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ABSTRACT

Phonetic research on children’s read speech is rare
compared to educational research. In this pilot study,
the established educational NAEP-scale [1] for per-
ceptual ratings of reading fluency is juxtaposed to
several phonetic, mainly prosodic, parameters. From
a greater corpus we focus on recordings in which per-
formance was identified as maximally fluent on the
NAEP scale by university student raters with maxi-
mal reliability, arriving at a subsample of 50 record-
ings of 15 subjects reading two texts. We found a con-
siderable amount of systematic variance in a number
of our partly newly introduced perception- and meas-
ure-based variables, which are thus relevant for quan-
tifying the developmental stage of oral reading pro-
ficiency, establishing a more advanced notion of flu-
ency. (Note that all variance found is evidence for a
ceiling effect of the NAEP fluency scale.) The find-
ings pave the way for a phonetically sound target
modelling of oral reading proficiency development.

Keywords: oral reading, read speech, fluency, pros-
ody, German children

1. INTRODUCTION

In our context, several lines of research need to be
distinguished, namely phonetic research on natural
speech and on read speech and educational research
on reading acquisition. In phonetics, one often has to
rely on written stimuli in order to control for content,
even when the eventual objective is maximally natu-
ral speech. Read speech as an objective in its own
right is underrepresented. Earlier examples are [2] on
Swedish and [3] on Dutch grown up readers. An early
example on children’s read speech is [4] (American
English), who see prosody as a space and read speech
as a variety: “The target is in effect to define a pro-
sodic space, with dimensions corresponding to the
relevant variables, and different varieties occupying
different regions of the space” (other varieties men-
tioned in [4]: expression of emotion, functional dis-
tinctions, social varieties, and clinical conditions). In
order to arrive at such an (intersubjective or even in-
terlingual) space we need to understand intrasubjec-
tive relations between read and spontaneous speech
as well as within subject reading skill development.
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Our approach focuses on development. An approach
focusing read vs. spontaneous speech with German
children is [5], who points out the problem of the tar-
get model relevant with all efforts to evaluate devel-
opmental stage: “child language researchers inter-
ested in phonetic and phonological acquisition need
to be very careful when collecting adult speech data
to determine the target model” [5]. This issue leads to
educational research, based on the term fluency. Two
recent meta analytic studies [6, 7] give an overview,
together covering 43 studies from 1995 to 2019. Even
though both meta studies have the term prosody in
their titles, a majority of the included studies does not
fully follow phonetic standards on the matter, e. g., in
[8] a pitch target model for evaluating early elemen-
tary school children is coarsely calculated from
measures in adult readings of the same text; in [9] the
target model for reading acquisition is coarsely
equated with spontaneous speech. Further, most stud-
ies are limited to elementary school contexts, leaving
blank the “teenage” period between elementary and
adult oral reading. On the other hand, this line pro-
vides a definition based, well established rating pro-
cedure. An agreed upon fluency definition is sub-
sumed in [9], naming the following dimensions: ac-
curacy, automaticity, and oral reading prosody. The
underlying concepts are mirrored in the following in-
struction for listeners to detect fully developed flu-
ency used by the National Center for Education Sta-
tistics (NAEP) of the United States: “Reads primarily
in larger, meaningful phrase groups. Although some
regressions, repetitions, and deviations from text may
be present, these do not appear to detract from the
overall structure of the story. Preservation of the au-
thor’s syntax is consistent. Some or most of the story
is read with expressive interpretation” [1]. With its
mixture of relevant but very different facets this for-
mulation represents level 4 on the 4-level-NAEP flu-
ency scale. In our recent work we found strong hints
that this scale produces a pronounced ceiling effect,
when applied (in translated form) to longitudinal au-
dio stimuli from grade 3 to 7 [10, 11]. To quantify the
extent of this ceiling effect, the present study investi-
gates mainly recordings identified as NAEP-level 4,
and uses alternative hypothetically relevant parame-
ters to disentangle the very different features men-
tioned “in one go” in the level-description above. We
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will present arguments for the parameters’ relevance
as well as evidence from descriptive and correlational
analysis. Our main research question is concerned
with perception: Which rating scales reliably capture
oral reading proficiency? Only when this is suffi-
ciently clear we are ready to fully tackle the next
guestion: Which relations may be established be-
tween the according perceptual parameters and pa-
rameters that can be measured in the signal? [12]

2. SAMPLE
2.1. The DOL-recordings of the LAUDIO-corpus

The LAUDIO-corpus (= Longitudinal AUDIO) is
a collection of audio files from German pupils read-
ing aloud. The underlying subject sample consists of
4 German elementary school classrooms (2-times 3rd
grade, 2-times 4th grade, Niaubio = 61), all of the
same “Inklusive Grundschule” (desired standard in
Germany), in a rural part of the Federal State of
Rheinland-Pfalz. The design was to record all chil-
dren and then again once a year, 4 recording rounds
altogether, the biographical windows covered being
grade 3 to 6 for the original 3 graders and grade 4 to
7 for the original 4" graders. Rounds were held in
winter, the first being winter 2014/2015, the last
2017/2018. (Note that thus these windows are almost
the very last windows that were totally unaffected by
the Covid pandemic.) In each round, children were
recorded in sessions of roughly 15 minutes on being
asked to read aloud to the experimenter (author) a va-
riety of text stimuli, each prima vista and secunda
vista. Two anchor texts were used in every session
from the first round on: DOL, an entry of 53 words
on the lemma “Dolmetscher” (interpreter) in a
youth’s lexicon, estimated grade level: 6; and
SCHNEE, a fable-like story (“The hare and the snow-
man”), 191 words, mainly dialogue, estimated grade
level: 3. The validity of the subject sample is limited
by factors such as school and school type, state, city-
country-gap etc., and attrition.

2.2. Subsample selection

Many of the LAUDIO recordings are too poor to
be included in a setting suitable for the perceptive iso-
lation of distinct prosodic parameters. These were
identified in a screening procedure involving 247 re-
cordings divided into 17 subsets & 14 or 15 files and
51 university student raters (BA and MA in teaching
contexts, but non expert in phonetics). Each rater was
randomly placed at a headphone plus computer sta-
tion displaying a spreadsheet plus one of the audio
subsets and given a paper including the NAEP scale.
After a 15-minute introductory session, raters self ac-
tivated the files repeatedly and noted their NAEP
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level evaluations (further details in [10]) in the
spreadsheet. This way each subset was rated by three
raters. Inter rater reliability was computed via intra
class correlation (ICC) analysis using the R-package
irr ([13], model = twoway, type = consistency, unit =
average). The median of the subsets’ ICC coefficients
was > .8 (“excellent” [14], details in [10]). Now,
based on the resulting rating means per recording, two
subsamples DOL+ (fluent) and DOL++ (especially
fluent) were selected using only prima vista record-
ings. For DOL+ we eliminated subjects with unsuc-
cessful biographies, i.e. those of which no recording
with NAEP fluency > 3 is available at all, arriving at
144 recordings from Npov+ = 31 subjects. Further, for
DOL++ all recordings were eliminated that had not
been rated NAEP fluency = 4 by all three raters (post
hoc ICC coefficient = 1). This left us with 26 record-
ings from Npor++ = 16 subjects. Since all recordings
are specified with respect to subject, year and vista,
there is a SCHNEE-twin for almost every one of the
DOL recordings. Based on the selection process, we
assumed these twin SCHNEE recordings to represent
equivalent developmental stage and included them in
the analyses presented here. For economic reasons,
with the SCHNEE recordings we used only the se-
quence of the first 120 of its 191 words in perception
and measure analysis.

3. METHODS
3.1. Dependent variable: overall proficiency [C]

There is no rating scale for advanced fluency as
established as the NAEP fluency scale for earlier flu-
ency. In our approach to this desideratum we waived
explicating any hypothetically relevant prosodic fea-
tures because there is so little research on post ele-
mentary oral reading. Posing specific listening citeria
would have been not hypothetical but speculative. In-
stead we developed a holistic scenario of the rater be-
ing part of a jury of a fictious school’s oral reading
championship, confronted with a 10-point scale as
commonly known from popular contexts such as fig-
ure skating. The only hint was that the championship
was omnium contra omnem to keep the raters from
integrating perceived voice age in their ratings (“par-
don young effect”). The championship scale [C] was
introduced and successfully evaluated in [11]. Due to
the largeness of the + samples, the C scale was ap-
plied to the DOL+ sample and the SCHNEE+ sample
with only three fixed expert raters (including the au-
thor). This time the rating session was conducted in a
fully automated computer setup prepared with the Ex-
perimentMFC functions (including randomisation of
audio stimulus presentation) provided by praat [15].
ICC coefficients were > .8 with the DOL+ and > .7
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with SCHNEE+ sample ([13], model as above,
smaller reliability with SCHNEE can be attributed to
specifics of the text).

3.2. Basic independent variables: deviation from text
[SMS, E] and duration [T]

We count all text deviating sequences and obvi-
ously unplanned pauses > 1s (otherwise regardless of
actual length) as occurrences of special mixup se-
guences [SMS]. In these cases readers are quite obvi-
ously confused (or “mixed up”) and cognitively busy
regaining control. Often, longer duration of such a se-
guence represents thoroughness of self monitoring ra-
ther than lack of proficiency. As errors proper [E] we
count deviations on the word level (i.e. deviation se-
guences < 1s, otherwise regardless of actual length
and of self correction). With respect to duration, the
measures established in educational research are
words/minute (too coarse on our opinion) or correct
words/min (even coarser, because this mixes the di-
mensions accuracy and automaticity mentioned
above [9]). In our context we capture the latent trait
of habitual tempo (details see [11]) by erasing from
the signal all SMS sequences and all inter phrasal
pauses regardless of length and dividing the result’s
duration by the number of speech syllables, arriving
at speech rate or habitual tempo T [syllables/s].

3.3. Perceptual independent variables: phrasing [P]
and rhythm [R]

There is no room here to discuss phrasing and
rhythm sophisticatedly from a phonetic perspective.
From an educational perspective it is important to
note that prosodic concepts should be comprehenda-
ble for children. Otherwise it would be impossible to
explain to them what they should work on when ac-
cording deficits are detected in their performance.
Based on this consideration we developed a dichoto-
mous specification of “expressiveness” [1]: clarity of
phrasing [P] and diversity of rhythm [R], with rhythm
subsuming overall liveliness and phrase level accen-
tuation. For both P and R, 4-level Likert scales were
applied to the DOL+ sample and the SCHNEE+ sam-
ple in the same ExperimentMFC based expert rater
setup as with the C scale (see above). With DOL+,
ICC coefficients were > .8 for P and R, with
SCHNEE+, ICC coefficients were > .7 for P and R.

4. RESULTS
4.1. The DOL+ subsample

The present paper is focused on especially fluent
children, i.e. the ++ subsamples, but note that ++ is a
subset of +, meaning that the ++ perceptual values for
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C, P and R were obtained in the according + reference
fields. Within such listening reference fields, certain
self normalization tendencies need to be taken into
account (see [16] for our work on the normalization
of rating data). Tab. 1 gives a descriptive overview of
DOL+ as it is the reference field most relevant here.

mean sd min max
NAEP 3.70 0.33 3.00 4.00
C 7.34 1.10 4.00 9.67
p 2.81 0.64 1.00 4.00
R 2.94 0.67 1.33 4.00
E 3.36 2.26 0.00 10.00
SMS 0.30 0.63 0.00 3.00
T 4.05 0.73 2.31 5.79
AGE 11.17 1.38 8.24 13.74
GRADE 5.21 1.25 3.00 7.00

Tab. 1: Descriptive overview of the DOL+ subsample
(144 recordings of 31 subjects reading a quite diffi-
cult text of 53 words). C represents overall oral read-
ing proficiency.

NAEP mean and sd indicate skewedness towards
4 which is first evidence of a ceiling effect of this
scale when applied to post elementary school contexts
(see GRADE). C values display that raters rather
make use of the upper half of the 10-point C scale
when confronted with recordings from the upper third
of the NAEP spectrum. P and R appear to behave in
similar ways. E is high with respect to text stimulus
length = 53 words, the range is broad. SMS shows the
same tendency but seems less important.

4.2. The DOL++ and SCHNEE++ subsamples

mean sd min max
C 7.77 0.98 5.00 9.33
P 2.92 0.66 1.00 4.00
R 3.09 0.65 1.33 4.00
E 2.44 1.76 0.00 6.00
SMS 0.16 0.37 0.00 1.00
T 4.50 0.59 3.55 5.79
AGE 11.67 1.31 8.24 13.29
GRADE 5.84 1.14 3.00 7.00

Tab. 2: Descriptive overview of the DOL++ subsam-
ple (25 recordings of 16 subjects). Note that NAEP =
4 with all recordings.

In the first step, DOL++ description (Tab. 2) is
compared with DOL+ description (Tab. 1). C mean is
only slightly higher with DOL++ than it is with
DOL+, showing that ++ is not so ++ after all. This
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points at another problem that appears to have oc-
curred with our method of selecting DOL++: Presum-
ably NAEP = 4 has been attributed to young readers
more freely, taking account of perceived voice age,
thus making the NAEP scale a referential one not only
with respect to the rater’s reference field but also with
this “pardon young”-effect. Note that with the C scale
this effect is checked with the scenario description of
a fictious school holding an internal oral reading
championship omnium contra omnem.

In the second step DOL++ description (Tab. 2) is
compared to SCHNEE++ description (Tab. 3). C
mean doesn’t seem to take account of text difficulty.
This is an argument for calculating means of the two
(our best estimation for the proficiency latent trait in
connection with individual developmental stage)
without any normalisation [16]. Note that the better
part of the SCHNEE text stimulus sequence consid-
ered consists of dialogue, prepared so that speaker
identity had to be marked by the reader with prosodic
means only. This “reported speech” component goes
beyond the mere genre differentiation of factual text
(DOL) vs. narrative text (SCHNEE), when it comes
to oral reading prosody, giving a greater “play-
ground” for prosodic variation. Accordingly the P and
R means are higher with SCHNEE++, showing no
self normalisation effect as with C.

mean sd min max
© 7.65 0.94 6.00 9.67
P 3.40 0.54 2.00 4.00
R 3.39 0.47 2.33 4.00
E 2.36 2.25 0.00 9.00
SMS 0.28 0.54 0.00 2.00
T 4.97 0.55 4.09 6.02
AGE 11.67 1.31 8.24 13.29
GRADE 5.84 1.14 3.00 7.00

Tab. 3: Descriptive overview of the SCHNEE++ sub-
sample (N = 25 recordings of 16 subjects reading a
quite easy text sequence of 120 words).

The E value of SCHNEE is remarkable with re-
spect to the fact that in our operationalisation errors
are simply counted and not set in proportion to either
time or number of words. A comparison of, say, per-
centage of words done wrong, yields 4,6% with DOL
vs. 2% with SCHNEE. Here text difficulty shows its
face at last and the same holds for SMS and T.

In the third step means of the DOL++ and the
SCHNEE++ values (except E and SMS) are calcu-
lated. The results no longer represent features of re-
cordings but of developmental states of oral reading
proficiency and its hypothetical components. With
the text deviation measures E and SMS we simply
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sum up DOL++ and SCHNEE++ values. The out-
come delivers no new information so we can directly
proceed to correlation analysis.

5. DISCUSSION

The main research question finishing our introduc-
tion is: Which rating scales reliably capture oral read-
ing proficiency? We presented adequate answers in
the form of the newly introduced rating scales C, P
and R. It could be shown that C well dissolves the
ceiling effect of the NAEP fluency scale.

v > 2
@) o ] m < — [9) >
wn m |w)
m
c 1
P .68 1
R 54 .72 1
E -42 -28 -49 1

SMS .48 -45 -48 .19 1
T 16 -33 -12 .07 .09 1

AGE 19 -21 -20 .27 .13 60 1
GRADE 33 -08 -04 .14 .05 .59 .97 1

Tab. 4: Correlation matrix of the DOL++ and
SCHNEE++ unified values (representing 25 child-
timepoint combinations).

Tab. 4 shows that P and R capture distinct relevant
prosodic aspects of oral reading that contribute a con-
siderable deal to C. Deviation from text needs to be
reconsidered in future research: The missing correla-
tion E ~ SMS shows that the rationale that led to their
differentiation seems to hold (see 3.2). The most
prominent difference between elementary fluency and
teenage proficiency concerns T: once a threshold of,
say, T=4to4.5is passed, it is irrelevant. With respect
to AGE and GRADE we tend to conclude that oral
reading proficiency is — probably to a much greater
extent as, say, mathematical proficiency — more a
matter of individual talent than of age or learning ad-
vancement. The second question about relations be-
tween perceptual parameters and parameters that can
be measured in the signal can only now that a percep-
tual foundation is established be envisaged. As elab-
orated in [12] we see considerable involvement of
two measures of intonational style (wiggliness and
spaciousness of the pitch contour) with C. Maybe in
future research we can succeed with bringing percep-
tion and signal based values even better in line, ren-
dering costly rating procedures unnecessary.

For educational research we can state that more
openness to interdisciplinary perspectives would def-
initely be promising.
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