
Polar Questions in Sign Language of the Netherlands (NGT)

and Dutch

MSc Thesis (Afstudeerscriptie)

written by

Anne Marleen Gaasbeek

under the supervision of Dr Marloes Oomen and Dr Floris Roelofsen, and submitted to
the Examinations Board in partial fulfillment of the requirements for the degree of

MSc in Logic

at the Universiteit van Amsterdam.

Date of the public defense: Members of the Thesis Committee:
16th of June, 2023 Dr Benno van der Berg

Dr Tom Roberts
Dr Beyza Sümer



Acknowledgments

Bedankt Floris Roelofsen, Marloes Oomen, Bob Smeets, Cindy van Boven, Uğur Taytas,
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Abstract

This project examines polar questions in both Sign Language of the Netherlands (NGT)
and Dutch.

The NGT part of the project aims at getting a better understanding of the use of (non-
)manual markers in polar questions in NGT. The manual marker of PALMS-UP and the non-
manuals markers � which are expressed by the torso, head, and face � of body position,
eyebrows, eye gaze, eye shape, head, lip corners, nose, and shoulders are annotated in
polar questions in the Corpus NGT. These annotations are in accordance with the annotator
guideline which is created as part of this project. The annotated polar questions are grouped
in clusters by applying both principal component analysis as dimension reduction technique
and k-means as clustering method, on the coded data set. Based on the clustering result,
global patterns of (non-)manual marking in polar questions in NGT are identified. This
project also describes five syntactic structures, which each consists of a radical combined
with one of the following tags: ‘toch’ (translation: ‘right’), ‘of niet’ (translation: or not),
hesitation, disbelief, and confirmation. For each of these tags the required (non-)manuals
are determined. This project results in the formulation of the following generalisations,
which are preliminary because they are essentially based on corpus data (which implies a
lot of variation) and therefore they require further testing.

1. Polar questions in NGT are not necessarily expressed through marked � or specifi-
cally raised � eyebrows;

2. The use of lowered eyebrows and squeezed eye shape coincide, and wide eye shape
only occurs when raised eyebrows are present;

3. The marker of nodding only occurs when the marker of chin in is present, and
forward body position only occurs when the marker of chin out is present;

4. The syntactic structure which combines a radical and a ‘toch’ tag requires that no
polarity is expressed at the radical, and that at the tag the markers of nodding and
PALMS-UP are present;

5. The syntactic structure which combines a radical and an ‘of niet’ tag requires that
the radical expresses no negative polarity, and that at the tag the markers of shaking,
PALMS-UP, and no eyebrow marking are present;

6. The syntactic structure which combines a radical and a hesitation tag requires that
no polarity is expressed at the radical, and that at the tag the markers of lip corners
down, body position forward, chin out, shaking or neutral head movement, and
PALMS-UP are present;

7. The syntactic structure which combines a radical and a disbelief tag requires that at
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the tag the markers of shaking, chin in, and wide PALMS-UP are present;
8. The syntactic structure which combines a radical and a confirmation tag requires that

at the tag the markers of nodding, shoulders up, wide PALMS-UP, and no eyebrow
marking are present.

The part of the project which is concerned with polar questions in Dutch analyses the
felicitous use of two types of biased questions: both questions consist of a declarative
anchor followed by a toch or hè with rising intonation. The question types are named after
their sentence final elements, the Dutch particle toch (toch questions) and the Dutch particle
hè (hè questions). To accurately capture their felicity conditions the distinction in neutral,
positive, and negative speaker’s prior belief and contextual evidence is not sufficient. This
project therefore proposes a distinction in two declarative anchor types: matter-of-fact and
personal taste. The contextual evidence also needs a further specification: the evidence
source (addressee or external), the evidence quality (direct or deduced), and to whom
the evidence is new (addressee, speaker, or both) is specified. This project results in the
formulation of the felicity conditions of both question types:

1. A toch question q with declarative anchor � = P (x), that expresses a matter of fact,

is felicitous if all following conditions are fulfilled:

(a) the speaker must have a positive prior belief in �
(b) the speaker must consider it possible that the addressee might agree (potentially

after some thought) about the truth of �
(c) the speaker is not certain both participants agree about the truth status of �

2. A toch question q with declarative anchor � = P (x), that expresses a personal taste,

is felicitous if all following conditions are fulfilled:

(a) the speaker must be certain that � is true, independent of the judgement
provided by the addressee

(b) the speaker must consider it possible that the addressee agrees about the truth
of �, independent of the judgement of the speaker

(c) the speaker must initiate the experience of x or share her expectation that x
will have property P

3. A hè question q with declarative anchor � = P (x), that expresses a matter of fact

or personal taste, is felicitous if all following conditions are fulfilled:

(a) the speaker must be certain that � is true, independent of the information or
the judgement provided by the addressee

(b) the speaker must consider it possible that the addressee agrees about the truth
of �, independent of the information or judgement provided by the speaker
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1. Introduction
This project examines polar questions� which raise issues that can be resolved by

either an af�rming or a negative answer: yes or no� in both the Sign Language of the

Netherlands (Nederlandse Gebarentaal, NGT) and Dutch. Research in spoken languages

is much more developed compared to the research in sign languages (Zeshan 2004, p.

7). Imagine two parallel paths, one of which representing the research of sign languages

and in particular NGT, and the other one covering the research in spoken languages and

speci�cally Dutch. The current project consists of two separate studies which each have a

different starting point. The study which is concerned with NGT starts at the beginning of

its path, whereas this project's study in Dutch begins much further along its path. Where

the Dutch part examines two types of biased questions in Dutch, it is not yet established

whether such question types exist in NGT. The NGT part of this project is therefore rather

anexploratoryresearch on the use of polar question in NGT, whereas the Dutch part is

alreadyfocused, on a speci�c polar question type (biased question). Both studies are

further introduced in the following two sections: NGT (section 1.1) and Dutch (section 1.2).

1.1 Polar question types in NGT
The �rst study is an exploratory investigation on the use of polar question in NGT. In sign

languages the same signs and order of signs could be used to express a polar question

and a declarative. The difference between those sentence types is then only apparent

through a distinct use of non-manual markers (Coerts 1992, p. 11; Klomp 2021, p. 265).

Non-manual markers are elements that are not expressed by the hands but by the torso,

shoulders, head, and face (Klomp 2021, p. 116; Pfau and Quer 2010, p. 381). Since

non-manuals play a crucial role in polar questions, the focus of this study is primarily on

the use of non-manual markers. The research question of the current project therefore

is: which non-manual markers are necessary for asking polar questions? This project

aims to formulate a preliminary answer to this question, rather than providing a de�nite

conclusion.

Literature on polar questions in NGT (Coerts 1992, pp. 106 - 111; Klomp 2021, p.

265) and in sign language in general (Cecchetto 2012, p. 294; Zeshan 2004, p. 19) report

that the non-manual markings of eyebrows raised, eye gaze directed at the addressee, and

a head forward movement are cross-linguistically present, or even obligatory, when asking

a polar question. However, de Vos, Kooij, and Crasborn (2009, pp. 316 and 324) show�

in their study which focuses on the presence of eyebrow marking in NGT� that eyebrows

could also be in a lowered state when a polar question in NGT is used. The variation

between these studies could signal the presence of different syntactic structures within

polar questions in NGT, which are marked with different non-manuals.
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Many aspects of NGT are still unknown because the study �eld of NGT is a relatively

young research area. The current project aims to contribute to a better understanding

of the use of polar question in NGT. The data source of this project is the Corpus NGT

(Crasborn, Zwitserlood, and Ros 2008; Crasborn and Zwitserlood 2008). This corpus

consists of 2375 video �les in which pairs of deaf signers have conversations in NGT. The

video-recorded sessions come with corresponding annotation �les. This project identi�es

both polar questions and a special type of alternative questions in the corpus data, based on

their annotated translations. The special type of alternative questions (hereafter: negative

alternative question) consists of a radical combined with a disjunction, and a `not' that

refers to the radical's negation: e.g., “do you support him, or not?”. A negative alternative

question is in semantic content equal to a polar question because it raises the same issue

(Ciardelli, Groenendijk, and Roelofsen 2018, pp. 78 - 79), it is therefore decided to include

this question type in this project. For each of the identi�ed polar questions and negative

alternative questions the manual question particlePALMS-UP and the non-manual marking

of head, body position, eyebrows, eye gaze, eye shape, nose, lip corners, and shoulders

are annotated. These annotations are made in accordance with the instructions that are

provided by an annotation guideline, which is created as a part of this project. In an

attempt to achieve the intended aim of this project, the presence of (non-)manual marking

in the polar questions in NGT is analysed: both global patterns of (non-)manual marking

as well as (non-)manuals in speci�c syntactic structures are identi�ed.

1.2 Biased polar questions in Dutch
The second part of this project examines the felicity conditions of two types of biased

questions in Dutch. Biased questions are characterised as non-canonical questions which

are distinguished from canonical questions. Where canonical questions are formally simple

interrogatives which are asked by an ignorant speaker with the aim of eliciting information,

non-canonical questions are more complex than their canonical alternatives that express

the same semantic content (Dayal 2016, p. 268). The use of a biased question shows that

the speaker is not fully ignorant as it conveys� besides the information request� the

speaker's bias about what the information is expected to be.

The two types of biased questions in Dutch that are examined in this project consist of

a declarative anchor� followed by an interrogative element which is pronounced with a

rising intonation:tochor hè. In this project is referred to such an interrogative element as

a tag. Bothtochandhèare particles in Dutch.Tochcan be positioned within an utterance

and as utterance �nal. The in�uence oftochon the meaning of the utterance depends

on this position and its intonation. The particlehècan be used, on its own, to express

the emotion of disgust or surprise.Hècan secondly be used as sentence �nal (Gaasbeek
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2021). In this project these particles are only examined in their position as tag in the biased

questions. The two biased question types are named after their possible tags:tochandhè

questions. Both are polar interrogatives that not only raise the issue whether� is true but

also convey a bias towards the truth of� . The anchor� is de�ned as an assignment of a

propertyP to an objectx: P(x). The research question of this part of the project is: what

are the felicity conditions oftochquestions and ofhèquestions?

In previous studies on biased polar questions the notions of speaker's prior belief and

contextual evidence were found to be of importance (Buring and Gunlogson 2000; Do-

maneschi, Romero, and Braun 2017; Farkas and Roelofsen 2017; Goodhue 2021; Sudo

2013). Both notions can be in a neutral, positive, or negative mode with respect to the

declarative anchor. This distinction in prior belief and contextual evidence serves as the

base of the current project. However, it is argued in this project that this distinction is not

suf�cient to accurately capture the felicity conditions of the two biased questions in Dutch.

In this project, a further speci�cation of the declarative anchor is �rst proposed:

1. The declarative anchor should be distinguished into two types, one expresses a

matter of fact and the other a personal taste. The latter conveys the subjective

judgement thatx possesses propertyP, whereas at the former it is objectively

determined thatx hasP.

This project shows that a matter-of-facttochquestion is felicitous under different circum-

stances than atoch question that is based on a personal taste anchor. Because of this

difference in felicity the distinction in declarative anchor types is made. To accurately

capture the felicity conditions of both biased question types, this project secondly proposes

a further speci�cation of the contextual evidence:

2. The contextual evidence in situations in which biased questions with matter-of-fact

declarative anchors are used, ought to be further distinguished in the evidence'

source, its quality, and to which conversation participants the evidence is new.

Based on the different modes of speaker's prior belief and contextual evidence, and on

the speci�cation of the declarative anchor types and the contextual evidence aspect, three

native speakers� including the author� analysed the use oftochandhèquestions and

determined their felicity conditions.

The study about the use of polar question types in NGT is described in chapter 2, while

in chapter 3 the study of the two types of biased question in Dutch is presented. The

conclusion of this project presents a synopsis of the results of both studies (chapter 4).

8



2. Polar questions in NGT
This chapter presents an exploratory research which aims to obtain a better understanding

of the use of one manual and eight non-manual markers in polar questions in NGT. The

non-manual markers that are examined in this project are body position, eyebrows, eye

gaze, eye shape, head, lip corners, nose, and shoulders. This choice is inspired by the

non-manuals which Coerts (1992, pp. 31 - 49) describes: “alternation of the mouth”, “eye

musculature, movements of the brows, wrinkling of the nose”, “eye gaze”, “movement of

face and head”, and the movement of the body and in particular the shoulders. Since the

manual markerPALMS-UP is seen as a potential question marker (Coerts 1992, p. 133),

it is also incorporated. The NGT sentences in the Corpus NGT which were translated

as polar or negative alternative questions form the data of this project. For each of these

questions the presence of the manual and non-manual markers is annotated, based on the

� in this project created� annotation guideline. As a consequence of working with corpus

data� which implies variation1 � this project does not provide de�nite conclusions but

rather results in the formulation of preliminary generalisations.

The �rst section of this chapter (section 2.1) describes the corpus data. Section 2.2 then

presents the original annotation guideline, its updates, and the inter annotator agreement

rates for annotations made by three annotators following the updated guidelines. Based on

the �nal version of the guideline the extracted questions from the corpus are annotated.

These annotations are subsequently analysed by using a clustering technique. As a

means to an optimal clustering performance, the data is corrected by coding the data

and using a dimension reduction technique, prior to applying the clustering technique.

This process is described in section 2.3. In the subsequent section (section 2.4) the

clustering result is described and based on this result global patterns about the use of

(non-)manuals in polar questions in NGT are identi�ed. Subsequently, in section 2.5, the

presence of (non-)manuals in �ve syntactic structures� which all consist of a question's

radical and a unique tag� are examined, with a focus on their tag. In this project a

tag is interpreted as an interrogative element which is connected to its precedent radical,

despite this connection it is also a clear separate element which is positioned as sentence

�nal. Based on the results in both sections 2.4 and 2.5, preliminary generalisations

about the presence of (non-)manual marking in polar questions in NGT are formulated in

section 2.6. The discussion section of this chapter (section 2.7) discusses methodological

choices and proposes suggestions for further research and in this chapter's conclusion (sec-

1Since the corpus data is not speci�cally created for this project's purpose the non-manual markers are
not always clearly visible and the polar and negative alternative questions are not equally spread over the
participants. Furthermore, this project is based on the translations of the videotaped signing conversations.
These translations are annotated by different annotators which may result in variation.
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tion 2.8) the contribution of this project and a synopsis of this project's results are provided.

2.1 Corpus data
The Corpus NGT� which consists of 2375 video �les in which pairs of deaf signers have

conversations� serves as the data source of this project. Many of the signed sentences in

the corpus are annotated with translations in Dutch. The translated polar questions were

identi�ed by searching on `?' in the translation tiers and onTOCH in the gloss tier. The

translated negative alternative questions� which present the choice between two options:

the radical and its negation� were detected by searching on `?' and `of' in the translation

tiers and onOF in the gloss tier. The radical and the `or not' part of the negative alternative

questions were identi�ed separately, because this question type is one of the �ve syntactic

structures which are analysed in this project and the analysis is focused on the use of the

(non-)manuals at theirtags(see section 2.5). Contrary to the other four syntactic structures,

the existence of negative alternative questions in NGT was already established prior to this

project (Klomp 2021, pp. 266 - 268). The metadata of the60participants that all together

signed the448identi�ed questions2 can be found in appendix A.

For each of these448questions, the states of the non-manual markers of eyebrows,

eye shape, shoulders, body position, lip corners, head,3 nose, eye gaze and the presence of

the manual markerPALMS-UP were annotated by the author. The �gures below represent

video stills of the corpus which serve to give an impression of what the markers look like.

Below each video still, the marker and one of its possible states is presented.

Figure 1. Eyebrows raised Figure 2. Eye shape squeezed Figure 3. Lip corners down

Figure 4. Head: chin in Figure 5. Nose wrinkled Figure 6. PALMS-UP
2By which is meant: the polar questions and the radical and the tag of negative alternative questions.
3The non-manual marker head is divided in head1 which represents the movements of chin in and chin out
and head2 which captures the nod, nodding, shake, and shaking movements.
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Figure 7. Body position forward Figure 8. Shoulders up Figure 9. Eye gaze in space

To preserve consistency, these annotations were made in accordance with the �nal version

of the annotation guideline which can be found in appendix B. The process of creating this

guideline is described in the next section (section 2.2), in which the possible states of each

marker are also described.

2.2 Annotation guideline
In order to analyse (non-)manual marking of polar questions in NGT, the polar questions of

the Corpus NGT need to be annotated systematically. To ensure consistency, an annotation

guideline was developed. This guideline has been tested and updated accordingly, its �nal

version can be found in appendix B. In this chapter the original guideline and its updates

are �rst described and subsequently, the different updates are evaluated by comparing their

inter annotator agreement rates per marker.

2.2.1 Original guideline
The foundation of the initial guideline were 100 of the identi�ed questions in the corpus.

These were examined with a focus on the markers ofPALMS-UP, eyebrows, eye shape,

eye gaze, shoulders, body position, chin, lip corners, head, and nose. Based on these 100

questions the different states each marker could be in were determined, these states are

speci�ed in table 1 below.4 For each marker, its different states were described in the

guideline and by way of illustration screenshots of some particular states were appended.

marker states
eyebrows raised low neutral uncertain
eye shape wide squeezed neutral uncertain
eye gaze experimenter other participant space uncertain
shoulder up1 up2 neutral uncertain
body position leaning forward leaning backwards tilted sideways huddling neutral uncertain
chin up down forward backwards neutral uncertain
lip corners up down neutral uncertain
head sideways shaking nodding tilted neutral uncertain
nose wrinkled neutral uncertain
PALMS-UP yes no uncertain

Table 1. (Non-)manual markers and their possible states
4The possible shoulders' states of `up1 ' and `up2 ' respectively capture the movement of a single shoulder
going up, and both shoulders going up.
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2.2.2 Guideline updates
This initial guideline was used by two annotators� who were both unfamiliar with NGT

� to annotate ten sample polar questions. These questions were selected in such a way

that every state of each marker was present at least once. Based on differences between the

annotations, the original guideline was re�ned.

Some differences were due to one annotator annotating the combination of a neutral

and a non-neutral state whereas the other only annotated the non-neutral state. In the

guideline's second version it was therefore explicated that when the marker is in one

state during the fragment that state should be annotated, and in case the marker is in a

combination of states only the non-neutral states must be annotated. It was furthermore

decided to remove `huddling' as a possible state, because huddling is included in the

leaning forward body position. It was further clari�ed thatPALMS-UP can be signed with

one and both hands. The meaning of raised eyebrows was described more extensively

and lastly, it was explicated that the position of the chin is relative to the neck and head

positions.

The annotations of the two annotators were adjusted in such a way that they were aligned

with this updated version.5 To better evaluate the guidelines, another annotator� who was

pro�cient in NGT � annotated the same ten questions based on this second version. After

comparing these three annotation sets, the guideline was updated to a third version.

The written part of the eye gaze marker was left untouched, there were nevertheless

some screenshots added to this section because while analysing the annotations some

variants of `looking in space' became apparent.

In the shoulder section, the division between two and one shoulder up was removed:

the shoulders should be annotated as `up' in case they are raised (either one or both).

The movements of one shoulder up and tilted body position are closely related, this was

highlighted in the update. Most differences between the annotations of the body position

were due to the �ne line between a neutral and a tilted body position. To make the annotator

(more) aware of it, this difference was described in both words and screenshots.

Some of the differences between the eye shape annotations seemed to be due to the

in�uence of eyebrow movements: the eye shape is easier seen as squeezed when the

eyebrows are low, or as wide when the eyebrows are raised. Also, it is harder to see one's

eye shape when the eyebrows are low. Therefore, the in�uence of the eyebrows on the eye

shape were pointed out. It was also suggested to add `eyebrows' to the comment section in

case one is uncertain about the eye shape's state due to the eyebrows' movement.

The differences in the annotations of the lip corners may be related to movements of

5This meant that one annotator's annotations remained the same and the other annotator's annotations were
slightly altered by replacing `huddling' with `leaning forward' and the combinations in which both neutral
and non-neutral states were annotated, the neutral states were removed.
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the mouth because the lip corners' state is in�uenced by it. In NGT, these movements are

captured by mouth gestures and mouthings, which respectively refer to tongue and mouth

actions that are not related to aspects of a spoken language and to mouth articulations that

are derived from words in a spoken language. Both mouth actions are used to express

sentences in NGT (Klomp 2021, pp. 116 - 118). A signer completes a sentence only if the

parts that construct a sentence� which includes mouth gestures and mouthings� have

been expressed. This may indicate that both mouth actions are less present as the sentence

comes to an end. To minimize the differences in the lip corners' annotations, it was added

to the lip corners section that only the lip corners' state at the end of the question should

be annotated.

The chin and head sections were the last sections which were altered in this update.

Since movements of the chin are inherently movements of the head and vice versa, it was

decided to merge these markers into one head marker. The `tilted' and `sideways' head

state were removed, because they were hard to discriminate from one another and did

not seem to be a relevant marker. Furthermore, the chin's states `forward', `up', `down'

and `backwards' became part of the head marker. The head movement of a nod is the

movement in which the chin goes down and then back up (to a neutral position). This head

movement is a single variant of the continuous nodding movement. A shake is a single

head movement from side to side, which is closely related to the continuous side-to-side

movement of shaking. Based on the second guideline, these movements, nod and shake,

would rather be annotated with� respectively� the states of `chin down' and `sideways'.

To distinguish these states from the single head movements, the possible head states of

`nod' and `shake' were added.

To test the third version of the guideline ten new sample polar questions were selected, with

a focus on the markers that showed many differences between the previous annotations.

These new questions were annotated by the same three annotators and their annotations

were based upon the updated guideline.

A �nal update to the guideline was made after these annotations were analysed. The

nose section was altered by adding more screenshots, and it was described that small

wrinkle movements of the nose should also be annotated as `wrinkled'. It was also

stipulated that when the signing participant looks to both experimenters the eye gaze

marker should be annotated as `experimenter'.6 It was highlighted in the eyebrow section

to watch some seconds before the start of the question fragment to have a clearer view of

the eyebrows' state.

Both the body position and the lip corners sections were altered in similar ways: it was

added to both sections that these markers should only be annotated as being in a certain

6In the Corpus NGT videos only the participants are visible. However, the participants also communicate with
people who are positioned outside the scope of the camera, to these people is referred as the experimenters.
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non-neutral state if some movement or action is involved. This is because it is likely that

otherwise the non-neutral state is not a relevant marker. For example, if the body position is

in a tilted state before the question starts, and it remains in this position during the signing

of the question� so there is no body movement involved� the body position should be

annotated as neutral.

In the head section the `forward' and `up' states, and the `down' and `backwards' states

were merged, respectively into the states `chin out' and `chin in'. Also, the descriptions of

`nod' and `shake' were more re�ned: in the previous version it was stated that a nod and

a shake were respectively nodding and shaking that occur only once, however both can

occur more than once, which was captured in the update.

This �nal version of the guideline was the base upon which the same three annota-

tors were annotating ten new polar questions.

2.2.3 Inter annotator agreement rate
The guidelines were evaluated by comparing their inter annotator agreement rate (IAAR)

for each marker. Only the last three versions of the guideline were evaluated with

agreement rates, because between the guideline's �rst and the second version only minor

adjustments were made and only two of the three annotators used the �rst guideline as a

base for annotating ten sample questions. From the guideline's second version the same

three annotators annotated ten sample questions, using the updated guidelines. Fleiss'

kappa method (Fleiss 1971) was used to determine the agreement rate because this method

can account for more than two annotators. It is based on several parameters: the events

that need annotation, the mutually exclusive states which a marker can be in, and the

annotators. The interpretation of the parameters is �rst described, then it is explained how

the kappa was calculated and the results are subsequently presented.

The three annotators who annotated ten polar questions – that were altered with each

update – are referred to as the annotators. The number of annotators was captured byn.

The events that need annotation were captured by the numberN , andk was the number of

possible states the marker could be in.

The situation in which all annotators annotated a particular marker as being in a single

state� and thus not in a combination of states� is referred to as the default situation. It

could be the case that in such situation the state one annotator annotated differed from the

state another annotator ascribed to the marker. The events that needed annotation in the

default situation were the ten sample questions. The possible states the marker could be in

differ from marker to marker and are explicated in the guideline (see appendix B).

It is possible that at a single sample polar question (i.e., a single event in the default

situation) a marker was annotated as being in multiple states. If at least one of the
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annotators ascribed a combination of statesC to the marker, then the polar question was

not interpreted as a single event, but it was rather split into partial events. Each partial

event represented one of the states that together constructed the annotated combination of

states. If at least one of the other annotators observed the marker to be in a state which

was different from the states in combinationC, then another partial event was created

that captured the annotation of this different state. Instead of the single polar question all

partial events were added to the events that needed annotation. Since some annotators

could fail to observe some of the combination's states, an `unobserved' state was added to

the possible states a marker could be in.

Table 2 represents the states that were ascribed to the body position marker by the three

annotators. These annotations were based on the third version of the guideline. This table

serves as an illustrative example of the possibilities which are described in the previous

two paragraphs.7 Polar question 4 (event 4) illustrates a default situation in which the

three annotators ascribed the same single state to the marker: they all annotated the body

position with `tilted'. The other version of the default situation in which all annotators

ascribed a single state to the marker but the state differed between the annotators is present

at polar question 1 (event 1): two annotators annotated `uncertain' and the other annotated

`neutral'. The situation in which all annotators annotated the same combination of states

is the case at polar question 10. The three annotators all observed both a backwards lean

(partial event: 10a) and a tilted position (partial event: 10b). In polar question 5 (events

5a and 5b) another situation is visible: one annotator annotated a combination of states

(leaning forward and backwards), whereas the other two annotators only observed one

of the states in this combination (leaning forward).8 Lastly, polar question 8 (events 8a,

8b, and 8c) shows the situation in which one annotator observed a combination of states

(tilted and leaning backwards) and at least one of the other annotators annotated the body

position to be in a state that differed from the states in the combination (neutral).

events N leaning forward neutral tilted uncertain unobserved leaning backwardsPi

1 1 0 1 0 2 0 0 0.333
2 2 0 2 0 1 0 0 0.333
3 3 1 1 0 1 0 0 0
4 4 0 0 3 0 0 0 1
5a forward event 5 3 0 0 0 0 0 1
5b backwards event 6 0 0 0 0 2 1 0.333
6a tilted event 7 0 0 3 0 0 0 1
6b forward event 8 1 0 0 0 2 0 0.333
7a forward event 9 2 0 0 0 1 0 0.333
7b tilted event 10 0 0 2 0 1 0 0.333
7c backwards event 11 0 0 0 0 1 2 0.333
8a neutral event 12 0 1 0 0 2 0 0.333
8b tilted event 13 0 0 2 0 1 0 0.333
8c backwards event 14 0 0 0 0 2 1 0.333
9 15 0 0 3 0 0 0 1
10a backwards event 16 0 0 0 0 0 3 1
10b tilted event 17 0 0 3 0 0 0 1

total 17 7 5 16 4 12 7 9.333
pj 0.137 0.098 0.314 0.078 0.235 0.137

Table 2. Body position marker annotations based on the guideline's third version
7Other markers (at other guidelines) were analysed similarly.
8It was assumed that in case the annotators annotated the same state (in a combination), they were referring
to the same moment in the fragment of the polar question.
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Table 2 also serves as an illustration of the calculation of Fleiss' kappa (i.e. the inter

annotator agreement rate) for a marker. The events that needed annotations are listed in

the �rst column and in the second column the number of these events are tracked (the

total numberN is 17). The possible states the body position could be in is captured by

column three to eight (k = 6). The three annotators (n = 3) ascribed for each sample

question a certain (combination of) state(s) to the body position. Each row represents

an event and at each state's column the number of annotators that annotated the event to

be in that particular state is listed. For example, at the �fth event (5a; polar question 5)

all annotators annotated `leaning forward' and zero of the annotators annotated the other

states. Furthermore, at the sixth event (5b; still polar question 5) one annotator annotated

`leaning backwards', since two annotators did not observe the backwards movement a `2'

is placed in the `unobserved' cell, and because none of the annotators annotated any other

states the other cells at row six get a `0'.

To calculate Fleiss' kappa some numbers needed to be determined:pj for eachj , Pi

for eachi , �P, and �Pe. Thepj is represented at the last row and it captures the proportion

of all annotations that were assigned to thej th state.j = 1 is at column three, andj = k

is at column eight. Thispj number was determined using the formula:1
Nn � N

i =1 nij . For

example,p1 represents the proportion of all body position's annotations that were to the

`leaning forward' state: 0.137.

The last column representsPi , which captures for each event to what extent the

annotators agree about the annotation.Pi for eachi was determined by 1
n(n� 1) [(�

k
j =1 n2

ij ) �

(n)]. At event 1� for example� the annotators agreed about their annotation for 0.333.

Full agreement between the annotators would mean that thePi is 1 and no agreement

results in aPi of 0.

For the kappa the mean ofPi 's ( �P) was calculated using1N � N
i =1 Pi ( �P = 0:549). The

sum of the square number of eachpj ( �Pe) was required as well:� k
j =1 p2

j ( �Pe = 0:207).

The inter annotator agreement rate for this marker was then calculated using the formula

� = �P � �Pe
1� �Pe

(� = 0:431).

The guidelines were evaluated by comparing their inter annotator agreement rates for all

nine markers.9 In the nine graphs below, the rates for body position, eye gaze, eye shape,

eyebrows, head, lip corners, nose,PALMS-UP, and shoulders at the three guidelines are

presented. The guidelines are stipulated on thex-axis and the rates on they-axis.

The rate for almost every marker decreases from the second to the third guideline,

only the markers of eye gaze and head increase. The last update results in the highest

inter annotator agreement rates for most of the markers. The markers of body position

and eyebrows are the only exception, as the rates of both markers decreased compared to

9The chin marker has been left out of the results, because this marker was only present in guideline II and its
rate could therefore not be compared with the other guidelines.
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guideline II and the body position's rate is also lower than its rate at guideline III.

Figure 10. IAAR for body position Figure 11. IAAR for eye gaze

Figure 12. IAAR for eye shape Figure 13. IAAR for eyebrows

Figure 14. IAAR for head Figure 15. IAAR for lip corners

Figure 16. IAAR for nose Figure 17. IAAR forPALMS-UP
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Figure 18. IAAR for shoulders

Since most markers are most successful at the fourth guideline, this version is used as

a foundation upon which the remaining annotations in this project are based.10 In the

graph below (�gure 19) the rates (y-axis) of all markers (x-axis) at guideline IV are

explicated. The different colours in the graph represent different interpretations (Landis

and Koch 1977, p. 165): poor agreement (rate is< 0:00), slight agreement (rate is between

0:00� 0:20), fair agreement (rate is between0:21� 0:40), moderate agreement (rate is

between0:41 � 0:60), substantial agreement (rate is between0:61 � 0:80), and almost

perfect agreement (rate is between0:81� 1:00).

Figure 19. IAAR for each marker in guideline IV

Most markers are interpreted as being moderately or substantially agreed upon (moderate:

body position, nose,PALMS-UP and substantial: eye shape, eye gaze, shoulders). The

agreement on the eyebrows marker is even almost perfect. Only the markers of lip corners

10The two markers that scored lower compared to the rates at the previous guidelines are body position
and eyebrows. Despite their lower rates, the fourth version of those markers' sections is kept in the �nal
guideline. For the eyebrows this is because it is expected that the decrease in rate is not due to the updates
of the eyebrow section, because only minor adjustments were made. The adjustments in the body position
section however might have in�uenced the decrease in rate, but since these adjustments are relevant for
the potential meaning the body position marker conveys this version of the section is retained in the �nal
guideline.
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and head end up having a fair agreement, this means that there was quite some variance

between the annotators' annotations of these markers. It is important to hold the markers'

agreement rate in mind: state annotations of lip corners and head are less reliable than the

annotations of the other markers, according to their rates.11

2.3 Data analysis
Based on the �nal version of the guideline (see appendix B), 448 identi�ed questions were

annotated by the author. The computer software ELAN Linguistic Annotator (Max Planck

Institute for Psycho-linguistics 2022) and the template `biased-question-time-subdivision'

(Oomen 2022) were used to annotate. As a consequence of variation in corpus data, time

was not further speci�ed than the sequence in which different states of a marker occur

within a question's fragment. This means that if within such fragment different non-neutral

states of a marker were present these were annotated in the accurate order, however the

precise time frames in which these different states occur were disregarded.

Figure 20 below represents the annotation of one of the annotated questions. At the

question tier (the �rst row in �gure 20) the scope of the question was determined. Within

the question's scope, the states of one manual marker and of eight non-manual markers�

which are described in the guideline� were annotated.12

Figure 20. Annotation in ELAN of the question which is trans-
lated as `bent u slechthorend?' (translation: `are you hard of
hearing?')

The annotated questions were subsequently extracted from ELAN and displayed in rows

11To align with parallel research on (biased) polar questions in NGT some changes are made to the states'
names: `low'! `lowered', `other participant'! `addressee', `experimenter'! `researcher', `uncertain'
! `other'. It is also decided to annotate the head movements of chin in and chin out in a separate tier
(head1) than the head movements of nod, nodding, shake, and shaking (head2), as the head movements
within the tier are more related to each other and less to the movements in the other tier.

12`NMM' refers to non-manual marker and `MM' to manual marker. The non-manual marker `head' is
subdivided in `head1 ' and `head2 ', respectively to capture the chin and the nodding/shaking movements.
The use of signs and the action of mouthing are potentially annotated in the corresponding tiers.
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and columns. Each column represented a different marker and each row captured a different

question. Each cell thus denoted the particular marker's states that occurred in the speci�c

question. This is illustrated by table 3 below, which represents �ve of the annotated

questions.

index NMM.eyebrows NMM.eye-gaze NMM.body-position NMM.head2 NMM.head1 NMM.eye-shape NMM.nose MM.PU NMM.lip-corners NMM.shoulders
0 raised addressee backward neutral chin in, chin out neutral neutral yes neutral neutral
1 other addressee tilted, forward neutral chin out squeezed wrinkled no neutral neutral
2 neutral researcher neutral shaking chin out neutral neutral no down neutral
3 neutral addressee forward, backward nodding chin out, chin in neutral neutral no neutral up
4 neutral addressee other shaking neutral neutral neutral yes neutral other
index Translation in Dutch Translation in English
0 Dat van die 2, heb je dat begrepen? That of those 2, do you understand that?
1 Bent u slechthorend? Are you hard of hearing?
2 Maar dat betekent dat je met IVF niet het gen voor doofheid weg kunt halen? But that means you cannot remove the gene for deafness with IVF?
3 Kun je dat tegenover jezelf wel maken? Can you do that to yourself?
4 of niet? or not?

Table 3. Five annotated questions: �rst �ve rows capture the (non-)manual markings and the latter �ve rows
display the questions' translations in Dutch and English

In order to analyse the annotated data it was necessary to �rst convert the categorical values

into numbers, this conversion and further coding of the data is described in the next subsec-

tion (subsection 2.3.1). Subsequently, the dimension reduction and clustering techniques

� which were also used for the data analysis� are discussed in subsections 2.3.2 and 2.3.3.

2.3.1 Coding of data
The annotated data was converted from categorical to numerical values. The rows of

the resulting conversion still represented the identi�ed questions, whereas the columns

were replaced by new columns that each represented a unique marker-state combination

(e.g., eyebrows_raised) and the columns together captured all possible marker-state

combinations. A cell was marked with a1 if the cell's question (speci�ed by row) was

annotated with the particular marker-state combination (speci�ed by column) and a0

otherwise.13

Because the technique which was used to analyse the data (see subsections 2.3.2 and

2.3.3) works better with a lower number of columns, some less relevant columns were

disregarded. The columns that represented markers combined with `neutral' or `other'

states were removed, respectively because this project is interested in whichnon-neutral

states are used when polar questions are asked and because this project bases its analysis

on the states that were annotated with certainty, which are thenon-otherstates. The no

13With this conversion some details were lost. The occurrence of states� which is still captured after the
conversion� is in this project of more importance than the sequence in which the states occur. The states'
order was no longer apparent after the conversion. The number of occurrence of a state could have been
captured. However, when the questions would then be compared to each other this would result in an
undesirable difference between a question in which a particular state occurred only once (e.g., head2: nod
! head2_nod:1) and a question in which the same state occurred more often (e.g., head2: nod, nod, nod!
head2_nod:3): the absolute difference at these coordinates between these questions would be2. Because a
state's occurrence is considered to be of more importance than how often the state occurred, the difference
between questions in which equal marker-state combinations occur was required to be minimized: an
absolute difference of0. Therefore, a1 was assigned in case a state was present regardless of how often it
occurred. The state's number of occurrences within a question was thus lost.
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PALMS-UP column was also removed because not using thePALMS-UP sign was fully

captured by the zeros in thePALMS-UP column.

The researcher in the Corpus NGT videos is positioned higher than the participants

(a standing versus sitting position). Since this potentially leads to non-manual marking

which is not due to asking a polar question, the questions in which the participant's eye

gaze is at the researcher were removed. Since the sideways body position mostly occurred

in combination with looking at the researcher the column that corresponded with this

marker-state combination was discarded. Since the questions were primarily asked by

looking at the addressee, the column that captured this marker-state combination did not

convey much information and was therefore removed.14

The columns that represented the head movements of nod and nodding were merged

together and so were the columns of the shake and shaking head movements, because these

markings are closely related: the head movement of nod and shake are single variants

of the continuous movements of� respectively� nodding and shaking. The cells in the

resulting nodding column consisted of a1 at the rows in which a nod, nodding or both

were present and the same was the case for the shaking column where a shake, shaking, or

both were present.

All marker-state combinations were given equal weight in the current representation.

However, literature on questions in sign language (Cecchetto 2012; Zeshan 2004) associates

only particular markers with asking questions. To account for the dominance of these

markers, the evident question markers (and their states) received a value of4 instead of1.

Cecchetto (2012, p. 294) argues that for sign languages in general raised eyebrows

are crucial in polar questions, which is supported by Coerts (1992, pp. 107 - 111) for

polar questions in NGT. Although lowered eyebrows are generally associated with content

questions (Cecchetto 2012, p. 294), Vos, Kooij, and Crasborn (2009) observed that the

combination ofloweredeyebrows with an inner and outer brow raise also occurs in polar

questions. This particular brow marking is in this project interpreted as lowered eyebrows

(see appendix B.1). From these studies it follows that raised and lowered eyebrows are

both relevant markers for polar questions. These markers therefore both received the value

4.

According to Coerts (1992, p. 107) head forward is also a polar question marker in

NGT. The markers that most accurately capture the head forward marking in the current

project are the markers of chin out and chin in. `Chin out' captures the chin forward

movements and `chin in' the chin down movements (the upper head is moving forward as

the chin moves down). However, both markers also include head backward movements:

`chin in' captures the chin backward movements and `chin out' includes chin up movements

14After the questions in which the eye gaze was at the researcher were removed328of the448questions
remain. Only in16of these remaining questions the eye gaze is not directed at the addressee.
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which entail a head backwards tilt.15 Since the head forward marking was not accurately

captured by any of this project's markers, no other markers than eyebrows received the

value4.

This project focuses on the (non-)manual marking of polar questions in NGT, therefore

most weight was given to the markings which are known to be of importance when using

polar questions in NGT. Since questions are not asked in isolation but in the course of a

conversation, markers which have conversational impact may also in�uence the question's

form and meaning. In this project the weight of the markers which are known to have a

conversational function was therefore increased, but to a lesser extent than the weight of

known question markers. In human behaviour in general, the head movements of nodding

and shaking are known for their conversational function (Heylen 2006, pp. 245 - 249): they,

for instance, convey respectively con�rmation and negation. In sign language, and more

speci�cally NGT, changing or highlighting the polarity of a sentence, providing positive or

negative feedback, giving empathetic stress, and marking a boundary of a phrase are some

of the conversational roles which the markers of nodding and shaking ful�l (Pfau and Quer

2010, pp. 387 - 388; Klomp 2021, pp. 135, 144, and 288). In this project, a value2 instead

of 1 was assigned to these markers, because of their known conversational role.16

The coding �le `convert_data.py' presents the algorithm which was used to convert the

annotated data from categorical into numerical values. This algorithm was also used to

remove the less relevant columns. The �le `del_row_res.py' captures the code which was

used to remove the rows in which the participant's eye gaze is at the researcher. The coding

of the data resulted in328questions (rows) and17marker-state combinations (columns).

The �ve annotated questions of table 3 were converted into the questions that are captured

by table 4 below.

index lowered_eyebrows raised_eyebrows space_eye-gaze forward_body-position backward_body-position tilted_body-position chin out chin in squeezed_eye-shape
0 0 4 0 0 1 0 1 1 0
1 0 0 0 1 0 1 1 0 1
3 0 0 0 1 1 0 1 1 0
4 0 0 0 0 0 0 0 0 0

index wide_eye-shape wrinkled_nose PALMS-UP up_lip-corners down_lip-corners up_shoulders nodding shaking
0 0 0 1 0 0 0 0 0
1 0 1 0 0 0 0 0 0
3 0 0 0 0 0 1 2 0
4 0 0 1 0 0 0 0 2

Table 4. Four converted questions which correspond to the annotated questions in table 3. The eye gaze was
at the researcher in the second question of the �ve annotated questions in table 3, therefore this question was
removed in the converted data set.

2.3.2 Dimension reduction
The coded data set was interpreted by using the distance-based clustering technique of

k-means, which ideally groups the related questions in the data set together and separates

15The differences between marker's states are very subtle, especially in unconditioned corpus data. The
movements of chin up and forward, and chin backward and down are more similar to one another than the
different head forward and head backward movements. To best guarantee the inter annotator reliability, the
distinction between chin_out and chin_in was made instead of the distinction between head_forward and
head_backward.

16The value4 was not assigned to these markers, because they are not typically associated with polar
questions.
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the questions that are less related (Assent 2012, pp. 340 - 341). The data set consisted of

17 dimensions: the marker-state combinations. A high number of dimensions results in

ineffective distance-based clustering, because similar and dissimilar data points can no

longer be discriminated from each other based on their closeness in distance (Assent 2012,

p. 342). Dissimilar data points are then inaccurately clustered together, because based on

different dimensions they could both have their minimum distance to the same cluster.

Distance-based clustering techniques could still be suitable for the analysis of the data set

when its dimensions are reduced. In the current project the dimension reduction technique

of principal components analysis (PCA) was applied to the data set. This subsection

describes this technique and discusses its limitations.

Principal component analysis is a technique which reduces the dimensions of a data set

while retaining as much of its information as possible (Jolliffe and Cadima 2016, p. 1).

Since in the context of a large data set information is seen as variation between data points,

PCA aims at preserving the highest degree of variance in the data set (Ringnér 2008, p.

303). This is realised by �nding principal components that successively maximize variance

(Jolliffe and Cadima 2016, p. 2). The components that are less signi�cant� because they

do not express much variance� are removed: the number of dimensions is reduced.

In order to explain the procedure of the dimension reduction technique, a simpli�ed

version of the actual data set� to which PCA was applied� is used as an illustrating

example. The actual data set consisted of328rows and17 columns and the simpli�ed

version captures the �rst ten questions of this data set and three of its features (see table

5 below). To these features of raised eyebrows, forward body position, and nodding is

referred as the variablesx, y, andz.

index eyebrows_raised body-position_forward nodding
0 4 0 0
1 0 1 0
3 0 1 2
4 0 0 0
5 0 0 2
7 4 1 2
8 4 0 2
9 4 1 2
10 4 1 2
11 0 1 0

Table 5. Simpli�ed data set

The �rst step in the procedure is to calculate the covariance matrix of the three variables

(see �gure 21 below). This covariance matrix illustrates the relation between those

variables: a positive outcome means that the two variables move in the same direction

whereas a negative covariance indicates that they move in opposite direction (Schulz and

Schaffner 2016, p. 33).

The subsequent step is to �nd the principal components which are linear combinations

of the existing variables formed in such a way that they preserve as much information
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Figure 21. Covariance matrix

as possible. All components are orthogonal positioned to one another which results in

no overlapping information between the components. Eigenvectors and eigenvalues are

linear algebraic concepts which satisfy the above described properties. Eigenvectors

present the directions of the variance and the associated non-zero eigenvalues present how

much variance is carried in each eigenvector (Tzeng and Berns 2005, (p. 86)). To �nd

the principal components the eigenvectors (v1; v2; v3) and eigenvalues (� 1; � 2; � 3) of the

covariance matrix need to be calculated (see �gure 22 below).
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Figure 22. Eigenvectors and eigenvalues of the covariance matrix

The principal components are represented by the eigenvectors. The �rst componentv1

captures80% of the information, the second principal componentv2 captures15%, and

the rest of the information is captured by the last principal componentv3. The �rst two

components capture95% of the simpli�ed data set's information, by discarding the last

component the dimension would be reduced from three to two.

This procedure was followed for the actual data set, which consisted of17variables. The

number of principal components that were kept in this case was decided by determining

at which point an extra component does no longer result in signi�cantly more variance.

The knee locator algorithm Kneedle was used to �nd that point (Satopää et al. 2011).

This algorithm was applied on the data, that is expressed by the graph which displays

the number of principal components on thex-axis and the cumulative covered variance

on they-axis (see �gure 25). The algorithm �rst created a difference curve which was

based on the perpendicular distances from the data points to the diagonal that connected

the �rst data point to the last (Satopää et al. 2011, p. 168). Then, local maxima were

detected, which are the points on the difference curve such that both its former and its

subsequent point lay lower on the curve, and for each of these maxima a threshold was

set (Satopää et al. 2011, p. 169). Finally, when a difference value (point on the difference

curve) was below the threshold before the next local maximum was reached, the desired

number of components was determined to be thex-value attached to the corresponding

local maximum. In this project it was decided that the minimum covered variance should

be 85 per cent, therefore the Kneedle algorithm was applied to the data that consisted

only of the principal components that cumulatively represented at least85per cent of the
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variance.

PCA has some limitations, one of which is that the data set requires standardisation

which might be inappropriate as with standardisation the data points are adjusted. This

standardisation seems necessary because columns with a wider range of values are more

dominant in PCA. Applying PCA to an unstandardised data set could lead to biased results.

Since in this project the range of some columns was increased on purpose17 � to give them

priority � it was abstained from standardisation.

Another constraint of PCA is that it works most accurately on linear data because PCA

represents the original data by creating principal components that arelinear combinations

of the dimensions in the original data set. Whether a data set is linear can intuitively be

explained by considering the graphs below which represent two simpli�ed data sets that

consist of two dimensions. The data that is expressed by �gure 23 is said to be linear

because a straight line through the data points would quite accurately represent the data,

as the projected points are close to the actual data points. In contrast, the data in �gure

24 cannot be accurately captured by a line, because the position of the actual data points

differ a lot from where the projected points are situated. This data is therefore said to be

non-linear.

Figure 23. Example of linear data Figure 24. Example of non-linear data

To test whether a data set with higher dimensionality is linear the scatter-coef�cient metric

was used. The intuition behind this measure is that the hyper-volume of the data set

decreases when there is an increase of correlation between the data points: a value close to

zero18 indicates that there is enough correlation within the data such that it can be expressed

by fewer dimensions (Toledo 2022). For this project's data the coef�cient returned the

value of 0.0082: the data satis�ed PCA's linearity condition.19

A third limitation of PCA is that the number of remaining principal components needs

to be manually determined. In this project a minimum percentage of covered variance

was set and the Kneedle algorithm was used to optimally select the number of remaining

components, given this limitation.20

An additional disadvantage of PCA is that the application of PCA results in columns

17The columns of lowered-eyebrows, raised-eyebrows, nodding, and shaking.
18The maximum value is the number of dimensions, which is17 in this project.
19Relevant coding �le: pca_test.py.
20Relevant coding �le: pca_converter.py.
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consisting of real numbers which are not straightforward to interpret. However, in this

project this PCA-converted data was solely used to apply the clustering methodk-means to.

The result of this clustering is analysed by using the data set prior to its PCA transformation.

A �nal shortcoming of PCA is that it cannot detect the data set's outliers. Outliers

are data points that are different from the other data points because they are positioned

at a further distance. The outliers were detected prior to applying PCA. For each data

point the distance to every other data point was calculated and the distance to its ten

closest neighbours was summed. The outliers were then detected by determining the

data's spread using the measure of �rst quartile (25th percentile of the data), third quartile

�rst 75th percentile of the data), and interquartile range (IQR: difference of the 75th and

25th percentiles of the data). The data points that lay1:5� IQR below the �rst quartile or

1:5� IQR above the third quartile were identi�ed as the data set's outliers (Grech 2018,

p. 56). Twelve outliers21 were detected of which eight were at closest distance to other

outliers, this may indicate that these eight data points will be clustered together.22 They

were characterised as having both lowered and raised eyebrows, and since such data points

are relevant in this project, it was decided to keep all outliers in the data set to which PCA

is applied.

With awareness of PCA's limitations, its algorithm (Pedregosa et al. 2011a) was applied on

this project's coded data set. The knee locator algorithm was then applied to the graph of

which the leftmost data point referred to the �rst principal component that had a cumulative

covered variance above0:85. The number of principal components was determined to be

12with a cumulative covered variance of0:953(see �gure 25 below). Subsequently, the

PCA algorithm� with its parameter set at12 � converted the coded data set.23

Figure 25. Principal components and the covered variance

2.3.3 Clustering
The PCA-converted data set was clustered using the technique ofk-means. In this tech-

nique distances from data points to clusters' centers are essential for assigning similar data

21The indices that refer to these outliers are 24, 30, 58, 71, 100, 125, 129, 190, 195, 196, 298, and 425.
22Relevant coding �le: detect_outlier.py.
23Relevant coding �le: pca_converter.py.
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points to the same cluster, and those that are unrelated to different clusters (Likas, Vlassis,

and Verbeek 2003). This clustering technique and its limitations are further explained in

the current subsection.

The technique ofk-means createsk distinct new data points as the initial clusters' centers,

the value ofk is set beforehand. For each data pointx, the distances to each of thek

centersc is calculated, using the Euclidean distance measure (in the current project this

means that each row in the PCA-converted data set was represented byx, and for eachx

� =
p

(� 11
i =0 (x i � ci )2) was calculated).24 Each data point is then assigned to its nearest

cluster. Subsequently, the means of the newly created clusters are calculated and set as

the new clusters' centers. The entire process is then repeated: calculating the distances

from data points to new centers, reassigning the data points to the (potentially) new

nearest cluster and creating the new centers by calculating the clusters' means. The clus-

tering is �nished when each data point is assigned to the same cluster as in the last iteration.

One of the limitations of this method is that the number of clustersk should manually

be determined and set prior to the use of the algorithm. Since data sets with more than

three dimensions are hard to visualise it is not always obvious what numberk should

be. In this project, the optimal number fork is determined by using the elbow method

(Nainggolan et al. 2019) and the knee locator algorithm (see subsection 2.3.2). Given

a range of potential values fork the elbow method determines for eachk the sum of

squared errors (SSE). Based on the different markers and polar question forms, the number

of clusters was expected to be between10 and30, in the current project the range was

therefore set a bit wider: between2 and35. For eachk in the �xed range, the squared

distance from each data pointx to the cluster centerc that is closest tox was calculated by

� 11
i =0 (x i � ci )2, and these distances were summed to form the SSE. Thek values and their

corresponding SSE scores were represented in a graph. The same knee locator algorithm

that has been used to determine the remaining number of principal components was applied

to the graph to select the optimal number of clusters.25

A second shortcoming ofk-means is that its results are dependent on initial values,

one of which is the number of clusters that is discussed in the former paragraph.k-means

also depends on the randomly selected initial centroids because different initial clusters'

centers may lead to very different clustering results. Whether particular initial centroids

are a good choice can be evaluated by analysing the results which are based on these

centers. Since analysing the entire clustering is very time consuming, another measure was

needed. In this project the clustering that has the lowest SSE given the optimal number

24Each data point and each center consists of12elements. The difference between thei -th number ofx and
thei -th number ofc ws calculated and squared. The results for alli 's were summed and by taking the
square root of this sum the distance between the data point and the center was obtained.

25Relevant coding �le: elbowmethod_pca.py.
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of clustersk was therefore viewed as the optimal result. Random_state is a parameter in

thek-means algorithm which makes the clustering results reproducible (Pedregosa et al.

2011b). By assigning an integer to this parameter the result ofk-means corresponding to

this integer is saved. In this project each integer in the range from0 to 4000was assigned

to the parameter random_state. For each random_state value the optimalk was determined

and the SSE value at this optimalk was saved. The value of random_state that returned

the lowest SSE at the selectedk was set to be the random_state value based on which the

k-means algorithm was executed.26

Another limitation ofk-means is the inadequate performance as the number of di-

mensions increases which is discussed in the previous section (subsection 2.3.2) and was

responded to by applying PCA to reduce the data set's dimension.

Similar to PCA, another constraint ofk-means is that it does not detect outliers. Prior

to executingk-means, outliers in the PCA-converted data set were detected using the

same method that has been used for outlier detection in the pre-PCA-converted data set.

Fourteen outliers27 were detected of which twelve were the data points that corresponded

to the outliers in the pre-PCA-converted data set.28 The outliers are kept in the data set to

whichk-means is applied, for the same reason as was given in subsection 2.3.2.

A last limitation ofk-means is that it is less suitable for non-spherical shaped clusters

with varying sizes and densities. It is not clear to what extent this limitation in�uenced the

current project because it is unknown what shape the data has as the data points which

consist of more than three dimensions cannot be visualised.

Prior to executingk-means on the PCA-converted data set, the best integer for the parameter

random_state was determined at3785which gives the lowest SSE score of595:43. Also,

the optimal number of clusters was determined by using both the elbow method and the

knee locator algorithm:15(see �gure 26 below).29 By applying thek-means algorithm to

the PCA-converted data� with its parameters random_state and number of clusters set at

3785and15� each of the data set's questions was assigned to a cluster.30

26Relevant coding �le: elbowmethod_pca.py.
27The indices that refer to these outliers are 24, 30, 58, 71, 100, 125, 129, 190, 195, 196, 298, 393, 414, and

425.
28Relevant coding �le: detect_outlier.py.
29Relevant coding �le: elbowmethod_pca.py.
30Relevant coding �les: clustering.py, cluster_spread.py, append_trans.py, and order_clusterd�le.py.
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Figure 26. Optimal number of clusters

2.4 Results
This section presents an analysis of the use of (non-)manual markers in polar questions of

the Corpus NGT, based on the clustering result. In subsection 2.4.1 the clustering result is

�rst described by characterising the �fteen clusters in terms of the (non-)manuals that are

used in the data points within each of these clusters, and secondly by analysing the cluster

spread. Subsequently, subsection 2.4.2 re�ects upon the clustering result, by identifying

global patterns in the use of (non-)manuals.

2.4.1 Clustering result
All �fteen clusters are characterised by the presence of speci�c marker-state combinations

in the cluster's data points. The tables below capture which marker-state combinations

are present to what degree in each cluster. In this project, a marker is interpreted as an

important feature to a cluster in case the marker is present in half or more of the cluster's

data point, because the marker then occurs in the majority of the cluster's data points.

Below each table the number of data points within the cluster are stated.

The data point that describes the cluster's properties best is referred to as the cluster's

characterising data point. The right most column at each table shows which features are

present at such a data point. These characterising data points are further speci�ed: below

each table the translation (in Dutch and English), its gloss, and the corresponding video

fragment in stills is presented.31 For most clusters their characterising data point is the

31To each of the328data points is referred by an index from 0 to 327, the characterising data points are
labeled by the indices to which they correspond.
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data point which is at closest distance to the cluster's centroid.32 However, for clusters 7,

10, 11, and 13 another data point better describes the cluster's features. Below, at the de-

scriptions of these clusters, it is argued in a footnote why such other data point is a better �t.

Characteristics of cluster 0
0% 1� 24% 25� 49% 50� 74% 75� 99% 100% characterising data point: 38
eyebrows_raised eyes_wide (7) body-position_backward (29) eye-gaze_space (57) chin_in (86) chin_in
eyebrows_lowered nose_wrinkled (7) eyes_squeezed (29) shoulders_up (64) shoulders_up
nodding lip-corners_up (14) PALMS-UP (29) eye-gaze_space
shaking body-position_tilted (21) lip-corners_down (29)

chin_out (21) body-position_forward (36)

Table 6. 14data points

Table 6 illustrates that the most prominent feature of this cluster is chin in, as this feature is

present in86% of the data points in this cluster. Other important marker-state combinations

are shoulders up and eye gaze in space, because they both occur in more than half of

the cluster's data points. All these features are present in the characterising data point.33

Figure 27 represents this data point in stills.

Dutch translation: `Je mag er maar een kiezen, toch?'

English translation: `You can only choose one, right?'

Gloss: no gloss present

Figure 27. The �rst frame captures the beginning of the fragment, at which the participant's chin is down
(chin in). In the second frame the participant is looking in space, and the subtle movement of the shoulder
going up is captured in the last frame.

Characteristics of cluster 1
0% 1� 24 % 25� 49 % 50� 74 % 75� 99 % 100% characterising data point: 286
eyebrows_raised body-position_tilted (8) eyes_squeezed (35) PALMS-UP (54) nodding nodding
eyebrows_lowered nose_wrinkled (8) body-position_forward (46) shoulders_up (62) chin_in
eyes_wide lip-corners_down (8) lip-corners_up (46) chin_in (73) shoulders_up
shaking body-position_backward (12) PALMS-UP

eye-gaze_space (15) squeezed_eyes
chin_out (15)

Table 7. 26 data points

Cluster 1 is mainly characterised by the marker of nodding (present in100% of its data

points). The markers ofPALMS-UP, shoulders up, and chin in are also in�uential as they

32The prototypical data points for clusters 0, 1, 2, 3, 4, 5, 6, 8 ,9, 12, and 14 are data points that are closest to
their centroids. The relevant coding �le for identifying the data points that are closest to the centroids is
`closest_dp.py'.

33The ELAN �le that captures the characterising data point of cluster 0 is `CNGT1466.eaf'.
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all occur in over50% of the data points. These marker-state combinations are all captured

by the prototypical data point.34 In this data point the marker of squeezed eyes is also

present. Figure 28 represents the characterising data point in stills.

Dutch translation: `Doven kunnen goed liplezen, toch?'

English translation: `Deaf people are can read lips well, right?'

Gloss: DOOF-B KUNNEN-A GOED-A ORAAL -B PO

Figure 28. In the �rst frame the beginning of the fragment is represented. The second frame shows that the
participant's chin is down, and eyes are squeezed. In the last frame thePALMS-UP sign is clearly visible. In
this third frame, the participant also moves her right shoulder up. The nodding is hard to capture in stills.

Characteristics of cluster 2
0% 1� 24 % 25� 49 % 50� 74 % 75� 99 % 100% characterising data point: 12
eyebrows_raised eyes_wide (2.5) PALMS-UP (25) lip-corners_down (50) eyes_squeezed (87.5) eyebrows_lowered eyebrows_lowered
nodding body-position_tilted (12.5) shaking (40) chin_in (55) eyes_squeezed

body-position_backward (15) eye-gaze_space (45) body-position_forward (60) chin_out
lip-corners_up (15) nose_wrinkled (47.5) chin_out (62.5) body-position_forward
shoulders_up (15) chin_in

Table 8. 40 data points

The markers of lowered eyebrows and squeezed eyes are most characteristic to cluster 2

(respectively present in100and87:5% of the data points). The markers that occur in50%

or more of this cluster's data points are chin out, body position forward, chin in, and lip

corners down. In cluster 2's characterising data point all these features, except lip corners

down, are present.35;36 Figure 29 represents video stills of this data point.

Dutch translation: `Zeg maar gehandicapt'

English translation: `Say disabled'

Gloss: AANHALINGSTEKENS GEHANDICAPT-B

34The ELAN �le that captures the characterising data point of cluster 1 is `CNGT0058.eaf'.
35The ELAN �le that captures the characterising data point of cluster 2 is `CNGT0814.eaf'.
36In this project the radical and the `or not' part of negative alternative questions are analysed separately, this

data point represents a radical of a negative alternative question and it not a question on its own.
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