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Abstract: This study investigates an approach to the automatic classification of
speaking modes in German radio news. Based on a large, manually annotated cor-
pus of broadcast news, we combine acoustic analysis, text-based methods, and po-
sitional metadata to characterize and distinguish news modes. Acoustic parameters,
lexical distributions, and normalized segment positions are analyzed separately and
jointly. A supervised machine learning model integrating these features achieves
nearly 90% classification accuracy across most modes. An ablation study high-
lights the relative contribution of textual, acoustic, and positional features. The re-
sults demonstrate the viability of transparent, multimodal approaches for speaking-
mode classification in broadcast news.

1 Introduction — Speaking Modes in News Speech

Research on broadcast news speech (radio and television) has revealed a high degree of differ-
entiation in speaking modes, which affect speaking patterns in various ways depending on text
type, topic, and underlying communicative tasks (e.g., announcing vs. reporting) [1]. These
speaking modes also function as distinct ways of addressing the audience. They originate in
concepts of journalism and media production, reflecting the perspectives of editors and presen-
ters [2], as well as in the program format of the station (e.g. news radio, youth radio, adult
contemporary, Top-40)! [3].

Consequently, the performance of texts within a news program (“show”) is deliberately dif-
ferentiated [4, cf. chaps. 1, 7, and 9]. Previous studies have demonstrated that parameters such
as speaking rate and fundamental frequency (FO) vary systematically across speaking modes,
particularly between news bulletins, transitional moderation, and reporting [1, 5, 6]. Thus, dif-
ferences between modes associated with so-called core news (news bulletins) and soft news
(e.g., sports, stock market, celebrities) can be expected. However, existing research on news
speech has primarily focused on core news, a tendency that has also been observed for other
languages [7] and media [6].

These findings underline the need for explicit labelling of speaking modes in order to facili-
tate analyses of their interaction with other media-production-related factors as well as speaker-
specific characteristics [8]. To address this need, the present paper combines automatic topic
classification with the assessment of phonetic parameters to establish a basis for further inves-
tigation of a transparent speaking-mode labelling approach. In addition, a structural compo-
nent—namely the position of individual mode elements within the recorded news program—is
taken into account. A central aim of this study is to preserve methodological transparency, par-
ticularly with respect to the algorithms employed, in order to enable a clear understanding of
the decision pathways involved.

Thttps://radiodatacenter.net/en/glossary/formatradio/
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2 Data — The News Arch

In the present study, only radio broadcast news are used for analysis. This type of audio data
provides a controlled framework with consistent parameters, including pragmatic setting, com-
municative task, duration, content, professional speakers, and technical conditions [9, 10].

The systematic collection of German radio news from public broadcasting stations was
initiated in 2003 [11] and is referred to as the NachrichtenArche (News Arch). Since then,
annual recordings of public German radio stations have been conducted on November 11 at
1 p.m., ensuring continuity in the construction of a consistently annotated corpus. The sub-
corpus used in the present study is part of the NachrichtenArche and comprises 543 broadcast
news recordings from the period 2003 to 2019.

Each recording in the News Arch has been manually segmented and annotated using Praat
TextGrids [12]. The annotations cover linguistic categories, media-related information, and
metadata such as time stamps and broadcast station. The annotation layers relevant for this
study include speaker ID (containing information such as speaker gender), speaking mode,
topic, orthographic transcription with segmentation into report units, and sentence segmenta-
tion. The topic category was assigned by annotators based on the content of each report (e.g.,
“Koalitionsverhandlungen”).

The mode category is of central importance for the present study. Annotators selected one
of the following categories: 1 = news bulletin (core news), 2 = report, 3 = weather, 4 = traffic
news, 5 = news overview, 6 = stock market, 7 = jingle, 8 = original sound bite (verbatim report),
9 = sports, 10 = station identification, 31 = transition (intro), and 32 = transition (outro) [cf.
1, 8, 10].

For the purposes of this study, the material was segmented into report units (bulletins),
resulting in a total of 6,454 items with durations ranging from 0.5 seconds to 4.5 minutes. Of
these units, 3,442 were produced by male speakers, 2,487 by female speakers, and 525 by
speakers of unspecified gender.

3 Methods — Three Approaches

The processing of the manually segmented units was carried out using the programming lan-
guages Python and R [13], the acoustic analysis software Praat [12], and its Python interface
Parselmouth [14]. Text-based analyses further employed a pre-trained tool based on a large
language model.

Acoustic analysis : The acoustic analysis comprised pause detection, fundamental frequency
(FO) extraction, speaking rate, and articulation rate. Speaking rate and articulation rate were
calculated using an adapted version of a widely used custom script [15]. As reliable speaker
gender information was not consistently available at this stage, the median FO and FO range
were measured in semitones.

The resulting acoustic measures were subjected to multivariate analysis using principal
component analysis (PCA), implemented with the base R function prcomp (). The analysis was
conducted under the assumption of seven meaningful clusters corresponding to speaking modes
that reflect radio production factors as well as news topics [3].

Text-based analysis : The text-based analysis of different news modes consisted of two com-
ponents: a lemmatization-based analysis of mode-specific lexical distributions and an approach
employing a pre-trained language model. First, the orthographic transcripts were grouped ac-
cording to speaking mode. Tokens were then lemmatized using the spaCy lemmatizer [16] and
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counted, resulting in ranked type-frequency lists for each mode.

The second text-based approach aimed at automatically assigning segments to speaking
modes and expanded the scope of the News Arch by incorporating data from the German pre-
trained language model gbert-large [17].

Position-based analysis : The third, position-based approach builds on the findings of Simon
and Altmeppen [18], who demonstrated in a comparative study of four radio stations that core
news and soft news tend to occur at statistically different positions within broadcast news pro-
grams. Following this approach, each item in the present, more fine-grained mode framework
was mapped onto a normalized position scale ranging from O to 10.

For each news recording, the sequence of segments was counted and normalized to this
scale, and the position of each segment was defined relative to its occurrence within the program
and its associated speaking mode.

4 Results

4.1 Acoustic Signal based Approach

[ N~ o
o | 2 o o - ° _g_
. ® 3 T S © - ° - o
I H b o | 8 L R e I S S
s « \ | ! im— ! E H ! ! | |
g ! Lo & HEes
! | T T EREETTE
@ | © | T | -4
$=1 T O L 2 | Beq ¥ oo 4 g
X
sl HHT = 5. vooe
e 1 | ! | ! - o * =3 o .
- - 4 -+ I ! — <
I °
T T T T T T T T T T T T T T T T
1 2 3 31 32 4 6 9 1 2 3 31 32 4 6 9

© - ) )
o g I .
~ — Q ) & 8 § —_ o
© ° g - 3 o ° § ! o
fo4 & & o T 1 o 3 ° LT
B E‘ R S S e S - o b
<L o ! EE o |
8 1 ! E 1 1 Q’(o— : 1 . :
© < 5 | L -+ - > ! !
o T T & o 8 N T
t o ! | 8 a5 < \ |
© ° 18 e === EI R =
AN — o AN — o _(l)_ — : |
8 e
T T T T T T T T T T T T T T T T
1 2 3 31 32 4 6 9 1 2 3 31 32 4 6 9

Figure 1 — Boxplots of acoustic signal parameters by speaking mode (1 = news bulletin, 2 = report, 3 =
weather, 4 = traffic, 5 = overview, 6 = stock market, 7 = jingle, 8 = original sound bite, 9 = sports, 10 =
station ID, 31 = transition (intro), and 32 = transition (outro) )

Core news with modes 1 and 2 exhibit the lowest values for FO standard deviation and
FO range (see Figure 1). Soft news, on the other hand, show a higher FO range Accordingly,
principal component 1 (PC1) is primarily loaded with FO-related parameters, along with higher
probability scores for the topics of politics and weather. Principal component 2 (PC2) is mainly
associated with speaking rate and articulation rate, as well as higher topic scores for sports and
economy. In the PCA plot (Fig. 2 right), the relatively compact clustering of core news bulletins
(mode 1) and reports (mode 2), corresponding to politics and economy (Fig. 2 left), stands in
contrast to the more dispersed grouping of soft news items such as weather reports (mode 3)
and stock market updates (mode 6).
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Figure 2 — PCA with max positioning topic class [culture, politics, sports, traffic, weather, economy]
(left) ; PCA with all speaking modes (right)

4.2 Text-Based Approach

With regard to the first text-based analysis, we find that mode 1 (news / bulletins) contains
14,436 types, reports 10,326 types, weather 1,293 types, traffic news 1,286 types, news overview
1,766 types, interviews 1,469 types, sports 587 types, station indications 122 types, transition
(intro) 2,264 types and transition (outro) 954. The type token ratio of the modes differs as well:

Number of Types Number of Tokens Type Token Ratio

mode 1 14,436 158,937 0.09
mode 2 10,326 88,507 0.12
mode 3 1,293 11,049 0.12
mode 4 1,293 6,528 0,20
mode 5 1,766 7,424 0.24
mode 8 1,469 5,816 0.25
mode 9 587 1,337 0.43
mode 10 122 336 0.36
mode 31 2,264 9,275 0.24
mode 32 945 3,525 0.27

Table 1 — Type count, token count and type token ratio of modes

The ranking of some topic-specific types in table 2 illustrates the lexical differences of the
news modes.

Table 2 illustrates the lexical differences marking the news modes. Exemplary lemmata
were chosen and listed here, e.g. wetter and grad occur much more frequently in mode 3 (and
5) than in others, stau occurs more often in traffic news. First person pronouns are ranked much
higher in mode 8 than in the others, which is in line with Grawunder and Kettel [5] and Burger
[19, 103] who state that in reporting news the speaker’s "I" is set aside while in interviews and
original sound clips reporters do report from a subjective perspective.

For the second text-based approach, the pre-trained zero-shot classification tool SVALabs -
gbert large zeroshot nli [20] was implemented assigning text-snippets to chosen categories. In
this case, the 6,454 segments were assigned by the algorithm to the categories politics, econ-
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mode: 1 2 3 4 5 8 9 10 31 32
type: rank rank rank rank rank rank rank rank rank rank

wetter 2003 1311 36 1166 S 430 - 12 29 41
grad 2761 1166 4 1172 4 394 - - - -
Sfupball 3736 - - - 1022 - 463 - 658 -
stau 7001 - 947 10 - - - 70 416 162

ich 5696 249 186 94 913 13 - - 11277

wir 487 81 85 31 130 9 - - 129 93
nachricht 1328 1191 270 1058 220 - - 2 44 3

Table 2 — Examples of lemmata, illustrating the difference in frequency of occurrence per mode

omy, culture, sports, weather and traffic following the customary categories of news defined by
Schwenke [3]. With the sum of probabilities constrained to P = 1.0, each item received a dis-
tribution across all six topics. The topic with the highest probability was taken as the assigned
category, resulting in 6,111 classified items. By this method, text snippets were automatically
classified using external data and the results will be related to the acoustic analysis later on.

4.3 Position-Based Approach

Figure 3 illustrates the distribution of speaking modes across normalized positions within the
news recordings. The observed patterns corroborate previous findings by Simon and Altmep-
pen [18], showing that, following the news overview, new bulletins typically occur immediately
after the station identification. These bulletins are commonly followed by reports, which fre-
quently incorporate original sound bites. Subsequently, a transitional moderation often leads to
segments such as stock market reports, traffic news, and, finally, weather forecasts.
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Figure 3 — Boxplots showing the (normalized) position of modes within a news recording

S Discussion — Combining Approaches in a Machine Learning Classifica-
tion Task

The results of the acoustic analysis corroborate previous findings based on a smaller subset of
the News Arch [5, 21], showing lower speaking and articulation rates, as well as smaller FO
ranges for core news [6]. Speaking rate patterns were largely consistent with prior research [7,
22, 23], confirming that bulletin-style (core) news exhibits a more controlled and homogeneous
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delivery, whereas the other text modes, such as traffic news and stock market, can range more
freely.

Our analyses further demonstrate that news modes can be characterized and distinguished
not only by acoustic parameters but also by textual features and metadata, such as segment
position within a broadcast. This multimodal differentiation suggests that machine learning ap-
proaches can effectively leverage these complementary sources of information to predict news
modes.

5.1 Combined Machine Learning Classification of Speaking Modes

To evaluate the predictive potential of these parameters, i.e. features, we implemented a super-
vised machine learning classification experiment. A test set of 10% of the items in each mode
(603 items total) was held out, while the remaining 90% served as training data. Classification
was performed using the Python packages torch, scikit-learn, and sentenceTransformers.

In three runs, 540, 541 and 537 items out of the 603 were predicted correctly reaching a
score of 89.44%. Examinating the results in every mode category separately reveals a more
nuanced picture, as - obviously - larger categories or very distinct categories like weather can
be predicted more easily. Category 6 was so sparse that it was not included in the training
experiment.

Mode Number in training set Masked in test set Precision Recall Accuracy F1

1 2457 272 0,94 0,96 0,95 0,95
2 810 90 0,94 0,88 0,97 0,91
3 258 28 0,96 0,93 1,00 0,95
4 66 7 1,00 0,57 1,00 0,73
5 605 67 0,86 0,96 0,98 0,91
8 107 11 0,89 0,73 0,99 0,80
9 20 2 0,00 0,00 0,99 -

10 54 6 0,83 0,83 1,00 0,83
31 622 69 0,74 0,71 0,94 0,73
32 462 501 0,78 0,78 0,96 0,78
Total: 603 0,80 0,74 0,98 0,84

Table 3 — Classification performance metrics per mode

5.2 Ablation Study

To assess the contribution of individual data types, we conducted an ablation study in which
training omitted one feature set at a time: textual information, segment position, voice param-
eters (FO), or speaking and articulation rates. In all cases, predictive performance declined,
with the largest drop observed when textual data were omitted (Table 4). These findings high-
light the dominant role of lexical information in mode classification, while also confirming the
complementary value of acoustic and structural features.

Omitted data: Text Position Voice (F0) Speakingrate
Predicted correctly (%): 75,12 86,73 88,56 87,40

Table 4 — Ablation study results: prediction of test set omitting training data
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6 Conclusion & Outlook

The present study demonstrates that radio news speaking modes can be classified with high ac-
curacy using a combination of acoustic, textual, and positional features. Our results indicate that
a multimodal approach is viable for automatic speaking-mode detection and can complement
traditional manual annotation methods.

For future work, several directions are promising. First, automatic segmentation that in-
corporates prosodic cues may further enhance classification performance [24]. Second, inte-
grating additional contextual factors, such as broadcast profile (e.g., news radio, youth radio) or
speaker-specific information including gender and number of speaker turns, could improve the
granularity and interpretability of predictions. Finally, embedding this approach into broader
workflows for the analysis of radio news development and evolution [10] could facilitate longi-
tudinal studies and support applications in linguistic, phonetic or media research.
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