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ABSTRACT 
 

Oral reading fluency is an essential component of 
school education. Nevertheless, research on the 
relevant prosodic correlates is rare and mostly limited 
to listener ratings or coarse acoustic measurements. 
We applied an innovative method for characterising 
intonation styles to a longitudinal data set of oral 
reading performances by German-speaking 
schoolchildren. We found that higher listener ratings 
of oral reading proficiency are correlated with more 
dynamic intonation styles. Further, both melodicity 
and listener ratings were found to increase over time 
for individual speakers. Additionally, we show that 
male children used a more melodic intonation style 
and received higher listener ratings than females, and 
that the type of text stimulus had a clear effect on 
intonational realisation. Our paper is the first to 
provide robust empirical evidence for an intonational 
correlate of oral reading proficiency, and 
simultaneously corroborates the validity of the 
method used for measuring intonation styles. 
 
Keywords: oral reading, fluency, intonation style, 
Wiggliness, L1 acquisition 

1. INTRODUCTION 

Although research on oral reading fluency has 
received increased attention in recent years [1, 2], the 
role of prosody in this regard has not been sufficiently 
elucidated. Some early examples of research on 
prosody in read speech can be found in [3, 4] (on 
adults) and  [5] (on children). Two recent meta-
analytic studies [6, 7] give an overview of educational 
research on reading acquisition. The characteristics of 
and differences between read and spontaneous speech 
are rarely considered in detail in the studies surveyed 
(in contrast to e.g. [8]) and, relatedly, the 
identification of target models for oral reading in 
children might be questioned in many cases (for more 
details see [9]). Most importantly for our purposes, 
the characterisation of prosody in the studies 
surveyed is typically limited to listener ratings or 
coarse acoustic-phonetic measurements (e.g. [10]).  

We investigated a longitudinal data set of oral 
reading by German-speaking schoolchildren, using 
an innovative method for capturing intonation styles 

[11–13] to investigate the contribution of intonation 
to perceived oral reading proficiency. We found a 
clear correlation between a more dynamic intonation 
style and higher perceptual ratings as well as effects 
of gender, text stimulus (genre) and age (grade). 

2. DATA 

2.1. LAUDIO corpus 

The present study investigates a subset from a corpus 
of oral reading by schoolchildren that was recorded at 
a rural German school and spans four years of 
learning development. Recording sessions were 
conducted with one child at a time. Sessions lasted 
around 15 minutes on average and consisted of 
multiple readings of various texts. All children were 
invited to participate again in the following year(s). 
The final corpus contains recordings of children from  
German grades 3 to 7 (age range 8;3–13;9).  

The final Longitudinal AUDIO (LAUDIO) [14] 
corpus consists of roughly 1000 recordings. A great 
variety of text stimuli was used, but two anchor texts 
were applied in every single recording session, which 
we will focus on here. These are coded as “DOL”, an 
entry in a children’s dictionary (53 words in length) 
and “SCHNEE”, a dialogue in the style of a fable (204 
words in length).  

2.2. Subsample of highly fluent readings 

The subset of recordings investigated here was drawn 
by means of a large-scale screening  procedure 
involving 270 DOL recordings. Each recording was 
rated by three university students (51 raters in total) 
using various scales, most importantly the so-called 
“NAEP-Fluency-Scale” [15]. This scale distinguishes 
four fluency levels through very detailed descriptions. 
The results obtained with this scale were sufficiently 
reliable (ICC inter-rater-reliability > .8) to allow the 
identification of a subset of particularly fluent 
performances.  

The definition of “highly fluent” children used 
here is comparatively conservative, in two ways:  1) 
whereas for the NAEP scale, a silent familiarization 
with the text  in question usually takes place, we only 
considered the more demanding prima vista 
recordings (first reading without rehearsal); 2) from 
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these, only recordings were selected that were judged 
to be at the highest NAEP level (4) by all raters.  

The 26 recordings (by 16 children; 9 female, 7 
male) for which this was the case make up the 
subsample of DOL readings investigated here 
(representing the uppermost quartile of all readings in 
terms of proficiency). We also included the 
corresponding SCHNEE readings recorded by the 
same speakers in the same session (n = 25; one of the 
recording was not suitable for prosodic analysis as the 
speaker suffered from a severe cold at the time). 

2.3. Listener ratings 

Thirteen students attending a seminar on reading 
fluency took part in a perception experiment on 156 
randomised stimuli from the LAUDIO corpus [9, 14]. 
We focus here on the ratings of perceived overall 
quality of a given oral reading performance (judged 
on a 10-point scale), which were found to be 
sufficiently reliable across listeners (ICC > .8).  

3. METHOD 

3.1. Intonation style: Wiggliness and Spaciousness 

While previous work has examined the LAUDIO 
corpus regarding the influence on listener ratings of 
factors such as articulation rate (weak positive 
correlation) and number of errors (strong negative 
correlation) [16], our focus here is on an analysis of 
intonational realisation and its relation to ratings. 

Specifically, we follow [11, 12, 17] in using a two-
dimensional characterisation of intonation style 
(Wiggliness and Spaciousness). Wiggliness measures 
the time-varying dynamics of pitch in the form of 
slope changes per second (range in this data set 0.5–
4.6). Spaciousness captures pitch excursions in the 
form of the largest f0 rises and falls, measured in 
semitones (ST; range 1.5–15.6). Spaciousness is 
closely related to more conventional 
operationalisations of pitch range, while there is no 
direct analogue to Wiggliness in other approaches 
(although there is a close resemblance to the concept 
of macro-rhythm [18, 19]). 

We divided each recording into 6 intervals, the 
pitch contours of which were carefully manually 
corrected and smoothed by a previously trained 
annotator before undergoing automatic processing to 
extract  Wiggliness and Spaciousness values [13]. In 
total, we were able to analyse 300 intervals (from 26 
readings by 16 speakers across 2 stories). 

Listener ratings are available for all stories at the 
recording level; separate listener ratings at the 
interval level had been collected only for the DOL 
text at the time of analysis (n = 156 intervals). 

 

3.2 Statistical analysis 

We used Bayesian modelling for statistical analysis 
[20–23]. All code, scripts, model specifications and 
data frames are available at https://osf.io/axqv9/. 

4. RESULTS 

4.1 Effect of intonation style on listener ratings 

We first examined the correlation between 
Wiggliness/Spaciousness and listener ratings at the 
recording (rather than interval) level. Across text 
material (DOL or SCHNEE), we found a clear 
correlation between Wiggliness and listener ratings. 
Bayesian modelling of Wiggliness by rating, with 
speaker as a random effect, shows this to be a robust 
effect (𝛿 = 0.2, 95% CI [0.09, 0.3], 𝑃 (𝛿 > 0) = 1). 
There is also a strong tendency for a positive 
correlation between Spaciousness and listener rating, 
but this effect cannot be assumed to be entirely robust 
(𝛿 = 0.32, 95% CI [-0.06, 0.72], 𝑃 (𝛿 > 0) = 0.92). Fig. 
1 plots the interplay of listener ratings with 
Wiggliness and Spaciousness.  

A speaker-specific analysis revealed that the 
positive correlation between Wiggliness (and, to a 
lesser extent, Spaciousness) and listener ratings held 
true for all speakers, but also that ratings were 
strongly influenced by idiosyncratic characteristics. 
Some speakers always received high ratings (8 or 9) 
and some speakers always received relatively low 
ratings (5 or 6), but the correlation with intonation 
style was still evident within those individual ranges. 

Figure 1: Plot of intonation style and corresponding 
listener ratings. Spaciousness (in ST) on the y-axis, 

Wiggliness on the x-axis. Darker shades of blue represent 
higher listener ratings. Circles represent female speakers, 

triangles male speakers. 
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An examination of perceptual ratings and 
intonation style at the level of intervals broadly 
confirms the findings from the recording-level 
analysis, but emphasises the special role of the metric 
of Wiggliness (capturing pitch dynamics). Only 
higher Wiggliness values, and not higher 
Spaciousness values (capturing pitch excursions) 
were found to be clearly correlated with higher 
listener ratings. Bayesian modelling confirms a 
robust positive effect of Wiggliness (𝛿 = 0.15, 95% 
CI [0.09, 0.22], 𝑃 (𝛿 > 0) = 1), but not of Spaciousness 
(𝛿 = 0.06, 95% CI [-0.06, 0.19], 𝑃 (𝛿 > 0) = 0.81). 

4.2 Effects of gender and genre (text material) 

The above analysis and the plot in Fig. 1 also point to 
an effect of gender. We will discuss this here together 
with the effect of text stimulus, or genre—the 
SCHNEE dialogue compared with the DOL 
monologue—on intonation style. Fig. 2 shows 
Wiggliness and Spaciousness values by gender 
(male/female) and text type (DOL/SCHNEE). 

Turning first to effects of gender, it is clear that both 
Wiggliness and Spaciousness values tended to be 
higher for male compared to female speakers. 
Bayesian modelling confirms this, but also shows that 
the gender difference was clearer in terms of 
Spaciousness (𝛿 = -1.2, 95% CI [-1.91, -0.48], 𝑃 (𝛿 > 
0) = 1) compared to Wiggliness (𝛿 = -0.32, 95% CI [-
0.65, 0.02], 𝑃 (𝛿 > 0) = 0.94).  

In contrast, when we focus on a comparison of text 
materials, it is clear that the intonational difference 
between readings of the DOL monologue and the 
SCHNEE dialogue is found in the dimension of 
Spaciousness only, with Wiggliness (pitch dynamics) 
not seeming to play any clear role. Bayesian 
modelling confirms this in unambiguously showing a 
robust effect for Spaciousness (𝛿 = 1.53, 95% CI [1.1, 
1.97], 𝑃 (𝛿 > 0) = 1) but no effect for Wiggliness (𝛿 = 
0.06, 95% CI [-0.11, 0.24], 𝑃 (𝛿 > 0) = 0.7).  

A speaker-specific analysis further confirms this 
pattern: all 15 speakers who produced readings of 
both stories produced higher Spaciousness values in 
the SCHNEE dialogue compared to the DOL 
monologue (with no clear pattern for Wiggliness). 

4.3 Effects of grade (individual development by age) 

To investigate developmental changes by age, we 
need to consider data at the level of the individual. Of 
the 16 individuals in the data set, 7 produced readings 
at different age grades, with 5 subjects producing 
readings in two (consecutive) school years, 1 subject 
in three consecutive school years (aig-03), and 1 
subject in four consecutive school years (aig-17).  

For all these 7 speakers, listener ratings improved 
over time (or stayed equivalent, in one case). 
Concurrently, Wiggliness values increased, 
representing a more dynamic and varied intonation 
style. Spaciousness also tended to increase over time, 
but this correlation was less robust (see section 4.1). 
Fig. 3 (on the following page) plots listener ratings 
and Wiggliness values by school year/grade for all 7 
speakers that produced longitudinal data. There is a 
clear overall trend for higher subjective listener 
ratings and more dynamic intonation styles over time, 
although some individuals deviated from this pattern. 
For instance, speaker aig-55 produced near-identical 
intonation and received near-identical ratings in 
grades 6 and 7, while speaker aig-17 received higher 
listener ratings in grade 6 than in grade 5 despite a 
slight reduction in pitch dynamics. 

5. DISCUSSION 

We used a two-dimensional characterisation of 
intonation style to investigate prosodic aspects of oral 
reading proficiency in schoolchildren. We found that 
both dimensions are positively correlated with 
listener ratings, but that a higher degree of Wiggliness 
(pitch dynamics), in particular, is the most robust 
prosodic correlate of more highly rated oral reading 
performances. This is a significant finding for at least 
two reasons. Our results provide the first suggestion 
of a reliable intonational correlate of oral reading 
proficiency (that is supported by thorough prosodic 
analysis). At the same time, these results corroborate 

Figure 2: Intonation style by speaker gender and text 
material. Spaciousness (in ST) on the y-axis, Wiggliness 
on the x-axis. Circles represent female speakers, triangles 
male speakers. Red icons represent readings of the DOL 

monologue, black icons readings of the SCHNEE 
dialogue. 
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the validity of measuring intonation styles along the 
two dimensions of Wiggliness and Spaciousness: the 
positive correlations with listener ratings strongly 
suggest that the metrics used accurately capture 
acoustic features that guide perceptual judgements. 

From a longitudinal perspective, we concordantly 
observed that both listener ratings and Wiggliness 
values increased with age. This signifies that 
schoolchildren are clearly able to develop a more 
dynamic intonation style, and produce oral readings 
that are rated to be of a higher quality, in the course 
of their individual development. All children for 
whom longitudinal data are available in the current 
data set showed increases (or equivalent values) in 
terms of both listener rating and intonation style. 

While Wiggliness is thus the most relevant 
intonational correlate of perceived oral reading 
proficiency, the complementary measure of 
Spaciousness was shown to be decisive for effects of 
gender and genre (text material). Across year groups, 
males produced more melodic intonation styles than 
females and concurrently received higher listener 
ratings. The underlying factors are not clear. Voice 
change in puberty is not a sufficient explanation, as 
males differed from females for all year groups 
(starting at age 8). One speculative interpretation is 
that we might find males lying at either extreme end 
of the distribution in the full corpus (rather than this 
subset of particularly fluent speakers), i.e., that males 
may have produced both the most and the least 
melodic intonation styles (in terms of Spaciousness). 

Differences as a function of genre, or text 
stimulus, are more easily explained. Spaciousness 
values were far higher for the SCHNEE compared to 
the DOL stimulus. The DOL text is not only 
monologic, it is also, by objective measures, a very 
difficult text for this age group (even though it was 

taken from a children’s dictionary) [16]. In contrast, 
the SCHNEE text features a lively dialogue between 
two characters, a big burly snow man and a cute little 
hare. Most children clearly distinguished these two 
characters in terms of Spaciousness. Although this is 
not entirely surprising [24–26], it does have important 
implications, as it 1) underlines the importance of 
elicitation methods and text materials in studies on 
the production of prosody [8, 27–29] and 2) further 
corroborates the distinctiveness and complementarity 
of the Wiggliness and Spaciousness metrics. 

Overall, the current work is thus an important 
contribution to 1) our understanding of intonational 
aspects of oral reading proficiency and 2) the 
characterisation and measurement of intonation styles 
more generally. The most important limitation of the 
current study is the restricted subset of data, featuring 
only the most fluent readers. We are in the process of 
expanding the scope from the current 26 to over 300 
recordings in order to verify whether intonation style 
can also serve as a reliable correlate of oral reading 
proficiency in the context of less fluent speech. 
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