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Abstract

Repeating activities are frequently proposed in courses and
tools for improving foreign language pronunciation. In this
work we present a study that aims to quantify experimentally
the degree of improvement that students reach by perform-
ing such activities in what concerns to prosody. A group of
Japanese and American students of L2 Spanish read several
times a set of sentences in different conditions (listening-and-
reading or only reading). Subjective scoring of the utterances
was performed by following a set of quality criteria. Addition-
ally the objective scoring at suprasegmental level of the utter-
ances was also measured with a set of objective metrics that
have to do with temporal, energy and fundamental frequency
domains. Results prove that foreign utterances are closer to the
reference ones after repetitions and fluency increases both from
subjective and objective scores. It is not clear that other partic-
ular problems such as accent and rhythm also improve without
specific feedback.
Index Terms: computer assisted pronunciation training, com-
paring prosody1

1. Introduction
Pronunciation is one of the main language learning dimen-
sions. Computer supported systems and speech technologies
have entered into language learning domain leading to the cre-
ation of the disciplines of Computer Assisted Language Learn-
ing (CALL) and Computer Assisted Pronunciation Training
(CAPT). In [1] we reviewed the main activities that are present
in nowadays CAPT systems for pronunciation training. Among
them, reading and repeating are frequently found. For example
in modern language learning web services, it is common to find
activities in which the system proposes a word or a sentence to
be read by the user for the system to rate the quality of the utter-
ance; the user must repeat the utterance until its quality is good
enough. This reading can be supported by the listening of a cor-
rect pronunciation of the target text, in which case the activity
could be namedparroting. Imitation drills and reading aloud are
still the most common elocution exercises in teaching pronun-
ciation [2]. Most language pronunciation teaching approaches
at segmental level in CALL start from the idea that perceiving
sounds which do not exist in L1 is an essential prerequisite for
good pronunciation in L2 ([3]). Recent results suggest a pos-
itive impact of imitation computer-based phonetic training on
L2 sound perceptual awareness [4]. Imitation of native speech
templates through parroting exercises could make speech more
native-like and has become a common practice in many mo-
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bile based CAPT tools. Combinations of suprasegmental and
pronunciation scores have been successfully applied to the au-
tomatic assessment of nonnative pronunciation of L2 [5]. The
effects of oral repetition and practice in improving fluency in
L2 acquisition have recently been reported [6]. In this paper
we present an evaluation of the impact on pronunciation quality
of repeating the readings in working sessions, in particular the
impact on prosodic quality.

Evaluation in conventional language learning courses is re-
sponsibility of teachers who, after listening to the students, and
at the glance of previously established learning goals, judge the
students competences. Recently, there are alternatives to this
model, in which an electronic service scores the quality of the
users pronunciation by analyzing speech with automatic meth-
ods (see table 2 of [7]). In this work, we evaluate the impact of
repetitions by using both human judgments and automatic mea-
surements that are obtained from acoustic correlates of prosody
belonging to energy, F0 and duration domains.

The paper is oriented to answer the following research ques-
tions:

RQ1 Does the quality of prosody improve after repeating the
reading exercises?

Issue 1.1 Improvements that are identified by human
evaluators, can also be identified by automatic
measurements?

Issue 1.2 Which particular aspects of prosody improve
the most?

RQ2 What is the impact of parroting? Is it better that students
listen to the correct pronunciation before reading?

The paper is organized as follows: first experimental pro-
cedure is detailed by presenting the corpus, the human evalua-
tion and the automatic metrics to be used; next results section
presents the improvements along repetitions both by using hu-
man and automatic rates; paper ends with discussion, conclu-
sions and future work.

2. Experimental procedure
2.1. Corpus description

The corpus used in this work is described in detail in [8]. We
recorded 14 Spanish L2 speakers: 9 American English and 5
Japanese. All of them were students of Spanish at a university
level. We also recorded 8 native Spanish speakers of different
speaking styles, to have a set of reference pronunciations. The
set of foreign speakers was selected with the guidance of ed-
ucational personnel of the Languages Center of our University,
among students ranging from A2 to B2 Spanish proficiency lev-
els.
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For every foreign speaker, each recording session included
first sight read sentences, listen and repeat sentences, short sto-
ries and news paragraphs reading. For this work we select the
first two blocks of reading activities which are described as fol-
lows:

• First sight read sentences. Fifteen short sentences were
selected from the news paragraphs of the prosodic GLIS-
SANDO corpus, following a phonetic coverage criterion
(sentences are presented in cite [8]). From them, 10 (s01-
s10) were selected to be read at first sight by non-native
speakers. Ten sentences were read with small pauses be-
tween them and the task was repeated three times with
resting stops in between. This provides a basis for the
experimental study of the influence of simple reading
repetition on the pronunciation correctness.

• Listen and repeat sentences. A group of 10 (s05-s15) ad-
ditional sentences was gathered reusing the last 5 of the
previous ten sentences and 5 fresh ones from the orig-
inal set of fifteen sentences. Using a simple tablet ap-
plication, a reference utterance of each sentence by a na-
tive professional speaker was presented to the non-native
speaker, who had to carefully listen and repeat it immedi-
ately afterwards. Again, this process was repeated three
times to provide a means of evaluation of the effective-
ness of this guided pronunciation scheme.

2.2. Subjective evaluation of prosodic quality

Four experts have independently assignedperceptual evalua-
tion measuresalong five different dimensions, using a Lik-
ert scale, and a proposed overall proficiency level according
to the Common European Framework of Reference for Lan-
guages, Teaching and Assessment (CEFR) as applied to Spanish
(DELE2).

All the labelers already had good competences in the evalu-
ation of Spanish as a second language, developed as part of their
training background in the university degree in Spanish Lan-
guage and Literature. After a selection process, we provided
specific training sessions on the evaluation protocol and the ex-
pected meaning and scales of the target parameters we proposed
to label the utterances in the corpus. Open discussions favored
the establishment of a common ground for the criteria to follow
for the evaluation along the different dimensions.

The labeling process was monitored in order to detect pos-
sible anomalous deviations in the assessment criteria for some
of the evaluators. Along the labeling process, we conducted
several follow up sessions to try to keep general criteria as ho-
mogeneous as possible.

Most of the previous works have used a single dimension
to assess pronunciation quality by human experts [9, 10, 11, 12,
13]. In this work, we follow an approach based on several di-
mensions, similar to the one recently proposed in [14], because
this allows us to evaluate different aspects of the utterances in-
stead of a single overall performance. Perceptual dimensions
include:

• intelligibility (eint): the expert provides an integer value
to indicate the level of understanding of what has been
said (1:very poor, 5:excellent).

• fluency(eflu): the expert provides an integer value to in-
dicate the level of interruptions, hesitations, filled pauses

2http://www.dele.org/

and other phenomena which could affect fluency (1:very
poor, 5:excellent).

• phonetic correctness(efon): the expert provides an inte-
ger value in order to evaluate if all the phonemes have
been correctly pronounced (1:clearly non-native, 5:na-
tive).

• lexical accent correctness(eacc): the expert provides an
integer value in order to evaluate if lexical accent (posi-
tion of the accented syllable within the word) is correctly
positioned according to any accepted pronunciation of
Spanish (1:clearly non-native, 5:native).

• rhythm(erit): the expert provides an integer value in or-
der to evaluate to which extent the prosody clearly re-
sembles the one in a native Spanish speaker or, on the
contrary, shows a neat non-native accent (1:clearly non-
native, 5:native).

• Spanish level(edele): the expert indicates which level
of proficiency of Spanish appears to have the speaker,
according to the DELE scheme (A1, A2, B1, B2, C1 or
C2) and using a 1 (A1) to 6 (C2) numeric scale.

The labelers filled their evaluation scores for the perception
experiment using a web-based application. A total of 1179 ut-
terances were randomly presented to the evaluator in sequence
through a web form. They could listen to the utterance as many
times as they wanted and the form was filled with the perceptual
scores, the estimated DELE reference level and any additional
comments they would like to add for that particular utterance
or speaker. The average evaluation time was around 9 times
longer than the average utterance duration, which illustrates the
high cost of manual annotation. Since the samples were pre-
sented at random, the likelihood that the labeler could listen to
two of them in the same order they were recorded is negligible,
as can be easily computed.

2.3. Objective evaluation of prosodic quality

The following metrics have been computed per sentence:

2.3.1. Duration related measurements

Speech rate measures:For each utterance, we compute a rate
of speech (ros) as the number of phones per second.

Global interval proportions: We computed the vocalic in-
tervals ratio (VIR) (sum of the lengths of vocalic intervals di-
vided by the total duration of the sentence, excluding pauses),
as proposed by [15]. The standard deviation of the duration
of vocalic intervals (dV) and of consonantal intervals (dC) are
computed at utterance level. Following [16], we also computed
the standard deviation of consonantal (varV) and vocalic (varC)
interval durations divided by mean consonantal or vocalic dura-
tion within the utterance.

Variability indexes: We identify vocalic and consonantal
segments and computed two forms of the Pairwise Variability
Index proposed in [17]:

rPV I = 100×
∑N−1

i=1 |di − di+1|
N − 1

(1)

nPV I = 100× 1

N − 1

N−1∑

i=1

|di − di+1|
(di + di+1)/2

(2)

With these, four utterance-level features are extracted:
rPVI.V, nPVI.C, rPVI.V, rPVI.C separating consonant and vo-
calic segments.
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2.3.2. Energy and F0 related measurements

First, we obtained energy and F0 of each utterance at intervals
of 10 milliseconds using praat [18]. Energy was normalized by
speaker and F0 was measured in semitones with respect to the
mean F0 of each speaker. To compare two utterances we first
aligned them using the energy and the dynamic time warping
(DTW) algorithm. We obtained de following metrics:

DTW similarity indexes: DTW.Enis the similarity mea-
sure provided by the DTW algorithm, divided by the sum of
the lengths of the two input utterances.DTW.F0 is calculated
by using the DTW algorithm dividing the similarity index by
the sum of the lengths of the two input utterances. We used the
implementation of the DTW algorithm described in [19].

Once we have both utterances aligned with DTW (using en-
ergy), we computed the measures related to F0: the root-mean-
square error (RMSE), the correlation which have been conven-
tionally used for comparing F0 contour in speech synthesis [20].

RMSE is calculated as follows:

RMSE =

√√√√ 1

n

n∑

i=1

(Xi − Yi)2 (3)

wheren is the number of the number of F0 values in the aligned
utterances;Xi refers to the F0 values of the reference utterance
andYi refers to the F0 values of the other utterance.

As F0 is not defined in unvoiced regions, different calcula-
tions of RMSE can be done.RMSEwas calculated using only
the values in which both utterances are voiced.

Pearson correlationis calculated as follows:

Cor =
cov(X,Y )

σXσY
(4)

Giving to X and Y the same meaning as before.Cor is
calculated using only the values in which both utterances are
voiced.

3. Results
Table 1 shows differences between values of the metrics de-
scribed in previous section for native and non-native speakers.
The values obtained by the native speakers are to be a refer-
ence, so that the closer to non-native speakers the values are,
the best their pronunciation can be considered to be. Concern-
ing the subjective metrics results, as expected, native speakers
utterances obtained the maximum rate (or very close to it) at the
time that non-native speakers obtain lower results. Concerning
to the objective metrics, native speakers obtain higher values for
duration metricsROS, VIRand for the F0 related metriccor. On
the other hand, native speakers get lower results for thed, var
andPVI duration metrics and for the RMSE, and DTW related
metric. In the discussion section we are presenting an inter-
pretation for these values, but now, we are interested in using
these differences as a reference for assessing the impact of the
repetitions in the non-native pronunciation quality.

Table 3 compares the marks assigned by the different evalu-
ators to the different sentence repetitions. In the cells, the mean
difference and its statistical significance is presented. The dif-
ferences are computed as the difference between the marks ob-
tained in the third and first repetition of the same sentence ut-
tered by the same speaker; thus we average per sentence and per
speaker. A positive value in rowR01 vs R03means the marks
assigned to the third repetition are higher (in average) than the
marks assigned to the first one. In general terms, most of the

Table 1: Difference between native and non-native speakers.
min andmax are the boundaries of the 95% confidence inter-
val of the values of the variables per group of speakers.

Native no-Native
Metric min max min max

eint 5.00 5.00 3.40 3.46
eflu 4.92 4.99 3.20 3.27
efon 4.91 4.98 2.85 2.91
eacc 4.93 4.99 3.21 3.27
erit 4.79 4.91 2.53 2.59
edele 5.97 6.00 3.32 3.39

ROS 11.68 12.34 9.60 9.81
VIR 47.43 49.35 44.87 46.02
dV 0.04 0.05 0.07 0.08
dC 0.04 0.04 0.09 0.09
varV 55.30 62.44 73.36 76.57
varC 43.42 46.19 75.73 79.52
rPVI.V 3.70 4.19 6.72 7.17
rPVI.C 4.05 4.39 8.22 8.78
nPVI.V 42.57 45.41 56.72 58.52
nPVI.C 49.42 52.24 62.35 64.05

DTW.En 0.10 0.12 0.16 0.16
RMSE 2.86 3.37 3.34 3.42
Cor 0.51 0.61 0.26 0.29
DTW.F0 0.50 0.60 0.68 0.71

values are positive, but the most clear differences appear in what
respects to fluency. Repetition without listening activities (R01
vs R03 rows) permits to improve the marks with significant re-
sults in what concerns tofluencyand overalllevel perception
(except for evaluator B). A and B raters appreciate differences
on rhythmand A and D marked differences onintelligibility . In
parroting activities, A, C, D raters observed differences onflu-
encyat the time that B indicated differences affectingrhythm.
When reading and parroting are compared in rowR01 vs P01,
all the evaluators observed significant improvements onfluency
but there are not significant improvements affecting the other
indicators: only the evaluator B observed an improvement in
overall level.

Tables 2 and 4 shows the objective metrics differences
along the different activities. Positive values are obtained for
ROSandCor and negative values for the rest of metrics. This
result is consistent with the expectations in rowR01 vs R03, as
it indicates that the prosodic production is closer to the refer-
ence after repeating (higherCor, lower DTW.En, RMSE,
dV , dC, varC andPV I metrics) and faster (higherROS). In
the parroting activities (P01 vs P03row) significant changes are
observed inROS, dV , dC andPV I metrics. When reading and
parroting are compared in rowR01 vs P01, the highest improve-
ments of the three tests are obtained forROS, dV , dC, varC,
PV I andCor.
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Table 2:Differences of the objective metrics related with duration values among repetitions. The rows legend and cell values have the
same meaning as in table 3

Test ROS VIR dV dC varV varC rPVI.V rPVI.C nPVI.V nPVI.C

R01 vs R03 0.75 **** -0.24 ns -0.01 *** -0.01 *** -1.41 ns -4.00 *** -0.75 **** -0.78 **** -2.38 ** -3.44 ***
P01 vs P03 0.36 **** -0.05 ns -0.00 * -0.00 * -2.08 ns -0.97 ns -0.32 * -0.38 ** 0.05 ns -1.19 ns
R01 vs P01 1.18 **** -1.14 ns -0.01 **** -0.01 *** -1.01 ns -5.36 * -1.49 **** -1.35 *** -6.33 **** -4.34 *

Table 3: Differences of the human ratings among repetitions.
Eval is the human evaluator. R01 vs. R03 compares the ratings
of the first and third repetitions of the utterance in reading with-
out listening activities. P01 vs. P03 refers to the first and third
repetitions of the utterance in parroting activities. R01 vs. P01
compares the ratings of the first reading of the sentence without
and with parroting support respectively. ns means p> 0.05, * is
p≤0.05, ** is p≤0.01, *** is p≤0.001, **** is p≤0.0001 when
the paired t-test is applied to the samples of corpus.

Eval Test Int Flu Pho Acc Ryt Lev

A R01 vs R03 0.24 * 0.34 ** 0.05 ns 0.15 ns 0.20 *** 0.25 **
P01 vs P03 0.17 ns 0.29 ** 0.01 ns 0.16 ns 0.07 ns 0.27 **
R01 vs P01 -0.13 ns 0.62 ** -0.13 ns 0.16 ns 0.24 ns 0.04 ns

B R01 vs R03 0.23 ns 0.53 *** 0.05 ns 0.23 ns 0.23 * 0.28 ns
P01 vs P03 0.12 ns 0.29 ns 0.17 ns 0.20 ns 0.22 * 0.27 ns
R01 vs P01 0.00 ns 0.71 * 0.24 ns 0.33 ns 0.29 ns 0.48 *

C R01 vs R03 0.05 ns 0.31 **** 0.08 ns 0.11 * 0.10 ns 0.25 ***
P01 vs P03 0.14 ns 0.21 ** 0.06 ns 0.07 ns 0.05 ns 0.14 *
R01 vs P01 -0.10 ns 0.30 ** 0.00 ns 0.04 ns 0.10 ns 0.09 ns

D R01 vs R03 0.14 * 0.34 *** 0.06 ns 0.07 ns 0.05 ns 0.21 **
P01 vs P03 0.05 ns 0.25 ** 0.01 ns -0.01 ns 0.04 ns 0.11 ns
R01 vs P01 -0.06 ns 0.43 ** 0.06 ns -0.07 ns 0.06 ns 0.07 ns

Table 4: Differences of the objective metrics related with F0
and energy values among repetitions. The rows legend and cell
values have the same meaning as in table 3

DTW.En RMSE Cor DTW.F0

r01 vs r03 -0.01 *** -0.08 * 0.04 * 0.01 ns
p01 vs p03 0.00 ns -0.06 ns 0.03 ns 0.02 ns
r01 vs p01 -0.01 ns -0.09 ns 0.09 ** -0.04 ns

4. Discussion
Repeating the reading of isolated sentences permits to improve
the prosodic quality of its production, mainly in what concerns
to oral fluency (columnFlu of row R01 vs R03 in table 3).
The observed improvement on fluency is important as it con-
tributes to improve the general perception of quality (column
Level of tabla 3). Apart from fluency, other prosody related
aspects such as rhythm or accent do not improve in the same
degree, probably because they need some feedback that is ab-
sent in the repeating exercises.

Listening-and-reading (parroting), seems to be an impor-
tant help that contributes to obtaining improvements when ut-
terances are compared with only reading activities: significant
differences in rowR01 vs P01. Again, fluency is the aspect
which improves the most but it doesn’t seem to be enough for
improving rhythm, phonetic quality and accent. Repetition of
parroting activities seems to be less efficient than repetition of
reading alone activities (no significant differences in rowP01
vsP03).

The computed objective metrics show important differences
between non-native and native prosody. They also show im-
provements along the repetitions which permits to defend its

use in computer assisted pronunciation training. Concerning
metrics related with duration, rate of speech is the metric that
changes the most with repetitions, which can be explained be-
cause of its relation with fluency. Nevertheless other metrics
like PV I, that have been traditionally related with rhythm, also
change considerably.

The impact of listening before reading is clearly observed
when the F0 distance is observed (rowR01 vs P01). The
important improvement affectingCor (0.09 normalized points
over starting values in the range of 0.26, 0.29 is an increase of
30%) is a clear indicator of the efficiency of parroting, as speak-
ers read the target sentence by using a closer F0 to the reference
one inP01 than inR01.

Human evaluators rate the utterances at the level of sen-
tences. This fact make it difficult analyzing problems that occur
at a lower linguistic level such as phrases, words or syllables
leading to important inconsistencies among judgments (already
reported in [8]). Objective metrics could contribute to detect
differences that occur at these minor linguistic levels. In [21]
we showed that automatic prosodic labels and the definition of
specific metrics also permits to separate native and non-native
utterances and evaluating the quality along repetitions. It is
our current work using prosodic labels for identifying words
or groups of words in the whole sentence that are wrongly pro-
nounced.

As a limitation of the study, we must say that the investi-
gation is focused on repetitions done in the same working ses-
sion. Thus, very little can be said about the generalization of
the improvements, which testing would require of the analysis
of medium or long term working sessions.

5. Conclusions
In this paper we have presented and experiment for evaluating
the goodness of repetitions as an efficient improving pronun-
ciation exercise. Both repeating the reading of sentences and
listening-and-reading activities permit to improve fluency. A
set of objective metrics show to be efficient for detecting such
improvements.

At the time that we have shown the efficiency of repetitions
for improving pronunciation and the usefulness of the objective
metrics, results also evidence that improvement affects mainly
to fluency and that for improving other prosodic characteristics
such as rhythm or accent position, repetition activities should,
probably, be complemented with exercises that include some
kind of feedback.

302



6. References
[1] D. Escudero-Mancebo and M. Carranza, “Nuevas propuestas tec-
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[8] D. Escudero-Mancebo, C. González-Ferreras, and V. Cardeñoso
Payo, “Assessment of non-native spoken spanish using quantita-
tive scores and perceptual evaluation,” inProceedings of the Ninth
International Conference on Language Resources and Evaluation
(LREC’14), 2014, pp. 3967–3972.

[9] C. Teixeira, H. Franco, E. Shriberg, K. Precoda, and M. K.Snmez,
“Prosodic features for automatic text-independent evaluation of
degree of nativeness for language learners.” inINTERSPEECH
2000. ISCA, 2000, pp. 187–190.

[10] Y. Yamashita, K. Kato, and K. Nozawa, “Automatic scoring for
prosodic proficiency of English sentences spoken by Japanese
based on utterance comparison.”IEICE Transactions, vol. 88-D,
no. 3, pp. 496–501, 2005.

[11] J. Tepperman and S. S. Narayanan, “Better nonnative intonation
scores through prosodic theory,” inINTERSPEECH 2008, 2008,
pp. 1813–1816.

[12] T. Cincarek, R. Gruhn, C. Hacker, E. Noth, and S. Nakamura,
“Automatic pronunciation scoring of words and sentences inde-
pendent from the non-natives first language,”Computer Speech
& Language, vol. 23, no. 1, pp. 65 – 88, 2009. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0885230808000193

[13] J. Cheng, “Automatic assessment of prosody in high-stakes En-
glish tests.” inINTERSPEECH 2011. ISCA, 2011, pp. 1589–
1592.

[14] F. Hönig, A. Batliner, K. Weilhammer, and E. Noth, “Automatic
assessment of non-native prosody for English as L2,” inSpeech
Prosody, 2010.

[15] F. Ramus, M. Nespor, and J. Mehler, “Correlates of linguistic
rhythm in the speech signal,”Cognition, vol. 73, pp. 265–292,
1999.

[16] V. Dellwo and P. Wagner, “Relations between language rhythm
and speech rate,” inICPhS, 2003, pp. 471–474.

[17] E. Grabe and E. Low, “Durational Variability in Speech and the
Rhythm Class Hypothesis,” inLaboratory Phonology VII, 2002,
pp. 515–546.

[18] P. Boersma, “Praat: doing phonetics by computer,”http://www.
praat. org/, 2006.

[19] T. Giorgino et al., “Computing and visualizing dynamic time
warping alignments in r: the dtw package,”Journal of statistical
Software, vol. 31, no. 7, pp. 1–24, 2009.

[20] A. Sakurai, K. Hirose, and N. Minematsu, “Data-driven genera-
tion of f 0 contours using a superpositional model,”Speech Com-
munication, vol. 40, no. 4, pp. 535–549, 2003.

[21] D. Escudero-Mancebo, C. Gonzlez-Ferreras, L. Aguilar, and
E. Estebas-Vilaplana, “Automatic assessment of non-native
prosody by measuring distances on prosodic label sequences,” in
Proc. Interspeech 2017, 2017, pp. 1442–1446.

303


