rhythm classes, crosslinguistic differences in rhythm are now 
accounted for in terms of a continuous model of rhythm in which a combina-
tion of language-specific properties (besides more general factors such as 
speaking rate) result in different rhythmic patterning gradients along a con-
tinuum. Depending on these properties, an individual language will fall at a 
particular point along the continuum (e.g. Dauer, 1983; Prieto et al., 2012). 
Bearing this in mind, we adopt the terms ‘stress-timed’ and ‘syllable-timed’ 
in this chapter for ease of reference, and only operationalize speech rhythm 
in terms of duration in the first instance.
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Apart from such language-specific properties, rhythm is affected by non-
linguistic factors such as speech rate (e.g. Prieto et al., 2012). Figure 9.1 pro-
vides an illustration of how the consonants and vowels that are produced in 
the speech stream form intervals of different types with variable durations, 
which in turn create the rhythm of English speech. The example chosen is 
the fragment ‘… if you have a team leader, strictly speaking …’ (see Figure 
9.2 for the speech pressure wave and spectrogram). As Figure 9.1 shows, syl-
lable boundaries do not necessarily coincide with the edges of words (e.g. in 
‘if you’ the /f/ forms a syllable with the following word /ju:/), nor with the 
intervals that contain the sequences of vocalic or consonantal material (e.g. 
in ‘strictly’, the second consonantal interval straddles a syllable boundary). 
The figure also illustrates that the intervals are delimited by major phrase 
boundaries (marked by a silent pause # in this example). The effect of syl-
lable structure can be seen when we compare intervals that contain complex 
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Table 9.1 Stress-timed and syllable-timed languages: Rhythmic properties

Rhythmic property Stress-timed 
languages (e.g. Dutch, 
English, German)

Syllable-timed 
languages (e.g. French, 
Mandarin, Spanish)

Vowel reduction
Vowels in unstressed 
position tend to be 
shorter and to converge 
towards the central/
neutral vowel schwa //.

Evident reduction of 
unstressed vowels.

Vowel reduction is not 
evident.

Syllable structure complexity
Number of consonants 
allowed in a syllable.

Complex consonant 
clusters, therefore 
high amount of 
consonants in speech, 
e.g. C, CC and CCC.

Open syllables (CV) are 
far more common than 
complex syllable structures, 
therefore a lower amount 
of consonants in speech.

Durational marking of 
accentuation

The lengthening of 
accented syllables 
compared to unaccented 
syllables.

Large durational 
difference between 
accented syllables 
and unaccented ones.

Little durational difference 
between accented and 
unaccented syllables.

Final lengthening
The lengthening 
of phrase-fi nal and 
utterance-fi nal syllables 
compared to non-fi nal 
syllables.

Final syllables are 
lengthened compared 
to non-fi nal syllables.

Little durational 
distinction between fi nal 
and non-fi nal syllables.

Note: C = consonant; V = vowel.
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consonant clusters (e.g. /str/ in ‘strictly’) with those that contain singleton 
consonants (e.g. /t/ in ‘team’). As a result, the duration of the consonantal 
intervals is quite variable, and will be much more variable than in a language 
that only allows syllables with singleton consonants. Also, accented syllables 
with full vowels tend to be considerably longer than unaccented syllables 
which often contain reduced vowels (e.g. // in ‘strict’, ‘if’ and ‘-ly’). The 
effect of boundary lengthening can be seen in the longer duration of syllables 
that precede a major phrase boundary (compare the duration of the schwa 
vowel in ‘a’ and ‘-der’). Although the durational marking of accented sylla-
bles and phrase boundaries is very common across the languages of the 
world, the amount of lengthening varies considerably, and Figure 9.1 exempli-
fies that that effect is particularly strong in English.

Assessing Second Language Pronunciat ion: Features of Rhythm 161

Figure 9.1 Stress timing: An example of syllable durations and vocalic and consonantal 
intervals
Notes: (i) C = consonant; V = vowel; grey boxes = vocalic intervals, striped boxes = consonantal 
intervals; # = silent pause. (ii) Vocalic interval = section of speech between vowel onset and 
offset; consonantal interval = section between vowel offset and onset. (iii) Durations are shown 
approximately to scale.

Figure 9.2 Example of the segmental and prosodic labelling
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Rhythm Metrics

A number of metrics have been developed to quantify rhythm in (learner) 
speech (for a review, see White & Mattys, 2007).

%V (Proportion of vocalic material in speech)

Ramus et al. (1999) proposed several utterance-level measures of rhythm 
by dividing speech into vocalic and consonantal parts and computing the 
proportion of the vocalic interval duration in speech, expressed as a percent-
age from the total utterance duration: %V (i.e. comparing the amount of 
material in the grey against the striped boxes in Figure 9.1). In a stress-timed 
language such as English, %V would typically be lower due to vowel reduc-
tion and to the presence of consonant clusters, compared to a syllable-timed 
language such as Spanish.

In English, L2 learners may incorrectly insert vowels to break up conso-
nant clusters, and as such would increase the proportion of vocalic material 
in their speech. For example, Japanese learners of English who are struggling 
with this pronunciation feature may pronounce the word ‘Christmas’, which 
has several consonant clusters, as /kurisumasu/. Learners may, in addition, 
have trouble with vowel reduction in unstressed positions, and make vowel 
intervals that contain unaccented syllables too long.

Varco-V and Varco-C (variability in vocalic or consonantal 
duration)

To measure the variability in vocalic or consonantal interval duration (i.e. 
quantifying the amount of variability within either the grey or the striped 
intervals in Figure 9.1), Dellwo (2006) developed Varco-C, which calculates 
the standard deviation of consonantal interval duration (normalized for 
speech rate), as well as its vocalic counterpart Varco-V. Varco measures the 
variability globally as an average across the whole speech of a speaker, in 
contrast to other measures (discussed below) which have a more local focus. 
Typically, this variability is expected to be larger in stress-timed languages, 
such as English, due to the higher variety in syllable structures associated 
with a stress-timed language (e.g. some syllables have complex consonant 
clusters and some simple structures), and greater accentual and final length-
ening. In syllable-timed languages, in contrast, a large proportion of syllables 
have a simple CV structure and successive syllables are more similar in 
length, leading to lower variability values (Low, 2006).

In English, L2 speech may show lower variability in vocalic and conso-
nantal durations, partly due to L1 transfer from a syllable-timed language. 
This will, in part, be due to processing and articulation difficulties associated 
with differences between the syllable structures in the L1 and L2, but also 
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with differences in accentual and boundary marking. In addition to possible 
transfer effects, accentuation has been shown to be correlated with profi-
ciency level (Kang, 2013; Kang et al., 2010) and with comprehensibility and 
accent ratings (Isaacs & Trofimovich, 2012) independent of the L1. Low-
proficiency learners have been reported to overuse accentuation, since they 
accent lexical items regardless of their function or information load (Kang, 
2010). This is likely to have knock-on effects on speech rhythm.

PVI (Pairwise Variability Index)

Other measures capture rhythm more locally by focusing on the degree 
of durational difference between neighbouring intervals. One such measure 
is the PVI (Pairwise Variability Index) metric which calculates the mean of 
the durational differences between successive temporal intervals in an into-
nation phrase (a stretch of speech with its own intonation contour). The raw 
PVI (rPVI-C for consonantal intervals and rPVI-V for vocalic intervals) con-
trasts with its normalized counterpart which controls for the effect of speech 
rate (nPVI-C and nPVI-V) (Grabe & Low, 2002; Low et al., 2000). A stress-
timed language would be expected to have high PVI values and a syllable-
timed language low PVI values, as confirmed by Low et al. (2000) and Low 
(1998) who compared British English (stress-timed) and Singapore English 
(syllable-timed) and found that the British English speakers exhibited a sig-
nificantly higher variability in duration between successive vowels than the 
Singapore English speakers. In English L2 speech, learners who are producing 
more syllable-timed speech would be expected to show lower variability in 
durations between neighbouring intervals.

Prosody, Rhythm and Second Language English 
Learners

Prosody, which comprises rhythm alongside intonation, tone, accentua-
tion and boundary marking, has been empirically shown to play a funda-
mental role in comprehensibility (e.g. Anderson-Hsieh et al., 1992; Kang et al., 
2010; Munro & Derwing, 1995; Pickering, 2001). In other words, a speaker 
with otherwise good articulation may be difficult to understand because of 
weak prosody. Stress – the most widely studied prosodic feature in L2 speech – 
has consistently been found to relate to L2 comprehensibility, both at word- 
and sentence-stress level (Field, 2005; Hahn, 2004; Kang et al., 2010). 
Discussions in the area of English as a lingua franca have also indicated that 
communication breakdowns could be due to misplaced sentence stress 
(Jenkins, 2002).

Rhythm has been investigated less extensively than stress as a prosodic 
feature of L2 speech. Low (2006) suggests that the rhythm of a stress-timed 
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language would be more difficult to acquire than the rhythm of a syllable-
timed language, due to the need to reduce vowels and compress syllables in 
stress-timed languages. This hypothesis finds support in various empirical 
studies: Gutiérrez-Díaz (2001) found that advanced Spanish learners of 
English produced English with a stressed/unstressed syllable durational ratio, 
which was mid-way between the ratios for Spanish and English, suggesting 
that stress-timing posed a problem for those learners. Similarly, Trofimovich 
and Baker (2006) reported a significant difference between inexperienced 
and moderately experienced learners and native speakers of English in terms 
of their stressed/unstressed syllable ratio, again showing that learners had 
difficulty producing stress timing. Vowel reduction – a fundamental compo-
nent of rhythm in English – has also been related to measures and percep-
tions of accentedness and comprehensibility in learners (Trofimovich & 
Isaacs, 2012).

Other studies have included rhythm as part of investigations focusing on 
differences in learner speech across proficiency levels. In this respect, Iwashita 
et al. (2008), in an important first attempt to provide an in-depth empirical 
analysis of learner speech, focused on distinguishing levels of proficiency 
through a range of linguistic features in the context of the TOEFL iBT speak-
ing test. The researchers utilized a range of pronunciation measures (along-
side measures of grammatical accuracy and complexity, vocabulary and 
fluency) and focused on the pronunciation of word and sub-word level fea-
tures, on intonation and on rhythm using auditory coding of features (e.g. 
targetlike/non-targetlike) and not instrumental measurements. A significant 
difference between levels was found only with the production of targetlike 
syllables, but the authors reported high correlations between rhythm and 
proficiency level, with appropriate rhythm associated with higher profi-
ciency learners.

Kang (2013) analyzed a range of linguistic features at CEFR Levels B1 to 
C2 in a set of Cambridge English speaking test performances. The speech 
analysis program Praat (Boersma & Weenink, 2010) was used alongside lis-
tener coding of measures to analyze objective pronunciation measures, such 
as proportion of words with prominent stress, number of prominent syllables 
per run, overall pitch range and a range of tones. The findings indicated that 
there are objectively measured differences between high- and low-proficiency 
learners, but not necessarily between adjacent levels. The author further 
showed that, as proficiency increased, the proportion of stressed words 
within a sentence decreased, thus supporting prior research indicating that 
low-proficiency learners stress items regardless of their function or impor-
tance (Kang, 2013). In a similar line of research, Isaacs and Trofimovich 
(2012) set out to produce an empirically based rating scale for pronunciation 
and identified a subset of features which best distinguish between three 
levels of L2 comprehensibility, using both auditory and instrumental mea-
sures. The authors noted a strong relationship between word stress and 
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vowel reduction and raters’ judgements in the sample, which, it needs to be 
noted, was limited to one L1 group (French).

The development of the rhythm metrics outlined in the previous section 
has given rise to investigations of L2 speech rhythm in a quantitative and 
systematic way. However, only a few studies have investigated rhythmic 
differences between L2 learners of different proficiency levels, or with differ-
ent L1 backgrounds (e.g. Guilbault, 2002; Gut, 2009; see Li & Post, 2014, for 
review). These studies have provided inconsistent evidence for rhythmic dif-
ferences in L2 speech depending on level of proficiency or L1.

Study Aim and Research Questions

As noted in the literature review, few studies have systematically exam-
ined how rhythm is displayed by L2 learners at different proficiency levels 
and from controlled L1 backgrounds, and even fewer studies to date have 
employed the rhythm metrics used here in the context of learner speech at 
different proficiency levels. The aim of this study, therefore, is to offer a more 
comprehensive empirically based investigation of rhythm in L2 speech than 
that given in previous studies in order to establish to what extent rhythmic 
measures can discriminate between proficiency levels. We do so through a 
small-scale quantitative investigation of objectively measurable micro-level 
prosodic rhythmic features in the speech of learners at different proficiency 
levels (reported as CEFR levels) and through controlling for learner L1 back-
ground. The study aims to provide more granularity in the analysis by 
moving from a judgement that a specific feature is not targetlike (e.g. 
Iwashita et al., 2008), to an investigation of what makes it not targetlike at 
different CEFR levels. The main motivation is the need to better understand 
L2 pronunciation as a construct and to provide practical findings that can 
inform learning, teaching and assessment. A broader aim of the study is to 
contribute a cross-disciplinary perspective to L2 pronunciation through col-
laboration between L2 phoneticians and language assessment specialists. The 
following four research questions guide the study; the first two deal with 
pronunciation across proficiency levels while the last two deal with pronun-
ciation across L1s.

 (1) How reliably can levels of L2 pronunciation ability be discriminated 
across CEFR Levels A1–C2 using a set of rhythmic measures?

 (2) Which rhythmic measures have the highest discriminative properties 
for particular proficiency levels?

 (3) How far do rhythmic measures display different patterns for learners of 
different L1 backgrounds?

 (4) Which rhythmic measures display the largest differences for particu-
lar L1s?
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Methodology

Speech samples

Speech samples drawn from speaking test performances of 20 English 
learners from three typologically different L1 backgrounds and six CEFR 
levels were used in this study (see Table 9.2).

Approximately 60 seconds of speech were used per learner, taken from a 
Question-and-Answer task, where the learners responded to a series of ques-
tions and produced extemporaneous speech. The speech samples at CEFR 
Levels A2–C2 were taken from Cambridge English face-to-face speaking 
tests, whereas at Level A1 performances were extracted from a computer-
delivered speaking test. In both test formats the same task type was used to 
minimize any differences due to a method effect.

The participants represented ‘average’ learners at each CEFR level based 
on their pronunciation score; that is, they were not borderline within their 
CEFR level. Borderline test takers with marks at the top or bottom of the 
scale would have been likely to show pronunciation features typical of the 
adjacent proficiency levels and were not deemed suitable for analysis. Rater 
effects were minimized by using Fair Average marks generated by Facets 
(Linacre, 1989) which were based on multiple marks from a group of accred-
ited experienced examiners (marks were provided by Cambridge English).

Two studies served as the basis of the empirical investigation reported 
here. In Study 1, speech was used from 12 L1 Spanish speakers spanning 
Levels A1 to C2 (two learners at each level) to examine the variability in 
learner performances across proficiency levels, while controlling for L1 back-
ground; in Study 2, speech was used from L2 speakers from Korean, Spanish 
and German L1 (two each at Levels B1 and B2) to compare L1 effects. The 
three languages were chosen to be typologically different: German is stress-
timed (Kohler, 1982); Spanish is syllable-timed (Pike, 1945); whereas Korean 
is generally considered to be neither stress-timed nor syllable-timed (Seong, 
1995). CEFR Levels B1 and B2 formed the basis of Study 2.
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Table 9.2 Dataset

Level L1

German Spanish Korean

A1 – 2 –
A2 – 2 –
B1 2 2 2
B2 2 2 2
C1 – 2 –
C2 – 2 –
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Speech measures

The 20 speech samples were analyzed for a number of measures which 
quantify different aspects of speech rhythm, and which were chosen based 
on previous research linking these measures to proficiency level or L1 differ-
ences. Table 9.3 provides a definition of these measures and their operation-
alization. Taken together, an analysis of learner speech across a range of 
proficiency levels using these measures should reveal how successful learners 
are at each level in producing speech that has stress-timing features.

Analysis

Syllable durations and durations of consonantal and vocalic intervals 
were extracted using Praat (Boersma & Weenink, 2010). An example of the 
segmental and prosodic labelling in Praat is given in Figure 9.2.

The first tier of the figure (fourth row down) contains orthographic tran-
scription. The second tier (fifth row down) was used to calculate accentual 
and final lengthening. Each syllable is marked as unaccented and non-final 
(labelled as ‘s’), accented (‘sa’), final (‘sef’), accented and final (‘safe’) or hesi-
tated (‘sx’). Hesitated syllables were excluded from the analysis. The key seg-
mentation criterion for syllabification of the speech produced by the study 
participants was Gussenhoven and Jacob’s (2005) version of the Maximum 
Onset Principle (Pulgram, 1970), which would syllabify the word ‘leader’ as 
‘lea.der’ instead of, for instance, ‘lead.er’. Establishing this criterion was 
important to ensure consistency in the measurement of syllable durations 
across the different speech samples. The second tier was also used to calculate 
speech rate by counting the number of syllables that were realized in each 
60-second speech sample. The third and fourth tier together provided the 
information required for the calculation of the rhythm metrics. In the third 
tier, each vowel and consonant was segmented primarily by visual inspection 
of the speech waveforms and wideband spectrograms with reference to stan-
dard criteria (e.g. Peterson & Lehiste, 1960; White & Mattys, 2007). The 
fourth tier contains the phrasing information, that is, the beginning and end 
of an intonation phrase. Within each intonation phrase, consecutive conso-
nant/vowel intervals were merged into vocalic and consonantal intervals.

Inter-coder agreement was measured for a subset (15%) of the data (one 
speaker per language). The samples used for inter-coder estimation were seg-
mented and labelled by three annotators. The inter-coder agreement was 
97% (calculated as number of codes of agreement/total number of codes).

Once the relevant measures were derived, statistical analyses were per-
formed using IBM SPSS 20. The data were analyzed using multivariate anal-
ysis of variance (MANOVA) with factors Language background (Spanish, 
German, Korean) and Proficiency level (A1, A2, B1, B2, C1, C2), and fixed 
factors Rhythm metrics (nPVI-V, Varco-V, Varco-C, %V, rPVI-C, nPVI-C).
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Results

Study 1: Differences across profi ciency levels

We will first present the results of the 12 Spanish learners across six dif-
ferent proficiency levels, starting with the rhythm metrics. Of the six 
rhythm metrics of interest here, three (seen in Figure 9.3) were found to be 
discriminative for CEFR level: %V (proportion of vocalic material in speech), 
Varco-C (variability in consonantal interval duration), and nPVI-C (dura-
tional differences between adjacent consonantal intervals), as indicated in a 
MANOVA with fixed factor Level (A1–C2), which showed a significant 
main effect for %V, F(5, 141) = 2.33, p < 0.05; Varco-C, F(5, 141) = 4.02, 
p < 0.01; and nPVI-C, F(2, 148) = 2.65, p < 0.05. Post hoc tests (Scheffe) 
showed that for Varco-C, the effect was attributable to a marginal difference 
between A1 and A2 (p = 0.078), between A2 and C1 (p < 0.05), and A2 and 
C2 (p < 0.05); and for nPVI-C, A2 and C2 differed (p < 0.05); for %V none of 
the individual comparisons reached significance.

Overall, the consonantal metrics showed a steady increase over profi-
ciency levels, with the exception of Level A1. This general upward trend 
indicates that the variability in consonantal interval durations as well as the 
durational differences between adjacent consonantal intervals increased, sug-
gesting that as learners improved in proficiency, they became more adept at 
dealing with both single consonants and more complex consonant clusters, 
and showed a more or less steady progression in consonantal variability. 
Interestingly, the Varco-C measure was found to be stable at the higher C1/
C2 levels, while nPVI-C increased at those levels (but not significantly). This 
indicates that C level L2 speakers are appropriately varying the durations of 
consonantal sequences in their speech globally (i.e. across the utterance). 
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Figure 9.3 Mean metric values for %V, VarcoC and nPVI-C at 6 CEFR levels
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This is likely to primarily reflect the adjustments that need to be made when 
consonantal sequences vary in complexity – and results in the same rhyth-
mic profile at the two highest levels in Varco-C. However, when the varia-
tion in the duration of consonantal intervals is considered more locally (i.e. 
in terms of pairwise variability between consonants), the values are still 
changing, which could suggest that more localized variation in duration due 
to factors like accentuation and boundary marking is still developing further 
at this level. In the case of the vocalic metric %V (the proportion of vocalic 
material in speech), a shift occurred between B1 and B2, indicating that as 
learners developed in proficiency between these two levels, they became 
more adept at producing reduced vowels, and at decreasing the number of 
(incorrectly inserted) vowels.

Moving on to the prosodic lengthening measures, the durations of syl-
lables overall and by syllable type were investigated. As a starting point, the 
mean number of syllables produced by learners at each level was calculated 
(Figure 9.4). Even though this measure is not strictly speaking an acoustic-
phonetic measure, and is typically considered a measure of fluency, it is a 
useful initial gauge of the development of learners across levels. Findings 
indicated a clear progression of mean number of syllables across proficiency 
levels, with the exception of Levels A1 and A2. As the learners in the sample 
developed in proficiency, they produced more syllables in a 60-second stretch.

The duration of syllables – which reflects learners’ speech planning and 
execution processes (Field, 2011; Levelt, 1989) – was also examined. Logically, 
if more syllables are produced in a constant stretch of speech (e.g. 60 seconds), 
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Figure 9.4 Speaking rate: Mean number of syllables (in 60-second sample)
Note: *p < 0.05; ** p < 0.01.
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then the syllables will become shorter. In less proficient learners, it is expected 
that the speech planning process will be slower as a result of lack of automa-
tization of cognitive processes and limited lexico-grammatical resources 
(Levelt, 1989). The execution is further slowed down by the need for speech 
articulators to be moved into positions that could be unfamiliar for learners 
(e.g. ‘th’ or realizations of /r/ in different languages), which takes a longer 
time. As Levelt (1989: 413) noted, fluent articulation ‘involves the co-ordi-
nated use of approximately 100 muscles’ – a tall order for a language learner.

Conforming to expectations, the analyses revealed that syllable dura-
tions in less proficient learners are significantly longer and decrease with 
increasing proficiency, as seen in the downward trend in Figure 9.5. An 
ANOVA of mean syllable duration showed a significant effect for Level, F(5, 
1436) = 37.099, p < 0.01. Post hoc tests (Scheffe) confirmed the three-way 
grouping that is visible in the figure (Levels A1/A2, B1/B2, C1/C2).

The specific durations of different prosodic syllable types (i.e. unac-
cented, accented, unaccented final and accented final) were additionally 
examined as a potential discriminating measure across proficiency levels. An 
ANOVA with CEFR Level (six levels) and Prosodic position (four levels) as 
fixed factors showed significant main effects for both, F(5, 1418) = 10.93, 
p < 0.001 and F(3, 1418) = 146.09, p < 0.001, respectively, as well as a two-
way interaction, F(15, 1418) = 2.68, p < 0.001. Post hoc tests (Scheffe) showed 
that accented and unaccented final syllables generally formed three 
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Figure 9.5 Speaking rate: Mean duration of syllables
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homogeneous subsets: Levels A1/A2, B1/B2 and C1/C2, as the measurements 
in Figure 9.6 indicate.

Figure 9.6 indicates that, with the exception of unaccented final syllables, 
the duration of all other syllable types generally decreases with increasing 
proficiency, which is a reflection of developing speech planning and execu-
tion processes. However, importantly, the durations of the different syllable 
types do not change to the same extent. Instead, unaccented and accented 
durations differ more at advanced C levels than at beginner A levels. This 
suggests a progression towards the more English realization of the syllable 
types where consistent durational differences are present between the two 
syllable types. Additionally, the lengthening of unaccented final syllables, a 
very characteristic property of stress-timed languages such as English, 
becomes longer than unaccented syllables at the C levels but is indistinguish-
able from accented syllables at the A levels. Therefore, while the durations of 
syllable types clearly overlap at beginner levels and are thus indistinguish-
able, at C2 learners have implemented different ‘categories’ for all prosodic 
syllable types that are marked by distinct durational patterns. This shows a 
progression from a more syllable-timed realization of syllable types to a more 
stress-timed English realization.

It is also worth noting the error bars in Figure 9.6, which indicate vari-
ability within proficiency levels and overlap between scale bands – a finding 
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Figure 9.6 Mean prosodic lengthening across profi ciency levels by syllable type
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that echoes results reported in Kang (2013) and Iwashita et al. (2008). Since 
this study is an exploratory study with only two speakers per CEFR level, 
more research is needed to further validate the robustness of the effects 
between different proficiency levels. Nevertheless, we can conclude that the 
measures tested here are useful in discriminating between levels of profi-
ciency, as demonstrated with the Spanish learners of English participating in 
the study.

Study 2: Differences across fi rst languages

Figure 9.7 plots the proportion of vocalic material (%V) produced by the 
German, Spanish and Korean learners against the variability in their conso-
nantal intervals (Varco-C); rPVI-C is omitted from the figure, since its pat-
tern of results resembles that for Varco-C. The data in the figure show that 
the rhythm metrics differ for the three L1 learner groups, with the highest 
Varco-C values for German and the highest %V values for Spanish, as would 
be expected under L1 transfer – that is, a high number of consonants and low 
number of vowels in German as a stress-timed language and vice versa in 
Spanish as a syllable-timed language.

A MANOVA, which included all six rhythm metrics and the fixed fac-
tors Language (German, Spanish, Korean) and Level (B1, B2), revealed a sig-
nificant main effect of Language for Varco-C, F(2, 148) = 3.36, p < 0.05, and 
rPVI-C, F(2, 148) = 4.70, p = 0.01, and a significant interaction between 
Language and Level for %V, F(2, 148) = 3.45, p < 0.05, and rPVI-C, 
F(2, 148) = 3.28, p < 0.05, but no main effect for Level. Post hoc tests (Scheffe) 
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Figure 9.7 Mean metric values for %V and Varco-C for German, Spanish and Korean 
learners of English at Levels B1 and B2
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showed that German and Korean learners differed marginally for Varco-C 
(p = 0.071), and German and Spanish learners did so for rPVI-C (p < 0.05).

Figures 9.8 and 9.9 show the effect of L1 background on accentual and 
phrase-final lengthening for Levels B1 and B2, respectively. Figure 9.8 reveals 
an L1 background effect, with German learners better at distinguishing 
between the prosodic lengthening of accented and unaccented final syllables 
than the other learners, at least at Level B1. At Level B2 (Figure 9.9) the pic-
ture changes, with German learners differentiating less between the differ-
ent syllable types, while the Koreans are doing better, and the Spanish are 
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Figure 9.8 Lengthening across languages by syllable type (Level B1)

Figure 9.9 Lengthening across languages by syllable type (Level B2)
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essentially continuing as before. Interestingly, although German learners 
with the most typologically similar language background to the target lan-
guage showed an early advantage for some measures, they were often still as 
far off target as the other L1 groups at the intermediate B levels.

An ANOVA with fixed factors L1 Language (German, Spanish and 
Korean), Level (B1 and B2), and Lengthening condition (unaccented, accented, 
unaccented final, accented final) showed significant main effects for all three 
factors respectively, F(2, 1683) = 3.02, p < 0.05; F(1, 1683) = 11.99, p = 0.001; 
F(3, 1683) = 116.84, p < 0.001, and a significant interaction between Language 
and Level, F(2, 1683) = 3.22, p < 0.05, confirming the pattern of results 
sketched above. Therefore, we can conclude that the measures tested here 
can successfully distinguish between the spoken productions of learners 
from different L1 backgrounds.

Discussion

Overall, this investigation has shown that some of the prosodic measures 
under investigation here can provide useful micro-level prosodic measures for 
consideration in L2 teaching and assessment contexts. The results of Study 
1, which focused on differences across proficiency levels, indicated that the 
learner speech observed at the different proficiency levels signalled progres-
sion from a more syllable-timed realization of speech to a more stress-timed 
realization, in line with the prosodic requirements of English. More specifi-
cally, the higher level learners in the sample used here were found to:

 (1) have a higher speech rate, and produce more frequent and shorter syl-
lables as reflected in the speech rate measurements, likely as a result of 
higher automaticity of speech planning and execution processes (Field, 
2011);

 (2) differ durationally between unaccented/accented and non-final/final 
syllables, indicating that at higher levels of proficiency learners are likely 
to have implemented different prosodic categories for different syllable 
types and display these with appropriate durational patterns;

 (3) be more adept at producing appropriate durations for vowels and conso-
nants as seen in the %V metric which showed a downward shift 
between Levels B1 and B2, and in the Varco-C and nPVI-C metrics 
which showed a more-or-less steady increase in consonantal variability 
from A2 to C2; this most likely reflects increased mastery of language-
specific properties like vowel reduction and syllable structure complex-
ity, and also accentual and final lengthening.

These findings are in line with Low’s (2006) assertion that the stress-
timing rhythm patterns of English speech would present problems for 
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learners. They also support previous research which has shown an increase 
in syllables in learner speech as proficiency increases (Kang, 2013; Kang & 
Wang, 2014) and the difficulty of lower level learners with managing stress-
timed speech (Iwashita et al., 2008). The current findings extend earlier 
research through pinpointing micro-level features of rhythm, which cause 
challenges for learners.

The results of Study 2, which focused on learners from three typologi-
cally different L1 backgrounds at intermediate-level proficiency, indicated 
that learners with different language backgrounds show different prosodic 
patterns:

 (1) learners from a stress-timed language such as German showed the high-
est ability to deal with consonantal variation (as seen in Varco-C and 
rPVI-C), and learners from a syllable-timed language such as Spanish 
displayed the highest proportion of vocalic material (%V), suggesting 
that transfer effects that can be predicted on the basis of the rhythmic 
properties of their respective L1s still take effect at the B levels;

 (2) German learners were better at distinguishing the durations between 
different syllable types than the Korean and Spanish learners at B1, but 
the Korean learners showed a clear progression at B2.

These findings suggest that there may be a prosodic basis to the results 
reported by Crowther et al. (2015), who found that speakers’ L1 plays an 
important role in listener judgements of L2 comprehensibility.

A finding common to both studies was the variability within CEFR 
levels, with differences found mainly between Levels A1 and C2, and no 
meaningful differences between adjacent levels. This is in line with results 
reported in other studies, which have found that pronunciation features are 
not clearly distinct between adjacent levels (Isaacs et al., 2015; Iwashita et al., 
2008; Kang, 2013; Kang & Wang, 2014).

Implications

Although the implications of these findings are only tentative due to the 
small-scale nature of the study, there are nevertheless useful insights for 
learning, teaching and assessment. In L2 pronunciation, global intelligibility 
and local (phonetic) precision are key concerns, and teachers and examiners 
must, therefore, have knowledge of the components of pronunciation and an 
awareness of when, how and why a pronunciation feature is problematic for 
learners. Levis (2006: 247) rightly argues that ‘the first thing that teachers 
must learn is to give more than global impressions of pronunciation. They 
need to become aware of relevant phonological categories and be able to 
name important errors.’ What this study has revealed are the rhythmic 
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challenges that learners might face, such as distinguishing between different 
syllable types in terms of duration, the difficulty of reducing the amount of 
vocalic material in their speech, and the challenge of varying consonantal 
intervals. Important prosodic features such as syllable variability and the 
crucial role of vowel reduction could, as such, become a focus in the class-
room, as also suggested by Liang (2003) and Low (2006). Such awareness 
would allow teachers to include prosodic features in their instruction, and 
would assist them to focus on the form-meaning relationships which are 
fundamental to learning (Isaacs, 2009). Understanding what learners can 
and cannot do at a specific proficiency level could also support learners to 
notice key aspects of their speech that would aid learning through conscious 
noticing and awareness (Schmidt, 1990). Clarity of pronunciation features 
that matter and affect their speech can additionally help learners to become 
more autonomous. The findings also indicate that different pronunciation 
features could be fruitfully emphasized in teaching and learning based on the 
L1 background of learners.

Investigating measures which ‘count’ in pronunciation also has implica-
tions for the assessment of pronunciation. As noted at the beginning of this 
chapter, raters have reported lower confidence in assessing pronunciation as 
compared to other skills (e.g. Brown & Taylor, 2006) and are more comfort-
able making global judgements of intelligibility as opposed to nuanced judge-
ments about features of pronunciation. These findings may reflect the 
‘undemanding nature of judgements [of global intelligibility] in terms of 
technical expertise’ (Yates et al., 2011: 36), as opposed to the precise technical 
knowledge needed to deconstruct pronunciation into its constituent parts, 
and they signal the need for a comprehensive and in-depth training of exam-
iners. The role of L1 background in learner speech has also confirmed the 
importance of supporting examiners in developing an ‘international ear’ 
through exposure to test takers from different L1s and levels of intelligibility, 
since a German and a Spanish learner, for example, would present different 
profiles that examiners would need to evaluate – as underlined by our find-
ings. Raters’ increased familiarity with L2 speech by learners from  different 
L1 backgrounds and ability levels would, in addition, minimize the  effect 
that rater familiarity with a test taker’s pronunciation plays in assessment – 
empirically shown to play a role (e.g. Ballard & Winke, this volume; Carey 
et al., 2011; Saito et al., this volume) – and would ultimately result in more 
reliable and valid assessment. The role of L1 background in learner speech 
and its possible effect on rater comprehension of that speech also indirectly 
lends support to Wagner and Toth’s (this volume) argument that pronuncia-
tion needs to be considered as part of both the speaking and listening 
constructs.

The findings have further implications for assessment in terms of scale 
development, scale descriptors and number of scale bands. Regarding the 
number of bands, the findings reported here indicate that with some of the 
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measures there were three distinct homogenous subsets in the data – A1/A2, 
B1/B2, C1/C2, suggesting that at least in the small-scale study here, only 
three broad levels were observed. This finding is, of course, based on a small 
subset of measures for pronunciation, but it provides some confirmation of 
research that has reported difficulty in scaling pronunciation ability across 
six or more levels. For example, in an older version of the IELTS test, pronun-
ciation was marked on a four-point scale, in contrast to the nine-point scale 
used for other traits such as lexical and grammatical resource, coherence and 
fluency, largely as a result of the different Many-Facet Rasch analysis find-
ings for pronunciation (Taylor, personal communication). Research on the 
current nine-point IELTS scale – even though it was reported by examiners 
to be easy to use – has, nevertheless, indicated that listener-rated measures 
were difficult to discriminate between nine levels (Isaacs et al., 2015). This 
finding also echoes the difficulties reported by North and Hughes (2003) in 
developing a six-level pronunciation scale, and indicates that pronunciation 
ability may be more meaningfully measured with fewer scale levels, or at 
least that further empirical work is needed focusing on the scaling of 
pronunciation.

The micro-level features identified here could also impact on the devel-
opment of descriptors in assessment scales. They indicate that suprasegmen-
tal features, and specifically rhythm, play a distinguishing role at both 
higher and lower levels of L2 proficiency, and should therefore be included 
at all levels (as also argued by Harding, this volume). Not all features identi-
fied as important in this study can be captured in assessment scales, since 
scales are driven by a need for conciseness, as well as a need for usability and 
the avoidance of vague terminology, as Harding contends in an earlier chap-
ter in this volume. This presents a case for more explicit references in scales 
to components of rhythm. Examples of this approach can be seen in the 
IELTS scale, which includes descriptors such as ‘can sustain appropriate 
rhythm’ and ‘rhythm may be affected by lack of stress-timing’ (http://
www.ielts.org). Such specific references to the components of prosody in 
assessment scales are positive examples of how pronunciation can be decon-
structed in scales, and how it could potentially make examiners more reli-
able through training and awareness raising of important pronunciation 
features. For example, in a survey of examiner views on the IELTS speaking 
scales, 83% and 76% of examiners reported that ‘rhythm’ and ‘stress timing’, 
respectively, were salient pronunciation features for them when they assess 
(Galaczi et al., 2012).

Even if not included in assessment scales, micro-level features can pro-
vide useful guidance for examiner training, since they provide explicit infor-
mation about what matters in pronunciation across CEFR levels, and can be 
beneficial in developing a shared understanding of pronunciation and its 
constituent parts. As Yates et al. (2011: 36) argue, identification of important 
micro-level features could offer examiners ‘a discourse that they can use to 
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articulate what they have noticed’ and ‘a framework within which to talk 
about the same aspects of a performance’.

The findings reported here could also have implications for automated 
speech recognition (ASR) and assessment systems of speech in which pro-
nunciation measurement plays a central role. Most current systems are based 
on detailed taxonomies of pronunciation features (e.g. articulation and dura-
tion of phonemes, pauses, use of pitch, and mean duration between stressed 
syllables) and associated weightings of those features in computer algorithms 
(e.g. Evanini & Wang, 2013; van Moere, 2012; Xi et al., 2012). Such systems 
could potentially include some of the rhythm measures identified here as a 
means of improving speech recognition accuracy and enhancing the assess-
ment of prosody. The findings on the effect of L1 background on rhythm can 
also be useful for ASR, as they support the development of ASR systems 
targeted at specific L1s or language groups.

Future Research and Conclusion

This exploratory study is constrained by its small-scale nature and lim-
ited generalizability. A larger scale investigation would address this limita-
tion and be useful in further exploring the pronunciation measures that were 
found to play a role. Such an investigation could extend not just to a larger 
sample of learners and L1s, but also to task types, since research has revealed 
interesting findings about differences in pronunciation measures across 
monologic and interactional task types (Kang & Wang, 2014). A mixed-
methods integration of quantitative and qualitative findings would provide 
further useful insights, and could, for example, extend the present study to 
an investigation of the degree to which raters attend to the instrumentally 
derived measures identified here. The need for longitudinal work also needs 
to be borne in mind, since it could complement the cross-sectional snapshots 
provided in the current study. The use of data from two different assessment 
modes (computer and face-to-face) – a potential limitation of the study – is 
a further area to explore. Even though from an assessment perspective there 
are clear differences between the two test modes, this is not considered to be 
a major threat to this study, since in both modes learners provided extempo-
raneous speech which illustrated their mastery of a range of phonological 
features. Nevertheless, an exploration of the effect of the face-to-face versus 
computer-based mode on pronunciation could reveal potential pronunciation 
differences and implications for assessment. Notwithstanding these limita-
tions, a systematic empirical investigation of the research questions guiding 
this study has contributed to an empirically based understanding of the pro-
nunciation construct, which can inform scale development and rater and 
teacher competence, and contribute to the development and assessment of 
learner pronunciation.
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