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Executive Summary
This deliverable summarizes the outcome of the first preliminary study of the variety of the linguistic
(discourse, lexical, syntactic, and prosodic) means as observed in the interventions of medical
personnel / care givers in the sample dialogues recorded in KRISTINA in Spanish, German and
Turkish. The discourse phenomena are analyzed in terms of the discourse structure in this initial
corpus in the sense of the Rhetorical Structure Theory (RST). In particular, the most common
discourse relations and idiosyncrasies, compared to generic discourse and across the considered
languages, are identified. The syntactic/lexical phenomena are investigated with respect to the
complexity of sentential constructions, average sentence length, distribution of Part-of-Speech
categories, and syntactic dependency relations. For each language, its own profile is compiled. The
study of the prosodic phenomena covers a contrastive study of the Information Structure – Prosody
Interface for Spanish and German and a parallel study of acoustic phenomena in Turkish and
German.
The observed linguistic means will serve as orientation for the development of the linguistic
generator in the scope of the KRISTINA agent, since we assume that the Agent should be able to
communicate with the patients / care takers in the same way medical doctors / care givers do.
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1 INTRODUCTION
This deliverable summarizes the outcome of the empirical study of sample dialogues in
German, Spanish and Turkish with respect to the different phenomena of the linguistic mode
(discourse, syntactic/lexical and prosodic), from the perspective of care givers and medical
personnel. The goal is to capture these phenomena in order to be able to reproduce them by
the KRISTINA agent (and thus make the KRISTINA agent a natural communication
companion).
Arabic and Polish have not been covered in this first study due to the fact that in the first
months of the project no linguistically trained speakers of Arabic and Polish were available
to carry out the study of the corresponding material. This changed, and the study of both
Arabic and Polish is under way. That is, no negative consequences are to be expected
because of this slight temporal shift.
Contrary to the description of D6.1 in the DoW, this deliverable furthermore does not cover
the non-verbal (facial and gestural) modi. These modi will be covered in D4.1 (due by the
end of M7, i.e., September 2015) of the project. That is, D4.1 will cover the study of the
phenomena of non-verbal communication from the perspective of the analysis, i.e., the
perspective of care takers / patients (as was originally foreseen in the DoW) and from the
perspective of production, i.e., the perspective of care givers / medical personnel. This
seems reasonable since the phenomena can be expected to be very similar, such that it is
ensured that KRISTINA will be facilitated with natural facial and gestural expressions to a
maximally possible degree (and thus communicate as similar as possible to observed human
communication).
In the next section, the use cases addressed in KRISTINA are briefly outlined in order to
provide the context. Section 3 is central to the deliverable. It outlines the findings of the
empirical study of the three types of phenomena (discourse, syntactic/lexical and prosodic)
for the three languages under consideration. Section 4 briefly summarizes these findings and
presents some conclusions.
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2 INTRODUCTION TO THE USE CASES
A preliminary round of recordings took place in May 2015 (M3 of the project) in two
locations: Tübingen (Session 1) and Malaga (Session 2). EKUT hosted the recordings in
Tübingen (for Turkish, Polish and German) with the participation of DRK and of the technical
partners UPF, UAU, and UULM. SemFYC hosted the Malaga session (for Arabic and Spanish),
with the participation of semFYC and UPF.
This first round of recordings has served to evaluate spontaneous dialogue prompting
techniques, test different technical specifications and recording equipment and define the
participants' linguistic and personal profile. The recordings are to a major extent on the
KRISTINA domain and cover all KRISTINA languages. Therefore, they can be used to get
started with technical testing on speech recognition, vision, language analysis and speech
generation, even though they are not optimally representative for the concrete use cases
(UC) specified and worked on in KRISTINA.
Technical partners are currently providing feedback on further test recordings for the second
round to assess their quality, suitability to each partner's task and suggest further lines of
improvement in terms of technical and content specification. Special attention needs to be
paid in the further rounds of corpus recordings to the role played by the participant acting as
the Embodied Conversational Agent (ECA) in KRISTINA (the “KRISTINA agent”) in terms of
linguistic proficiency and professional expertise, in order to be able to extract all the
information at linguistic, prosodic, facial, and gestural expressions, which is needed to train
and develop the ECA.
Below, in Subsections 2.1 and 2.2 respectively, the contexts of the first round of
recording sessions 1 (EKUT and DRK) and 2 (semFYC) are summarized. Since further recorded
samples in Spanish dealing with medical interviews have been also provided by semFYC,
these samples are described in Subsection 2.3.

2.1 EKUT and DRK Recordings – Session 1
Session 1 included EKUT and DRK use cases covering Turkish and Polish. German was used as
a control language. In what follows, the details of this session are described concerning
participant and content specifications. Although these specifications have not been taken
into account in the preliminary study presented in this deliverable, they may turn out to be
of relevance to future more in-depth studies.
2.1.1 Profile of the Participants
A total of 13 participants have taken part in this recording session:



8 females aged 25 to 55
5 males aged 25 to 32

Languages included were Turkish (tr), Polish (pl) and German (de) and speakers reported
bilingualism in the following language pairs:


tr_de 9 participants
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po_de 2 participants

However, not all speakers who reported bilingualism were actually showing C1 skills in both
languages.
2.1.2 Content and Technical Specifications
Six different kinds of settings were recorded in terms of type of scene and speech
combinations as shown below:




close-ups: interview, dialogue symptoms, monologue;
scene: dialogue (instructions on drinking water and how to use a wheelchair);
audio-only: reading.

Two different camera configurations were used, i.e.:



close-up: using two camera inputs and capturing mainly the speakers' face and upper
body;
scene: using one camera capturing a panoramic view of the scenery.

Different dialogue prompts were used in order to capture different speech styles:





interview: written questions;
dialogue: general instructions over a specific topic (explain sympthoms, give advice,
show how to use a wheelchair);
monologue: general instructions concerning neutral, positive and negative feelings
(speak about Tübingen, about positive/negative experience in your professional life);
reading: selected written sentences from real dialogues from the DiK corpus.

2.2 SemFYC Recordings – Session 2
Session 2 included semFYC's use case covering Arabic. Spanish was used as a control
language. As already for Session 1, in what follows, the details of this session are also
described concerning participants and content specifications.
2.2.1 Profile of the Participants
The recordings in Malaga involved 8 participants:



4 females aged 33 to 42
4 males aged 41 to 55

Languages included Arabic and Spanish. Six participants spoke Spanish at different
conversational levels. There was only one bilingual speaker. Three participants reported
illiteracy (no reading and writing skills) and 2 participants did not speak any Spanish at all.
2.2.3 Content and Technical Specifications
All shots were close-ups recorded in the same room with participants sitting one in front of
the other at a table. The instructions for the dialogues were similar in all settings:


Start a colloquial conversation about your place of origin, Spain, etc.
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Talk about a positive experience you have had in a healthcare center.
Talk about a negative experience you have had in a healthcare center.
What advice would you give to a relative or friend who wants to come to Spain and
needs to go for the first time to a healthcare center.
How did you have to do to adapt to Spanish culture and what do you miss about your
country of origin?

In addition, one participant was requested to read a short fragment of parallel text in Arabic
and Spanish.

2.3 Medical Interview Samples in Spanish
In addition to corpus recordings carried out ad hoc specifically for the KRISTINA project,
SemFYC has provided technical partners with previously recorded material used for training
resident doctors on how to conduct medical interviews. This material is in Spanish and
contains two examples for each dialogue setting: one on a doctor’s bad reaction to the
patient and another with a good management of the situation. This material sets a useful
background for preliminary analysis in the medical domain, especially focused on good
communication skills of an expert.
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3 ANALYSIS OF THE LINGUISTIC PHENOMENA OF THE RECORDINGS
In what follows, we analyze German, Spanish, and Turkish. Polish and Arabic will be analyzed
at a later stage. For each language, we first present a brief overview of the typical discourse
structures encountered in the recordings (Subsection 3.1), and then present an overview of
the syntactic patterns and a deeper analysis of the word types and constructions found in
the available data (Subsection 3.2). In Subsection 3.3, the outcome of the prosodic analysis is
summarized.

3.1 Discourse structure
The following analysis of the discourse structure is grounded in the Rhetorical Structure
Theory (RST). Therefore, before we move on to the analysis of the discourse structure of the
dialogue acts by care givers / medical personnel in our sample dialogues, we briefly
introduce RST.
3.1.1 Brief overview of the Rhetorical Structure Theory
RST (Mann and Thompson, 1988) is the most popular discourse structure theory in
automatic text generation. It offers a well-defined set of binary asymmetric and symmetric
rhetorical relations that allow for the representation of the discourse structure of a given
text in terms of a dependency graph (most often assumed to be a tree). The relations are
defined between discourse units, which are usually clauses or entire sentences. In some
cases, prepositional phrase chunks are also considered to form discourse units.
Asymmetric discourse relations possess a governor discourse unit (referred to as “nucleus”)
and a dependent (referred to as “satellite”) discourse unit. Among the most common
asymmetric relations are ELABORATION (i.e., provision of further details on the information
communicated in the nucleus), CAUSE, JUSTIFICATION, and PURPOSE. In practical
applications, ELABORATION is most often further split into ELABORATION-OBJECT,
ELABORATION-ATTRIBUTE, etc. in order to reflect the fact that the “elaboration” usually
refers to a specific entity (object, attribute of an object, etc.) within the statement of the
nucleus. Consider, for illustration, the relation ELABORATION-OBJECT (the arrow points to
the nucleus):
Sie müssen auch auf das Thema Cholesterin achtgeben, lit. ‘You must also pay attention to
the topic of Cholesterol’.
ELABORATION-OBJECT
Da gibt es Fett, Butter, rotes Fleisch, ... fetthaltigen Käse, ..., lit. ‘There are fat, butter, red
meat, fat cheese, …’
Symmetric discourse relations are defined between two nuclei. The most common
symmetric relations are SEQUENCE and CONTRAST. Consider, for illustration, SEQUENCE:
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Sie sagen auch, dass Sie Kopfschmerzen haben, lit. ‘You also say that you have headache’.
SEQUENCE
Seit wann haben Sie Kopfschmerzen, lit. ‘Since when do you have headache‘ ?
In total, between 20 and 25 relations are discussed in the literature.1 Some of them tend to
be explicitly signaled by discourse markers, such as because (JUSTIFICATION), although
(CONCESSION), and if (CONDITION).
3.1.2 Discourse structure in Spanish dialogues
In the Spanish dialogue samples, a number of different discourse relations can be observed
in the dialogue acts of medical personnel, including, in particular:
ELABORATION: [No quiero agobiarle con detalles técnicos ‘[I] don’t want to bother you with
technical details.’]N [Lo importante es que ella fue bien atendida ‘The important [thing] is
that she has been attended well’.]S
BACKGROUND: [Con toda seguridad lo miré, lit. ‘With all the certainty I checked it’. ]N
[Siempre miramos con todo detalle todos los niños, lit. ‘[We] always check in all details all
children’.]S
CONDITION: [Pasaríamos por casa, lit. ‘[We] will pass by [your] home’]N – [Si no estuviera
bien, lit. ‘Shouldn’t she be well’.]S
RESTATEMENT: [Este tapón de moco obtura una parte del pulmón que hace una pulmonía,
lit. ‘This mucus plug fills a part of the lung which provoques a pneumonia]N [Es decir, que de
un resfriado en un par de días puede derivar a una pulmonía, lit. ‘That is, that a cold can slide
in a couple of days into a pneumonia’.]S
and
SEQUENCE:
[Le da recuerdos de nuestra parte, lit. ‘Give her greetings from out side’.]N1 [Nos ponemos, en
todo caso, a su disposición, lit. ‘We put outselves, in any case, at your disposal’.]N2
These relations can be derived from the ontological representations and then handled in
dialogue planning, as is common in text generation (see, e.g., Bouayad-Agha et al., 2012).
In addition to these standard text discourse phenomena, two dialogue specific
phenomena can be observed in the semFYC recordings:


a discourse relation holds between two different dialogue acts of the same
speaker (in our case, medical doctor); cf.:

1

See http://www.sfu.ca/rst/01intro/definitions.html for a concise definitions and examples of all
relations.
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Sp1: [Imagínese la cantidad de radiografías y radiación que le podríamos
producir, lit. ‘Imagine the quantity of X-rays and the radiation that we could
produce her’.]N
Sp2: Ya ‘Yes’
Sp1: [No quiero agobiarle con detalles técnicos, lit. ‘[I] don’t want to bother you
with technical details’.]S


a discourse relation holds between a dialogue act of Sp11 (patient or relative)
and a dialogue act of SP2 (medical doctor). Cf.:
Sp1. [[[[No, ella ahora está muy bien, lit. ‘No, now she is very well’.]N [Está bien,
lit. ‘[She] is well’.]S]N // [Ha evolucionado bien, lit. ‘[She] has developed well’.]S]N
// [Sí, sí, lit. ‘Yes, yes’]S]N
Sp2: [[Estupendo, ‘Great’.]N1 [Pues eso es lo más importante, lit. ‘Well, this is the
most important’.]N2]S

In the first of the two examples above, the relation SUMMARY holds between the two
interventions of Sp1; in the second, INTERPRETATION holds between the consecutive
interventions of Sp1 and Sp2.
Furthermore, and as is common in spoken language in general and in spoken dialogues in
particular, sentential pragmatic markers often occur. These markers may appear


between the arguments of a discourse relation, as in
[¿Me permite, si es tan amable, la cartilla de Sandra, lit. ‘Allow me, if you would be so
kind, Sandra’s record?’]N1 // A ver. ‘ Let’s see’ // [Y el informe también, si lo tiene, del
hospital, lit. ‘And also the report, if you have it, from the hospital’.]N2



before the first argument of a discourse relation, as in
A ver, venga, venga, por favor, mire, lit. ‘Let’s see, come on, come on, please, look’
[Pase, pase, lit. ‘Come on in, come on in’]N1 [Siéntese, siéntese, lit. ‘Sit down, sit
down’.]N2



or after the second argument.
[En siete días nos la puede traer para hacerle una revisión, lit. ‘In seven days, [you] can
bring her to us for carrying out an inspection’]N1 [y, en todo caso pues, quedamos en un
par de días para ver todo esto, lit. ‘and, in any case then, let’s meet in a couple of days
to see all this’.]N2 ¿Le parece bien ‘Does this sound good to you’?

A ver, lit. ‘to see’ (‘let’s see’) is introduced between the two nuclei of the JOINT relation. A
ver, venga, venga, por favor, mire `Let’s see, come on, come on, come on, please, look’ is
used to introduce the relation SEQUENCE; and ¿Le parece bien? ‘Does this sound good to
you?’ seeks confirmation of the whole SEQUENCE relation (i.e., its both nuclei).
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The position depends on the nature of the marker and the argument it marks.
In order to obtain a connected discourse graph, the pragmatic markers should be
connected to the argument of the relation they mark via a specific relation link.
3.1.3 Discourse structure in German dialogues
The German sample contains two types of dialogues: 1. interview style dialogues, where
care givers / medical personnel ask short questions and the care takers / patients / relatives
of care takers answer in longer statements; 2. medical visit dialogues. Given that the first
type of dialogue is of minor relevance to the task of the generation of verbal interventions of
the KRISTINA agent, we focus, in what follows, on the second type.
As already in Spanish dialogues, in German dialogues a number of different discourse
relations can be observed. The relations of RESTATEMENT, SEQUENCE and ELABORATION
seem more prominent, though; cf., e.g.:
RESTATEMENT: [Also ich habe den Verdacht, dass Sie Reisediarrhö haben,lit. ‘So I have the
suspicion that you have a travelers’ diarrhea’]N [also Durchfall aufgrund von Reisen
außerhalb von Europa, sage ich mal, lit. ‘So diarrhea because of travelling outside of Europe,
I would say‘.]S
SEQUENCE: [Ja, dann müssten Sie eben dementsprechend Medikamente einnehmen, lit. ‘Yes,
then you must just take medicine accordingly’]N1 [viel Wasser trinken, lit. ‘Drink much
water’.]N2 [Salzstangen am besten noch konsumieren, lit. ‘In addition, it is furthermore best
to consume pretzel sticks’],N3 genau ‘exactly’.
ELABORATION: [Ja, und wo genau wär das denn, ‘Yes, and where exactly would this be‘]N [ist
es rechts oder links im Unterbauch‚ lit. ‘Is it at the right or at the left in the abdomen’]S
Their realization (as the realization of the other encountered relations) is not different from
discourse relation realization in general discourse text generation.
Dialogue-specific discourse relation distribution can also be observed. Cf., e.g.:
Sp1: [Wie haben Sie sich dort ernährt, lit. ‘How did you nourish yourself there?’]N
Sp2: Ganz normal so wie alle anderen auch im Hotel, lit. ‘Completely normally, as all others as
well, in the hotel’.
Sp1: [Haben Sie etwas gegessen, was sie normalerweise in Deutschland nicht essen, lit. ‘Did
you eat something that you normally do not eat in Germany’?]S
where the ELABORATION relation of Sp1 is interrupted by a Sp2 intervention, and
Sp2: [Ich bin letzte Woche aus Peru zurückgekehrt, lit. ‘I returned last week from Peru’]N
Sp1: [Peru ist ein schönes Land, aber sehr anders als Deutschland, lit. ‘Peru is a beautiful
country, but very different from Germany’.]S
where ELABORATION holds between the interventions of Sp2 and Sp1.
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Pragmatic markers are equally very frequent (cf., e.g., also ‘so’, ja ‘yes’ and genau ‘exactly’
above). However, in contrast to Spanish dialogues, in German, these markers tend to appear
as particles within the discourse relation arguments rather than as separate sentences.
Some of them can be interpreted as discourse markers of specific relations (as, e.g., also ‘so’
can be a marker of INTERPRETATION or RESTATEMENT, depending on the reading).
According to Schauer and Hahn (2001) and Stede (2004), around 35% of the RST relations in
their corpus are signaled by a lexical discourse marker. Given that their corpora are
composed by material of a variety of different genres, we can assume that in the corpora of
doctor-patient dialogues, the proportion is similar. This assumption will need further
verification with larger dialogue samples.
More often than in the Spanish sample, in the German sample a distribution of syntactic
dependents of a verbal head across several sentences can be observed. In order to be able
to generate coherent discourse, these sentences must be considered as related by a
discourse relation. Cf., e.g.,
[Sind Sie denn mal auf Reise gewesen, in den letzten Wochen, lit. ‘Maybe you were travelling
once, during the last weeks’?]N [Außer Landes irgendwo, lit. ‘Outside of the country
somewhere’?]S
The best-fitting relation is ELABORATION. However, to capture its particularity, it should be
further detailed – e.g., in the above example as ELABORATION-LOC.
3.1.4 Discourse structure in Turkish dialogues
In Turkish, the overall repertoire of discourse relations is similar to that already observed in
the Spanish and German samples. Cf., e.g.:
ELABORATION: [Bir de Kolesterol konusunda dikkat etmeniz lazım, lit. ‘You must also pay
attention to the cholesterol issue’.]N [Katıyağlar, tereyağ, kırmızı et, sakatat, yağlı peynir,
yağlı süt, lit. ‘There are fats, butter, red meat, food with innards, fat cheese, fat milk, you
must stay away from these as much as possible’.]S…
SEQUENCE: [Şimdi kanserin ne kadar ilerlediğini belirlemeleri lazım, lit. ‘Now we must
determine how far the cancer developed.’]N1 [Bi de kalbinizin durumuna bakıcaklar, lit. ‘And
they will also check the condition of your heart’.]N2
Two peculiarities have been observed. Firstly, in contrast to Spanish and German dialogues
in our samples, in Turkish, the medical doctor is often repeating in their dialogue the last
utterance of the dialogue act of the patient. This can be a question asked by the patient; cf.:
[Sizde şeker var mı yok mu, lit. ‘Whether you have an elevated blood sugar level or not’?]
[Varsa, hemen sizi zayıflama diyetine almamız gerekiyor, lit. ‘If yes we need to immediately
prescribe you a (blood sugar) lowering diet’.]
The question does not need to be repeated as an interrogative, though; cf.:
[E böbrekdamarlarınızda bir problem var mı yok mu, lit. ‚‘Hmm, whether you have kidney
problems or not,’] [o yapılacak tetkiklerde ortaya ıkacak, lit. ‘this will be revealed by more
detailed checks’]
D6.1_Empirical_Study _2015_09_15_v1.0
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.
It can be also a declarative statement:
[Anneniz tansiyon hastası, lit. ‘Your mother has high blood pressure’.] [Ka yıldır tansiyonu
var, Annenizde, lit. ‘Since when does your mother have high blood pressure’?]
This repetition is to be considered as the satellite of the RESTATEMENT relation (with the
patient’s question being the nucleus).
Secondly, the dialogue acts of medical doctors in the Turkish sample are considerably
more paraphrasing than in Spanish and German in general, in that the satellite of the
ELABORATION relation may contain a part of the nucleus (or even the nucleus as a whole). In
other words, ELABORATION becomes a “restating ELABORATION”; cf., e.g.,
[Kalbinizde bir problem mi var, lit. ‘Is there are problem with your heart?’]N [Kalp
kapak ığınızda bir problem mi var, lit. ‘Is there a problem with your heart valve’?]S
The most frequently used pragmatic marker is peki ‘well’ (which is used more often than
comparable pragmatic markers in German or Spanish dialogues) – in particular before
questions:
Peki, her hangi bir ilaca karşı alerjiniz var mı? ‘Well, do you have allergies against any
medication?’
Peki, ne zaman basladi bu sikayetleriniz? ‘Well, when did your discomfort start?’
Discourse markers in Turkish can be suffixes, postpositions, conjunctions, adverbs, fixed
expressions, or a combination of the former. Zeyrek & Webber (2008) and Zeyrek et al.
(2010) classify the Turkish discourse markers into 1. coordinating conjunctions (as, e.g., ama
‘but’, 2. subordinators (as, e.g., rağmen ‘although, despite’, -ken ‘while’) and 3. anaphoric
markers (as, e.g., bundan başka ‘in addition to'). With respect to the first group, there are
two properties that should be mentioned:



Some markers can signal different discourse relations.
Each marker takes a different linear order between the arguments and conveys its
own flexibility with respect to linearization (as, e.g., ARG1<-çünkü->ARG2 vs. ARG2<dA->ARG1).

The second group of discourse markers is subdivided into simple ones (or mere suffixes), as,
e.g., -(y)ArAk ‘by means of’, or complex ones, which are composed by a nominalization
suffix, plus a case suffix (if required) and a postposition. Finally, the third group is composed
of expressions that need an abstract object mentioned in an adjacent sentence (as, e.g.,
Sonuç olarak ‘consequently’ and ne var ki ‘however’).
One interesting remark concerns how CAUSE is expressed in Turkish. Even though there
is a causative infix (-dir-/-t-/-it-), this infix does not signal cause in the sense of RST, but
actually means “strong cause” (that can be paraphrased as “X makes Y to do Z”). Cause, in
the sense of RST, is expressed combining neden/sebep ‘why/the reason behind’ + "olmak"
('to be'. When using this formula, the sentence conveying the effect always nominalizes:
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Ben düşmene neden oldum, lit. ‘I your_falling why I_was’, ‘I caused you to fall’.
The marker çünkü ‘because’, which signals JUSTIFICATION or CAUSE has been observed to be
used with a higher relative frequency in the medical dialogue sample than in general
discourse. This difference makes sense, given that in the context of a medical conversation
the speaker aims at explaining the causes of an observed health condition.

3.2 Syntactic Constructions and Lexis
In this section, we analyze the prominent syntactic
dialogues between patients and medical staff. This
speech) of words and of the types of syntactic
between the words. We contrast our analyses to
material is available.

features of the languages used during
includes a study of the types (part of
dependencies (grammatical relations)
general domain language when such

In order to analyze the speech transcripts, we trained part-of-speech taggers and syntactic
parsers on the reference annotated corpora for each language,2 and performed automatic
tagging and dependency parsing of the transcripts with the MATE-tools toolkit. The output
of the automatic analysis in a standard CoNLL 2009 one-word-per-line file (Hajič et al. 2009)
that contains all the information in the different columns, as shown in Figure 1:

Figure 1: A sample automatic analysis of a Spanish partial transcript shown in a simplified
CoNLL’09-format (sí, sí, a ver, un momentito, enseguida estoy, `yes, yes, let’s see, a moment,
I’ll be there in a second’)
The first column of Figure 1 contains the position of the words in the sentence, the second
column the word itself, the third column its bare form (lemma), the fourth column the partof-speech (PoS), the fifth column the morphological features, the sixth column position in
the sentence of the syntactic governor, and the seventh column the type of dependency
relation holding between the word and its syntactic governor.
From each CoNLL’09 file, we performed a statistical analysis of the data contained in it, and
expose the results in the following subsections.
For each language, we also extracted lists of lexical unis, ordered by frequency, in order to
know what type of meanings and words the KRISTINA system will need to cover. These lists

2

For Spanish, the ANCORA-UPF corpus was used; for German the TIGER corpus and for Turkish,
the MITU corpus.
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are not shown in this document due to their length (but will be provided on the webpage
and in the ftp repository of the KRISTINA project).
3.2.1 Syntax/Lexis in Spanish
For Spanish, our study is based on two CoNLL’09 files:



a reference corpus of goldstandard data, the AnCora treebank (Taulé et al., 2008),
which consists of written texts from various domains (gold_AnCora)
a small corpus of automatically analyzed transcripts of spoken dialogues in the
KRISTINA domain (spok_med_SPA): 20min (Malaga session) + 30min (SemFYC audio)

The main features of Spanish are the following:






it is a pro-drop language;
nouns inflect by number (singular/plural) and gender (feminine/masculine);
nouns can be pronominalized;
verbs can bear one or more auxiliary/ies, and inflect by person, number, tense, and
mood;
closed-class elements include auxiliaries, determiners, prepositions, conjunctions.

In Spanish, as in German and Turkish, one of the most important features of the spoken
dialogues in the medical domain is the average sentence length,3 which is significantly lower
than in the reference data (Table 1).
spok_med_SPA

gold_AnCora

10.7

29.8

Table 1: Average sentence length in Spanish data
In other words, in this kind of spoken dialogue, the clauses are considerably simpler, with
the level of embeddedness being extremely limited: there is usually at most one embedded
clause in a sentence, mainly limited to subordination on the main verb, juxtaposition, or
coordination. Most clauses are organized around a finite verb, thus, the proportion of verbs
in spok_med_SPA is significantly higher than in gold_AnCora (17.9% and 11.7% of the words
respectively, see Table 2). Since there are few embedded clauses, modification of verbs is
mainly performed through the use of adverbs, which are mostly atomic modifiers. As a
consequence their overall proportion is considerably higher than in the reference data
(10.0% vs. 3.6%).

f (punctuation)

spok_med_SPA

gold_AnCora

19.6

12.4

3

As a matter of fact, this characteristics is most likely to be common to spoken dialogues in general,
i.e., it is independent of the domain, such that this result is not surprising.
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v (verb)

17.9

11.7

n (noun)

12.0

23.0

p (pronoun)

11.3

6.3

r (adverb)

10.0

3.6

d (determiner)

9.4

14.4

c (conjunction)

7.7

5.1

s (preposition)

7.7

15.1

a (adjective)

3.6

6.8

i (interjection)

0.5

0.0

z (number)

0.1

1.0

w (date)

0.1

0.5

Table 2: Comparison of the distribution of PoS tags in the Spanish data (%)
In contrast, due to the simple sentence structures, the proportion of nouns is almost half of
what is found in the reference corpus (12% vs. 23.0%). As a result, there is little modification
of nouns compared to the reference data: few relative clauses, prepositional or adjectival
modifiers: the proportion of determiners, adjectives and prepositions in spok_med_SPA is
also half as what is found in gold_AnCora (9.4% vs. 14.4%, 3.6% vs. 6.8% and 7.7% vs. 15.1%
respectively). However, in spoken dialogue, it is expected that personal pronouns are used
to a larger extent; in the analyzed data, the rate of pronouns is almost twice as high in
spok_med_SPA compared to gold_AnCora (11.3% vs. 6.3%).
Another striking difference between the two types of data is the use of interjections, which
almost exclusively occur in dialogues (0.5% in dialogues, compared to 0.1% in written data).
Inversely, the use of numbers is not common in the dialogues (0.1% vs. 1%).
Finally, because sentences are shorter and dialogue markers such as interjections are
numerous, punctuation signs – in particular commas and question marks –are also much
more frequent in spok_med_SPA. Since in Spanish some punctuation signs, including
question marks, are duplicated when transcribed (e.g., ¿...?), the difference with the
reference data is made even more visible (19.6% of punctuation signs vs. 12.4% in
gold_AnCora).
Table 3 (see below), in which we present the dependency relations found in both
corpora, confirms all the tendencies observed with the part-of-speech analysis, and gives
some additional information about the transcripts:




the proportion of subjects, direct objects, adjuncts and coordination is the same as in
written data;
indirect objects are more used (ci, 2.0% vs. 0.6%); this is due to the more frequent
use of verbs which require more than one object, such as dar ‘give’ or decir ‘say’;
the verb forms are more often complex (v, 3.1% of auxiliated forms in
spok_med_SPA as opposed to 1.8% in gold_AnCora);

D6.1_Empirical_Study _2015_09_15_v1.0

Page 21 of 34

D6.1 – V1.0




the use of copular constructions seem to be more important in the transcripts (atr,
2.4% vs. 1.2%); this is correlated by the higher frequency of copulas ‘be’ (ser and
estar) in the data;
verbs actually have more circumstancials (mod, 3.0% vs 1.0%);
some relatively frequent relations in the reference corpus are less frequent in the
transcripts, as, e.g., creg (prepositional object): 0.4% vs 1.0%; such relations relations
are typically very difficult to parse since they look exactly as indirect objects and
prepositional modifiers/complements.
spok_med_SPA

gold_AnCora

f (punctuation)

19.6

12.4

spec (determinative)

9.7

14.8

Root

9.4

3.4

suj (subject)

8.6

7.9

sn (complement of a preposition)

7.0

15.9

cc (adjunct)

6.9

6.6

cd (direct object)

5.7

5.3

S (verbal modifier)

4.4

5.3

conj (conjunctional)

3.9

1.9

v (auxiliary)

3.1

1.8

mod (modifier of a verb)

3.0

1.0

coord (coordinative)

2.5

2.8

sp (prepositional modifier/complement)

2.5

8.2

atr (complement of copula)

2.4

1.2

ci (indirect object)

2.0

0.6

s.a (adjectival modifier)

1.6

4.7

sadv (adverbial modifier)

1.3

0.5

Table 3: Comparison of the distribution of the most frequent dependency relations in the
Spanish data (%)
We also analyzed selected sample written material from AnCora. The outcome of the
analysis confirms some main differences between written and spoken dialogue material: the
presence of a lot of punctuation and interjections, and a higher proportion of verbs and a
lower proportion of typical noun dependents in the spoken dialogue material.
3.2.2 Syntax/Lexis in German
For German, our study was based on three CoNLL’09 files:
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a reference corpus of gold standard data, the TIGER corpus (Brants et al., 2002),
which consists of written texts from various domains (gold_TIGER)
a small corpus of automatically analyzed transcripts of spoken dialogues in the
medical domain (spok_med_GER)
a small corpus of automatically analyzed transcripts of spoken dialogues in the
general domain (spok_gen_GER)

The two spoken dialogue corpora contained together recorded material of 1h 10 min.
spok_med_ GER

gold_TIGER

spok_gen_ GER

14.3

18.0

12.8

Table 4: Average sentence length in German data
The main features of German are the following:







nouns inflect by number (singular/plural), gender (feminine/masculine/neutral), and
case (nominative/accusative/genitive/dative);
nouns in a same noun group can combine together into composita (lemmas
composed of several word stems);
nouns can be pronominalized;
verbs can bear an auxiliary, and inflect by person, number, tense, mood;
closed-class elements include auxiliaries, determiners, prepositions, conjunctions;
word order is relatively flexible.

In German, the average sentence length is also shorter in the transcripts (Table 4), but the
difference is less striking than in Spanish, mostly because the reference corpus also contains
much shorter sentences in the first place.
spok_med_GER

gold_TIGER

spok_gen_ GER

ADV (adverb)

18.8

4.4

14.0

VV/VA (verb)

15.9

11.3

16.9

$., (punctuation)

10.5

10.1

10.1

NN (common noun)

10.0

20.6

12.5

PPER (pronoun)

8.2

1.6

8.5

ADJD (adverbial adjective)

5.2

2.1

3.7

ART (article)

5.1

10.9

6.0

APPR (preposition)

4.1

8.4

4.9

KON (coord. conjunction)

3.6

2.5

3.3

PDS (demonstrative pro.)

2.4

0.4

1.9

PIS (substitutive pro.)

2.3

0.6

1.4

NE (proper noun)

1.6

5.9

1.5
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ADJA (attributive adjective)

1.5

6.2

2.9

KOUS (subordinate conj.)

1.4

0.9

1.2

PTKNEG (negation particle)

1.1

0.6

0.9

Table 5: Comparison of the distribution of the most frequent PoS tags in the German data
(%)
The analysis of the PoS of the words (Table 5) gives the same tendencies as in Spanish: in the
transcripts, there are more verbs, adverbs (including adverbial adjectives) and pronouns,
and less nouns, adjectives, determiners and prepositions. However, unlike in Spanish, the
distribution of punctuation signs is very stable across the data.4 We believe that it is due to
the fact that not many interjections were identified by the parser, and that in German the
question and exclamation marks are not duplicated.
The PoS annotation is more fine-grained in the German data, which allows us to see that
both personal pronouns and demonstrative pronouns are more used in dialogues. There
are also more coordination conjunctions than in the reference data.
Interestingly, as in Spanish, the proportion of cardinal numbers is much higher in the
reference data (1.6% vs. 0.8% in the transcripts).5
The analysis of transcripts of dialogues in the general domain (3 rd column of Table 5) shows
that from the perspective of PoS, there seem to be no clear specificity of the medical
domain, except for a more prominent use of adverbs and adverbial adjectives.
In Table 6, the frequencies of the different dependency relations between the words are
provided for each corpus. Some observations are the same as for Spanish:




the proportion of indirect objects is higher in the transcripts (OA, 5.5% vs. 3.7% and
DA, 1.0% vs. 0.6%);
the proportion of copular complements is higher in the transcripts (PD, 2.3% vs.
1.1%);
the proportion of circumstancials is higher in the transcripts (MO, 26.4% vs. 12.6%).

The low frequency of the relations NK and MNR, which are both dependencies in which
nouns are heads, is largely due to the lower frequency of the nouns themselves. However,
the higher frequency of the subject relation seems to stem from a wrong parsing of the
transcribed data, in which many interjections are analyzed as subjects instead of being
assigned their own type of dependency.
A couple of non-frequent relations are not found in Table 6: the PNC relation, which holds
between the components of proper nouns, and the OP relation, which connects a
preposition and its complement, are not used much in the transcripts compared to the

4

It should be noted, however, that it is hard to achieve a full agreement between annotators of
punctuation signs during transcription; cf. ftp://tlp.limsi.fr/public/kolar_on_development_interspeech11.
pdf
5

A certain bias resulting from the profiles of the reference corpora cannot be excluded. Further studies
are necessary to come up with objective findings here.
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reference data, as expected given the distribution of, respectively, proper nouns (NE) and
prepositions (APPR) in Table 5.
Finally, there seems to be no specificity of the medical domain compared to the transcripts
of dialogues in the general domain.
spok_med_GER

gold_TIGER

spok_gen_ GER

MO (modifier)

26.4

12.6

22.3

NK (noun kernel
element)

14.2

30.9

18.0

PUNC (punctuation)

10.8

--

10.6

SB (subject)

10.6

7.2

11.2

OA (2nd accusative
object)

5.5

3.7

5.7

OC (clausal object)

5.0

4.3

5.2

CJ (conjunct)

4.4

3.3

4.1

CD (coord.
conjunction)

2.9

2.3

2.7

PD (predicate)

2.3

1.1

2.0

CP
(complementizer)

1.4

1.0

1.3

NG (negation))

1.1

0.6

0.9

DA (dative)

1.0

0.6

1.8

MNR (nominal
modifier)

0.9

2.9

1.3

Table 6: Comparison of the distribution of the most frequent dependency relations in the
German data (%)
3.2.3 Syntax/Lexis in Turkish
For Turkish, our study was based on three CoNLL’09 files:




a reference corpus of goldstandard data, the METU-Sabani treebank (Atalay et al.
2003), which consists of written texts from various domains (gold_METU)
a small corpus of automatically analyzed transcripts of spoken dialogues in the
medical domain (spok_med_TUR)
a small corpus of automatically analyzed transcripts of spoken dialogues in the
general domain (spok_gen_TUR)

The two spoken dialogue corpora contained data of 1h 20min of recordings.
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spok_med_ TUR

gold_ METU

spok_gen_ TUR

6.1

11.5

6.9

Table 7: Average sentence length in Turkish data
The main features of Turkish are the following:










it is a pro-drop language;
it is an agglutinative language;
it is characterized by vocal harmony (the form of affixes depends on the word they
attach to);
nouns inflect by number (singular/plural), gender (feminine/masculine/neutral), and
case (nominative/accusative/genitive/dative/ablative/locative);
nouns in a same noun group can combine together in a complex morphological unit;
nouns can be pronominalized,
verbs inflect by person, number, tense, mood, and aspect,
verbs can bear other kids of affixes which indicate negativity, reflexivity, reciprocity,
causativity, passivity, interrogativity;
closed-class elements include determiners (indefinite only), postpositions,
conjunctions, question markers.

In Turkish, the average sentence length is also shorter in the transcripts (Table 7), with
sentences close to half the size of the sentences in the reference data.
The analysis of the PoS distribution in the Turkish transcripts shows many similarities
with what has been seen in Spanish and German; cf. Table 8. In particular, some PoS are
more represented than in the reference corpus – punctuation signs, adverbs, pronouns,
interjections and conjunctions –, while some other elements are less frequent than in
written data – mainly peripheral nominal group elements such as determiners and
adjectives. The reasons for this have been detailed in the previous sections. In Turkish,
postpositions are used more than prepositions, and their distribution is similar in the
different datasets. However, independent question markers are used, and are much more
frequent in spoken language (1.5% of words in spok_med_TUR vs. 0.3% in gold_METU).
It is interesting to note that there also are some significant differences when compared
to Spanish and German, in particular, the proportions of verbs and nouns in the transcripts.
Thus, while 22.3% of words are verbs in gold_METU, it is only the case for 12.3% of words in
the transcripts of the dialogues in the medical domain. The reason is that it is frequent in
Turkish that the verb is elided in a sentence. This is especially true in copular constructions:
when the copula means ‘become’, it has to be realized, but when it is a typical copula, it is
most of the time elided. One other reason why the verb rate is that low is because the
statistical tagger has a hard time to label correctly var and yok (respectively ‘there is’/’there
isn’t’), which are half of the times tagged as adjectives. The proportion of nouns in the
transcripts is lower than in the written language, but since there are many cases of verb
elisions, nouns are used as a substitute sentence root and the difference between spoken
dialogue and written language is not as striking as for Spanish or German.

D6.1_Empirical_Study _2015_09_15_v1.0

Page 26 of 34

D6.1 – V1.0
spok_med_TUR

gold_ METU

spok_gen_ TUR

Noun

28.1

33.8

30.0

Punc (punctuation)

21.9

15.9

17.1

Verb

12.3

22.3

14.4

Adv (adverb)

11.8

4.7

11.2

Conj (conjunction)

6.3

3.4

6.0

Adj (adjective)

5.6

10.0

7.6

Pron (pronoun)

5.2

3.2

5.8

Num (number)

2.3

1.4

0.9

Postp (postposition)

1.9

1.9

2.5

Det (determiner)

1.9

3.1

2.2

Ques (question markers)

1.5

0.3

1.4

Interj (interjection)

1.1

0.1

0.8

Zero

0.1

0.0

0.1

0

0.1

0

Dup (duplication)

Table 8: Comparison of the distribution of PoS tags in the Turkish data (%)
The analysis of dependency relations (cf. Table 9) does not bring much new information: for
instance, as in Spanish and German, the proportion of cirumstancials (S.MODIFIER) is higher
in spoken dialogue; the QUESTION.PARTICLE dependency confirms the prominence the
question markers in dialogue. Unsurprisingly, the VOCATIVE relation indicates the more
frequent presence of addressees in spoken dialogue.
spok_med_TUR

gold_ METU

spok_gen_ TUR

MODIFIER

21.0

17.6

23.6

PUNC

19.7

15.8

15.7

OBJECT

10.5

12.2

11.7

SUBJECT

6.5

6.7

7.8

S.MODIFIER

4.3

0.9

3.8

COORDINATION

3.1

3.9

2.9

CLASSIFIER

2.5

3.2

3.3

LOCATIVE.ADJUNCT

1.8

1.7

2.5

DETERMINER

1.8

3.0

2.0

DATIVE.ADJUNCT

1.7

2.0

1.7
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QUESTION.PARTICLE

1.6

0.4

1.6

INTENSIFIER

1.4

1.4

1.1

VOCATIVE

1.2

0.3

0.7

Table 9: Comparison of the distribution of the most frequent dependency relations in the
Turkish data (%)

3.2.4 Summary: Syntactic means to be covered by the KRISTINA Agent
In what follows, we summarize in a table the syntactic constructions and phenomena to be
covered by the KRISTINA agent for Spanish, German and Turkish.
SPANISH GERMAN TURKISH

Main types of
subordination

subjectival

x

x

x

direct objectival

x

x

x

indirect objectival

x

x

x

copulative

x

x

x

adjectival/adverbial subordination

x

x

x

verbal subordination

x

x

x

prepositional/conjunctional subordination

x

x

x

postpositional subordination

Main morphosyntactic features

Other important
features

x

nominal subordination

x

x

auxiliary constructions

x

x

vocative

x

x

x

determinative (Def/Indef)

D-I

D-I

I

interjectional

x

x

x

number (Sing/Plu)

S-P

S-P

S-P

gender (Fem/Masc/Neu)

F-M

F-M-N

F-M-N

N-Ac-G-D

N-Ac-G-DAb-L

case (Nom/Acc/Gen/Dat/Abl/Loc)

x

verbal features
(Person/Tense/Mood/Aspect)

P-T-M

P-T-M

P-T-M-A

elisions

x

x

x

pronominalization

x

x

x

x

x

composition
pro-drop
vocal harmony
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affix agglutination
flexible word order

x
x

3.3 Prosody
Prosody is envisaged as a linguistic analysis dealing with the acoustic features of speech
(intonation, loudness, rhythm and pauses) that are linguistically relevant and correlate with
information packaging in sentences. Within this theoretical framework, known in the state of
the art as the “Information Structure-Prosody Interface”, prosody is a structuring device for
the communicative content of the utterance by means of prominence and phrasing as the
two main prosodic features. This deliverable presents preliminary analyses using available
voice samples which are relevant to the domain of the project.
The goal of the prosodic module in KRISTINA is to develop medical / care giving speech
which is conveniently structured and reflects a natural doctor/care giver – patient/care taker
interaction. Paralinguistic prosodic features, such as emotional reactions adapting to the
users' mood or characteristics, are out of the scope of this deliverable, as they involve not
only generation but also recognition of significant signals, and need to be incorporated in
later stages.
Analyses have been carried out on the correlation of general conversational speech
prosody with the communicative structure derived from textual analysis in Turkish and
Polish, together with Spanish and German as control languages. In what follows, we present
preliminary results in German and Spanish using the Information Structure–Prosody
Interface paradigm as described in Dominguez et al. (2014). Polish is not discussed in what
follows. We also compare semi-parallel recordings in German-Turkish for monologue
spoken discourse.
After analyzing all available samples, we have selected and included in our analysis for this
deliverable speech samples in Spanish, German and Turkish which strictly fit our
requirements for generation, that is, proficiency in the target language and professional
expertise of the participants. The rest of the recordings cannot be used for prosody
generation purposes.
3.3.1 Information Structure – Prosody Interface
For the Information Structure – Prosody Interface analysis we analyzed Spanish and German
voice samples. Sample material used for this analysis includes:




A doctor-patient dialogue from medical interview material provided by SemFYC (see
section 2.1.3) in Spanish (es01_pos);
A monologue on a positive experience from a professional nurse in German
(de_mon02);
An interview on general cultural differences between German and Turkish cultures in
German (de_int01).

Information structure has been annotated following the guidelines established in Bohnet et
al. (2013) labeling propositions and thematicity (Theme, Rheme and Specifier spans).
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Prominence and phrasing prosodic marks are labeled following Selkirk’s (2005) definition of
Prosodic Phrases (PPh). In addition, we mark pitch accents (PA), boundary tones (BT) and full
pauses (FP).
Figure 2 shows results correlating Thematicity spans and prosodic markers. We observe
that prosodic phrasing (both BT and FP) is closely related to Thematicity boundaries,
especially in Spanish (es01_pos) and German monologue (de_mon02) samples.

Figure 2: Information Structure- Prosody Correlation in German and Spanish Samples
Low correlation results in the German interview (de_int01) show that other dimensions need
to be taken into account for spontaneous dialogue interaction. In this respect, we are
planning to explore the use of discourse relations (see Section 3.1) in future analyses for the
generation of expressive prosody.
3.3.2 Monologue Semi-Parallel Analysis of Turkish and German
In this experiment, our hypothesis has been that semi-parallel voice samples of a
professional expert bilingual and proficient in both German and Turkish are going to share
some acoustic characteristics in prosodic prominence when talking about the same
emotionally relevant topic for the participant. To this end, we have selected two
monologues (mon02 and mon03) recorded by the same speaker in German (de) and Turkish
(tr). Then, each audio file has been automatically segmented into Prosodic Phrases and
manually revised, and acoustic features, i.e., minimum, maximum and mean fundamental
frequency (F0) in Hertz (Hz), intensity in decibel (dB) and duration in milliseconds (ms), have
been automatically extracted for each segment. These acoustic values have been normalized
using Z-Score for each file.
German and Turkish transcriptions of the audio files have been manually aligned in terms of
content and prosodic phrases (PPh) segmentation, and acoustic prominence values are
compared across languages. Figure 3 shows results of these analyses.
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Figure 3: Level of Coincidence in Prosodic Prominence and Phrasing in German and Turkish
In this experiment we can observe that:
(i)
(ii)

prosodic cues may vary across languages (German-Turkish in this case) even if the
content is emotionally relevant and speaker is the same;
a strong level of coincidence (over 60%) is found across languages (GermanTurkish) between content structure and prosodic phrasing even though they
belong to different linguistic families and differ greatly in syntax and morphology.

Further analyses need to be carried out in order to establish the exact prosodic cues that
Kristina needs to be able to generate according to each language specific communicative
convention in terms of phrasing and prominence.
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4 SUMMARY AND CONCLUSIONS
D6.1 presents a preliminary study of the linguistic (discourse, syntactic/lexical, and prosodic)
phenomena observed in the dialogue samples recorded for KRISTINA in Spanish, German, and
Turkish. Some idiosyncrasies have been detected across these languages. Furthermore, medical
dialogues have been shown to possess some idiosyncrasies (in particular, as far as discourse and
syntactic phenomena are concerned) compared to general discourse.
With the outcome of this study at hand, we can start to plan and generate domain- (and
addressee6)-specific dialogue acts by the KRISTINA agent. Obviously, the outcome can be considered
only as offering some hints and tendencies. It must be validated, further detailed and possibly also
rectified in more in-depth studies, which will be conducted as new recordings take place.
The next step in the context of communication generation is the empirical study of Arabic and
Polish along the same lines as followed for Spanish, German and Turkish, and integrate the outcome
of D4.1 (due by the end of month 7) on non-verbal communication with the findings presented in this
deliverable in order to obtain a holistic communication model for the KRISTINA agent.

6

Even if not explicitly discussed in this deliverable, it is clear that the way medical personnel interacts
with patients depends on the profile of the patient. However, this does not mean that the observed
phenomena cannot be assumed to be valid for the KRISTINA dialogues in general.
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