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The current article describes research on whether the goodness of a particular speaking style corre-

lates with the way speakers distribute pitch accents in their speech. Study 1 analyzed two Flemish

newsreaders, who, according to poll ratings, had previously been judged to represent a good vs bad

speaker. A perception study in which participants had to assess the quality of spoken paragraphs

produced by either of the two speakers confirmed that one speaker was rated as significantly and

consistently better than the other one. An exploration of the accent distributions in those paragraphs

showed that the accent distributions of the better speaker were more similar to the ones of a gold

standard, i.e., the accent distributions as predicted by two independent intonation experts. Study 2

compared synthetic versions of a selection of the paragraphs of study 1, generated by a Dutch text-

to-speech system. It compared three basically identical versions of the texts, except that they had

different accent distributions according to the gold standard, or to distributions as observed in the

productions of the two newsreaders. A perception study revealed that the versions of the bad

speaker were rated as being significantly worse than the other versions. The two studies thus show

that variation in accent distribution can indeed affect the way spoken texts are assessed in terms of

their perceived quality. VC 2012 Acoustical Society of America.

[http://dx.doi.org/10.1121/1.4751539]

PACS number(s): 43.70.Fq, 43.70.Mn, 43.71.Hw, 43.71.Sy [SSN] Pages: 2616–2624

I. INTRODUCTION

Not all speakers are equally good. For instance, at a sci-

entific conference where one can witness many different

speakers, there typically tend to be presenters who are

engaging, whereas others are boring, irrespective of whether

they are native speakers. To some extent, the quality of their

speech is determined by the extent to which they adequately

pronounce words, produce grammatically correct sentences,

and make appropriate lexical choices. But presumably, the

difference in speaking style between good and bad speakers

is also partly related to differences in the way they supple-

ment their utterances with appropriate prosodic structures.

Whereas some speakers may attract the attention of the audi-

ence by using a natural expressive style, others may come

over as tiresome because they speak in a monotone, put too

many or too few pauses in their speech, are hesitant, or mis-

pronounce words, and so one. While all this may be intui-

tively clear, we still lack exact details on why some speakers

are judged as performing better than others, even though it

has been argued for centuries that speakers need to pay atten-

tion to their prosodic structures (as well as nonverbal fea-

tures, such as facial expressions and gestures) to make sure

that a message comes across successfully (Crowley and

Hawhee, 2009). The goal of this article is to shed light on

differences in appreciation that stem from variability in the

placement of pitch accents, which we analyze in spoken data

of Flemish newsreaders as they cast the news on public ra-

dio. Flemish is the variant of Dutch that is spoken in the

northern part of Belgium. It has a prosodic structure which is

assumed to be the same as that of the variant spoken in the

Netherlands (Collier and ’t Hart 1981), and so far there are

no studies which indicate otherwise.

Already in ancient Greece and Rome, it was recognized

that a speaker’s style may be as important as the actual con-

tent of his or her message in order to win over an audience.

Quintilianus, in particular, remarked that nonverbal features,

including prosodic characteristics such as intonation and

rhythm, should be congruent with the content of the spoken

message. By that he not only meant that a speaker’s expres-

sive style should match the emotional content of the mes-

sages (e.g., facial expressions should be sad when the

message is negative), but it should also be in line with

the salience of the information in the discourse. Inspired by

the latter, the current article explores to what extent the

quality of a particular speaking style is reflected in the way

speakers distribute prosodic accents in a spoken text. Accord-

ing to standard models of intonation (e.g., ’t Hart et al.,
1990), accents in Dutch are primarily realized by means of

melodic variation, through abrupt changes in pitch on desig-

nated syllables (see Kochanski et al., 2005). (Note that we

use the word accent in the technical sense to refer to prosodic

prominences, and not a speaker’s way of speaking as in the
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case of a foreign or regional accent.) While all spoken lan-

guages in the world are likely to have variation between

prominent and less prominent words, there appear to be

language-specific rules that dictate which words in a sentence

should or should not be accented and how these accents relate

to the information structure of the discourse (Ladd, 1996;

Swerts et al., 2002; Swerts, 2007). For Dutch, the language

we will be studying in this article, influential work on accent

prediction comes from Gussenhoven (1984, 1992), who pro-

poses a three-step procedure to predict accents in a spoken

text. Ignoring specific details of his model, the core of his

approach consists of (i) the specification of focused constitu-

ents in a sentence, based on the salience of information in the

discourse (e.g., related to given/new distribution), (ii) the

assignment of accents on the basis of the argument-predicate

structure within those focused constituents, and (iii) the dele-

tion of accents within a phonological phrase according to

some rhythmic principles.

Gussenhoven’s approach to accents in Dutch has been a

source of inspiration for other accounts as well (e.g., Dirk-

sen, 1992; Marsi, 2001; Quen�e and Kager, 1989; see Hirsch-

berg, 1992, for American English). But there are at least two

issues that remain unexplored in these studies. First, these

studies dealing with accent prediction are similar in the sense

that they attempt to model an ideal speaker, or lead to imple-

mentations in text-to-speech systems in order to produce

utterances with “perfect” accent distributions. However,

when looking at speech databases with multiple speakers, it

becomes immediately clear that speakers can vary consider-

ably in the extent to which they produce accents, as it has,

for instance, been reported that newsreaders within the Bos-

ton Radio News Corpus tend to accent every second word,

which is an unusually high number (Ostendorf et al., 1995).

This fact has led to models that distinguish between accents

that are obligatory (that all speakers “should” produce) vs

other accents that are optional (e.g., Marsi, 2004). Also,

speakers, just as they are known to produce speech errors

and other disfluencies, are likely to produce “wrong” accent

patterns as well. The models described above do allow for

some variation. For instance, the rhythm rule of Gussen-

hoven (see also Marsi, 2001) is one which deletes accents

that are surrounded by accents within the same phonological

phrase, which can be applied a number of times. Since this

rule is optional, it would be able to generate different ver-

sions of accent distributions for a similar text.

This brings us to a second issue, i.e., that it is still

unclear how listeners evaluate texts with different accent dis-

tributions. While not many facts are known on how exactly

prosodic structures affect the listeners’ appreciation of spo-

ken texts, there is circumstantial evidence that prosody mat-

ters to some extent. For example, there are studies in the

area of speech synthesis that reveal that a prosodic module

that correctly assigns accent structures is important for the

synthesized text to be judged as natural and clear (Quen�e
and Kager, 1989; Quen�e and Dirksen, 1990; Marsi, 2004),

confirming earlier results with manipulated data that listen-

ers prefer utterances with correct accent distributions (Noo-

teboom and Kruyt, 1987). Ideally, a system should generate

all the obligatory accents and can optionally insert others,

but may not produce accents that are incorrect. More gener-

ally, it has even been argued that listeners become more

demanding about the goodness of the intonation module,

when the segmental quality of the synthetic speech is of a

good quality (Terken and Lemeer, 1988). These studies tend

to have in common that they evaluate, through statistical

comparison of accent distributions and perceptual assess-

ment tests, how their predicted model compares to what a

professional speaker would do, assuming that this speaker

functions as a role model whose prosodic behavior could be

mimicked. However, it is unknown how representative such

a speaker is, and whether speakers whose accent patterns dif-

fer would be differently appreciated for that reason.

In addition, there is a tradition of psycholinguistic

research on how correct or incorrect accent structures may

affect a listener’s processing of incoming speech. A typical

finding, as, for instance, reported by Terken and Nooteboom

(1987), is that listeners exhibit slower reaction times when

they have to process utterances in which accents occur on

given information rather than new information. More recent

studies have found similar processing effects using eye-

tracking techniques within the visual world paradigm, both

with natural recordings (Dahan et al., 2002; Ito et al., 2011)

and synthesized ones (van Hooijdonk et al., 2007). Those

processing results suggest that speakers who produce wrong

accent distributions are more likely to be assessed as per-

forming worse. Finally, from research on the L2 acquisition

of prosody, it has been shown that prosodic—including

accentual—errors have an important negative impact on

native listeners’ perceptual judgments of speech quality and

intelligibility, as well as on their appreciation of the non-

native speaker (Trouvain and Gut, 2007; Swerts and Zerbian,

2010).

The current article focuses on the speaking styles of

Flemish newsreaders as they cast the news on Flemish radio.

The choice to look at such speaker data is motivated by two

facts. First, newsreaders have often served as role models

within a specific language community (Swerts and Krahmer,

2010), and their speech data have been used as input for

building speech synthesis systems. For instance, Philip Bloe-

mendal, who was well-known as the person who presented

the Polyglot News in Dutch movie theaters, has lent his

voice to the Dutch speech community for making a diphone

synthesis system. So, given that newsreaders tend to repre-

sent a role model for speech, it makes sense to explore how

they produce their prosodic structures. But second, some-

what ironically, the public opinion often tends to differenti-

ate between what people consider as good and bad speakers.

This is, for instance, clear from yearly poll ratings organized

by the website Radiovisie.eu (an independent Flemish-Dutch

organization that reviews radio shows and programs) that

show that people appreciate some newsreaders better than

others.

The remainder of this article is organized as follows.

First, we present a study with analyses of natural recordings,

where we compare the prosodic structures in spoken news

bulletins of two Flemish professional newsreaders, who

were hypothesized (based on poll ratings) to represent a

good vs bad speaker. The term “bad” is used as a shortcut to
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refer to the speaker who received relatively low ratings in

the yearly poll organized by the website Radiovisie.eu, but

the term does not imply to mean that this speaker does not

qualify as a newsreader. As a matter of fact, given that the

procedure for selecting newsreaders on Flemish radio is

quite strict, the speakers analyzed in the following studies

should be considered excellent professional speakers, though

there may be differences in general appreciation between

them. Their speaking styles are first judged in a perception

experiment, and subsequently their accent distributions are

compared to see how well these match predictions of a gold

standard provided by two independent experts. Second, we

run an additional perception experiment which uses synthe-

sized versions of the news bulletins of the two newsreaders.

The synthesized versions of the news items are basically

identical, except that they differ in accent distributions, with

one version having accents according to the gold standard,

and the other versions having accents according to what the

good and bad speaker had produced. Both studies provide

evidence that the quality of a person’s speaking style is

reflected in the way he or she distributes accents in a spoken

text.

II. ANALYSES OF NATURAL RECORDINGS

A. Goal

The aim of this part of the study is to explore to what

extent differences in the perceived quality of spoken news

items (as assessed by a group of listeners) is related to proso-

dic characteristics of those spoken messages. In particular,

we look at the extent to which the goodness of a spoken text

can be explained by the extent to which the accent distribu-

tion in a text matches the one prescribed by a prosodic gold

standard.

B. Stimuli

As a basis for our data, we collected speech materials

from two different Flemish newsreaders. The two speakers

(a female and a male speaker) were selected as they were

rated quite differently by voters for a poll of the Radiovi-

sie.eu that yearly gives different kinds of awards, including

prizes for best newsreader. For our analyses, we decided to

select a newsreader (male) whom the voters of Radiovisie.eu

considered to be the best newsreader in the year 2008

(receiving 14.8% of the vote), and another newsreader

(female) who did not appear in the top-10, and received less

than 4% of the vote. The criteria that were used by the origi-

nal voters are not explicitly stated, so that it remains to be

seen to what extent the quality of the newsreaders is deter-

mined by prosodic features as well. In the remainder of this

article, we will refer to these two newsreaders as the good

and the bad speaker, respectively. For comparative reasons,

we used the following procedure for data collection. First,

we recorded a random sample of news items in June 2009 of

the bad speaker who happened to be reading the 6:00 pm

news on Flemish radio for a whole week. In addition, we

contacted the good speaker to ask whether he would be will-

ing to read those news items again. Note that we did not give

him very specific instructions, other than that he was asked

to read the bulletins as he would do it on the radio. He was

also not informed about the fact that we were going to use

his analyses for comparative research. While the latter

recordings were not aired in public, they were recorded in

exactly the same studios of the Flemish public broadcasting

company, so that they are very comparable in general audio

quality. A typical news bulletin would consist of separate

news items on different topics. A typical example of a news

item is given in example (1), together with its translation

into English (10).

(1) De man die vanmorgen in Ledeberg zijn ex-partner

doodschoot, had gisteren al een brutale overval

gepleegd op twee vrouwen in Destelbergen. Hij pro-

beerde vanmorgen na een mislukte ontsnapping zelf-

moord te plegen en is nu in coma. Trui de Mar�e met de

nieuwste informatie.

(10) The man who fatally shot his ex-partner this morning in

Ledeberg had already brutally robbed two women in

Destelbergen the day before. He tried to commit suicide

this morning after he failed to escape, and is now in a

coma. Trui de Mar�e with the latest information.

The other news bulletins concerned a broad range of

topics from daily reports of the Dauphin�e Lib�er�e cycling

event to upcoming elections in Iran. For the analyses of the

first study, we randomly selected 20 different news items.

C. Procedure

Forty-six listeners (invited through the social network of

the School of Humanities at Tilburg University) were invited

to participate in a web-based perception experiment on a vol-

untary basis. The listeners mainly included students from the

humanities faculty, as well as friends and acquaintances of

colleagues of the department, and were all “na€ıve” with

respect to prosodic research. While most of the listeners

were Dutch, some had a Flemish background. Inspection of

the data did not reveal essential differences in assessment

scores due to the participants’ linguistic background.

Twenty-two of the participants were presented with the

audio files of 20 news items as spoken by the bad speaker,

24 heard the same 20 news items spoken by the good

speaker. In other words, the experiment had a between-

subject design, as we wanted to avoid that listeners would be

able to compare the speakers themselves. Each participant

received the news items in a different random order, to com-

pensate for possible learning effects. We decided to present

complete paragraphs [like the one in example (1) in Sec.

II B], rather than individual sentences, as the absence or

presence of an accent has been argued to be related to the

larger discourse structure of a text, so that the effect of dif-

ferent accent distributions may not be very clear when indi-

vidual utterances would be presented (see also Terken and

Collier, 1989). The listeners only heard the audio files, and

did not have access to a written display of the text. The task

given to listeners was to rate each spoken news item as to

how well it was read. They were instructed to express their

assessment on a 10-point scale, with 10 meaning “very
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good” and 1 meaning “very bad,” and the numbers in

between to represent values in between those two extremes.

The experiment was self-paced, but listeners were encour-

aged not to reflect too much on their judgments and give an

immediate response. On average, the experiment lasted

approximately 10 min.

D. Results

The average ratings of the participants were analyzed by

means of a repeated measures analysis of variance, with

speaker as the between-subject factor (2 levels: good

speaker, bad speaker) and the news item as within-subject

factor (20 levels). There was a main effect of speaker

[F(1,44)¼ 5.856, p< 0.05, g2
p¼ 0.117] and of news items

[F(19,836)¼ 2.512, p< 0.001, g2
p¼ 0.054], whereas the inter-

action between speaker and news item turned out not to be

significant. The speaker effect was such that the news items

delivered by the bad speaker were considered to be slightly

less good overall than those delivered by the good one [bad

speaker: 6.577 (standard error: 0.201); good speaker: 7.252

(standard error: 0.193)]. Figure 1 visualizes the average scores

for each separate news item for the two speakers, which shows

that the ratings of the good speaker are always higher for each

individual news item than the ratings of the bad speaker. Pair-

wise comparisons using the Bonferroni-method revealed that

the effect of news item was due to text number 19 receiving a

significantly lower score than texts 1 and 20.

Using PRAAT, a software program to record, analyze,

and manipulate speech, the recorded speech materials of

both newsreaders were annotated by the first author in terms

of the occurrence of clear pitch accents. That labeling was

limited to a specification of presence or absence of pitch

accents, and did not further specify the tonal configurations

of these accents. Inspired by a method outlined in Collier

and ’t Hart (1981), the speech of the newsreaders was slowed

down, as it highly facilitates the annotation procedure,

because the beats can more easily be discerned. The proce-

dure to annotate recordings in slow motion is also often used

in facial coding procedures (see, e.g., Ekman and Rosenberg,

2005). In order to check whether the annotations of the

accents in the spoken texts were reproducible, we randomly

selected ten spoken paragraphs (five from each speaker) and

gave them to an independent labeler, different from the two

authors. The independent labeler was also given an example

paragraph with annotations to give an indication as to how

accented words had been labeled in the data. When compar-

ing the annotated subset of the speech data with that of the

first author, there appeared to be substantial agreement

between the two labelings (with a Kappa-score of 0.706).

The text version of the selected news items were also

presented to two independent prosodic experts who were

invited to annotate the texts in terms of presence or absence

of accents without having access to the original recordings

of the two newsreaders. In particular, they were asked to

imagine how a professional newsreader or faultless speech

synthesis system would have to produce accents in those

utterances. We only did this for 19 texts because it turned

out that the versions of one text produced by the good and

bad speaker had one sentence with a slightly different word-

ing and syntactic structure; thus, the accent distributions

could not be compared. It should be noted that the gold

standards produced by the prosodic experts were not based

on any particular linguistic or psycholinguistic theory. The

prescribed accents should therefore not be considered as pre-

dictions derived from a linguistic or computational model of

accent placement. Accordingly, our experiments are not

intended to directly evaluate any such model. Instead, the

gold standard reflect the experts’ knowledge on the best use

of prosody as accumulated through observing and analyzing

the prosody of speakers on a daily basis. Admittedly, this

includes broadcaster’s speech, both good and bad, but it is

based on a much wider range of observations.

For the remainder of this article, we will consider these

two annotations as gold standards for accent distribution.

We took the annotations of one of the experts as a reference

(Gold standard 1) and used the other one (Gold standard 2)

as a way to check whether the accentual specifications were

reproducible.

Table I gives confusion matrices that compare different

accent distributions as predicted by one of our experts [Gold

standard 1 (GS1)] with those of the other expert, and with

the distributions produced by the two selected speakers, and

also gives the respective kappa values that express the agree-

ment between these different distributions. As can be seen,

the kappa score for the comparison between the two gold

standards is the highest of all, suggesting that the experts

have a very clear view on what is deemed good accentuation.

FIG. 1. Average assessment scores

for 20 texts produced by two differ-

ent speakers.
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When comparing the accent distributions of Gold standard 2

(GS2) with those of the newsreaders, we get basically near-

identical results, with a relatively low kappa score of 0.615

for comparisons between the bad newsreader and that stand-

ard, and of 0.722 for comparisons with the good speaker.

Closer inspection of the respective annotations suggested that

the two experts agreed almost always on the occurrence of

nuclear accents, but differed regarding prenuclear

ones, which different models would indeed consider to be

optional. In addition, the kappa values for the agreement

between GS1 and the distributions of the two newsreaders

appear to be consistent with the difference in perceived qual-

ity of their speaking style; the kappa value for the bad

speaker, while still referring to a fair agreement, turns out to

be lower than that for the good speaker. To further support

this, we performed a repeated measures analysis of variance

(ANOVA) where we analyzed the kappa values for the 19

texts that compared the distributions of GS1 with that of GS2,

the good speaker and the bad speaker. This analysis revealed

that the differences between the kappa values for these three

comparisons were statistically significant [F(2,17)¼ 17.813,

p< 0.001, g2
p¼ 0.677]. Pairwise comparisons using the Bon-

ferroni method revealed that each of the pairs were signifi-

cantly different from each other, meaning that the kappa

values of the bad speaker were significantly lower than those

for the good speaker, while both were lower than those for

the comparison between the two gold standards.

E. Discussion

The analyses of natural recordings revealed that speak-

ers who were independently rated as being good or bad also

turned out to produce different accent distributions. In partic-

ular, the accents of the good speaker were a better match to

what a gold standard (coming from two independent intona-

tion experts) had predicted. Closer analysis of the data sug-

gests that listeners gave especially bad scores to those texts

that exhibit cases of unaccented words that appeared in nu-

clear position.

To give some illustrative examples, Table II shows a

case of a news item with accents (words that are underlined)

in the speech of the bad speaker, the good speaker, and as

predicted by the Gold standard 1. We also added an English

translation of the Dutch text. Looking closely at the example

suggests that the inadequate accent distribution in the speech

of the bad speaker could be partly responsible for a low

score in appreciation of this text. In particular, the distribu-

tions in the text produced by the good speaker and in the ver-

sion prescribed by the gold standard agree regarding the

presence of a nuclear accent on “presidentsverkiezingen,” on

“Ahmadinejad,” and on “Mousavi,” which are absent in the

bad speaker version, which renders a rather marked rhythmi-

cal structure on this. As indicated in the Introduction, varia-

tion between accent distributions is not necessarily bad, as

even the two experts producing the gold standards can gener-

ate (slightly) different accent distributions. However, those

expert predictions are more in line with the rhythm rule of

Gussenhoven in the sense that it allows multiple distribu-

tions because of the fact that the accent deletion procedure is

optional and recursive. Yet, the variable distributions

obtained this way have to do with presence or absence of

prenuclear accents, whereas the gold standards tend to agree

mostly on the occurrence of nuclear accents. If a speaker

leaves out such a nuclear accent (as in the example of Table

II), that is a serious violation of the rhythm rule, and leads to

a pattern which normally is reserved for contrastive accent

interpretations: if a nuclear accent is moved away from its

default final position within a phrase, it often leads to a con-

trastive interpretation (see Ladd, 1996; Krahmer and Swerts,

2001). And such a contrastive reading of the text is infelici-

tous in the text at hand, which probably has led to a rather

negative score for the bad speaker.

Obviously, while the analyses in terms of the kappa-

scores suggest that the differences in accent distribution may

be responsible for the differences in ratings, additional work

is needed to find out to what extent this is a sensible claim.

Indeed, the speech produced by both newsreaders may differ

in other characteristics as well, including the way specific

TABLE I. Comparison of presence and absence of accents according to

Gold standard 1 with distributions of Gold standard 2, and in the recordings

of the good speaker and the bad speaker (actual countings and row percen-

tages), together with Kappa values.

Accent according to Gold standard 1

Model Accent Yes No Kappa

Gold standard 2 Yes 530 (86.3%) 84 (13.7%) 0.737

No 32 (9.8%) 294 (90.2%)

Good speaker Yes 535 (87.1%) 79 (12.9%) 0.642

No 74 (22.7%) 252 (77.3%)

Bad speaker Yes 530 (86.3%) 84 (13.7%) 0.571

No 97 (29.8%) 229 (70.2%)

TABLE II. Examples of original Dutch utterances, and the English translation, with accent distributions (accented words are underlined) according to the bad

speaker, the good speaker, and the Goldstandard 1. Further explanations in the text.

Original Bad speaker Over zowat een half uur zouden in Iran de stembussen dichtgaan voor de presidentsverkiezingen. Er zijn vier kandidaten , maar de

race gaat vooral tussen de huidige president Ahmadinejad en de hervormer Mousavi. De opkomst is overweldigend.

Good speaker Over zowat een half uur zouden in Iran de stembussen dichtgaan voor de presidentsverkiezingen. Er zijn vier kandidaten, maar de

race gaat vooral tussen de huidige president Ahmadinejad en de hervormer Mousavi. De opkomst is overweldigend.

Gold standard 1 Over zowat een half uur zouden in Iran de stembussen dichtgaan voor de presidentsverkiezingen. Er zijn vier kandidaten, maar de

race gaat vooral tussen de huidige president Ahmadinejad en de hervormer Mousavi. De opkomst is overweldigend.

Translation In approximately half an hour the voting booths in Iran for the presidential elections will be closed. There are four candidates, but

the contest runs primarily between the current president Ahmadinejad and the reformer Mousavi. The attendance is overwhelming.
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words are pronounced. Also, the newsreaders differ in gen-

der, which possibly may have affected the judgments of

some observers as well, e.g., in case they have a preference

for either a male or a female voice. Specifically with respect

to prosody, there may have been differences in intonational

phrase boundaries, which in turn affect accent placement.

For example, speakers try to avoid intonational phrases that

do not contain at least one accent. The presence of an intona-

tional boundary may therefore necessitate additional accents.

Therefore, in order to further investigate to what extent

accentual differences can be held responsible for the varia-

tion in the way the speaking styles are assessed, we con-

ducted another perception experiment in which synthetic

stimuli were tested. The accentual properties of the synthetic

stimuli were systematically manipulated according to the

different speaker models. This allowed us to control for pro-

sodic factors such as intonational phrasing and speech rate.

III. PERCEPTION OF SYNTHESIZED STIMULI

A. Goal

The aim of the second part of this study was to see

whether additional evidence could be found for the claim

that variation in accent distribution can be held responsible

for perceived differences in the quality of the spoken news

items. Therefore, we conducted an additional perception

experiment in which listeners were presented with three dif-

ferent versions of the same text that varied in accent distribu-

tion, i.e., according to a good speaker model, a bad speaker

model, and a gold standard model.

B. Stimuli

The stimuli for the second experiment were made with

Nextens, a freely available open source text-to-speech sys-

tem for Dutch based on the Festival TTS platform (Taylor

et al., 1998). As input we used the news text together with

an aligned specification of the intonation according to the

ToDI system (Gussenhoven, 2005), which is an autosegmen-

tal description of Dutch intonation along the lines of the

ToBI system for transcribing American-English intonation.

Briefly explained, ToDI allows symbolic transcription of

pitch accents and intonational boundaries in terms of combi-

nations of H and L tones, representing high and low pitch

targets, respectively. For example, H*L is a falling pitch

accent where the star suffix indicates that the H tone is timed

on the accented syllable. Similarly, %L and H% represent a

low start and high end of an intonational phrase where the

percent affix indicates that they are associated with an into-

national phrase boundary. The shape of an utterance’s com-

plete intonational tune is determined by the consecutive

contour shapes defined by its pitch accents and boundary

tones. The intonational tune was essentially the same for all

texts, except that the distribution of accented words was

modeled on the basis of the productions of the good and bad

speaker, and according to our Gold standard 1. The pitch

contour follows the most commonly used, neutral pattern in

Dutch: phrases always start with an initial low boundary

tone (%L), the first accent in the phrase is realized as a

“pointed hat” (H*L), subsequent accents in the same

phrase accents become a downstepped pointed hat (!H*L),

sentence-internal phrases end with a continuation rise (H%),

and sentence-final phrases end with a final low boundary

tone (L%). The abstract intonational description was trans-

lated to an F0 contour using a target interpolation model for

Dutch intonation (van den Berg et al., 1992). The generated

contours thus appear to resemble those in the study by

Terken and Collier (1989). Figure 2 gives an example of a

sentence with a generated pitch contour. Intonational phras-

ing was based on punctuation (i.e., every comma becomes a

phrase boundary) as well as length considerations (i.e., very

long phrases were avoided by inserting a break at an appro-

priate location). This phrasing was identical across all three

synthesized versions. Likewise durational structure and

speech rate were constant across all versions, except for very

minor lengthening of accented syllables. Errors in graph-

eme-to-phoneme conversion were manually corrected by

adding new entries to the lexicon. The final waveform syn-

thesis relied on the MBROLA diphone synthesis system,

using the female NL3 voice (Dutoit et al., 1996). Even

though diphone synthesis may not deliver the most natural

sounding speech in comparison with unit synthesis, it guar-

antees that, except for their intonation, all three versions

FIG. 2. Waveform and corresponding F0-contour of the Dutch sentence “De twee raakten zwaargewond, maar zijn buiten levensgevaar (The two got seriously

wounded, but do not have to fear for their lives)” with ToDI labels and IPA (International Phonetic Alphabet) transcription (further explanations in the text).
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are identical (apart from the marginal durational differences

mentioned), and the speech quality remains constant

throughout the utterance.

Given that we wanted to apply a within-subject design,

we synthesized only a subset of ten texts that were presented

in the first study in order to reduce experimental time for lis-

teners. As we were particularly interested in the effects of

differences in accent distribution, we chose to produce ver-

sions of the text according to Gold standard 1, and further

selected texts where the difference in accent distributions of

the two newsreaders was the largest in terms of the kappa

statistics reported above. This would then produce 30 texts

in total.

C. Procedure

Forty-one participants (again from the social network of

Tilburg University) took part in a perception experiment on

a voluntary basis. None of the participants had taken part in

the first perception experiment with natural stimuli. They

were presented with all the 30 synthesized news items

described in Sec. III B. Their task was to assess the perceived

quality of the spoken paragraphs by giving a score on a 10-

point scale, where “1” represents a bad quality and “10” rep-

resents a very good quality. To compensate for possible

order effects, each participant got a differently randomized

list of the speech stimuli. Unlike the procedure of the percep-

tion experiment with natural recordings in the first study, the

current experiment had a complete within-subject design.

D. Results

The data were analyzed with a repeated measures

ANOVA with speaker model (three levels: gold standard,

good speaker, bad speaker) and text (ten levels) as independ-

ent within-subject factors, and the scores on the 10-point scale

as dependent factor. The analysis revealed a significant main

effect of speaker [F(2,80)¼ 19.425, p< 0.001, g2
p¼ 0.327] and

text [F(9,360)¼ 13.818, p< 0.001, g2
p¼ 0.257], while the inter-

action between text and speaker was also significant, though

with a very low effect size [F(18,720)¼ 6.096, p< 0.001,

g2
p¼ 0.063]. Table III gives the mean scores for the different

intonation models. Pairwise comparisons using the

Bonferroni-method indicated that the scores for the bad

speaker model were significantly lower than the scores for

both other models, which were not significantly different. The

effect of text was due to the fact that some texts overall scored

worse or better than others.

If we rank the average scores for each text in terms of

how the models of the bad speaker, the good speaker, and

the gold standard performed, we get the distribution of

scores as given in Table IV. As can be seen, for seven out of

ten texts, the bad speaker model performs worst of all three

models, and never gets the highest score. Conversely, the

models of the good speaker and the gold standard are rarely

assessed as being the worst, and score as first or second best

model.

E. Discussion

The outcome of the experiment with synthetic stimuli

confirms the claims based on the findings of the first study

that appropriate or inappropriate accent distributions can

have a positive or negative effect on how a particular spoken

message is appreciated by a listener. Interestingly, the good

speaker and gold standard models get scores that are very

comparable, and together outperform the bad speaker model.

As the different versions of the texts were controlled for type

of intonation pattern, speech tempo, and voice quality, it is

remarkable to see that a mere change in accent distribution

can have significant repercussions for the perceived quality.

Note that the overall assessment scores for the speaker mod-

els are comparatively lower than the ones for the natural

data discussed in the first experiment, which is probably due

to the fact that the segmental quality of the speech synthesis

is of a lower quality than that of the natural speech stimuli

used in the first experiment.

IV. GENERAL DISCUSSION

The current article has reported evidence that the way

accents are distributed in a spoken text affects how well such

a text is appreciated by listeners. We have shown this

through analyses of natural recordings of two Flemish news-

readers as they cast the news on public radio, which revealed

that the perceived quality of the spoken texts was reflected in

the extent to which the accents in the texts matched a gold

standard, as provided by independent intonation experts. A

follow-up experiment with synthesized stimuli supported the

earlier finding as it turned out that synthesized texts with

accent distributions of the gold standard or of a good speaker

received significantly better ratings from listeners than texts

with accent distributions of a bad speaker. Note that despite

the somewhat dismissive use of the term “bad,” it is interest-

ing to note that even the speaker who performed more poorly

is a professional newsreader, so that the problem could be

even worse with speakers who have less experience in read-

ing text.

Obviously, the research could be extended in a number

of ways. This study only looked at the effects of the correct

or incorrect placement of prosodic accents on listeners’

TABLE III. Listeners’ assessment scores for different prosodically manipu-

lated versions of news items (synthesized voices).

Model Score (standard error) F-stats

Bad speaker 4.715 (0.193) F(2,80)¼ 19.425, p < 0.001,

Good speaker 5.261 (0.175) g2
p ¼ 0.327

Gold standard 5.161 (0.180)

TABLE IV. Rank order of the scores for the models of the good speaker,

the bad speaker, and the gold standard in terms of whether these scored best,

worst, or in the middle.

Model Worst score Middle score Best score

Bad speaker 7 3 0

Good speaker 2 3 5

Gold standard 1 4 5
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appreciation of spoken text. While we did find that differen-

ces in distribution correlate with the perceived goodness of a

text, there are more prosodic dimensions that are potentially

relevant for an appropriate speaking style. One could think

of variation in melodic patterns, rhythmical and temporal

structures, and differences in the placement of pauses. We

expect, however, that the newsreader data we analyzed for

this study are not very suitable for exploring differences in

perceived naturalness due to phrasing differences because,

unlike the variation in accent distribution, the placement of

major prosodic boundaries is likely to be quite comparable

for the two speakers due to the fact that these are highly

driven by the punctuation of the text. In addition, an interest-

ing alley to pursue further is to try and also “repair” the

speech produced by a bad speaker. In order to do so, one can

imagine using modern techniques of prosodic transplantation

(copying intonation patterns from one utterance on another

utterance), especially in combination with up-to-date wave-

form manipulation software that guarantees that the manipu-

lated speech materials preserve their naturalness. This could

take at least two forms. One approach would be to change

accent distributions in a spoken text according to what vari-

ous prosodic models would predict, in order to find out

whether that indeed ameliorates the quality of the speaking

style, and if so, it would be relevant to know which of the

models scores best in that respect. Another approach would

be to copy the accent distributions of a good speaker onto

the speech of the bad speaker, and vice versa, to see whether

that leads to improvement or degradation in the perceived

quality of the speech.

And finally, the results of the two studies presented

above relate to “na€ıve” listeners’ naturalness ratings, which

are of course rather metalinguistic in nature, in the sense that

people are asked to reflect on the language of a speaker. It

could therefore also be useful to supplement these studies

with more functional experiments that test to what extent the

actual processing of the speech is positively or negatively

affected by good or bad accent distributions. It is of course

known from psycholinguistic studies with controlled utter-

ance stimuli that participants’ processing time and eyegaze

patterns can be influenced by presence or absence of accents

(Cutler et al., 1997; Terken and Nooteboom, 1987; Dahan

et al., 2002; Ito et al., 2011; van Hooijdonk et al., 2007). It

would be interesting to see whether such findings generalize

to more natural data (e.g., from newsreaders) to see whether

people have a harder time understanding news items pro-

duced by a “bad” speaker, or remembering specific details of

the content of these texts. Another extension would be how

good or bad accentuation affects the quality of speech pro-

duced by L2 speakers.
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