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Abstract

Aims of this study are: 1) identify respiratory features that
could serve as objective markers of fluency of aloud reading;
2) investigate the effects of computer-assisted training on the
improvement of speech-breathing coordination. Our training
method combines the principles of repeated and assisted close-
shadowed reading. Reading assistance takes over the principles
of karaoke: highlighting text units in sync with pre-recorded
adult performance. The aloud reading of 66 French young
pupils is studied. They were divided into 3 groups: control
(repeated reading only with no assistance), trained with word
highlighting vs. trained with word and breath group highlight-
ing. All children were recorded before and after 3 weeks of
training while reading both a trained and an untrained text. The
results indicated that respiratory planning and pauses manage-
ment improved by computer-assisted reading training. How-
ever, there was no significant transfer of these improvements to
the untrained text.
Index Terms: pauses, speech-breathing coordination, prosody,
computer-assisted reading

1. Introduction
Reading fluency is traditionally measured as the number of
words correctly read per minute, making decoding ability and
speech rate the main indicators of reading proficiency [1]. How-
ever, this conception of fluency completely overlooks a cru-
cial aspect of aloud reading: prosody. Prosody, which includes
rhythm, phrasing, and intonation variations, plays a significant
role in text comprehension. Studies have shown that prosody in
aloud reading facilitates the listener’s text comprehension, and
reflects the reader’s own comprehension of the text, underscor-
ing the importance of how words are read [2].

Our study focuses on the development of speech-breathing
coordination in children, and its impact on children’s phrasing
on a computer-assisted reading program based on the karaoke
principle. This method combines the benefits of choral read-
ing and repeated reading, which have already demonstrated its
effectiveness in second language acquisition [3, 4].

The aim of our study is twofold: (a) analysing the speech-
breathing coordination in this particular context of computer-
assisted reading in order to identify respiratory features that
could be considered as the hallmark of fluency improvement;
(b) quantifying the impact of specific training on speech-breath
coordination through computed-assisted reading. By investigat-
ing how children breathe during karaoke reading and how it in-
fluences their phrasing, we want to understand the benefits of
this reading assistance on the development of respiratory pat-
terns and their contribution in improving reading proficiency.

2. State of the art
Breathing contributes to the rhythm and phrasing of reading
aloud. Reading aloud requires a specific control of breathing
to coordinate respiratory needs with the discourse structure.
Inhalations mainly occur at the boundaries of syntactic units
[5, 6]. The text structure determines the distribution of pauses:
breathing pauses occur at the end of paragraphs and sentences,
and non-breathing pauses are more commonly placed between
syntactic units [7, 8]. Texts provide visual cues (punctuation,
spaces) that favour respiratory and pause planning. There-
fore, reading relies on readers’ ability to anticipate punctuation
marks as indicators of pauses, and their mastery of the syntactic
and semantic structure of the text to realise these pauses.

Given the importance of pause placement in reading, it is
important to consider the development of these skills in learn-
ers. Pauses should mostly be grammatical, but children’s read-
ing is characterized by a high number of ungrammatical pauses,
due to decoding errors and lack of pause planning [9, 10]. A
recent cross-sectional study [11] reveals a significant evolution
in the management of pauses during the early years of read-
ing learning. Their results indicate a significant decrease in the
ratio of ungrammatical pauses to the total number of pauses be-
tween 3rd and 4th grades. This proportion gradually decreases
from grade 4 to grade 7, although it remains higher than that
observed in adults, suggesting a continuous developmental pro-
cess. Thus, pause management appears to be a dynamic aspect
of reading learning, gradually evolving towards patterns similar
to those of adults over time.

The distribution of pauses is highly reliant on respiratory
control. Hence, the development of speech-breathing coordina-
tion is therefore an important issue in reading learning. This co-
ordination develops gradually between 4 and 10 years old, with
a significant transition towards more mature respiratory patterns
between 7 and 10 years old [12, 13]. Children take a breath at
more frequent intervals than adults, given their smaller lung ca-
pacities [14]. Furthermore, respiratory strategies for speech are
not yet fully developed. Several studies indicate that younger
children regularly rely on their expiratory reserve volume to
complete their breath groups, demonstrating an immaturity in
respiratory planning for speech [12, 15]. Their expiratory ex-
penditure per syllable is higher than that of older children [13].
This large expenditure, combined with a slower speech rate,
reduces the number of articulated syllables in a breath group.
Immature respiratory control can be detrimental to reading flu-
ency: frequent interruptions in speech flow compromise flu-
ency. Children’s respiratory strategies gradually refine as they
grow, approaching patterns observed in adults between 10 and
14 years old [13, 15]. The development of speech-breathing co-
ordination occurs parallel to the development of reading skills,
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Figure 1: Illustrations of a typical IPD of a novice reader, at the
beginning of the pause (left) vs. an IPD of a fluent pupil at the
end of the pause, similar to the adult pattern (right).

suggesting that some respiratory features could serve as objec-
tive markers of fluency of aloud reading.

In this study, we focus on one of the indices of speech-
breathing coordination: inhalation-to-phonation delay (IPD).
This measure, representing the interval between the onset of in-
halation noise and the onset of speech, evolves during growth.
Based on the description of respiratory pauses by Grosjean &
Collins [8], IPD corresponds to inhalation and the subsequent
post-inspiratory phase before phonation. In adults, there is no
post-inspiration: inhalation usually occurs at the end of the
pause, just in time (JIT) before speech. The average IPD in
adults is about 400ms [11]. In contrast, children tend to take
a breath immediately after speech, suggesting an emergency or
as-soon-as-possible (ASAP) inhalation. Thus, in children, the
pre-inspiration phase is very short compared to adults, while
their post-inspiration phase is significantly longer (see figure 1).
According to Godde et al [11], in 2nd grade, IPD is significantly
greater compared to adults and older children. From the 3rd

grade onwards, IPD decreases gradually with increasing grade
level. One of the purpose of our computer-assisted reading pro-
gram is to improve breathing planning, of which inhalation at
the end of the pause is a sign.

3. Background

Godde et al [16] conducted a study on the subjective eval-
uation of fluency in a computer-assisted reading context, in
French. Novice readers were recorded before and after 3 weeks
computer-assisted reading training. Their fluency was evalu-
ated by three researchers using the multidimensional fluency
scale [17] adapted for French [18], for their first minute of read-
ing. The results showed a significant improvement in the total
fluency score, in particular for phrasing, i.e. pausing placement
and logical grouping of words among them, with computer-
assisted reading training. Based on this finding, we hypothesise
that computer-assisted reading should have beneficial effects on
the speech-breathing coordination. This should be evidenced
by (a) a reduction in pause duration and number, (b) a reduction
of IPD (as a sign of JIT inhalation) and (c) a decrease in the
number of ungrammatical pauses after computer-assisted read-
ing training. The second hypothesis is that IPD mean and vari-
ance are reliable objective markers of fluency in aloud reading.
Our analysis is based on the data from the study by Godde et
al [16]. In this paper, we compare the results of an objective
analysis of speech-breathing coordination with their subjective
analysis on the same dataset. The method employed in their
study is detailed below.

4. Method
4.1. Computer-assisted reading

The original experiment was conducted using the karaoke
reading application RAKE (Reading Assistance by KaraokE),
which provides audio-visual assistance for aloud reading and
allows the user to read-while-listening (RwL)[19]. Equipped
with headphones, the speaker hears an adult reading the text
displayed on the screen while text units being highlighted in
synchrony. Two levels of highlighting were studied : word-only
vs. word with the preceding and following breath groups.

The novice reader benefits from explicit visual and auditory
training, with gradual text highlighting to guide breathing and
pause placement, and with a prosodic model provided by the ex-
pert reader. Highlighting by breath group aims to assist novice
readers in anticipating inhalations and placing them at adequate
syntactic boundaries. The model provided by the expert reader
allows progression in terms of phrasing, expressiveness, and
rate, by imitating the expert’s way of distributing pauses as well
as appropriate intonation.

This type of training furthers implicit learning through
close-shadowing reading, where the novice reader closely fol-
lows the expert reader with a very short delay, typically around
100ms [20]. This aims at an implicit transfer of motor skills,
particularly regarding breathing. Furthermore, repeated and
varied reading favours fluency improvement and the learning
of reading skill such as rate and prosody [21].

4.2. Experimental protocol

97 pupils between 3rd and 5th grades, from 9 classes across 2
elementary schools, were selected to participate in this study.
After pre-tests, 66 pupils were chosen according to their good
reading profile. They demonstrated satisfactory decoding skills
and all displayed a reading rate ranging from 90 to 130 words
per minute. Their prosody was evaluated using multidimen-
sional fluency scale from Rasinski [17], adapted to French [18],
with a score of 2 out of 4 for speed, but less than 3 for phras-
ing. The syntactic skills of the children were assessed in pre-
and post-tests. These assessments were not used for participant
selection. Pupils who missed two or more training sessions,
as well as those who missed the pre- or post-test phase, were
excluded from the study. Finally 66 pupils were randomly as-
signed to 3 groups based on the training mode they followed:

• Group C (control): without training;
• Group W: training with word highlighting;
• Group B: training with word, breath group and pause high-

lighting.

The distribution of global scores and syntactic scores are
homogeneous across the groups. Children in the experimental
groups (W and B) participated in 9 sessions of 20 minutes on the
computer-assisted reading using the corresponding highlighting
type for their group. Training sessions occurred in small groups
of 8 participants during class hours, under the supervision of
a researcher. During each session, pupils read aloud the same
text 3 times. The training program spanned 3 weeks, and each
week, a new text (A, B, C) was introduced. In pre- and post-test,
children were recorded on 4 texts, 3 of which they have been
trained on (A, B, C), and one for which they had not (D). This
protocol was approved by local ethical committee and French
Ministry of National Education.
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Figure 2: Variation in phonation rate between pre- and post-test
for texts A (left) and D (right), according to training conditions.
A positive variation indicates a higher proportion of speech.

4.3. Data processing

4.3.1. Data labelling and measurements

We hand-checked automatic alignments of recordings with text,
adding repetitions, mispronunciations and deletions of words if
any. Our analyses focused on the pre-test and post-test record-
ings of the trained text A and the untrained text D. Within
breathing pauses, we manually segmented the IPD when inhala-
tion was clearly audible by using Praat [22]. We did not use
respiratory belts to measure variations in thoracic and abdom-
inal movements. In absence of respiratory data, IPD onset co-
incides with the onset of breathing noise if any. We also added
an annotation tier for pause grammaticality. Pauses occurring
at the boundaries of syntactic units (clauses, syntactic groups)
are considered grammatical (G). Pauses located outside these
boundaries (as well as in-words) were considered ungrammati-
cal (NG).

For each recording, we computed three features:
• phonation rate: ratio between duration of phonation vs. total

reading time
• grammaticality rate: ratio NG pauses
• IPD mean and standard deviation

4.3.2. Statistical analyses

The significance of the results was tested using a multiple analy-
sis of variance, followed by a Tukey-Kramer test (Multcompare
on Matlab). Significant results were indicated with the usual
significance thresholds on the figures, if any.

5. Results
5.1. Phonation rate

Figure 2 displays the progression of phonation rate between pre-
and post-test readings of trained A vs. untrained D texts, ac-
cording to training conditions.

The results for text A indicated that phonation rate was
greater in group W compared to the control group. Group B
showed a similar positive trend, but the differences with the
control group were not significant. Note that we observed
a high increase in variability for experimental groups (B and
W). Computer-assisted reading training tends to both increase
phonation rate and decrease pause numbers and durations. Con-
cerning text D, none of the speaker groups showed any improve-
ment of the phonation rate between the pre- and post-test read-
ings.

We noticed an increase in variability for group B for both
texts A and D. An increase of variability was also observed for
group W, but only during reading of text A.
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Figure 3: Variation in the percentage of ungrammatical pauses
between pre- and post-test for texts A (left) and D (right), by
training condition. A negative average indicates improvement.

5.2. Grammatical vs. ungrammatical pauses

The variation in the percentage of ungrammatical pauses rela-
tive to the total number of pauses is given in figure 3. Here the
impact of repeated computer-assisted reading on pause place-
ment is statistically significant.

For text A, the proportion of ungrammatical pauses signifi-
cantly decreased for groups B and W, compared to group C. A
slight improvement in pause placement was also observed dur-
ing the reading of text D, but there was no significant difference
between the three groups. However, group W showed higher
variability in the proportion of ungrammatical pauses.

5.3. Inhalation-to-Phonation Delay

Figure 4 shows the evolution of the mean Inhalation-to-
Phonation Delay between pre-test and post-test readings for text
A and D, by training condition. With this measure, we verify
whether computer-assisted reading training promotes the shift
of inhalation towards the end of the pause. To do this, we con-
sidered the IPD of pauses longer than 400ms. These pauses are
long enough for the IPD shift to be visible.

For text A, the IPD mean significantly decreased in group
W compared to the control group. After the training, this group
took a breath later, towards the end of the pause. The IPD mean
also tended to decrease for group B, but the differences with
control group were not significant.

Similarly to the previous results for text D, no significant
improvement in mean IPD was observed between the speakers
groups.
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Figure 4: Variation in mean IPD between pre- and post-test for
texts A (left) and D (right), according to training conditions. A
negative value indicates improved speech-breathing coordina-
tion.

Figure 5 displays standard deviation (SD) of the IPD within
all pauses. For this measure, no duration threshold was applied.

The SD of the IPD improved for groups B and W, com-
pared to the control group. This indicated that the IPD was
more steady during the post-test reading. Concerning text D,
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the SD of IPD remained constant between the pre-test and post-
test readings for all three training conditions.
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Figure 5: Variation in standard deviation of IPD between pre-
and post-test for texts A (left) and D (right), according to train-
ing conditions. A negative value indicates improved speech-
breathing coordination.

6. Discussion
Our study shows the positive effect of computer-assisted read-
ing training on speech-breathing coordination during reading,
specifically pause management. The increase in phonation rate
in post-test phase reflects a decrease in pause duration during
reading, which mainly result from a decrease in hesitations and
decoding errors, and improved pause planning after three weeks
of training. We also observed a significant improvement in
the syntactic location of breathing pauses for both experimen-
tal groups (B and W). Thus, computer-assisted reading training
helps children plan their pause placement according to the struc-
ture of the text.

A better respiratory planning is reached thanks to computer-
assisted reading, which is shown by a decrease in IPD values
between pre- and post-tests for groups W and B. During the
pre-test reading, the high number of ungrammatical pauses and
the high IPD indicate a deficit of respiratory planning. We can
draw parallels with models of motor control in coarticulation.
Adults anticipate the articulation of sounds when necessary, ini-
tiating movement just-in-time for the sound to be correctly ar-
ticulated at the desired moment [23]. In children, these anticipa-
tory actions are scarce, probably due to immature motor control
[24]. This lack of anticipation, also evident in respiratory con-
trol, prompts the child to articulate or breathe ASAP rather than
JIT.

Two highlighting modes during computer-assisted reading
were tested. Unexpectedly, the sole word highlighting mode
showed stronger effects on IPD and phonation rate than joint
word/breath group and pause highlighting. The latter karaoke
policy yet provides cues to help children to plan their breathing
more effectively than highlighting only the word. The lower ef-
fectiveness of breath group highlighting may be explained by
the surplus of information it provides to the child during read-
ing. Indeed, this highlighting mode introduces competition be-
tween the smooth progression of reading (word) and the pro-
grammed fixation of the current and following breath group.
Smooth pursuit of the reading by the eyes then competes with
anticipatory saccades. This competition between the two eye
controls perhaps overwhelms the novice reader, who has not
yet acquired the skill and competence to manage this surplus
of information. The question of the salience of breath intake
on the computer screen during reading may also be questioned.
Here, inhalation is cued only by the highlighting of the punctua-
tion/space it is associated with. The highlighting of these small
characters between the two large highlighted breath groups is

perhaps not salient enough and should be revisited.
We observed a progression in the respiratory features for

the trained text A: the results for text D showed no significant
improvement for the experimental groups compared to the con-
trol group. Therefore, improvements in speech-breathing coor-
dination were not transferred when reading an untrained text. It
should be made clear that the training lasted only three weeks.
A longer training period may be necessary to facilitate transfer
of skills developed to an untrained text. The larger complex-
ity of text D could also be one of the possible reasons for the
lack of transfer. Indeed, compared to text A, this text contains
fewer punctuation marks to help identify the syntactic structure
of sentences and to identify suitable locations for pauses. Fur-
thermore, the presence of rare and difficult words for children
has led to a significant number of reading errors and hesitations.
To optimise this type of training, introducing more punctuation
marks could reduce difficulties during reading.

In light of results from the subjective evaluation of fluency
previously conducted on the same dataset [16], we expected to
observe more significance in our results. The difference in sig-
nificance between these two studies can be explained by the
duration of reading used in the analyses : the subjective evalu-
ation was conducted only on the first minute of reading, while
our analysis of respiratory cues covered all the reading. At the
beginning of reading, planning is usually easier, following by
increasing difficulties in planning as fatigue sets in, which can
impair speech-breathing coordination. Furthermore, text D con-
tains several rare and difficult words towards the end, increasing
the number of decoding errors and hesitations, which impacts
pause placement.

Cues related to pause placement prove to be reliable ob-
jective markers of fluency improvement. IPD also appears to
be a marker of fluency. Our results suggest that other factors
may influence the position of inhalation within pauses. Fur-
ther exploratory studies, including respiratory data, may be nec-
essary to identify these factors and respiratory strategies em-
ployed during reading. In addition, we should extend our study
to involve a larger number of pupils, and a greater variety of
texts to test the robustness of these cues for objective fluency
assessment.

Finally, it is worth noting that our study is limited by the
lack of a specific respiratory data. The use of respiratory
belts/vest would allow for more precise identification of respi-
ratory pauses. Acoustic onsets of breath noises are sometimes
faint or even inaudible, and therefore ignored during annota-
tion. Nasal inhalations are also often missed. Moreover, addi-
tional respiratory data would allow for more precise delineation
of IPDs. Futhermore, such data would allow for exploration
of respiratory strategies deployed at the thoracic and abdominal
levels during reading.

7. Conclusions and perspectives
This study confirms that computer-assisted reading training
contributes to the improvement of pause and breathing plan-
ning. Training mode seems to influence the improvement of
IPD with higher significance for word highlighting. Highlight-
ing mode by word and breath group seems too complex for chil-
dren to improve the speech-breathing coordination.

In future works, a new study, based on a similar protocol,
will be conducted with a larger panel of pupils (≈ 1000). A
more intensive training program will be conducted over a period
of 10 weeks, three sessions per weeks and will focus on reading
texts of increasing complexity.
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