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Abstract
Various studies have investigated the temporal aspects of nonnative speech and their relation to perceived fluency, because
fluency constitutes an important aspect of second language
proficiency. For this purpose it is important to determine
which measures are most strongly correlated with perceived
fluency and how these measures vary. In the present study
objective measures related to perceived fluency were
calculated for read and spontaneous speech of non-native
speakers of Dutch. The results indicate that the objective
measures vary as a function of different variables. Suggestions
are made for future investigations so as to facilitate
comparisons between studies and meta-analyses.
Index Terms: fluency, non-native speech, temporal measures

1. Introduction
Fluency is viewed as an important aspect of second language
speech production and as such it is often included in tests of
second language skills [14]. A review of the fluency literature
reveals, however, that the term fluency has been used to refer
to different constructs (for a brief review, see [1]), varying
from overall language performance to more restricted
definitions that concern the temporal aspects of L2 speech.
This latter definition, which is found in [12; 11; 14; 15; 16],
makes reference to ‘‘native-like rapidity’’ [11: 390].
According to this interpretation, the goal in second language
learning would be to produce ‘‘speech at the tempo of native
speakers, unimpeded by silent pauses and hesitations, filled
pauses, self-corrections, repetitions false starts and the like’’
[11: 390]. owever, HH However, various studies have
indicated that even native speech is not always smooth and
continuous and exhibits many hesitations and repairs [11; 14].
The interest in studying and evaluating temporal aspects of
L2 learners’ speech production to establish its degree of
fluency has different motivations, varying from gaining insight
into the factors that affect L2 acquisition to developing
automatic tests of oral proficiency [18]. For this latter purpose
it is very important to find out which temporal measures are
most strongly correlated with perceived fluency and how these
measures vary depending on task and type of speech.
In this paper we present the results of a study on temporal
measures of fluency in non-native read and spontaneous
speech. In section 2 we present and discuss related work on
this topic and explain the rationale behind the present study. In
sections 3, 4 and 5 we describe the method adopted in our
study, the results obtained and relate them to those of previous
studies, with the aim of increasing our understanding of
fluency in non-native speech.

2. Related research
In previous studies we addressed the question of whether and
how objective, temporal measures of speech production could
be employed to develop automatic fluency tests [1; 2]. In these

studies traditional temporal measures as proposed by Grosjean
[9] were employed. The precise definitions of these measures
were slightly adapted to make them suitable for automatic
calculation and to relate them to sentence length. This made it
possible to use these measures in comparative studies that
employ different speech material [2]. These studies revealed
that some objective, temporal measures of speech are good
indicators of perceived fluency, that is fluency as assessed by
human raters. However, the magnitude of the correlation
between objective measures and human ratings of fluency
turned out to vary depending on the type of speech and the
type of task the speaker is engaging on.
Other authors addressed the question of how objective
measures of fluency are related to ratings assigned by expert
judges [10; 6; 17]. The results of the various studies reveal
similarities and differences. In general, measures such as
phonation time ratio and speech rate appear to be good
indicators of fluency, although the magnitude of the
correlations varies in the different studies. This is not only
related to differences between the tasks investigated, but could
also be connected to the precise definitions of the objective
measures employed. For instance, while [1; 2] employed
phones as the unit to calculate measures such as articulation
rate and speech rate, [10; 6; 17] used the syllable as the unit of
computation. Although the relative advantages of using either
phones or syllables might be related to the specific language
under investigation and its syllabic structure, it is worth
mentioning that the predicting power of the phone-based
measures employed by [1; 2] appeared to be higher than that
of the syllable-based measures.
Another possible influencing factor is the rubric adopted
for the human ratings. In the studies by [1; 2; 3]. the judges
were asked to distinguish different dimensions, such as
fluency, speech rate and pronunciation quality. The raters
managed to keep these dimensions distinct, which is borne out
by the correlations between the various objective measures
and the rating scales. Other studies adopted less strictly
defined dimensions such as accentedness [17].
Finally, the differences between the results obtained in
previous studies may be related to the definition of pauses that
was adopted. In [1; 2] a silent pause was defined as: a stretch
of silence with a duration of no less than 0.2 s, just like in
[10]. In [17] pauses were 0.1 s, while in [6] a threshold of 0.4
s was adopted. The two latter studies found no strong
correlation between number of pauses and perceived fluency.
[10] found no strong correlation either, but number of pauses
appeared not to vary much between low and advanced
speakers, while in [2] considerable differences were observed
between the three proficiency groups beginners, intermediate
and advanced.
To summarize, although the various studies on the
relationship between objective measures and human ratings of
fluency reveal some differences, there are indications that
temporal objective measures of speech production are related
to fluency ratings to various degrees and are in any case worth
studying.

3. The present study
In [2] we presented data from two experiments that employed
read and spontaneous speech and studied the relationship
between objective measures of speech and fluency ratings
assigned by human judges. These studies provided useful
insights into how objective measures can vary between read
and spontaneous speech. However, since the data were
collected from different speakers, they were not optimally
suited for studying the differences between read and
spontaneous speech. To make a fair comparison it would be
better to compare read and spontaneous speech data that stem
from the same speakers. Such data were collected within the
framework of the JASMIN project [4], which was aimed at
compiling a corpus of speech of children, non-natives and
elderly people.
For the purpose of getting a better understanding of how
objective measures of fluency vary between read and
spontaneous speech we calculated such measures for a group
of 44 speakers for each of which samples of read and
spontaneous speech were available, as will be explained
below. So, the data presented in the rest of this paper concern
objective measures of fluency and not perceived fluency, since
the latter would imply collecting ratings by human judges.

4. Method
4.1. Speech material
The speech material for the present experiments was taken
from the non-native component of the JASMIN speech corpus
[4]. Recording of read and spontaneous speech were made of
speakers with different mother tongues and relatively low
proficiency levels (A1, A2 and B1 of the Common European
Framework).
The read speech material consists of utterances produced
by 44 speakers while reading aloud short texts from the screen
and sets of phonetically rich sentences. The spontaneous
speech material was derived from human-machine dialogues
which were collected through a Wizard-of-Oz-based platform
[4]. In these dialogues the speakers reply 39 questions about a
journey. The dialogues reflect typical situations in humanmachine interaction where speakers produce phenomena such
as hyperarticulation, syllable lengthening, shouting, stress
shift, restarts, filled pauses, silent pauses, self talk, talking to
the machine, repetitions, prompt/question repeating and
paraphrasing.

4.2. Automatic speech analysis
To calculate the quantitative measures, a segmentation of the
speech signal into phonemes is needed. These segmentations
were created by doing a Viterbi alignment with the SPRAAK
toolkit [5] on the basis of an orthographic transcription, a
pronunciation lexicon and acoustic models.
Orthographic transcriptions were created manually. The
pronunciation lexicon was based on the CGN database lexicon
[13]. Some pronunciation phenomena, such as broken words
and pauses in a word, were annotated manually in the lexicon.
To obtain reliable acoustic models initial acoustic models
trained on Dutch native speech were adapted by performing a
single training pass with the non-native data in the JASMIN
corpus.
Acoustic preprocessing was done using a 32 ms Hamming
window, with a 10 ms step size. Acoustic feature vectors

consisted of 13 mel-based cepstral coefficients, including C0,
plus their first and second order derivatives.
The accuracy of the Viterbi alignment was checked
manually and the segmentation appeared to be of good quality
and was then used to calculate the quantitative measures which
are described in detail in the following section.

4.3. Objective temporal measures
Previous studies of temporal phenomena in native and nonnative speech have identified a number of quantitative
variables that appear to be related to perceived fluency [8; 9;
12; 11; 14; 15; 16]. The clearest taxonomy is provided by
Grosjean [9: 40], who distinguishes between primary and
secondary variables. Primary variables are ‘‘variables that are
always present in language output’’ [9: 40]. Secondary
variables are related to hesitation phenomena such as filled
pauses, repetitions, repairs, and restarts. These variables are
not necessarily present in speech and seem to be infrequent in
read speech [9: 42].
Before introducing the variables used, we first give some
definitions (for more details, see [2]):
 silence: every frame of silence detected by the Automatic
Speech Recognizer (ASR)
 silent pause: a stretch of silence with a duration of no less
than 0.2 s,
 nph: number of phonemes,
 dur1: duration of speech without utterance internal
silences,
 dur2: duration of speech including utterance internal
silences.
 Broken words: initial parts of words.
The following measures were calculated
1. Articulation rate: nph/dur1
2. Rate of speech: nph/dur2
3. Phonation/time ratio: 100% x dur1/dur2
4. Mean length of runs: Mean number of phonemes between
silent pauses
5. Mean length of silent pauses
6. Mean length of all silent pauses
7. Duration of silent pauses per minute: Total duration of all
silent pauses/(dur2/60)
8. Number of silent pauses per minute: Number of silent
pauses/(dur2/60)
9. Number of filled pauses per minute: Number of filled
pauses/(dur2/60)
10. Number of broken words per minute: Number of broken
words/(dur2/60)

5. Results
Table 1 shows the values of the objective measures for the two
types of speech, read and spontaneous. In the fourth column
the significance of the differences is indicated (paired t test).
For nine of the ten measures significant differences are
observed between read and spontaneous speech, but they are
not all in the same direction.
In general, the measures indicate that the speakers in this
experiment are more fluent in read speech than in spontaneous
speech, but there are exceptions. Specifically, Rate of speech,
Phonation/time ratio, Mean length of silent pauses, Duration
of silent pauses per minute, Number of filled pauses per
minute and Duration of filled pauses per minute indicate that
read speech is more fluent than spontaneous speech. On the
other hand, articulation rate is higher in spontaneous speech

than in read speech and there are more silent pauses and
broken words in read speech than in spontaneous speech. Our
previous study on the impact of objective measures on fluency
ratings ([2]) showed that articulation rate is a good predictor
of perceived fluency in read speech, but not in spontaneous
speech.
Table 1. Objective measures for read and spontaneous
speech.
Read

Spontaneous

p value

Articulation rate

9.44

10.17

0.001

Rate of speech

5.60

4.90

0.001

59.18

48.32

0.000

14.54

14.52

0.351

0.91

1.31

0.000

22.10

26.28

0.001

24.78

20.87

0.000

1.97

9.34

0.000

2.28

1.39

0.001

0.18

0.38

0.000

Phonation/time
ratio
Mean length of
runs
Mean length of
silent pauses
Duration of
silent pauses per
min.
Number of silent
pauses per min.
Number of filled
pauses per min.
Number of
broken words
per min.
Duration of
filled pauses per
min.

As to the number of silent pauses, this finding should
probably be related to the one that indicates that filled pauses
are much more frequent in spontaneous speech than in read
speech. In other words, in spontaneous speech speakers tend
to produce more filled pauses than silent pauses, maybe to
signal that they are still speaking, somehow, and to keep their
turn.
The finding that broken words are more frequent in read
speech than in spontaneous speech is in line with previous

results. In [2] we found that restarts, repetitions of initial parts
of words, were more frequent in read speech than in
spontaneous speech, probably because in read speech speakers
are forced, as it were, to produce words they see on paper
some of which they might not be familiar with. Articulating
such words is evidently more difficult than producing words
speakers planned in their minds, as is the case in spontaneous
speech. It is therefore not surprising that speakers stumble
more in pronouncing these words, than when they have to
pronounce words which they have chosen themselves.
At this point it seems interesting to compare the
differences between read and spontaneous speech observed in
this study with those found in [2]. For the sake of comparison,
we present the values of the measures investigated in both
studies in Table 2.
To make the comparison as fair as possible we present the
results for read and spontaneous speech for the various
proficiency levels. This is particularly important because the
non-native speakers in the current study are, in general, low
proficient compared to those in [2].
Although the tendencies are largely the same in the two
experiments, the differences between read and spontaneous
speech are much larger in [2] than in the present study. There
could be several explanations for this. First of all, recall that
while in the present study we analyze speech data of the same
speakers, the speech data in [2] stem from different speakers.
Second, in [2] the read speech seem to be less disfluent than in
the current study, which might be related to the generally
lower proficiency level of the speakers involved in the present
study. Furthermore, the protocol used to collect read speech in
the two studies differed in various respects. In [2] a printed
version of the utterances had previously been sent to the
speakers who had the opportunity of reading them beforehand,
rehearsing them and then read them aloud over the phone. In
the current study, on the other hand, the participants
performed a sort of cold reading because they had to read
aloud a text from a computer screen without rehearsing or
practicing in advance. In both studies the subjects had to read
out phonetically rich sentences; in addition, in the present
study the participants had to read also short stories properly
chosen for their proficiency level.

Table 2. Values for the objective measures in the current study and in the previous study [2].
Current study

Previous study

Read

Spontaneous

Read
Beginners

Read
Intermediate

Read
Advanced

Spontaneous
Beginners

Spontaneous
Intermediate

Articulation rate

9.44

10.17

10.87

11.15

12.47

12.25

11.85

Rate of speech

5.60

4.90

8.54

8.95

11.03

5.99

5.31

Phonation/time ratio

59.18

48.32

77.97

79.62

88.28

49.33

44.92

Mean length of runs

14.54

14.52

16.51

18.10

27.73

9.50

9.33

0.91

1.31

0.40

0.40

0.34

0.92

1.02

22.10

26.28

9.29

8.67

3.97

27.90

31.02

24.78

20.87

22.33

20.11

10.18

31.00

31.41

1.97

9.34

0.31

0.35

0.32

10.83

10.55

Mean length of silent
pauses
Duration of silent
pauses per min.
Number of silent
pauses per minute
Number of filled
pauses per minute

The finding that filled pauses are particularly frequent in
spontaneous speech and infrequent in read speech emerges
from both studies and is in line with the definitions of primary
and secondary variables formulated by Grosjean [9]. The
frequency of filled pauses in spontaneous speech is similar in
the two studies. As to silent pauses, these appear to be more
frequent in the read speech in the present study than in [2],
probably because the speakers in [2] had the possibility of
reading the text beforehand.
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