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Summary

In this dissertation | address the issue of howafanovements are used by deaf signers of
German Sign Language (Deutsche Gebardensprache), @@t lexical and sub-lexical
level. Although it is an empirical fact that sigeef various signed languages make facial
movements that have scope over only single lexieals, currently there is no consensus on
how these movements should be accounted for inistig theory, because many of the facial
movements occurring at this level do not fit neatltp the preexisting linguistic constructs
‘Phoneme’ or ‘morpheme’. The move that is takemimst theorists in order to account for
these facial elements is to propose that theratdeast two very distinct phenomena that
occur at this level each requiring a different mddeaccount for its use. The facial
movements that fit well with the widely acceptedimidon of ‘morpheme’ are dealt with by
existing morpho-syntactic theories, the facial muoeats that fit well with the widely
accepted definition of ‘phoneme’ can be dealt viagtrexisting phonological theories, while
those that seem to behave a bit like a phonema ditdike a morpheme are accounted for
with special frameworks or are deemed ‘extra lisgai, therefore not requiring linguistic
explanation at all (Boyes Braem & Sutton-Spenc@,120

Although facial movements with scope over singledal items vary on the following
dimensions: which facial muscles are used i.e. maygper face, or whole face; their origin
i.e. derived from ambient spoken languages or ddrwithin signed languages, and whether
they seem to add semantic information or not, ardghem as essentially the same general
phenomenon in contrast to most current accourctairh that they are phonological features
with some semantic properties. In order to make ¢tdim a relaxation of the principle of
duality of patterning is required. The term ‘duglitf patterning’ is usually understood to
mean that phonemes are discrete meaningless adithat all languages can be broken down
to the level of meaningless units. However, recese¢arch indicates that rather than being a
universal duality of patterning may be more ofatistical tendency (Blevins, 2012). The
definition of phoneme then that | adopt is: a phroaeas a unit whose function is to provide
distinctive perceptual cues to allow receiversigtiniguish between elements in the
communicated signal. Whether this unit is assodiatiéh a meaning or not does not
contradict the claim that it also functions to ¢egperceptually salient oppositions in the
communicated signal.

In this dissertation | have conducted two studie$wo types of facial movements with scope
over single lexical items: mouthings and expresswidisgust. In my first study, | applied
the claim that mouthings are phonological elemémthe issue of how deaf people read
German (Elliott, Braun, Kuhlmann, & Jacobs, 2012)my second study, | attempt to
establish whether facial expressions from the doraemotions are used as phonological
elements (Elliott & Jacobs, 2013; Elliott & Jacobsbmitted).

In the literature on how deaf individuals read ékas long been a debate over whether they
access phonology when reading and whether this @glagle in their reading achievement.
This is of practical importance, since deaf indiats on average do not achieve the same
level of reading proficiency as their hearing pgdirsxler, 2000). In comparison to the
literature on hearing reading, the debate so fardéaained theoretically unspecific regarding



two crucial points: 1) the phonological units dedfividuals may have of oral language have
not been specified 2) there seem to be no explighitive models specifying how phonology
and other factors operate in reading by deaf iddizis. Drawing on the hearing reading
literature (Braun, Hutzler, Ziegler, Dambacher,&dbs, 2009; Briesemeister et al., 2009;
Coltheart, Rastle, Perry, Langdon, & Ziegler, 200dcobs & Grainger, 1994) | propose that
deaf individuals have representations of the sulw# structure of oral-aural language which
are based on mouth shapes, and that these sub}lerits are activated during reading by
deaf individuals. | specify the sub-lexical urass11 ‘visemes’ (mouthings) and | specify
their role in reading by adapting the Dual Routsc@aled Model of Reading (Coltheart et al.,
2001) to my viseme set. | assessed the indirete @ithis model by investigating whether
deaf individuals would display the ‘pseudo-homomseeffect during a lexical decision task.
| found a main effect of pseudo-homovisemy sugggdtiat at least some deaf individuals do
automatically access sub-lexical structure duringls word reading.

To the best of my knowledge this study was thé tospecify possible sub-lexical units of
deaf readers and to test their psychological \lidia lexical decision task using a standard
reaction time paradigm of the word recognitionrlitere for hearing persons. The obtained
pseudo-homovisemy effect suggests that sub-leniugs, in the form of visemes, could
indeed be automatically accessed by some deafichdils during reading. However, further
work on identifying the exact units and assessmlividual differences amongst deaf readers
in their use, needs to be carried out. For examygejefined the viseme set based on visual
features, not on tactile ones. It is plausible ttestf individuals have more visemic
distinctions than presented in this inventory dtile features are taken into consideration.

In my second study | wished to establish whethestamn related expressions are used as
phonological units by deaf signers of German Signduage. It has been observed that signs
for emotion concepts in American Sign Language (ASiich as sad (Reilly, Mclintire, &
Bellugi, 1990) are produced with a facial expresshwat corresponds in meaning to the
emotion concept. In the literature, this type alidhexpression is often regarded as a
phonological feature rather than a morpheme, dimeg occur on single lexical items but
unlike facial adverbials they are not systematycafied to modify the meaning of entire
classes of signs. However, these facial expressians not been well studied, for example to
the best of my knowledge there are as yet no cafuases that confirm their scope or
provide data on their frequency and distributiard ao their linguistic function, i.e. whether
they are best regarded as phonological featureghames, or something else, is not
altogether clear.

| found evidence that an emotion related faciakeggion is consistently used with the sign
EKEL ‘disgust’. | found that it has scope over tagical item. Using the Facial Action

Coding System developed by Ekman et al. (2002inther established that there is a certain
degree of idiosyncrasy in exactly how the facighression is produced although the most
common form was mouth opening and tongue protrusiotrying to account for the function
of the facial expression either phonologically arphologically, one runs into the problem

of apparent redundancy. This is the same problezrhas in accounting for how mouthings
are used in German Sign Language. Phonologicadly seem redundant because the manual
component of signs is usually distinct enough naeguire additional features, and



morphologically emotion related facial expressiand mouthings do not add new semantic
content to the sign, they seem to only repeatéhgastic content of the manual component.
Following the Zipfian notion of least effort (Zigfl949] 2012), | propose that this
redundancy is only apparent. The use of emotiatedlfacial expressions and mouthings
must be of benefit to the receiver of the messagelse the sender would not make the extra
effort to use additional articulators. This hypdtisecan be tested in future psycholinguistic
studies.

Given the shared properties between emotion refatedl expression, mouthings, and other
facial movements at the lexical level, namely thaly have scope usually over single lexical
items, that they have some degree of semantic miprated that the display varying degrees of
independence in relation the manual componentsajrga we regard them as belonging to one
class of phenomena that vary in (1) their origid &2) their location on a phonological-
morphological continuum. | propose that this classegarded as an additional layer of
communication that functions like a parallel lexado the manual component in DGS. The
relationship between this layer and manual lexteahs is analogous in some ways to the
relationship between gesture and words, or intonand words. Overall, the present results
indicate that deaf signers use facial movemenphasological units.



Zusammenfassung

In dieser Dissertation behandele ich das Thema@eg&chtsbewegungen von gehdrlosen
Sprechern der Deutschen Gebardensprache (DGSgalgixikalischen und sublexikalischen
Ebene benutzt werden. Obwohl es eine empirischeadhle ist, dass Sprecher
unterschiedlicher Gebardensprachen Gesichtsbewegungchen, die nur einzelne
lexikalische Einheiten umfassen, gibt es derzait&k&bereinstimmung dariiber, wie diese
Bewegungen in der linguistischen Theorie erklantdea sollen. Dies liegt daran, dass viele
der Gesichtsbewegungen, die auf dieser Ebene destheicht nahtlos in die schon
existierenden linguistischen Konstrukte “Phonen@grd’Morpheme” passen. Was die
meisten Theoretiker versucht haben, um diese Gesiemente zu erklaren, war der
Vorschlag, dass es wenigstens zwei sehr unterddiedauf dieser Ebene geschehende
Phanomene gibt, von denen jeder ein anderes Medetdert, dass seinen Gebrauch
rechtfertigen wirde. Gesichtsbewegungen, die zwvaewrielen anerkannte Definition von
“Morphem” passen, sind von den existierenden maphiaktischen Theorien aufgegriffen;
Gesichtsbewegungen, die in die von vielen anerlkabefinition von “Phonem” passen,
kénnen durch existierende phonologische Theoriégeguiffen werden; und diejenigen
Gesichtsbewegungen letztendlich, die sich ein wesggPhoneme und ein wenig wie
Morpheme zu verhalten scheinen, werden von speri@lkeferenzsystemen aufgegriffen oder
als “extralinguistisch” erachtet, weshalb sie kdidinguistischer Erklarung erfordern
(Boyes Braem & Sutton-Spence, 2001).

Obwohl Gesichtsbewegungen mit dem Zeitumfang emezdexikalischer Einheiten
variieren, und zwar in folgenden Dimensionen: ersteelche Gesichtsmuskel gebraucht
werden, z.B. im Mund, im oberen Teil des Gesichtier im ganzen Gesicht; zweitens in
Bezug auf ihre Herkunft, d.h. ob sie von den indergebung gesprochenen Sprachen
abgeleitet sind oder ob ihre Ableitung innerhalb@ebardensprachen stattfand, und drittens
ob sie semantische Information hinzuzufiigen scimeaaker nicht, halte ich sie als im
Wesentlichen fur dasselbe allgemeine Phdnomenbgrehzung zu den meisten
gegenwartigen Ansétzen. Ich behaupte, dass sieofdgische Merkmale mit einigen
semantischen Merkmalen sind. Um diese Behauptuisteden zu konnen, ist eine
Auflockerung des Prinzips der zweifachen Gliederarigrderlich. Die Bedeutung des
Begriffs “zweifache Gliederung” ist meistens sastanden, dass Phoneme diskrete
bedeutungslose Einheiten sind und dass alle Sprauifedie Ebene der bedeutungslosen
Einheiten heruntergebrochen werden kénnen. Jukgstehungen haben jedoch erwiesen,
dass zweifache Gliederung - statt eine universalae eher statistische Tendenz zu sein
scheint (Blevins, 2012). Dabher ist die Definitimon Phonem, die ich vorschlage, wie folgt:
Ein Phonem ist eine Einheit, deren Funktion istidktive Wahrnehmungshinweise
bereitzustellen, um dem Empfanger zu erméglicherschen den Elementen im
kommunizierten Signal unterscheiden zu kénnen. i@becEinheit mit einer Bedeutung
assoziiert ist oder nicht, widerspricht nicht dehBuptung, dass sie auch dazu dient,
wahrnehmbare auffallende Gegensatze in dem kommeueiz Signal zu kreieren.

In dieser Dissertation habe ich zwei Studien zui Zwpen von Gesichtsbewegungen mit
einem Zeitumfang einzelner lexikaler Einheiten ¢hgefiihrt: Mundbilder und Ausdrticke des
Ekels. In meiner ersten Studie habe ich die Beheugptdass Mundbilder phonologische
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Elemente sind, auf das Thema angewandt, wie gedghtenschen auf Deutsch lesen (Elliott,
Braun, Kuhlmann, & Jacobs, 2012). In der zweitardi&t habe ich versucht zu bestimmen, ob
Gesichtsausdriicke aus dem Bereich der Emotiongrhatsologische Elemente gebraucht
werden (Elliott & Jacobs, 2013; Elliott & Jacoks)gereicht).

In der einschlagigen Literatur zu der Art und Weise gehotrlose Personen lesen, gibt es seit
Langem eine Debatte darlber, ob sie beim LeseRlafologie zugreifen und ob es eine
Rolle in ihren Leseleistungen spielt. Dies ist ywaktischer Bedeutung, da gehdrlose
Individuen im Durchschnitt nicht dasselbe Nivean @sefertigkeit erreichen wie hérende
Gleichaltrige (Traxler, 2000). Im Vergleich mit dateratur Gber das Lesen hdrender
Personen ist die Debatte bislang in Bezug auf ewtsicheidende Punkte theoretisch
unspezifisch geblieben: 1) Die phonologischen Hiehedie gehdrlose Personen von der
Lautsprache haben kénnten, wurden noch nicht begfig) es scheint keine expliziten
kognitiven Modelle zu geben, die spezifizieren, Wieonologie und andere Faktoren beim
Lesen durch gehdrlose Personen funktionieren. lok&iff auf die Literatur Gber das Lesen
horender Personen (Braun, Hutzler, Ziegler, Daméad& Jacobs, 2009; Briesemeister et al.,
2009; Coltheart, Rastle, Perry, Langdon, & Ziegd®01; Jacobs & Grainger, 1994) schlage
ich vor, dass gehorlose Personen Reprasentatiareder sublexikalischen Struktur der
Lautsprache haben, die auf Mundbildern basiereth daiss diese sublexikalischen Einheiten
wahrend des Lesens durch gehoérlose Personen aktisden. Ich bestimme sublexikalische
Einheiten als 11 “Viseme” (Mundbilder) und ich besne ihre Rolle im Lesen durch
Anpassung der Dual Route Cascaded Model of Red@ialgheart et al., 2001) an mein Set
von Visemen. Ich habe die indirekte Route des Medrstimmt, indem ich ermittelt habe,
ob gehdrlose Personen den Effekt der “Pseudohorrovi&t” wahrend einer lexikalischen
Entscheidungsaufgabe zeigen wurden. Ich stellenditaupteffekt der Pseudohomovisemitat
fest, der suggeriert, dass wenigstens manche gsedlersonen auf die sublexikalische
Struktur wahrend des Lesens einzelner Woérter auisafazugreifen.

Nach meinem besten Wissen ist diese Studie die K& die moglichen sublexikalischen
Einheiten gehorloser Leser spezifiziert und ihngcpslogische Giltigkeit in lexikalischen
Entscheidungen durch Anwendung eines generellektiReazeit Paradigmas der
Worterkennungsliteratur fir hérende Personen ted@terlangte Effekt der
Pseudohomovisemitat legt nahe, dass manche ged&tysonen wahrend des Lesens in der
Tat auf sublexikale Einheiten - in Form von Visemeutomatisch zugreifen konnen.
Nichtsdestoweniger muss die Arbeit zur Identifiaieg der genauen Einheiten und zur
Beurteilung individueller Unterschiede unter gebéén Lesern wahrend ihrer Anwendung
fortgesetzt werden. Wir definierten beispielswalas Viseme-Set basierend auf visuellen und
nicht taktilen Merkmalen. Es ist jedoch plausilgglss gehorlose Personen mehr visemische
Unterschiede aufweisen, als in diesem Bestand mpiigsge wenn taktile Merkmale
bertcksichtigt werden.

In meiner zweiten Studie habe ich mich bemuhtztesellen, welche emotionsbezogene
Ausdriicke von gehdrlosen Sprechern der DGS alsghbgische Einheiten benutzt werden.
Es wurde beobachtet, dass Gebarden fur Emotionsktenzan American Sign Language
(ASL) wie SAD (traurig) (Reilly, Mcintire, & Bellug 1990) mit Gesichtsausdriicken
produziert werden, die in ihrer Bedeutung mit demoionskonzepten tbereinstimmen. In der
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einschlagigen Literatur sind diese Art von Gesigusslriicken oft als phonologische
Merkmale angesehen und nicht als Morpheme, da&eemd einzelner lexikalischer
Einheiten auftreten, aber im Gegensatz zu Gesrshialen werden sie nicht systematisch
zur Modifizierung der Bedeutung von einer ganzeaské von Gebéarden benutzt.
Nichtsdestoweniger wurden diese Gesichtsausdrimiie micht eingehend untersucht,
beispielsweise gibt es meines Wissens bislang keicie Korpus-Studien, die ihren
Zeitumfang bestéatigen oder Daten zu ihrer Frequewz\Verteilung bereitstellen wirden, was
dazu fuhrt, dass ihre linguistische Funktion - @lnsie als phonologische Merkmale,
Morpheme oder etwas anderes angesehen werden soitdt ganzlich klar ist.

Ich fand Beleg daflr, dass ein emotionsbezogensictsausdruck durchgehend mit der
Gebarde EKEL gebraucht wird und beobachtete, dasisen Zeitumfang Gber die
lexikalische Einheit hat. Durch den Gebrauch dmsdf Action Coding System (Ekman et al.
2002b), habe ich ferner festgestellt, dass diagerrt und Weise, wie ein Gesichtsausdruck
produziert wird etwas eigentimlich ist, obwohl da@ngigste Form Munddéffnen und
Zungenprotrusion waren. Beim Versuch, die Funktlea Gesichtsausdrucks entweder
phonologisch oder morphologisch zu erklaren, ssgthh das Problem der offenkundigen
Redundanz. Es ist dasselbe Problem, das beim Enkttrvon, wie Mundbilder in DGS
gebraucht werden, auftaucht. Phonologisch scheaireeredundant zu sein, weil die manuelle
Gebardenkomponente meist ausreichend distinktiumtzusatzliche Merkmale nicht zu
erfordern. Morphologisch fligen emotionsbezogenadBesausdriicke und Mundbilder daflr
keinen neuen semantischen Inhalt zur Gebarde herzgcheinen den semantischen Inhalt
der manuellen Komponente nur zu wiederholen. Denzrdes geringsten Aufwandes
folgend (Zipf, [1949] 2012), schlage ich vor, ddssse Redundanz nur scheinbar ist. Der
Gebrauch von emotionsbezogenen Gesichtsausdriokielundbildern muss fur den
Empfanger der Nachricht von Vorteil sein, sonstdeider Sender nicht die Anstrengung
machen, zusatzliche Artikulatoren zu benutzen. ®ldgpothese kann in zukinftigen
psycholinguistischen Studien Gberpruft werden.

Angesichts der gemeinsamen Merkmale von emotiogjeeen Gesichtsausdricken,
Mundbildern und anderen Gesichtsbewegungen auéxli&alischen Ebene - namlich dass
sie in der Regel einen Zeitumfang von einzelneikéischen Elemente haben, dass sie einen
bestimmten Grad vom semantischen Inhalt habendassl sie variierende Grade von
Unabhangigkeit in Bezug auf die manuelle Komponeirier Gebarde aufweiseietrachten
wir sie als zugehorig zu einer Klasse von Phan@mgedie in Bezug auf folgende Aspekte
variieren; (1) ihre Herkunft und (2) ihre Positiening auf dem phonologisch-
morphologischen Kontinuum. Ich schlage vor diesaské als eine zusatzliche
Kommunikationsschicht erachte die wie ein paradiélexikon zur manuellen Komponente in
der DGS funktioniert. Die Beziehung zwischen dieSehnicht und den manuellen
lexikalischen Einheiten ist in bestimmten Weisealag zur Beziehung zwischen Gesten und
Wortern, oder Intonationen und Wartern. Insgesargchen die Befinde dafir, dass
Gehorlosen verwenden Gesichts-Bewegungen als pbgisohe Einheiten.
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Notation Conventions

Signs from German Sign Language (Deutsche Geb&dmsige: DGS) are represented by
using the German cognate written in caps with agligim approximation in single quotation
marks to the right:

EKEL ‘disgust’
Signs from other signed languages are represested the English cognate written in caps:

SAD



0. Introduction
0.1 Some linguistic history and my intended contrilition to the field

Up until the 1960’s most linguists assumed that trtuman languages are: necessarily
acoustic in form, have an arbitrary link betweemf@and meaning, and are reducible to a set
of finite discrete meaningless units. Signed lagggaare transmitted visually, the link
between form and meaning is more often than naticgedly motivated, and it seemed that
signs could not be decomposed into a finite set@dningless units. Due to the assumption
that signed languages are not true languages, eguvators felt it should also not be used in
deaf education and it was decided in the Secomurational Congress on Education of the
Deaf in 1880 that signed languages should be pitediin schools and that the deaf should
be taught ‘orally’ (by using spoken language). Dgrihat time the ‘oral’ method was
predominant in Germany, while the ‘sign’ method wesdominant in France (Gallaudet,
1881). This shift towards oral education was varfottunate for deaf students as it has been
since shown that early acquisition of signed laggsaby deaf individuals actually facilitates
learning of oral languages (Boudreault & Maybe2®06; Mayberry, 2007; Mayberry, Lock,
& Kazmi, 2002).

An oralist position is still maintained in many fsof the world and in the Federal Republic
of Germany for example, it was not until 2002 wilte Behindertengleichstellungsgesetz
(Disability Discrimination Act) that German Signhguage was legally recognized as a ‘true’
language, giving deaf signers the right to an priter should they need one in a court of law
for instance. What this act essentially means hewevthat deaf signers have the right to use
their language, but the state is not obligeddacatedeaf people in their language (Pabsch,
2013). Education for deaf persons in Germany isidea primarily in German or in a mixed
system of visually represented German called Laat$egleitende Gebarden. This seems
likely to change though, as the Deaf communitylhesen petitioning the government for
Signed Language teaching.

What happened in 1960 that caused a change indirgyattitude to signed languages that
eventually also caused the shift in German poloy@ of the three assumptions mentioned
above regarding what a true language is, was aqurestithrough affirming one of the others:
William Stokoe (1960) published a monograph in whie showed that American Sign
Language signs can be decomposed into sub-lexiéal, which led linguists to assert that
Signed Languages show ‘duality of patterning’ &= reducible to a finite set of discrete
meaningless units (Sandler & Lillo-Martin, 2006,14.3). The demonstration that signed and
spoken languages could share some common abstrasttigal properties brought into
guestion the relevance of what sensory form a streds encoded in. The reason Stokoe’s
monograph had the impact it did, was probably Eegely due to the general paradigm shift
taking place in linguistics and psychology at tineet namely the ‘cognitive revolution’.

The intended contribution of my dissertation iptesent evidence from the use of facial
movements as phonological elements that the otleassumptions mentioned above
regarding the nature of language — arbitrarinedsdasality of patterning — are not more
necessary to a language than acoustic transmigsiolhshow that the minimal elements of



German Signed Language are often not meaninglesthanhthe forms are often iconically
motivated. | am not the first person to questiasthassumptions. For example, Sarah Taub
(2001) has gathered evidence and presented a tteeacgount for non-arbitrary forms in
signed and spoken languages and a recent spextialiirsthelournal of Language and
Cognition(de Boer, Sandler, & Kirby, 2012) presented papersxamining the duality of
patterning assumption. However investigations e@sétwo areas are still in their infancy and
it is in adding novel evidence to the pool and ®s4igg a functionalist theoretical framework
in which to account for the data that | hope mytdbntion lies.

0.2 German Signers and Signed Languages

Signed languages are naturally acquired by chiltbkowing a similar developmental
sequence to that of acquisition of spoken langudbey arise spontaneously amongst
communities of deaf persons, they are supportatidogame neuro-anatomical substrates and
they can be used to do all the things that spokieguages do such as to inform, entertain,
command, comfort, etc. (Campbell, MacSweeney, &aiat2008; Emmorey, 2002). A
common misperception is that signed language seusa@l. The opposite is in fact true. Every
deaf community has developed its own sign languaige even within one country, there can
be large dialectical differences between commusitie

According to the Deutscher Gehoérlosen-Bund (thexaerDeaf Association) there are
80,000 deaf people living in Germany and they cosepa cultural minority living within the
larger hearing community. They are usually bilingtlzat is, they can read and write and to
some extent vocalize German, and some speak Deuebdrdensprache (DGS) or use
Lautsprachbegleitende Gebarden (Manually Coded @®xnThey are a very heterogeneous
group with regards to the age at which they acdwigned language, the type of exposure
they have to signed language and German, and titexts in which they use them.

Deaf identity is often an emotionally and politigatharged issue for deaf individuals. For
example from my experience deaf participants prefethat questionnaire’s should allow
them the opportunity to mark both whether theyaaréiologically deaf and whether they
regard themselves as culturally Deaf (conventignatitten with a capital D). As far as |
understand, the point in distinguishing betweerfriess as a pathology and Deafness as a
culture is to raise awareness that besides therfattuditory deprivation there are many
broader social, cultural and cognitive factors fhlay a role in a deaf individual's
development (Corina & Singleton, 2009) and thatsa®af individuals do not necessarily
regard their deafness as a handicap.

0.3 What is language?

| maintain the following working assumptions regagithe nature of language; it is a
cognitive system whose primary function is for coomeation. It allows humans to combine
meanings with perceptual-motor forms and to furtteenbine these units into complex
semiotic structures.

'Functionalist' is a term usually applied to thesrof language which assume that language is
a system for communication, and that languageapesth by two main principles: the desire to



exert minimal effort and the desire to create matiyndistinct perceptual cues. It has its
historical origins in the works of the Prague Sdhmd | have drawn mainly from the more
recent developments and formalizations of these Ipamiciples in the works of Yishai Tobin
(1997) and Paul Boersma (1998) as well as my owrldpments based on the sign language
evidence | have acquired. In what follows | wilf@fmy justifications for my working
assumptions.

0.3.1 Language is a Cognitive System

My first working assumption is that language isogrmtive system. Language is a
psychological phenomenon in the sense that itadyred by the normally functioning brain.
Within the set of psychological phenomenon, | fartblassify language as ‘cognitive’ since
language appears to involve complex operationseaaa@y information. By ‘system’ | mean
a collection of units that interact with each othed as a result of their interaction create
phenomena that could not be created by any onenriis own. | refer to language as a
‘cognitive system’ since it appears that the uskefjuage requires that several cognitive
units (which in themselves are probably systems)h s memory, theory of mind, emotion,
motor planning and motor execution function togethe

| regard the fact that damage to certain parte@btrain can cause impairments in language
use as evidence that the brain is the seat of &gegu also regard the fact that damage to
different parts of the brain result in differenhés of language impairments as evidence that
language is a system in the sense that it is coegpaisa number of units that appear to be
distributed in the brain and that function togetb@that damage to different units results in
qualitatively different deficits manifest in thetea system. For example, damage to left
Broca’s area and some of the surrounding tissue48A45, parts of 6, 8, 9, 10 and 46)
results in effortful and slow speech with many e s well as incorrect usage of
conjunctions, prepositions and inflectional affixelsile damage to the left posterior auditory
association cortex (BA 22, but also 37,39,40) tssulfluent speech with deficits in phoneme
assembly, naming, and intelligibility of contentvasll as deficits in comprehension of speech
(Damasio, 1992). Neurolinguistic research using B&d fMRI has also made it possible to
observe correlations between brain areas and plartiinguistic tasks in healthy
experimental participants (Price, 2012). Howeveedtions regarding the systemic nature of
language, i.e. what exactly do the implicated bragions do and how do the regions work
together — still remain largely unanswered.

0.3.2 The Function of Language is Communication

My second working assumption is that the primanyction of this system is for humans to
communicate. By communicate, | do not mean mecelgform, | mean to intentionally cause
a human to have a meaning in their mind in thed@etisense. My broad sense of meaning
includes how things look, feel, sound, taste, tav flings work, why things work, feelings
and understanding of social relationships. Thegaa& have for communicating vary, for
instance often we cause others to have a meanihgimmind in order to cause them to do
something, while other times we communicate in otdenake them feel something, and yet
other times in order to make them understand sangetfihe point | wish to make clear



however, is that despite the different goals os¢heommunicative acts they all have in
common that they are cases of intentionally caugihgman to have a meaning in their mind.
| provide three very different examples of whaallcommunicative goals to illustrate this.

Perhaps one of the most common communicative goglbatic communion’ (Malinowski,
[1923] 1989). In phatic communion humans use laggua order to establish, confirm or
alter the nature of their relationships with eatttea Bronislaw Malinowski who coined the
term ‘phatic communion’ provides the following aysib of greetings and small talk:

“The modern English expression, ‘Nice day to-daytlee Melanesian phrase,
‘Whence comest thou?’ are needed to get over thagt and unpleasant tension
which men feel when facing each other in silence.

After the first formula, there comes a flow of larage, purposeless expressions of
preference or aversion, accounts of irrelevant Baps, comments on what is
perfectly obvious. Such gossip, as found in prwveiocieties, differs only a little
from our own.” (p. 314)

In such exchanges there seem to be two commurecgdials. The primary communicative
goal is to cause a human to know what the natutleenf relationship to oneself is. Formulas
such as ‘How are you?’ which are syntactically aalmus and appear un-decomposable seem
to only carry this primary meaning. Their meaningwd be something like ‘I would like to
start a communicative exchange with you’. Howeter‘purposeless expressions of
preference’ in the Malinowski example above appedrave a dual communicative function.
The primary function is to cause a human to haeenteaning of approximately ‘1 am willing
to share personal information with you and invitel yo do the same’ while the secondary
communicative function would be to convey the i meaning carried by the words i.e. to
inform the interlocutor about one’s preferenceddence for the dual communicative goals of
phatic communion is found in the form of selectiwgairments in comprehending the
pragmatics of language on the part of personsajspy degrees of autism (Surian, Baron-
Cohen, & Van der Lely, 1996).

Another communicative goal is to cause a humanxperence aesthetic feelings (Bohrn,
Altmann, Lubrich, Menninghaus, & Jacobs, 2012). iNalski ([1923] 1989) describes this
function well in stating that: “In poetic and litgly production, language is made to embody
human feelings and passions, to render in a sahtdleconvincing manner certain inner states
and processes of mind.” (p. 316). Artistic useknfuage also seem to be comprised of
primary and secondary communicative goals. Thegmymommunicative goal is to cause a
human to experience some kind of emotional staielwtan be very complex and unique if
one considers for example the term ‘Kafkaesquei's Tdrm arose to refer to the feelings of
false hope then despair experienced when confrdatedbitrary and circular rules which
keep one perpetually moving but never arriving,kexbin many readers by the works of
Franz Kafka. The secondary communicative goal iaftrm about events taking place in a
fictional space. Evidence for the dual communiatwals of artistic language is found in the
form of selective impairments in comprehending rpletat and irony on the part of persons



displaying degrees of autism (Happe, 1993). A neagoitive working model that reflects the
dual nature of literary language reading is prodoegSchrott & Jacobs, 2011).

A third communicative goal is to regulate one’s avnotions and thoughts which means that
one can cause oneself to have meanings in onet Mimexample of this is the use of swear
words. Stephens and colleagues (Stephens, Atkikgngston, 2009; Stephens & Umland,
2011) found that participants repeating a sweadware able to keep their hand in a bucket
of ice water on average 40 seconds longer, hadased heart rate, and reported reduced
perceived pain than participants repeating a nogasword. The authors propose that by
repeating a swear word the participants provokeenaotional response of aggression in
themselves which could lead to increased paindot®. In the case of swear words too, there
is a split between primary and secondary meanifigs. primary meaning is something like ‘I
feel aggressive now’ and the secondary one is diers’ or ‘genitals’. Further evidence of
the use of language to cause effects on oneselépogted for example in (Prehn et al., 2011)
in which it was found that subjective emotional esience and brain activation patterns
towards pictures varied depending on whether ppainds verbalized facts, acknowledged
their emotions, or denied their emotions.

Communication — the causing of a human to haveanimg in their mind — seems often to be
composed of at least two levels of meaning. | laalked these two levels ‘primary’ and
‘secondary’; however these terms can roughly cpoed to what other authors describe as
‘pragmatic and figurative senses’ and ‘literal sgmespectively. Evidence for these two
levels of meaning is found in individuals displayidegrees of autism. They are often
selectively impaired in understanding the primamagmatic and figurative) senses of
language but not impaired in understanding thersdaxy (literal) sense of language.

0.3.3 Linguistic Forms are Sensorimotor Entities

My third working assumption is that linguistic fosnare sensorimotor in nature. By this |
mean that what are usually called ‘phonemes’ irflitheature are mental categories that
contain abstracted information about muscle movésnemd acoustic, visual and
proprioceptive perceptual information. If one isfler blind naturally some of the perceptual
information will be missing. | use the term ‘abstian’ in the first two senses described in
Barsalou (2005): (1) categorical knowledge andl{g)behavioral ability to generalize across
instances. Evidence that phonemes are abstradigsra the fact that variant sensorimotor
productions, for example the production of /p/ha English words ‘pen’ and ‘spend’ which
differ acoustically in aspiration, are however itiiéed as the ‘same’ sound by native speakers
of English (Tobin, 1997, p. 22).

Evidence that phonemes activate at least both Mesuhacoustic representations is shown by
the McGurk effect (McGurk & Macdonald, 1976) in whithe visual component of a
phoneme can cause one to report hearing a souadtb#n was actually spoken: when
moving the lips as if to say /ga/ but the auditofprmation of the syllable /ba/ is heard,
subjects report hearing /da/. Phonemes with salientl features are also preferred in word
initial position where it is efficient to place neoperceptual cues (Tobin, 1997, p. 44). The
visual features of phonemes can also be used byraiaduals to form their phonological



representations of spoken languages (Elliott, Br&umimann, & Jacobs, 2012). Evidence
that motor representations are evoked in speedepeon is harder to find because it is
experimentally harder to independently manipulate@ments and their visual or acoustic
results than it is to independently manipulateviseal and acoustic material. However, when
a person is instructed to respond with /pa/ whenthey hear a syllable, production is
facilitated when preceded by acoustic presentatidhe identical syllable than when it is
preceded by /ta/ or /ka/ (Fowler, Brown, Sabadin¥yelhing, 2003). Fowler et al. interpret
this facilitation effect as arising from the positip that perception of the acoustically
presented syllables must also activate motor reptagons, which would than prime the
motor action required of the subject.

Boersma (1998) claims that in speech productionrtb®r representations of phonemes are
the proximal targets, while the perceptual speaiions are the distal targets. By this he
means that in speaking the immediate considerationsg the movement of the articulators
are previously learned locations, constriction degand air pressure in the vocal tract which
are monitored by the proprioceptive system, wiiferimation about the target acoustic
results only comes in later from the much slowetitawny feedback loop. Evidence that the
motor and perceptual features are to some degdep@mdent is found in the fact that there is
no one-to-one mapping relationship between artionyanovements and perceptual results.
For example the perceptual feature ‘nasal’ is ugwalsociated with the articulatory feature
‘lowered velum’, but velum lowering does not alwaysarantee a nasal sound quality. For
example the same amount of velum lowering that dioesult in the perception of nasality in
high vowels is not sufficient for nasality in lowwels (Boersma, 1998, p. 19).

Evidence that the motor specifications are the ipnektargets rather than the acoustic ones is
found in the following experiment:

“If you ask someone to pronounce a central (e.gciJa] with her teeth
clenched, she will make compensating tongue anchéipements; however,
because [a] is not specified for horizontal lipegating, she will not draw the
corners of her mouth apart, though this would yselduch more [a]-like sound;
she will only learn this trick after some practiasjng auditory feedback."
(Boersma, 1998, p.14)

What this experiment is thought to demonstratbas some articulatory features can be
compensated for almost immediately through progptiee feedback when the jaw is
perturbed, but some features can only be compeahg&atéater through learning using
acoustic feedback. The difference between the flesitihat can immediately be compensated
for and the ones that require some kind of learfieg)in whether a particular phoneme in a
particular language is specified for that movenaniot. In the example above the speaker
has associated particular specifications for lig Bomgue movements with the production of
[a] and can immediately compensate for jaw pertiisha that effect these particular stored
features. However, information about lip spreadsigot specified for the production of [a]
and so the speaker in the above example can notdiately compensate for this. She can
only make full compensation after comparing theialchcoustic result with the desired



acoustic result. Another way to state this is tptbat the motor representations forming the
proximal targets of production are under-specified.

Figure 0.1 below is a representation of BoersmE98) model of integration of phonology
into speech production. The model makes a pringigistinction between motor and
perceptual representations of linguistic forms.rEtr@ugh Boersma developed this model to
account for spoken language data, such a modehisrgl enough in principle to account for
the phonology of signed languages. By replacingattwistic features with visual ones and
the oral tract with the relevant muscles used ggesis, one has a model of signed language
production as shown in figure 0.2.

Figure 0.1 Paul Boersma's (1998) model of integratn of phonology into speech
production
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Figure 0.2 Amodel of signed language production based on Boera (1998
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From the assumption that linguistic forms are sensmior entities it follows that at lea
some parts of language can be explained by referenihe general constraints on the hui
motor system and the human perceptual system. Toestraints shou apply equally tc
signed and spoken languages. The differences betivedanguages as far as th
constraints are concerned will lie in the fact tin&t larger muscles of the arms which are
primary articulators in signed languages, and thalleroral muscles which are the prime
articulators of spoken languages may be affectiéerently by the constraints on mot
action. Furthermore, signers might also rely mare@mprioceptive feedback than on vis
feedback, since many of the articular gestures signers make, particularly those of tbe,
cannot be seen by the signer hers

0.3.4 Optimal Rate of Meaning Transfe

My fourth working assumption is that language east at its secondary (literal) level
communication, has an optimal rate of meaning feané\bove | showed that there
evidence that when using language to communicate tre usually primal
(pragmatic/figurative senses) and secondary (litemdg¢ls of meaning involved. In a stu
comparing the rate of American Sign Language sigaimd American English speech, it v
found that even though speech rate (measured idsymar second) was twice fast as
signing rate (measured in signs per second) batjukges have a constant proposition |



as gauged from the secondary level of meaning h@inds move slower than the mouth, and
therefore the amount of signs a signer makes pense(2.5 signs/sec for American Sign
Language) is less than speech rate (4.5 wordsdséarierican English). However, the

amount of propositions made in both languages hasame (0,6 propositions/sec). This is
possible partially because signers can use thegrdad their hands simultaneously giving
them the ability to essentially say two words & $hme time and also because of the efficient
use of space to designate relations (Klima & BeJlu§88). For example the verb HELFEN

‘to help’ in German Sign Language (Figure 0.3) oaan ‘I help you’ or ‘you help me’
depending only on the start and ending points @héinds. This means that one sign can
convey the same meaning as three English words.

Figure 0.3 HELFEN ‘to help’

a. ‘I help you’

N
SEVE-V-aN

b. ‘You help me’

Further evidence for an optimal rate of meaningdfer from seven different spoken
languages can be found in the work of Pellegrinal.e(2011). They found that in their
corpus of spoken language material that the morasgcally dense a syllable is in a
particular language, the slower the syllable rads.vi6emantic density was operationalized in
the following manner: A corpus composed of 20 tevas used. Each text was made of five
semantically related sentences that comprisedratrar or query. Each text was freely
translated from English into seven languages; thezeat is assumed that the texts have
equivalent semantic content. Semantic density tvas talculated using an eighth language
as a reference for normalizing as presented ifioifmeula in figure 0.4 below in which; ID =
Information density, I=Information, K= Text, L=Langgec= total syllables in text, VI =
reference language:

Figure 0.4 Pellegrino et al.’s, (2011) formula fosemantic density of a syllable

It S oyVD ou(VD)
X

IY;  ol) Sk o(L)
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This finding fits in well with the signing data which it is shown that signs, which are denser
than spoken language words, are produced at astateethan the less dense words of
American English. It would seem that signs havemaice but to be semantically denser than
words because the speeding up of articulationysipally not an option. This data, to my
mind, strongly suggests that there is an optimalwarhof meaning that humans can process
per time unit. However, as | keep stressing, thiseovation is valid for the secondary (literal)
sense of language. | am not aware of studies ttehpted to measure the semantic density of
the primary (pragmatic or literary) senses of laggi

0.3.5 Horizontal and Vertical Structure in Language

In language there is both sequential 'horizontialcsure and 'vertical' simultaneous structure.
Horizontal and vertical structure can be seenférént levels of language organization
including the phonological and lexical levels. Egample, in spoken languages it is
recognized that what were usually called phonemesade of phonological features
(Sandler & Lillo-Martin, 2006, p. 122). For examphe phoneme /b/ is composed of a
bilabial feature and a voicing feature. These fest@are produced simultaneously, but they
have some degree of independence in that one salotger than the other and spread over
to the next sequential element. Similarly in sigletjuages, articulatory features such as
handshape, movement, and location are producedtaimaously, but the handshape feature is
independent of the others in that it can be mawethover a long sequence of alternating
movements and locations.

At the lexical level words/signs display horizorg&iucture in that they can be combined with
each other to create sentences. Words and signstadsv vertical structure in that they can
be simultaneously combined with intonational urgesstures, or facial expressions which can
alter their meaning. Consider for example sayirgwrd ‘yes’ with a constant tone and

‘yes’ with a rising tone. The second ‘yes’ wouldiaBy be interpreted as a question or an
indication of uncertainty rather than affirmati@imilarly, in signed languages, producing a
sign with raised eyebrows can signify a questich @eutral eyebrows a statement
(Dachkovsky & Sandler, 2009).

That co-speech gestures are a part of the vesticaiture of language has only recently
gained broad acceptance largely through the wotkawid McNeill. McNeill (1992) showed
that co-speech gestures occur at a rate of abeugesture per clause. They are timed to the
onset of particular lexical items. They add commatary information to that encoded in the
lexical item: for example if | say ‘he climbed upetpipe’ my hands may make a gesture
showing the manner in which ‘he’ climbed. The imf@tion on manner complements the
information given by the verb ‘climb’. The prepaost phase (hands moving into position) of
a gesture anticipates speech, and then synchromitte& during the stroke (the execution of
the gesture). The stroke is timed to end at orreefaut not after, the peak syllable.
Furthermore, studies in production and perceptenretshown that speech and gesture are
hard to separate: delayed auditory feedback anctalistuttering disrupt speech timing, but
do not disrupt speech-gesture synchrony. Afterlayda speech perception, listener-viewers
cannot tell whether a particular piece of inforrmatwas conveyed in the verbal content or in



11

the gestural content (McNeill & Duncan, 2000). Sighalso make co-speech gestures, but
they use their face for the gestures and their ©iéordthe lexical output (Sandler, 2009).

Signers make greater use of vertical structurednylining facial and manual movements
than speakers of spoken languages do. They argatextito make greater use of vertical
structure presumably because the ability to criestesequences of phonological features (as
can be done with the smaller oral muscles) is matl@ble to them. Signers can use the face to
create a parallel lexicon to the one produced byhtinds and therefore say two words at the
same time. For example in American Sign Languagettverbial CARELESSLY - which is
made by tilting the head back and sticking the tengut slightly - can simultaneously
combine with manual verbs such as DRIVE, WRITE &t@reate a meaning equivalent to
'drive carelessly'.

0.3.6 Duality of Patterning

My sixth working assumption is that duality of atting is a statistical tendency in
languages rather than a defining feature. Duafityatterning, henceforth DoP, refers to the
notion that languages can be reduced to meaninglesgents such as the sounds /t/ /a/ Ik/
that can combine in different ways to form meanihghits such as ‘tack’ ‘act’ and ‘cat’
(Hockett, 1960). The patterning is called dual lsesit is proposed that two different kinds
of rules govern the combination of meaningless el@minto meaningful units and the
combination of meaningful elements with each othadd, 2012). Hockett (1960) proposed
that DoP is a design feature of human languagesrasd linguists still maintain this, at least
in so far as that every language must be redutitéefinite set of discrete meaningless
elements (de Boer, Sandler, & Kirby, 2012). Howevelo not assume that DoP is a
necessary feature of language. Like Blevins (2002w DoP as a statistical tendency rather
than an absolute universal. This means that evargthin most languages the minimal units
are usually meaningless, there may be languageshwilioi not have this property at all, or that
within a language some of the minimal units mayrtaningful all of the time, or some of

the minimal units may be meaningful in some corgext

What are the minimal units of language? The phayiodd feature is usually regarded as the
smallest unit of analysis in language, but sindeatigphonological studies make the clear
distinction that Boersma makes between articulaam perceptual features, there is some
variance in the literature in how they are defiaed consequently how many of them there
are. Based on articulatory specifications one &dimd a distinctive feature as a minimal
articulatory act. An example would be palatalizatim which one raises the back of the
tongue towards the palate resulting in a /j/-likersd when air is simultaneously run through
the oral cavity. Even though this movement canupéhér decomposed into three phases:
raising towards the palate, holding at the pakaté, retraction, all of these sub-movements
are motivated by the same proximal goal — to btivegtongue temporarily to the palate. The
distal goal is to create a /j/-like sound. In sigt@nguages the minimal units can also be
described in terms of minimal articulatory acts, the articulators being used would be the
hands, the fingers, the face or even shifts impthgtion of the torso.
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Blevins (2012) cites evidence from many unrelatedjlages that contrary to the claim that
DoP is universal, the minimal units of a languageret always meaningless. In Isthmus
Mixe (a Mexican language) palatalization is coresigliy associated with the meanin§ 3
person singular possessive when on the stem indgi@onant. For example /pam/ = ilness,
/pam/= her illness. In Japanese mimetics, palatiizas associated with the meaning
‘childishness/uncontrolledness' which createsdhewing contrast: poko-poko = up and
down movement,'pko-goko = impudently jumping around. In signed langsaiy®,

minimal articulatory acts, such as the bendindhefftrst knuckles on the hand (the
metacarpophalangeal joints) to create the so-cddldxEnt handshape’ in Israeli Sign
Language is associated with the meaning ‘delinaitatfFuks & Tobin, 2008). In signed
languages association of features with meaningsriscommon and the meanings that are
attached to the minimal articulatory acts are Uguebnically motivated. For example the B-
bent handshape is an image of a limiting barrierother example of iconically motivated
phonological features is the association of thalheeation with mental processes such as the
signs IDEE ‘idea’, PHILOSPHIE ‘philosophy’, TRAUMIfream’, KENNEN ‘know’ in
German Sign Language.

Figure 0.5 The DGS signs IDEE, PHILOSPHIE, TRAUM, KENNEN all located at the
head

Despite the evidence that minimal units of languagenot always meaningless the
assumption that DoP is a defining feature of laggua so entrenched that most phonological
theories reject the idea that meaning and iconamtyld have any role in phonological
processes. | quote for example Sandler and Lilletidé&Sandler & Lillo-Martin, 2006) on

the issue of handshape specifications in signegliages:

“This idea [that iconicity plays a significant rale handshape specification] [...]
is beyond — even incompatible with — phonology askwow it [...].” (p. 169)

However, the functional model of speech productiadopt from Boersma, in which
perceptual and articulatory specifications are s#ply represented and function as proximal
and distal targets in the production process, canramodate the impact of iconicity on
phonology without any alterations. One needs ametognize that the distal perceptual
targets can be iconically motivated.

If features and segments can be meaningful in pi@mand in many cases are meaningful in
practice, why is the statistical tendency towah#st being meaningless? Blevins explains
that as far as features are concerned, for sp@kgyudges most of them cannot be realized in
isolation. For example nasalization which in tewhsinimal movements requires velic
aperture and nasal airflow, requires the presehother features such as voicing to carry it.
Since most features are not independent, they tampainciple be freely distributed in a
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language. This means that features produced mierédygilitate the production of another
feature would be confused with cases in which #reyproduced to convey meaning. Not
only can they not freely combine, there also setenfie too few of them for creating a useful
human vocabulary. There is argument as to exaotlyany features exist, but the proposals
range from 8-40. As far as spoken languages areecoad then, having a set of meaningless
units which only have the function of creating mgtual distinctions is an efficient way to
create large and potentially infinite vocabularies.

The case is slightly different for sign languagése hands and face provide a much larger
range of possible features that can be independaritulated. For example the Hamburg
Notation System specifies 142 different possibledsaape features alone (Prillwitz, Leven,
Zienert, Hanke, & Henning, 1989). In combinatiortwinovement and location features it is
conceivable that a signed language in which thexeéna meaningless elements can still be
productive, and in fact, it is claimed that sudfigned language exists: Al Sayyid Bedouin
Sign Language (Sandler, Aronoff, Meir, & Paddernl PO However, other signed languages
such as American Sign Language and German Signulagyegalso fail to display DoP when
signers use classifier constructions (Sandler &tMartin, 2006, p. 16).

Classifier constructions consist of using a spediindshape, for example the B-handshape
shown in figure 0.5, to denote an entire classoains and then moving the handshape in an
iconic manner as further described below.

Figure 0.6 B-handshape

The B-handshape when oriented palm down can beinggdrman Sign Language and in
American Sign Language to represent flat rectamghiags such as cars, when oriented with
the blade down it can represent thin things lileytles or motorbikes. This hand shape can
be combined with a complex movement, such as sngifvom side to side, going sharply up
then going sharply down, that conveys the predicateponent of the construction. In
English the equivalent meaning would be somethkeg I'The car was swerving on the road
than it went steeply uphill and steeply downhillhese constructions are phonologically
anomalous because the usual constraints on magoatisforms such as symmetry of
movement are violated. In signing a sign the twadsaeither make symmetrical movements,
or the non-dominant hand stays still while the deant hand makes a movement. There are
no signs in which the two hands move independeHibyvever in classifier constructions
both hands can take on independent roles. In thexaanple, the non-dominant hand can take
on the role of a motorbike that is overtaking tinstfcar in the narration.
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Figure 0.7 A comparison of lexical signs and claggr constructions

a. The DGS sign DECEMBER composed of symmetrical moveamt

® % 82w

b. A classifier construction denoting a bike overtakig a car using asymmetric
movement

Figure 0.6 above illustrates the usual constraintthe function of the non-dominant hand in
lexical signs from German Sign Language, compavetd independent role the non-
dominant hand can take on in classifier constrastitmportantly regarding the issue of DoP,
in classifier constructions the handshape featiobeiarly meaningful, while in the lexical
signs the handshape feature is not always assoeutie a meaning.

0.3.7 Iconicity

| assume that the forms of language are often @mt&d/by their meaning based on an
abundance of evidence from signed and spoken lgegugathered for example in the work
of Sarah Taub (2001). The term for form-meaningmdsance is iconicity. In signed
languages forms overwhelmingly resemble their nmegvisually. For example action verbs
resemble the actual action one would do to pertihveraction in real life, such as ‘hammering
action’ meaning ‘to hammer’. Forms can be traceth@air, or depicted with parts of the
body, such as making ‘bunny ears’ with the handseal on the head to mean ‘rabbit’ and
spatial relations between objects can be repreddaytspatial relations between locations
pointed to. Sound-meaning resemblances exist ikesplanguages, for example ring, ding,
buzz, bang, etc.; however they are scarcer thanddorms in signed languages because most
things important to humans do not seem to haveaeacteristic sound to motivate their form.
Taub (2001) concludes, based on the existencesnéliacoustic and other types of iconicity
across languages, that forms ‘try’ to be as reltagtieir meanings as possible.

How are iconic forms derived? Taub (2001) develgpedanalogue building model to answer
this question. The model specifies three stepsitiravhich an iconic form is built. The first
step is called image selection. In image selediach concept such as the chime of a bell
which has specifications for timbre, pitch, soungedope etc., is represented by a less rich
prototypical image for a bell chime, graphicallpresented in figure 0.8 below. The second
step is called schematization. In schematizatierptiototypical bell chime is further
abstracted so that its features can match theré=aawvailable in the language, in English for
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example this would the syllabic features of onsatleus, and coda. The schematized bell
chime features would thus be: abrupt onset, lowtbedtion, and gradual fade. The third
phase is called encoding: the schematic featusesraroded by mapping the following
features onto English segments: abrupt onset lotad, midsection - /i/, and gradual fade /ng/.
These segments make up the distal perceptual $argtte phonological model | adopt from
Boersma.

Figure 0.8 The analogue building process of the ioec word ‘ding’ from Taub (2001)

A bell's
sound
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An example of the analogue building process inaigianguages is presented with the sign
TREE. In image selection a rich concept such ‘toegitaining information regarding size,
shape, texture, and smell, amongst others, issepted by a prototypical image of tree
containing less information. For example it mayspecified for the trunk, earth, branches and
leaves. In the second step, schematization, tragénms further abstracted so that the
remaining features can fit into the existing categgof the language. In the tree example this
means that long tall structure, perpendicular flatassurface, with some branching structure
above is preserved. In the final encoding stagesthematic features are mapped onto the
articulators of the language. Long tall structwenapped onto the arm of the dominant hand,
flat surface is mapped onto the arm of the non-damti hand, and branching structure is
mapped on to the palm and fingers of the dominantih
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Figure 0.9 The analogue building process of the io@ sign ‘TREE’ from Taub (2001)
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0.3.8 Definition of Phonological

Above | defined phonemes as mental categoriectrdain abstracted information about
muscle movements and perceptual information. Howelries definition lacks one important
component. It is not enough that phonemes be deaseabsolutely perceivable units; they
also need to be defined as units that are disthgile from one another. Humans do not
attend to all the perceptual information producédevspeaking and signing, but only to the
information that makes meaningful distinctions, #md varies from language to language.
For example in English if | pronounce /pen/ witipiaation [g'en] or without [pen] a native
English listener would still infer that | mean ‘anplement to write with using ink’. However
for a speaker of Hindi, in which aspiration is atatictive feature, the two pronunciations
would not be regarded as referring to the same word

The units that make the meaningful contrasts iguages are not necessarily feature sized.
Blevins (2012) cites evidence from Semitic langusaige the existence of non-feature sized
phonological units. Many Semitic languages useabidl templates that are only specified for
the features usually called vowel and consonaatdate minimal contrasts such as CVCVC
vs. CVCCVC.

Based on the theoretical assumptions | presentageabdefine the term ‘phonological’ as:
having the function of differentiating linguistiteenents from one another by creating
perceptually salient cues. These cues can comaious shapes and sizes. Even though
phonological elements have the function of cregpiegeptual distinctions they can also
sometimes simultaneously have a semantic function.

0.4 Phonological Facial Movements

In this section | will describe the facial movengensed in signed languages that usually have
temporal scope over a single sign, i.e. they begfim onset of the movement of the hands and
end with offset of the movement of the hands fa sign. These types of facial movements
are usually divided into two groups: mouthings amelith gestures (Boyes Braem & Sutton-
Spence, 2001). Mouthings are movements of thehigisare derived from spoken language
words. For example a signer could make the sign WMURorm’ with her hand and
simultaneously move her lips as if to say ‘wurmhelterm mouth gesture is used for
movements of the lips that are not derived fronkspdanguages however these type of lip
movements are sometimes also made together wién fatbial muscle movements such as
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brow furrowing and nose wrinkling (Sutton-Spenc®4&y, 2001, p. 79) and so the term face
gesture, or simply facial movements as used in isgedtation title, would be more accurate.
Mouth gestures include: adverbials such as the faeiSign Language head tilt with tongue
protrusion that means CARELESSLY; enacting gestsues as a ‘kiss’ mouth with the sign
KISS in British Sign Language, or the puffing ofitlee cheeks to form an adjective meaning
BIG or FAT in German Sign Language. All these typefacial movements seem to have
some semantic content. However there are alsd faceements with scope over single signs
that appear to have no semantic content, they seemy echo the movement of the hands.
That is, if the hands make an opening movemerdpss the mouth (Woll, 2001).

There is controversy over how these facial movemshould be linguistically classified.
Since most of these facial movements have sememtiient, most researchers do not classify
them as phonological since most researchers asduatiey of patterning is a linguistic
universal, i.e., that phonemes are necessarily mglass elements. However, many facial
movements despite having semantic content do meaado be like typical morphemes
either, since in many cases the semantic informahiey carry appears to be identical to the
semantic information conveyed by the hands anctber appears redundant. An example of
this is, moving the lips as if to pronounce ‘wurwhile making the sign for WURM with the
hands. The differences between the types of favislements has motivated some
researchers to regard mouthings and mouth gestsréistinct phenomena (e.g. Ebbinghaus
& Hessmann, 2001), however based on my analysiseadifferences and similarities
between these movements, and following my worksgumptions regarding language above,
| propose that the various facial movements withpsoover single signs are the same
phenomenon, and that the primary function of tHasil movements is phonological, i.e.
differentiating linguistic elements from one anatbg creating perceptually salient cues.

The similarity between these facial movements é& temporal scope. Unlike emotion
related facial expressions, and prosodic facialenments made by signers while signing,
these facial movements all have scope only overglessign. To my understanding this
strongly suggests that the motivation for thisdhonovement is to make single signs
perceptually distinct from one another. These faniavements differ on two dimensions;
origin and the extent to which they add semantiteat. These facial movements originate
either from the ambient spoken language, or asacamactments (kiss mouth to mean ‘kiss’)
or iconic representations (puffed cheeks to meay)),lor as imitations of hand movements
(opening of mouth together with opening of han@eme of these facial movements add new
semantic content (‘careless’ face with the hangsisg WRITE which means ‘to write
carelessly’), some have the same semantic corgghtéhands (mouthing of ‘wurm’ with the
manual component WURM), while others appear to mveemantic content. In my second
study | further develop this argument and provideence for it (Elliott & Jacobs,
submitted).

0.5 The Reality of Phonology

Despite the fact that it is uncontroversial that acientific explanation of language must
assume that language stems from the brain, lingsist often practiced as if behavioral,
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cognitive and neurocognitive findings are irrelevanlinguistic theory. Poeppel and Embick
(2005) state this well:

“We take it that the central question of neuralirsgic research is the question of
how the grammar of human language is computedeifttiman brain. Our revised
research program diverges from a familiar assumptidinguistic theory, which
often proceeds as if experimental evidence -- wéreftiom neuroscience or
psycholinguistics -- is in principle irrelevantttzeories of how language works.
This assumption, which is often tacit in linguisteory, is made manifest in the
idea that there might be notions of ‘psychological’neurological’ reality that

are distinct from the reality that linguistic thg@ddresses. [...] There is no need
for terms like ‘psychologically real’ or ‘neurolagslly real.” These terms, because
they are qualified, imply that there is some otlype of reality to linguistic
computations beyond being computed in the braia liiguistic analysis is

correct -- i.e. identifies something real -- itmiies computations/representations
that are computed in the minds/brains of speakéoal these computations are
implemented at different levels of biological abstron is the primary analytical
guestion for neurolinguistics. [...] Just as the agslk program of neurolinguistics
must be informed by linguistic theory, linguistiebry cannot proceed in a way
that systematically ignores experimental resuljs.114-115)

Even though | do not describe language in terntoofputations/representations, | could not
agree more with Poeppel and Embick that linguisteory should be informed by
experimental results, and as | am interested irt vghraally in the mind/brain | only posit
linguistic constructs which | claim could be suélalities. For this reason | find functionalist
theories of language attractive since they stiokelto what is known about motor and
perceptual systems. It may be the case that noytevgg in language or even phonology can
be accounted for by motor and perceptual conssanawever it seems reasonable to me to
start by first ruling out this possibility befordding constructs to one’s ontology. For the
purposes of my dissertation, phonological facial’ements can be well accounted for with
the working assumptions presented in my introductio

In what follows | present two studies aimed at plong further empirical evidence for my
assumptions, and | also present a review papéetreretationship between emotion-related
facial expressions and facial movements used gaistic elements. In the first study | tested
the possibility that deaf persons can use mouthasgbe basis for their phonological
representations of spoken German. | hypothesizgdftdeaf individuals automatically
access phonological representations based on mgastturing reading of German, that they
will display a ‘pseudo-homophone’ effect, i.e. seweaction times to pseudo-homophonic
non-words (BRANE) compared to non-pseudo-homophoarcwords (BLANE). In the
second study, | aimed to establish whether emaoétated facial expressions are regularly
used as part of the signs for emotion conceptseirm@n Sign Language. | assessed this by
gathering a corpus of German Sign Language emogiated signs.
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1. Study One

A version of this manuscript is published in JolefaDeaf Studies and Deaf Education,
17(2), 227-243.

A Dual-Route Cascaded Model of Reading by Deaf Adig: Evidence for grapheme to
viseme conversion.

Eeva A. Elliott 1, Mario Braun 1,2, Michael Kuhlmad, and Arthur M. Jacobs1,2
1 Freie Universitat Berlin

2 Dahlem Institute for Neuroimaging of Emotion (DLIE.)

Abstract

There is an ongoing debate whether deaf individaetess phonology when reading and if
so, what impact the ability to access phonologyhinigve on reading achievement.
However, the debate so far has been theoreticalipecific on two accounts: 1) the
phonological units deaf individuals may have ofl taaguage have not been specified 2)
there seem to be no explicit cognitive models $pg how phonology and other factors
operate in reading by deaf individuals. We propbs¢ deaf individuals have representations
of the sub-lexical structure of oral-aural languagdpch are based on mouth shapes, and that
these sub-lexical units are activated during reptiyndeaf individuals. We specify the sub-
lexical units of deaf German readers as 11 ‘visénaesl incorporate the viseme-set into a
working model of single word reading by deaf adblised on Coltheart et al.’s (2001) Dual
Route Cascaded Model of reading aloud (DRC). Wesassl the indirect route of this model
by investigating the ‘pseudo-homoviseme’ effechgsa lexical decision task in deaf German
reading adults. We found a main effect of pseudmdnasemy suggesting that at least some
deaf individuals do automatically access sub-léxstraicture during single word reading.

Keywords deaf reading, phonology, visemes, DRC
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It is well documented that deaf individuals lag inelthe hearing in reading age (Traxler,
2000; Wauters, Van Bon, & Tellings, 2006). In arerpt to understand why deaf readers lag
behind their peers, much research in the fieldfbassed on identifying the potential
underlying skills that contribute to deaf readimgnpetence. Various skills, such as Sign
Language competence, phonological awareness, speéag skill, and vocabulary, have
been correlated with reading achievement, but tisedesagreement regarding which of the
implicated skills are crucial for high reading amrement by deaf individuals, and why. In
contrast to research on word recognition in hegpergons, the current debates concerning
reading by deaf individuals do not offer propoghkt describe and model the specific
cognitive processes involved when deaf individuadsl.

Even though reading ability of deaf individualgprebably a too complex behavior to be
explained by one factor alone, the literature stillects a tendency to emphasize one skill
over another, without making specific and detarteatiels attempting to explain exactly how
all of the factors, or one supposedly crucial faobperate together in the act of reading.

Paul and Lee (2010, p. 459) for example, stateatiteg is a complex cognitive activity, and
no single factor can account for the complete rafgkfficulties that impede the reading
development of individuals”. In their ‘qualitatigmilarity hypothesis’ they claim that deaf
readers develop reading skill in a qualitativelyitar fashion to their hearing peers, only
guantitatively delayed. However, without describex@gctly how the hearing read, this
hypothesis remains too general to allow experimédests. As there is still an intensive
ongoing debate regarding the relative contributioiharthography and phonology in hearing
readers and dyslexics (Alvarez, Carreiras, & Pe26@4; Frost, 1998; Stenneken, Conrad,
Hutzler, Braun, & Jacobs, 2005) the ‘qualitativeigarity hypothesis’ seems to be a limited
research tool, unless its authors specify whicthefcompeting computational models of
hearing reading they find most convincing (Colthearal., 2001; Grainger & Jacobs, 1996;
Perry, Ziegler, & Zorzi, 2007; Zorzi, 2010). Secbndhere needs to be an explanation of the
mechanism that delays deaf individual’'s reading pet®nce in comparison to hearing
readers. Also, an explanation is required of tloe thsat some deaf readers are not simply
delayed in reading development; rather, they nagtrally do reach hearing levels of reading
as reflected in the reading quotients of the golaiticipants in our experiment, provided in
the results section below.

Hermans et al. (2008a) also point out the lackpet#ic models of reading by deaf
individuals. They develop a model which specifiegvtbilingually educated deaf children
acquire written language vocabulary. Their modskdbes three stages through which an
orthographic lexical entry is incorporated intoréld’'s mental lexicon. In the first stage an
association between a Sign word and the writtematagis established. At this point, the
lexical entry contains only orthographic informatidout no morphological, syntactic, or
semantic specifications. In the second stage timastc and syntactic specifications of the
Sign lemma are copied into the lexical represemadf the orthographic word. At this stage,
the sign language system is not necessarily indalvéhe recognition of the written word. In
the last stage the morphological specificationgHerorthographic word are filled in and the
connection to the conceptual system is indeperafehte Sign Language system. The authors
also provide experimental evidence for the actoratif the Sign cognates during reading (see
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also Morford, Wilkinson, Villwock, Pifiar, and KrolR011) for evidence of American Sign
Language activation during English reading). Thdel provides a specific description of
how written language vocabulary can be acquireddaf children in a particular setting, and
it offers an account of the correlations that wél mentioned below between Sign Language
skills, productive vocabulary, and reading skilowever, the model is not informative
regarding the possible contribution of phonologeakreness, recoding, and speechreading
to deaf individuals’ reading skill.

Below, we present some of the skills that are thotig have a major impact on deaf
individuals’ reading competence, focusing mainlyptionological skills and speechreading,
as these are relevant to our experiment. Howelisrdbes not constitute a comprehensive
review of all the research on all related skillse Wien address terminological issues and
finally we present our working model of word recdgm in deaf readers.

Skills Related to Reading Comprehension amongst Deblndividuals

One of the most debated issues in the deaf reditengture is whether deaf individuals have
phonological representations of oral-aural langeagel if so, whether they automatically
make use of these representations when readingdBasdeaf participant’s performance on
rhyme judgments, Dodd and Hermelin (1977) suggeasigddeaf individuals have
representations of the sub-lexical structure ofliEhdased on speechreading. The studies
that followed since, assessing whether or not oheffiduals have phonological
representations of written words, have producecethiesults. A meta-analysis of studies on
phonological coding and awareness (PCA) amongs$trdaders by Mayberry, Giudice, and
Lieberman (2011) found that of the studies meetweg inclusion criteria 16 reported
evidence of PCA, 20 reported no evidence of PCA, Hhreported evidence of PCA for a
subgroup. In general their results showed that PAdicts 11% of reading proficiency
variance in the deaf population. For additionaiees of PCA in deaf readers see (Paul,
Wang, Trezek, & Luckner, 2009; Perfetti & Sandak)@, Wang, Trezek, Luckner, & Paul,
2008). A longitudinal study by Colin, Magnan, Eealand Leybaert (2007) seemed to show
that phonological awareness is predictive of reggiill for deaf individuals. They found that
phonological awareness, measured using a rhymside@nd rhyme generation task, in 21
deaf and hearing pre-readers predicted written werdgnition scores one year later.
However, a longitudinal study by Kyle and Harri®1R) showed a more complex pattern of
findings, as described below.

Rhyme judgment data suggest that at least somearakeitduals can activate some form of
phonological code for written words when requiredid so. However, the ability to make
correct rhyme judgments when asked to do so dagsrovide strong evidence that
phonological codes are automatically accessed glugading. A stronger case could possibly
be made, if a pseudo-homophone effect - a valikenaf well-functioning phonological
recoding in hearing readers as measured by thealedecision task (Braun, Hutzler, Ziegler,
Dambacher, & Jacobs, 2009; Ziegler, Jacobs, & Kély#001)— could be demonstrated in
deaf readers, suggesting that they automaticatlgsscphonological codes while reading. The
reason is that in order to perform a visual lexaedision the activation of phonological codes
in principle is not required. It is actually a hradce to performance, as far as pseudo-
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homophones (BRANE, FOCKS) are concerned. BeeclHands (1997) used a card sorting
lexical decision task with deaf children. They dumt find significant regularity or
homophony effects. Transler and Reitsma (2005)a&gld the Beech and Harris study with
better controlled stimuli and did find a pseudo-lopimone effect for deaf children. Note that
both of these studies only measured error rataseQHermans, Knoors, Hendriks, and
Verhoeven (2010) used a picture-word verificatiasktwith deaf children, but did not find a
significant effect of pseudo-homophony.

In summary, there is some evidence for phonologeareness and recoding in at least some
deaf individuals. However, whether phonologicale®dre automatically accessed during
reading and how PCA is related to reading achiemtiisenot clear. Furthermore, to the best
of our knowledge, no study has specified the pésgibonological units activated by deaf
individuals, beyond the assertion that they magédreved from speechreading.

Harris and Moreno (2006) aimed to identify the Iskilf good deaf readers. They directly
compared good and poor reading groups. They mehphianological coding in deaf
individuals by counting the percentage of phonetrors in spelling and in counting syllables.
They also looked at orthographic awareness, speagahgibility, and accuracy in
speechreading. From their results they concludadsieechreading ability was probably the
underlying skill used by good readers. Within th@o@ Reader group were individuals both
with good and poor phonological skills; howeventlal had good speechreading skills. They
also suggested that speechreading alone is nogken@ther factors such as vocabulary size
may also determine reading ability. Kyle and Haf2i806) also found productive vocabulary
and speechreading skill to be the significant mieds of reading for deaf individuals.

Kyle and Harris (2010) conducted one of the fewglardinal studies on deaf reading skill.
Their results suggest that speechreading skillediptive of later reading skill. The authors
assessed the role of phonological awareness, predwocabulary, speechreading, and short
term memory, over a three year period, for a gi@9 deaf children, to assess what impact
each skill had on reading outcome. They found ¢lagier vocabulary and speech reading
skills predicted longitudinal growth in reading aslement, while earlier reading ability was
related to later phonological awareness. Speecimgaghs a significant predictor of word
reading ability for the first time period, whilsb¥abulary was consistently predictive across
all measured time periods. The authors interpistfinding as a possible indication that
phonological skill is acquired through reading iastion for deaf individuals, and not the
other way round, and that speechreading providebdikis from which deaf individuals
create their phonological codes of oral-aural laggu Findings in Kyle and Harris (2011)
showed that speechreading was also a longitudoreglate of reading and spelling for
hearing children as well as deaf children. Furthgport for the idea that speechreading is the
source from which deaf individuals derive phonotadjiunits can be found in (Hanson &
Fowler, 1987; Leybaert, 2000; Mohammed, Campbeticdiveeney, Barry, & Coleman,
2006). We propose that the next step in this liregearch is to put forward a specific set of
phonological units that are derivable from speeattireg, to offer a model of how these units
are used to read, and to test this model. Thihat we attempt to do in our experiment, as
described below.
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Most of the studies mentioned above did not coritnothe Sign Language skills of the
participants. Chamberlain and Mayberry (2008) fotivad ASL skill correlates with English
reading skill. Hermans, et al. (2008b) also repastrong correlation between Dutch Sign
Language vocabulary skills and written Dutch sKilhey propose a model of how
competence in a Sign Language can contribute tgetence in a written oral-aural language
Hermans et al. (2008a).

Miller (2010) found that phonological awareness waspredictive of reading

comprehension skill. Rather, he found that knowdedfjthe syntactic structure of written
Hebrew underlies reading comprehension skill. Heusses deaf individuals’ reading skill in
terms of two reading strategies, a semantic styatagl a syntactic strategy. He proposes that
developing syntactic knowledge of poor readers @ a better educational policy than
focusing on phonological awareness.

Visemes — the ‘phonemes’ of deaf readers?

In order to better understand the mixed findingpbanological recoding by deaf individuals
during reading, we propose a specific hypothesiwloat the phonological codes of deaf
individuals are and how they are acquired. We ipoate this code into a tentative working
model of single word reading for deaf individuals.

Firstly, we wish to make one point regarding terohagy. The term ‘phonology’ is often used
in a different sense in the literature on deaf iregdkills than it is used in the Sign Language
literature. In the former, it usually refers to dekical structure that is acoustically
manifested, i.e. abstract representations of comsunds. This is etymologically correct,
since ‘phone’ means ‘sound’. In this regard, it e@kense to say that deaf individuals have
impoverished phonology as in the example below:

“[...] @ major source of difficulty for many deafaders ismpoverished
phonological knowledge[italics mine] (Beech & Harris, 1997, p. 106)

However, ‘phonology’ has taken on a broader measinge the first linguistic studies of
American Sign Language in the 1960’s (Stokoe, 196@) has come to mean the abstract
representations of sub-lexical units of any mogalitsual or acoustic. Sign linguists
generally use the term in its broader sense. fngnse, the quote above is inaccurate, since
deaf children exposed to Sign from an early agaagjuire normal phonological knowledge
of their own language, and this is not hinderecubdgitory deprivation. What they perhaps
lack are full representations of the phonologie&efman, or English or whichever language
is used by the hearing community within which theg. We will use the term ‘sub-lexical
structure’ hereinafter to refer to the phonologiéanguages both of hearing and deaf
individuals, as this is a modality independent term

By definition phonemes are abstract mental unitsiHis reason it is stated in Paul et al.
(2009, p. 348) that they do not necessarily nedzkbtbeard; “Actually we refer to phonemes
as abstract entities that do not necessarily rebed heard or spoken (in isolation or as part of
blending or segmenting)”. This notion is problerodtr the following reason; phonemes are
abstract, but they are acquired through exposucerorete sensory input. To develop the full
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phonemic repertoire of any language, one needs &xposed to that specific language,
preferably at a young age. McQuarrie and Parrit®92 present evidence that deaf

individuals do not have sub-lexical representatiminEnglish that are equivalent to that of the
hearing. They conclude that sub-lexical structaenot play an important role in deaf

reading skills. In contrast, we propose that dedividuals do have abstract representations of
the sub-lexical units of Spoken Languages. Howdhese units are not identical to the sub-
lexical units of their hearing peers, because #reyderived from the visual sensory input
alone. We call these units visemes (‘visual-phorg)riellowing Fisher (1968).

McQuarrie and Parrila (2009) note that positiveliiigs of sub-lexical effects in deaf
individuals are mostly from two-choice discrimiratiexperiments, in which the choice could
have been made on the basis of ‘tactile or visualarity’. They state that what have been
reported as phonological effects may have beereddug not controlling for tactile and

visual similarity between phonologically similar mis. As stated before, we do not claim that
deaf individuals have a phonological repertoird thadentical to their hearing peers, but that
based on the very visual or tactile stimuli McQueand Parrila (2009) present as a confound
of phonological similarity, they can develop a nrepiee of visemes which may be activated
when they read.

Construction of the German Viseme Set of Deaf Reade

Auer (2009) carried out a four step process invitegithe visemes for English in his studies
of speechreading which is very similar to the omecarried out for deriving the visemes of
German. The steps are; (1) development of segmettahscription rules to represent only
visually perceptible segments. He does not uséetine viseme; instead he uses the term
Phoneme Equivalence Class (PEC). (2) Applicatioretshnscription rules to all words in a
phonemically transcribed word database, (3) sodingords into lexical equivalence classes
(LECs), which | call homovisemes. (4) Use of quiatitie measures on information in the
retranscribed word database. Auer used twelve RP&@ENglish, compared with the eleven
visemes we define for German. For highly skilledesgh-readers Auer uses 19 PECs.
However, Auer does not apply his work to the issueeading skill.

In our attempt to define the viseme set of deadeemof German, we analyzed videos of
mouthings taken from the German Sign Language (t&xe Gebardensprache”; DGS)
dictionary (Kestner & Hollmann, 2009) as the reatiian of mouthings by deaf people. We
chose to derive our viseme set from mouthings prediy deaf individuals in the context of
DGS, instead of from German speechreading fordhewing reasons:

Mouthings (not to be confused with mouth-gesture§)GS lexical items are identical to the
mouthing caused by articulating the German equitaMouthings occur frequently in DGS
(Ebbinghaus & Hessmann, 2001) and can serve toBigaiate signs that have the same
manual component (such as SISTER and BROTHER)oAgh the linguistic status of
mouthings in Sign Languages is under debate (BByasm & Sutton-Spence, 2001), in DGS
at least they are used and perceived frequentlytéAon that it may be better to use visemes
that are actually produced by deaf people, as fpeaon must have a representation of that
viseme in order to produce it. Had we just usedtwleaf individuals see, rather than

produce, we would have a weaker basis to claimttieste units are mentally stored. For
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example a foreign language learner can be exposeeWt phonemes, but if she cannot
produce them, it is harder, though not impossiiolg¢udge whether she can distinguish these
new phonemes when perceiving them.

We went through a list of German phonemes, giveFainle 1 below in CELEX notation
(Baayen, Piepenbrock, & Gulikers, 1995), and lookedxamples of their mouthing in the
DGS dictionary. We thus could distinguish 11 difet mouth shapes shown in Table 1.1.

Table 1.1 Visemic Inventory of DGS

Phoneme Viseme Description

(CELEX

notation)

bmp P Lips compressed

dnstz T Lips slightly apart with tongue in cactt with teeth

@Nghkrx - Relaxed medium opening of mouth

I L Open mouth, tongue contacts alveolar ridge and
drops

fv F Pouting of the lips while teeth stay together

[i] I Spreading of lips slightly open

Ee E Medium opening of spread lips

a A Wide opening of mouth

&0Qo 0] Rounding of lips

UYuy U Pouting of lips

Starting with the bilabial stops, we searched ferr@an words in which /p/, for example,
appears word initial and before the vowel /a/ rethe word ‘Paste’. We looked at word initial
position as this provided a clear point of onset &Wose pre-/a/ position on the rationale that
the maximal opening of the mouth for this phonenogld also give us an as-clear-as-
possible visible point of reference for the terntima of /p/. We then took a snapshot of the
mouthing, and compared it with /p/’s occurring ther environments, such as word medial,
or word final, and before different vowels. In swatvironments the mouthing was co-
articulated: for example, there was lip roundingia-/o/ position. We assigned the symbol
/P/ to this mouthing, and described it as the ‘Gpmpressed’ viseme /P/. Finally, we
compared the viseme /P/ in our first snapshot usthealization by two other speakers of
DGS, to filter out individual differences in artiation.
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In the next stage, we followed the same stepsh®erman phoneme /b/. According to our
analysis, it is visemically identical to /P/, agn¥. So the three German phonemes /p, b, m/
map onto the viseme /P/. We then repeated thisedwoe for all German phonemes. We
searched for vowels in word initial and pre-/P/ipos, as the compression of the lips for /P/
gives a clear indication of the vowels terminatiosing this procedure, 11 visemes could be
clearly identified.

The neutral viseme /-/ is an interesting casedbaerves careful future study. In word initial
position, we did not always find any visible eviderof its existence. In the entry for ‘Gala’
there is clearly a neutral mouthing before thevidéme, but in ‘Kabel’ this is less clear. The
same applies for its occurrences in other positiongord final position however, where a
reduced vowel would be in German, it is usuallyadieseen. Although /-/ appears to be
particularly prone to co-articulation, one can spate that it may have significance as a
timing slot, and therefore should be representedvisemic transcription of mouthings. For
this reason, we chose the dash as its symboldicate that it holds a space in time, but has
only minimal visual features.

We then converted the CELEX German database istmitc transcription and calculated the
frequencies of the 11 visemes as shown in table 1.2

Table 1.2 Type Frequency Values of the 11 German $&mes

Viseme Number of occurrences in | % Occurrences per total
CELEX (type) occurrences

- 119728 25.66

T 113810 24.39

A 40022 8.57

I 38161 8.18

P 31695 6.79

U 24794 5.31

E 23559 5.05

L 23222 4.97

F 21456 4.59

6] 17894 3.83

S 12167 2.60

Total occurrences 466508

We then assessed how many lexical entries in @amic lexicon were homovisemic
(analogous to homophonic). Out of 51728 entrighénCELEX database, 87% (45101) are
unique (not homovisemic with any other entry). ©lthe total high frequency words (more
than 20 occurrences per million) 83% are uniquaaesn({2920 of 3535).

Taking into account the amount of exposure deafiddals have to mouthings, and Auer’s
(2009) findings of frequency and neighborhood dffdor speech-read words it is plausible
that deaf individuals do indeed naturally acquisetof visemes. Deaf individuals are
exposed to mouthings in several different contekssdescribed in Ebbinghaus and
Hessmann (2001) speech-reading is used in comntiomdaetween deaf and hearing
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individuals, although it is described as beingficefnt. Manually Coded German, which is
frequently used in educational settings for dedivilduals, is also a context in which
mouthed German words are accompanied with mangias sLastly, in DGS, mouthings that
match the German cognates of signed words occethtegwith a manual component. Within
DGS, mouthing occurs at roughly one mouthed woreMiry two manual signs. Furthermore,
the findings of a correlation between speechreaskilyand reading skill in deaf children
(Harris & Moreno, 2006; Kyle & Harris, 2006; Kyle Barris, 2010; Kyle & Harris, 2011)
described above would also indicate that a nafuaaiquired viseme set from speechreading
could be utilized in the process of reading by dedividuals. Our viseme set and DRC
model of reading by deaf adults described beloavspecific proposal of how exactly
speechreading could provide the basis from whiei ohelividuals create their sub-lexical
codes of spoken languages.

Despite the fact that DGS mouthings are identcahé mouthing caused by articulating the
German cognate, we nevertheless compare our see¢d&om deaf mouthings to a viseme
set taken from the realization of German mouthimgbkearing German speakers.
Aschenberner and Weiss (2005) constructed a visetier German which consists of 15
units. They for example assigned /p,b/ a commoames but /m/ was a assigned a separate
viseme because the lip compression lasted longerftr /p/ and /b/. It is important to note
that had we adopted the Aschenberner and Weisthsetyould not have altered the
architecture of the DRC model, nor would it havierald our predictions or the manner in
which we designed our experiment as we explainvibelkas also possible that each deaf
person has a slightly different number of sub-lakimits depending on the amount of
residual hearing they have — which may give theoess to acoustic distinctions in addition
to visual distinctions — or simply because somd oetviduals may be more skilled at
differentiating the visual features. For examplés possible that some deaf people
distinguish /m/ as visemically different to /p,ls/r@flected in Aschenberner and Weiss’ set.
Essentially, the more sub-lexical units one propateaf individuals have access to, the closer
reading by deaf individuals should approximate imgareading levels, but the architecture of
the system that processes the units remains the &arboth deaf and hearing people.

The Dual Route Cascaded Model of Reading by Deaf Aitts

Dual route models of reading have been referred tioe deaf reading literature (Beech &
Harris, 1997), but so far no hypothesis as to dxadtat kind of dual route system would
accurately model reading by deaf individuals hanbafered. Also, no specific sub-lexical
units have been defined for the indirect route doelystating that it is possible that deaf
individuals have sub-lexical representations basedpeechreading. Compared to the
detailed and empirically well-backed models of hmegareading (Jacobs & Grainger, 1994),
the deaf reading literature still requires theaadtdevelopment and model building. As
explained in (Coltheart et al., 2001) the bendfitgplementing a theory as a computational
model is that computational modeling requires $pkcification of a process, as a computer
program will not run unless fully specified. Thard¢es theorists to make very precise
theoretical commitments. When a model does not wokkads either to adjustments of the
model, or to a rejection of it. Furthermore, congpiginal models also predict behavior on
certain tasks, which can then be experimentallifiedron humans. If the prediction is not
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supported, the model must then be modified to atcfawn the new data. They do of course
caution that even though a computational model fuagtion and account for all existing
empirical data, this does not rule out the pogsiitthat another model with a very different
architecture could be developed that can do thegasks. Should two competing models
exist, they can be tested against each other bgidg\a new task that would elicit different
behaviors from each model given their architectwhichever model more accurately
mirrors human behavior on this new task would thave to be accepted as the better model.
Below | describe in some detail how and why Colthead colleagues developed the dual
route cascaded model of visual word recognitionraading aloud (DRC), and how and why
we adopt this architecture to describe readingdaf thdividuals. For an in depth
understanding of the model, the DRC is availabla fieely downloadable program at:
http://www.maccs.mq.edu.au/~ssaunder/DRC/

The DRC model describes how one syllable wordgpdbueight letters that are visually
perceived as print are converted to a string ohehtes that allows the system to respond on
a lexical decision task or to read the phonemagtiloud. The architecture of the model is
hand wired rather than learnt through an algoritfilve reason for this being that the
developers of the model preferred relying on ahigecture that is motivated by empirical
findings on human behavior rather than backpropagasince backpropagation can generate
architectures that may not reflect what researdltates to be true of the actual architecture
of the human cognitive system for reading. Theofwlhg are some of the architectural
choices made by the developers of the DRC modetd3sing is cascaded not threshholded.
That is, activation spreads from one layer to amo#tutomatically without the requirement
that activation in the layer reach a certain thoégbefore flowing down. They also use local
rather than distributed representations for woSid-lexical processing takes place at the
phoneme level. That is, graphemes (a single lettargroup of letters such as: a, b, gh, ph)
associate with a single phoneme. Furthermore tbiéywf the GRIN principle of

computational modeling which means: activationredgd instead of all-or-none, it is
random, it is interactive (information flows biditeonaly), and it is non-linear. For a detailed
account of the empirical evidence from humans thativates each of these choices, see
(Coltheart et al., 2001) and references therein.
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Figure 1.1 The dual-route cascaded model of visual word recogiion and reading aloud,
reprinted with permission from Coltheart et al. (2001)
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The DRC model converts print to phonemes in thewohg manner: The first two units in

the model reflect early visual perception. On emtetng printed words, visual features that
are activated in the visual feature unit layenad® or inhibit individual letters in the letter
unit layer. For example seeing the letter (t) woadtivate all letter units that share the visual
feature of a cross, such as (f) and inhibit atklet that lack this feature such as (I). In this
manner many non-target letters receive activabanhafter a sufficient amount of cycles the
target letter (t) will have the greatest amounactivation. From the letter units downwards
the task is to convert the letter string into ane string that is available for a response by
the system such as reading or deciding if thegigra word or not. The letter units send
activation down three routes to the final destoranf the phoneme system; the semantic
route, the lexical route and the sub-lexical rod®this is a cascaded process, activation
spreads down all three routes simultaneously dritirake routes interact with each other and
affect the behavior of the system. Despite havmge routes, the DRC model is called a dual
route model because only the lexical and sub-léxatges are implemented in the
computational model. The lexical route (also chtlee direct route) consists of an
orthographic input lexicon and a phonological otiipmicon. The orthographic lexicon
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contains 7,981 units corresponding to all monobulavords of up to eight letters in the
CELEX database (Baayen, Piepenbrock, & van Rij83)9The phonological lexicon
contains 7,131 units. The reason that there are eries is the orthographic lexicon than
the phonological lexicon is because of homophommat s MEAT and MEET are separate
entries in the orthographic lexicon but only on&emmi:t/ in the phonological lexicon. A
letter in the letter unit layer will activate a#iXical entries that share that letter in that pasit
and inhibit all those that don’t. For example (mfirst position will activate MEAT and
MOON but inhibit SOON. Once all the letters have fieeir activation downwards one entry
in each lexicon will have received more activatiban all the others. Activation from the
lexicons will activate single phonemes in the phmaeystem. The phoneme system contains
43 units corresponding to 43 English phonemes @hisink unit. The blank unit is required
to indicate the end of a letter or phoneme stiinghis layer a phoneme string is assembled
which is available for output as speech. The phansystem will also simultaneously be
receiving activation from the indirect route (atsaled the sub-lexical route). This route
consists of a layer that uses rules to converttgrages into phonemes. For example (t) will
be converted into /t/, (gh) occurring at the end @ford will be converted into /f/. In
summary the visual input MEAT will be convertedatgtring of letter units which activate or
inhibit a number of entries in the orthographic @hdnological lexicons which activate
phonemes in the phoneme system. It will also aidigarule system that assigns a grapheme
to a phoneme through prespecified rules. At thetkadtring of phonemes /mi:t/ in the
phoneme system receives the most amount of acivatbm both routes and can be used by
the system to respond to any of the three followass: lexical decision, reading aloud, and
perceptual identification. The DRC model has alserbimplemented in German (Ziegler,
Perry, & Coltheart, 2000).

Note that the layers in this model interact witkleather bi-directionally, except for the two
first layers which only feed information forwardhtéraction between layers and within a
layer can be both excitatory and inhibitory, witlke texception of the connections between the
orthographic lexicon and the phonological lexicehjch are only excitatory. This means that
the indirect and direct routes can activate orlritgach other. Additionally, the lexicons are
frequency sensitive: activation for high-frequemnayrds rises faster than for low-frequency
words.

In figure 1.2 below we present our proposal forRMmodel of how deaf individuals read,
closely following the structure of the original DR@del. We specified 11 sub-lexical units
for German reading based on mouthings, called \eseifhe role of these visemes in reading
for deaf individuals is hypothesized to be iderttoahat of phonemes for the hearing. That
is, whereas in the DRC model there exist 43 upnit®&ch phoneme plus a blank unit in the
phoneme system, the DRC model of reading by deffiduals would contain 11 units for
each viseme in the viseme system plus a blank lanither words we propose that the
architecture used by deaf and hearing individuaisdading is fundamentally the same. We
hypothesize that the differences between theselgigs lie not in the architecture of the
cognitive system but in the amount and type ofsumitthe grapheme-phoneme rule system,
the phonological output lexicon, and the phonenstesy. Note however that at this point in
time our model has not been implemented computatiyso it remains a verbal model. (See
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Jacobs and Grainger (1994, p. 1312) for a discassigarding verbal and algorithrr
models).

Figure 1.2 A Dual Route Cascaded Model of Reading by Deaf Adis
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As an illustration of how thBRC model of reading by deaf adults would work ugttake the
printed German input ‘Mann’ (‘man’ in English) as example: The visual features of-
word will activate letter detectors in the lettayér that share the input features and inl
thosewhich don’t. The letter units, in turn, will actiteawords in the orthographic lexicon tl
have the input letters in their specific positioasd inhibit those that don’t. The orthograp
word form ‘Mann’ will then activate its correspondiviseme frm, [PAT]. [PAT] activate:
individual visemes in the viseme system, which $elealck into the visemic lexicon. Note tl
— according to our analysigPAT] is homovisemic (analogous to homophonous)ight
entries in the CELEX database, for examplewords ‘Matt’ (English: Matt) and ‘Banr
(English: a Spell). So, for deaf people, eightatiint entries in the orthographic lexicon cc
activate the same visemic lexical entry. At the s@ime, the Grapher-Viseme-Conversion
(GVC) route will also be dwe. Using a set of rules, the GVC route will cenvgrapheme
into a string of visemes. ‘M’ will be converted[f], ‘a’ into [A], and ‘nn’ into [T]. These
viseme codes will activate individual visemes ia tlisemic system, through which the G’
routecan also activate the visemic lexicon. Note thaZattheart et al., (2001) the authu
emphasize that both routes of the model are alaetyge and not completely independe
for they receive input from the same layer, andi feetput to a common lar which in turn
feeds back to the visemic (or for hearing peopéepthonological) lexicon. They thus st
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that ‘horse race’ metaphors to describe the twtéeoaf the model are inaccurate and also not
supported by empirical findings.

The DRC model proposed by Coltheart et al. (200iizkvwe adopt for deaf readers does not
include a level to account for bilingual readerswéver there is evidence that L1 and L2
lexicons are both activated during reading tasketimer one of a bilingual’s languages
(Dijkstra, Hilberink-Schulpen, & Van Heuven, 20M&n Heuven & Dijkstra, 2010; van
Heuven, Dijkstra, & Grainger, 1998). This also sedmbe the case for Sign Languages
(Morford, Wilkinson, Villwock, Pifiar, & Kroll, 2011 We therefore include in our model the
DGS lexicon as a separate lexicon that overlaps thie German Visemic lexicon. Activation
from the DGS lexicon could feed into the systentofeing the same general principles of
modeling mentioned above, namely through cascactechtion and inhibitory and excitatory
connections within the layer and between layersvéi@r, our model remains a verbal model
as yet. We have not implemented it computatiorelg therefore do not yet know if such a
structure would simulate reading by deaf indivigual

The question of whether deaf people access subdlesiructure while reading can be better
tested once the sub-lexical units involved and tlede in the reading process are actually
specified. Earlier studies which report behavioesiponses of deaf readers suggesting that
they are using a dual route system have not offeneaissible description of the sub-lexical
units involved. Although, as mentioned above, & haen suggested that deaf individuals can
derive sub-lexical units from speechreading, toltest of our knowledge, no study has made
an explicit inventory of the hypothetically involyeinits. However, the DRC model of
reading by deaf adults sketched above and thedadlGerman viseme set is only a first step
towards a fully specified model of single word riegyby deaf individuals. We address the
need for further development in the discussioniaedielow.

We emphasize that we propose that the cognitiv@tacture used for reading by hearing and
deaf individuals, as well as various sub-groupsragabthe deaf population is fundamentally
the same. The DRC model could account for readyngabious sub-groups of the deaf
population in the following manner:

Individuals with a greater amount of aided or uedidesidual hearing might have access to
more phonological contrasts than those relyingisnat input only. For such a reader it may
be that they have access to say 20 or more sutalaxits derived from audio-visual input,
as opposed to 11 sub-lexical units which can biel@from visual input alone (visemes).
The closer an individual’s hearing is to normaldisy the closer their reading should
approximate normal reading levels all else beingaéq

More experience with a language that is fully asiide to them (i.e. a Sign Language) from
an early age could result in a child coming to sthath a larger semantic system and a large
sign language lexicon that may facilitate the asijon of a large orthographic lexicon,
perhaps via the process proposed in (Hermans, Kn@wmel, & Vcrhoeven, 2008a).

Deaf individuals raised in a predominantly oral iemwment may have stronger visemic
representations, and perhaps display a strongadpdemoviseme effect. In addition they
would not have a Sign Language lexicon that wonddract with their reading.
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Methods

In order to test whether deaf individuals acces$slsexical information while reading, as
hypothesized in the GVC route of our DRC modeleafding by deaf adults, we investigated
the pseudo-homoviseme effect using a lexical dacigisk. The lexical decision task (LDT)
is a well established paradigm in psychology angtipslinguistics (first used in the early
1970’s by Meyer and Schvanenveldt (1971)) in wlagbarticipant is presented with a letter
string that is either a word (BRAIN) or a non-w@BlLANE). The participant is asked to
indicate whether the letter string is a word or usally by button press. For hearing readers
the following effects are well attested and alsowdated by the DRC model (Coltheart et al.,
2001, p. 228): high frequency words are acceptstifahan low frequency words; words are
accepted faster than non-words are rejected; lequigncy words with dense neighborhoods
are accepted faster than low frequency words froanse neighborhoods; pseudo-
homophonic non-words (eg. BRANE) take longer tecethan matched non-word spelling
controls (eg. BLANE). We hypothesize that if visenaee activated during single word
reading for deaf individuals, pseudo-homovisemdktake significantly longer to reject than
their matched spelling controls.

Participants

Twenty three right handed deaf adults (eight makean age 34 years) participated in this
study. All participants reported a severe to profbtearing loss (70dB or above) from birth.
None of them had cochlear implants. All reportechmad, or corrected to normal vision. Two
participants were excluded from the analysis, anerfisunderstanding the instructions, and
one for having average response latencies longerX00ms across all trials. Trials with
response times below 200 ms and above 2000 msexeheded from analyses.

Average age of first exposure to German Sign LaggBeutsche Gebardensprache: DGS)
was 7.4 years of age, and four participants wetigenaigners (born to at least one signing
parent), ten were early DGS acquirers (betweerydass) and the remaining seven were late
acquirers (5 years and above, maximum age 23).

All subjects were primarily educated in German witlutsprachbegleitende Gebéarden
(Manually Coded German). Eleven also received dduca DGS at university level or at
special vocational courses. Table 1.3 gives theustnof time participants spend reading per
month.

Table 1.3 Reported time spent reading per month

Time spent reading | Books Newspapers Internet
per month
Number of participants
Above 10 hours 8 8 13
5-10 hours 4 0 3
1-5 hours 3 8 5
Less than 1 hour 5 4 2
0 hours 2 3 0
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Note.Data on book reading was missing for one partidipa
Stimuli

The stimuli were adapted from a well-controlled sstd with hearing participants (Braun et
al., 2009). Our set consists of 280 items. Hathefitems are words, half are non-words. Half
the words are of high frequency, and the other ¢fdibw frequency. The non-words were
constructed from high (more than 20 occurrencesmiion) and low (less than 20
occurrences per million) frequency base-words irctvione letter was altered, while keeping
word-likeness high. A base word such as ‘Reichmpae’), for example, was altered to the
pseudo-homophonic version of ‘Raich’, and alsort@dahographic control of - ‘Reuch’. The
non-words were all three to five letters (one to syllables) in length.

Table 1.4 Example of how stimuli were created ancheir visemic representation

Base word Pseudo- Spelling control | Word

from which the | homovisemic non-word

non-word non-word

stimuli were

generated

REICH RAICH REUCH AFFE
Visemic [-Al-] [-Al-] [-Ol-] [AF-]
notation
English gloss Empire Ape

Note The base words used to generate the non-wordstivemselves not used as stimuli

We converted all the original stimuli from the (Bra et al., 2009) experiment into visemic
transcription. Some of the spelling controls frdra Braun study visemically are words even
though phonologically they are not. For example:dbntrol word ‘Bid’ transcribed
according to our viseme set is /PI:T/. /IP1:T/ is thsemic realization of the word ‘mies’
(‘fappalling’), so we rejected the pair ‘Bat’ andidBas stimuli for deaf readers, as it may
activate the lexical entry for ‘mies’ and createoafounding effect. The control non-word for
the pseudo-homoviseme ‘raich’, which is ‘reuch’ [HOis not homovisemic for any other
entry in the CELEX database (Baayen, et al., 19895yye accepted this pair as suitable
stimuli.

Procedure

Participants were asked to fill in a backgroundsgioanaire. The questionnaire included a
section on their hearing level, on their exposarditferent languages during education, the
amount of time they spend reading, and age of D&g8isition. They were then given a 20
item spelling test, in which they were shown a Dgifh from a video, and asked to write the
corresponding German word. Afterwards, they weveryithe Salzburger Reading Fluency
test (Hutzler & Wimmer, In preparation). This tesnsists of making a true or false semantic
judgment on sentences. There are 77 items onetstigihd participants are given three
minutes to judge as many sentences as they cdrciparts are given one point for each
correct judgment. This score is then assigned medreading quotient value.
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Lastly, participants were seated in front of a catepand given instructions both in DGS and
in written German to indicate with a button preseether a stimulus was a word or not as fast
and correct as possible. They used their left agid mdex fingers. A break appeared half
way through the experiment. They were given 10tpradrials to familiarize them with the
task. The experimental trials were presented ingseandomized order for each participant.
Each trial began with a fixation mark in the cermdkthe screen, which was replaced by the
stimulus which stayed on the screen until butta@sgr The stimuli were presented in white on
a black screen in upper case letters Times New R&@pt font. The experiment, including
the questionnaire and administration of the testet about one hour.

Results
The average error rate on the spelling test wasut.6f 20.

The average reading quotient for the participarats W8, based on norms for the hearing.
Normal hearing reading levels lie between 85-11%¢ of the participants were within this
range. The highest score was 113.

There was also a correlation between reading quictied average reaction time (r = -0.77).
Participants with faster mean reaction times sholwghker reading quotient values.

Table 1.5 below shows the reaction time means eod ates for Pseudo-homovisemes
derived from low and high frequency base-wordsllisygecontrols derived from low and high
frequency base-words, and for low and high frequemards. On average Pseudo-
homovisemes were responded to slowest, followe8d®lling Controls followed by low
frequency words and finally high frequency words.

Table 1.5 Reaction time means (ms) and error ratg%6) for pseudo-homovisemes,
spelling controls, and words

RTs (ms) Standard Error Rates (%)
Deviations
Low High Low High Low High
PH 726.77 733.07 74.74 102.04 4.91 4.59
SC 704.83 717.97 77.31 90.14 2.46 3.95
WO 690.59 624.25 72.32 62.79 21.48 5.31

A 2 x 3 (word frequency: high vs. low by word tygeseudo-homoviseme, spelling control,
and word) repeated measures ANOVA showed a signifimain effect of word frequency,
F(1, 20) = 8.098p = .01, a significant main effect of word typ€l, 40) = 26.02% < .01,

and a significant interaction between word frequesrad word typd-(1, 40) = 24.656p <

.01. The Effect of Word frequency is caused byWhad stimuli. High frequency words were
responded to faster than low frequency words. Bs#udo-homovisemes and spelling
controls showed the reverse pattern; items deffied high frequency base-words were
responded to slower than low frequency ones (d#e 5. This difference was not significant
as revealed by a 2 x 2 (base word frequency: hégtow by word type: pseudo-homoviseme
vs. spelling control) repeated measures ANOMA, 20) = 1.423, p = .247.
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The effect of word type derives mainly from fagsteaction to word stimuli, but the test of
within subject contrasts showed that the cruciahgarison of pseudo-homovisemes to
spelling controls was significaf{1,20) = 9.928, p =.005.

In summary we found: a significant frequency effedeaf participants responded faster to
high frequency words than low frequency words;gaificant lexicality effect — deaf
participants responded faster to words than theéyalnon-words; and a pseudo-homoviseme
effect — deaf participants responded faster tsgatling control non-words (e.g. REUCH)
than they did to pseudo-homovisemic non-words @AJCH).

When examining individual reaction times, all pagants showed a frequency effect, four,
however, did not show a lexicality effect, and diat not show a pseudo-homoviseme effect.
This suggests that there are individual differencasading strategies. However, our sample
size was too small for sub-group analyses.

Discussion

Unlike many previous studies on phonological resgdn deaf readers, we did not directly
attempt to measure the phonological awarenessabfrdaders. Rather, we were interested in
whether sub-lexical information is automaticallg@ssed during visual word recognition,
even when the experimental task does not in pri@cgguire the activation of sub-lexical
codes. We found a significant effect of pseudo-hasemy and interpret this finding within
the DRC framework as the result of a mismatch betweformation from the indirect
Grapheme to Viseme Conversion (GVC) route and iteeidroute (cf. Briesemeister et al.,
2009; Ziegler et al., 2001). On encountering a gedwomoviseme, no entry in the
orthographic lexicon reaches a sufficient levehctivation which would lead to a timed-out
‘no’ response. However, activation from the GVCtmothat feeds into the visemic system
and from there feeds into the visemic lexicon atég an entry. The greater activation caused
by pseudo-homovisemes compared to their spellingrais would prompt the system to
extend its time-out criterion resulting in longesponse latencies to pseudo-homophones than
spelling controls. However this account fails t@laxn base-word frequency effects, so
(Ziegler et al., 2001) proposes the involvemerd spelling verification mechanism. High
frequency words and more dominant spellings cavebiéed faster, which would match the
empirical findings for hearing readers so far. Nibi&, even though we assume that the
lexical decision task involves access to whole wegresentations and a response based on
the orthographic form of the stimulus (as oppogea phonological decision task such as
used in Stenneken, et al., (2005)), sub-lexicarmftion is automatically invoked during this
process and probably affects response latency anaacy.

We found no base word frequency effect for the geduiomovisemes amongst the deaf
participants as has sometimes been found in heerauers (e.g., Ziegler et al., 2001). The
extremely high error rate for deaf participantsacnepting low frequency words might offer a
clue to an explanation. As shown in table 5, pgrdicts had an error rate of 21.48% for low
frequency words. It is not implausible to assuna they have smaller German mental
lexicons than the hearing. If so, it is possiblat tome of the low frequency pseudo-
homoviseme base-words have no entries in theicées at all and therefore are treated as
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regular non-words, diminishing the pseudo-homoviseiffiect for the low base-word
frequency stimuli.

In this study we only gathered evidence for thelexiral route, and thus only give an
account of how and why PCA and speechreading amritribute to reading skill. Skilled
speech readers may have strong visemic represmrgdtiat can be mapped onto graphemes
when learning to read, which could lead to theldstament of a well functioning GVC route
in the mature reader. However, it is importantaterthat the DRC model of reading by deaf
adults proposes that semantic, orthographic, leaied sub-lexical information are also
activated and interact with each other in a speerhy when reading.

The role of the GVC route in reading by deaf adisitsomplicated by the fact that although
on average we obtained a pseudo-homovisemy effaxtrilexical decision task, an
inspection of individual effects showed that sixtjggpants did not display an effect.
Although our sample was too small to carry outistiadl as well as correlation analyses, a
visual inspection of the data showed that amorgssix participants who did not show an
effect were both participants with high and lowdieg quotients. This suggests that not all
deaf people phonologically recode while reading @wadl whether they do or not does not
correlate with reading skill. This does not howewecessarily mean that the DRC model’s
architecture is not applicable to all deaf readersould be possible to account for different
strategies by different sub-groups through altepagameter settings in the model rather than
proposing different architectures (see Coltheaal.€2001, p. 209) regarding strategies and
architectures) as we stated in the DRC model seatiove.

The finding that some participants did not shovsauao-homovisemy effect is in line with
the results of Mayberry et al.’s (2011) meta-analps PCA effects. Future studies
comparing deaf readers who do and do not showtseftddCA and whether the difference
can indeed be shown to stem from the use of ditfesategies for word recognition will be
necessary for development of models of readingeaf ohdividuals.

As we stated above, we only gathered data rel@waht contribution of sub-lexical codes to
reading skill amongst deaf individuals. Howevelplewe also address how the DRC model
of reading by deaf adults could account for theep#kills shown to correlate with reading
skill in the literature. Regarding the effect og®iLanguage proficiency (Chamberlain &
Mayberry, 2008): we speculate that exposure to Sagrguage from early on in life could
facilitate the building up of a large Sign lexicand semantic system, which perhaps through
a system like the one proposed in Hermans et @8&) elaborated above, would in turn
facilitate the acquisition of a large orthograpleixicon in the language that deaf individuals
would be learning to read. We would account fordfiect of vocabulary size (Kyle & Hatrris,
2010; Kyle and Hatrris, 2011) in the same mannertHie DRC model specifies the
involvement of lexicons (orthographic and phonotad) as well as grapheme-phoneme rules
in reading. Furthermore, even though a semanttesys not yet implemented in the model
computationally, this unit too plays a part in tine reading process.

In summary we propose a model that should be geeeoaigh to capture reading by all deaf
individuals in principle. In fact, we propose tlitat general enough to account for reading
by both deaf and hearing individuals. As Coltheasl. (2001, p. 246) describe, the
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architecture of the DRC model is a proposal of vehatature well functioning reading system
looks like. Mature meaning that the DRC model duatsreflect the learning process of how
such a system is arrived at, but states what tdgesduct of the learning process is.
However, the model can explain developmental dyageas a difficulty in acquiring any one
component of the model. In a similar manner we psepthat reading deficits of different
types of deaf individuals can also be explainedugh a difficulty in acquiring any one
component of the model. Whether this is the casaar rather than just possible in principle,
will only be established through continued empirregearch.

We also would like to address the predictions w&arfar outcomes for reading by deaf
individuals in different orthographies; we expédwt telationship between visemes and
different orthographies to be almost equivalerthtorelationship of phonemes to different
orthographies. By almost equivalent we mean thaay language, the visemes will always
map many to one to the phonemes, so deaf peopleyafountry will always have access to
fewer contrasts of a hearing person’s languagepanckive the lexicon of that language as
more homophonous (homovisemic) compared to thartgeaCrucially however, the
relationship between a viseme and a grapheme wsatine as the relationship between a
phoneme and a grapheme, even though there willyalva less visemes than phonemes.
Therefore the same problems that arise when adoguiotr the effects of phonology in non-
alphabetic orthographies for hearing readers whald for deaf readers. Perfetti, Liu, and
Tan’s (2005) work on East Asian orthographies ifiai® the point. Their findings were that in
non-alphabetic scripts hearing readers do showetsffiggesting phonological mediation. It
is our prediction that deaf readers of such ortaplies would show the same
phonological/viseme effects as the hearing reda#sed on deaf person’s access to visemes.
For Chinese deaf readers it may be that they hesnic-syllabic representations that serve
the function of the acoustic-syllabic representatithe hearing Chinese activate when
reading Chinese characters. From this it wouldflthat future studies on how deaf
individuals read, regardless of language and ortpdy, should always start with a
specification of the viseme set available to thafdeaders. This is similar to Perfetti et al.’s
(2005, p. 54) view on the role of phonology in diffnt writing systems: “The difference
between writing systems thus becomes not whetleee thre connections to phonology but
rather what the relevant units are.”

Perfetti et al. (2005) put forth a general theammwword reading across orthographies called
the Lexical Constituency Model which states thatdvdentities are comprised of linked
semantic, orthographic and phonological constiieime are in general agreement with the
idea that word identification always involves thésee types of information, and the DRC
models of English (Coltheart et al., 2001) and GaerrfZiegler et al., 2000) and of reading by
deaf adults reflects this.

In terms of the ‘qualitative similarity hypothes{®aul & Lee, 2010) the proposed DRC
model of reading by deaf adults assumes that ddafiduals use the same reading
architecture as the hearing, the differences b&jrige sub-lexical units in the GVC route are
visemes, not phonemes, b) most deaf readers angual in Spoken and Signed languages,
so they have access to a bilingual lexicon whisb affects reading.
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Regarding point (a) this study is the first, to knowledge, to specify possible sub-lexical
units of deaf readers and to test their psychofdgialidity in a lexical decision task using a
standard RT-paradigm of the word recognition liiera for hearing persons. The obtained
pseudo-homovisemy effect suggests that sub-lexitgd, in the form of visemes, could
indeed be automatically accessed by some deafithidils during reading. However, further
work on identifying the exact units and assessmlividual differences amongst deaf readers
in their use, needs to be carried out. For examygejefined the viseme set based on visual
features, not on tactile ones. It is plausible tresf individuals have more visemic
distinctions than presented in this inventory dtile features are taken into consideration.

Results from recent studies (Hermans, Knoors, Qré&#®lerhoeven, 2008; Morford, et al.,
2011) support point (b). Namely, there is evidete both orthographic and Sign Language
lexicons of deaf readers are activated during readihe visemic lexicon proposed here
would be a case of sub-lexical form overlap betwthertwo lexicons for German/DGS
bilinguals. As mentioned above, DGS makes robusiofi$serman derived mouthings, so
some DGS signs and German words overlap in foemthey share common mouth shapes.
That is, just as German and English have a subftsttared phonemes, we propose that
mouthings constitute the sub-set of shared suledéxinits between German and DGS.

In summary, our working model of single word readoy deaf adults attempts to describe
the relationship between the various factors thotmhontribute to reading skill amongst
deaf individuals including: orthographic knowledgab-lexical and lexical representations of
spoken languages, and a Sign Language lexicomaalaoute cascaded system. We have
found some evidence supporting the existence oGWE route amongst deaf individuals. All
the components of the model, including the viseatgrequire further elaboration and
empirical testing.
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2. Study Two

A version of this manuscript is published in Frergiin Psychology, doi:
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Facial expressions, emotions, and sign languages
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Abstract

Facial expressions are used by humans to conveyugalypes of meaning in various
contexts. The range of meanings spans basic pgssitdte socio-emotional concepts such as
‘surprise’ to complex and culture specific conceqish as ‘carelessly’. The range of contexts
in which humans use facial expressions spans resgdn events in the environment to
particular linguistic constructions within sign tarages. In this mini review we summarize
findings on the use and acquisition of facial egprens by signers and present a unified
account of the range of facial expressions useefgyring to three dimensions on which
facial expressions vary: semantic, compositiondliaanic.

Keywords: sign language, facial expression, emotion
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Introduction

Humans perceive facial expressions as conveyingimgabut where do they come from and
what exactly do they mean? Based on observatiofeia expressions typically associated
with emotions Darwin (1904) hypothesized that theyst have had some instrumental
purpose in evolutionary history. For example,iftithe eyebrows might have helped our
ancestors respond to unexpected environmental ebgmwidening the visual field and
therefore enabling them to see more. Even thougih ittstrumental function may have been
lost, the facial expression remains in humans asgpa@ur biological endowment and
therefore we still lift our eyebrows when somethsugprising happens in the environment
whether seeing more is of any value or not. Follgathis tradition Ekman (Ekman, 1979;
1992) claimed that there is a set of facial expoessthat are innate, and they mean that the
person making that face is experiencing an emotienbrow raising means ‘I feel surprised’.
He also claimed that there are culturally acqufesthl expressions used to modulate the
innate emotional expressions, so-called displags;tdnd also others that are used for
communication. Examples of the latter type aregrag¢yebrow flash used to mean ‘hello’, b)
eyebrow movements during speech that emphasizarcarbrds. According to this view,
some facial expressions are 'read outs' of inn@tiemal states and the fact that they have a
meaning to the observer is incidental, while otteesused specifically for communication
and are thus in some sense intentionally meaningful

However, Fridlund (1997) claimed that there aréraead outs’ of inner emotional states
rather, what are usually regarded as emotionalessprns evolved to communicate
intentions. That is, raised eyebrows do not meamtisurprised’, but might mean ‘Something
happened; | am going to find out what'. From thiswall facial expressions evolved for
communicative purposes.

The past 30 years of linguistic research on sigguages have revealed that there are facial
expressions which are used together with manuaksigd function as phonological features,
morphemes, and syntactic/prosodic markers, for @l@brow raising marking conditional
clauses (Dachkovsky & Sandler, 2009; Liddell, 198Wbese facial expressions are clearly
communicative in nature and they are used in coatioin with other meaningful movements
(those of the hands).

In sum, there is evidence that facial expressio@amthings ranging from possibly universal
messages i.e. ‘| am surprised’/ ‘Something happetedulture specific learned meanings;
i.e. ‘hello’, to culture specific meanings that dake part in larger composite structures with
other meaningful elements, i.e. the conditionaliséamarker in sign languages.

How does one account for the range of meaningsiaesl of facial expressions? Following
Wierzbicka (1999), we argue that facial expressemessemiotic units (form-meaning
pairings) that can be analyzed with the same secartthodology used to analyze words
(see Wierzbicka (1996)or an account of her methodology). Two further kwog

assumptions that we adopt from Wierzbicka (199988) are: a) some facial configurations
have identifiable context independent meaningspime facial expressions have a universal
meaning which can be interpreted without refer@anaailture. Assumption (a) is also made
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by Dachkovsky and Sandler (2009), although asfaveunderstand, they limit this claim to
facial expressions used as prosodic units. Assomli) is shared by Ekman. Note that in
general a strong argument can be made that soma¢dapressions are innate because they
are also produced by congenitally blind personstg¢htaoto & Willingham, 2009), but
determining their meaning is a matter of greatetroversy.

To illustrate the controversy, we will briefly dises the meaning of brow raise, as we use this
facial expression as an example throughout thiepd&kman (1992) proposes that it means ‘I
am surprised’, but we adopt Wierzbicka’s (199%@b) suggestion that it means ‘I want to
know more (about this)’. We adopt Wierzbicka’s mpretation for the following reasons:
Wierzbicka points out that the term ‘surprise’ & aniversal, it is part of Anglo language and
culture. She suggests instead that the meaninigeiaf expressions can be better expressed
using terms from the natural semantic metalang@aterzbicka, 1996) for which she has
some evidence of universality. Furthermore, it seérus that part of the meaning of being
surprised is, in fact ‘wanting to know more abdus funexpected event that just occurred]’,
so the two interpretations are not completely inpatible. However we find Wierzbicka’'s
definition more general with the power to cover tise of brow raise in relation to emotion
and in sign languages, so it is this one that vepadcknowledging that currently there is no
consensus on the matter.

As regards facial expressions in general, we pmpioat their differences and similarities can
be explained in terms of three dimensions: semagtaic and compositional. These
dimensions are derived from our first working asption; that some facial expressions are
semiotic units (form-meaning pairings). The sen@dimension refers to the meaning part of
the semiotic unit, the iconicity dimension to treure of the relationship between the form
and the meaning, and compositionality to the waysidmiotic unit can combine with other
semiotic units to form complex semiotic structurBise semantic dimension spans meanings
that are universal to those which are culture-dedihe iconic dimension spans the varying
degrees in which facial expressions resemble theaning. The compositionality dimension
spans the degrees in which facial expressionslyezatinbine with other semiotic units to
form complex structures. A similar proposition lsthas been made to account for the range
of hand movements used by humans, covering th@eeet gestures of hearing individuals
to signing by Deaf individuals (McNeill, 1992). this mini-review we summarize evidence
from acquisition of facial expressions by signersupport our view. We first present a brief
overview of the role of the face in sign languagacure. We then describe the proposed
dimensions and the findings on acquisition of faexpressions by Deaf signers that support
them, after which we come to a conclusion. Noé& th the best of our knowledge currently
there only exists acquisitional data on non-manioalé&merican Sign Language (ASL) and
so the examples below all refer to ASL.

Sign languages and the role of the face

Sign languages are the naturally occurring linguisgstems that arise within a Deaf
community and, like spoken languages, have phoreafdexical and syntactic levels of
structure (Liddell, 2003; Sandler & Lillo-Martin0R6). Cognitive and neurocognitive data
provide evidence that signed and spoken languaggz@cessed in a similar manner; for
example, they show similar lexical access effdBtug, Gutierrez-Sigut, Quer, & Carreiras,
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2008; Carreiras, Gutierrez-Sigut, Baquero, & CqarR@08) and they are supported by similar
brain regions (Campbell, MacSweeney, & Waters, 2008

Facial and head movements are used in sign langwa@dl levels of linguistic structure. At
the phonological level some signs have an obligdinrial component in their citation form
(Liddell, 1980; Woll, 2001). There are facial moephes in ASL such as the adverbial ‘th’
meaning ‘carelessly’ (Crasborn, van der Kooij, Wait&Voll, & Mesch, 2008; Mcintire &
Reilly, 1988). Facial actions mark relative claysmmtent questions and conditionals,
amongst others, although there is some controwengyher these markings should be
regarded as syntactic or prosodic cf. (Aarons, BaNeidle, & Kegl, 1992; Baker-Shenk,
1983; Dachkovsky & Sandler, 2009; Liddell, 1980;jd\e, Kegl, Mac Laughlin, Bahan, &
Lee, 2000; Nespor & Sandler, 1999; W. Sandler, 18atnie B. Wilbur, 2009; R. B. Wilbur
& Patschke, 1999). Signers also use the face toigetSandler, 2009). Below we describe
how these uses of the face can be described irs tefthree dimensions; semantic,
compositional, and iconic with evidence from fa@a&pression acquisition.

The semantic dimension

The semantic dimension refers to the meaning gartsemiotic unit. It has been proposed,
especially for the meanings of facial expressitimat, there are universal meanings and
culture-specific meanings. Eyebrow raise is consid@ unit with a universal meaning, and
we adopt the suggestion that it means ‘I want makmore (about this)’.

The brow raise appears to be used both with arftbwitaccompanying speech. Context can
give it additional meaning beyond ‘I want to knowma (about this)’, however we argue that
even when more meaning is added by context it alwetains its universal meaning. For
example, hearing people may use brow raise whkm@® yes-no question (Ekman, 1979),
and when they are confronted with something uneepeia the environment. In both cases it
still retains the meaning ‘I want to know more (abthis)’ but in the former case it is related
to the words in the question and in the lattehwdvent. Within sign languages too, brow
raise is used in different contexts; it can marg-ge questions and the antecedent of
conditionals. Dachkovsky and Sandler (2009, p. 300pose that despite these different
linguistic contexts eyebrow raise has one meamamely “[...] the intermediate or
intonational phrase marked by [brow raise] is tddd®wed by another phrase, produced
either by the interlocutor or another.” We find Dkovsky and Sandler’s interpretation
compatible with that of ‘I want to know more (abdahis)’ or a similar formulation such as
‘more information is coming’.

On the culture specific end of the semantic dimamn#ays, for example, the American Sign
Language adverbial ‘th’ (carelessly), conveyed tigkéng one’s tongue out slightly between
closed lips and tilting the head. In saying tharé&essly’ is a culture-specific concept, we
mean that not all languages have labeled the consgleof behaviors and attitudes that make
up the meaning of ‘carelessly’ with a word/sign. @éenot mean, however, that the concept
cannot be explained to someone whose languagendbésive a word for it.
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The semantically universal facial expressions egechlly the first to appear in acquisition.
By 0:2 children are raising their brows in whatrtzat al., (1995) call an expression of
‘interest’, but which we refer to as ‘I want to kmanore (about this)’. Culture specific facial
expressions such as the negating headshake ap@ggraximately 1:0 but they are not yet
combined with signing (Anderson & Reilly, 1997 RRilly, 2005).

The iconicity dimension

We use the term iconicity to mean a form-meanisgmelance. Resemblance by its nature is
a matter of degree. Some facial expressions regetimdir meanings to a greater degree than
others. The relation between the form brow raisetae meaning ‘I want to know more
(about this)’ is iconic since raising one’s browssee more is a metaphorical icon (Taub,
2001), of wanting to know more. The adverbial fitéarelessly) also seems to be iconic since
the slight tongue protrusion and head tilt coukkerable the face of a person behaving
carelessly. We do not have data on facial expressised either by hearing or deaf people
that are completely arbitrarily related to theiraning; however we think this is in principle
possible because many semiotic units, especiabpaken language, do not appear to display
any form-meaning resemblance. We propose the egk;wsed in some Anglo cultures to
mean ‘I am not serious’, as an example of a faw#bn arbitrarily related to a meaning.

In acquisition, since the universal expressiongapfirst, and since universal meanings
would seem to necessarily have a form that is ratg¢ty by meaning (Wierzbicka, 1999 p.
213), therefore iconicity precedes arbitrarinesserEwhen signing children start combining
expressions with signs at (1:6), the first typesythse are emotion related facial expressions
with emotion concept signs (Mclintire & Reilly, 198eilly, Mcintire, & Bellugi, 1990b)

The compositionality dimension

Above we saw that brow raise can be used alone @ymbination with other semiotic units
such as words, i.e. it is compositional. In sigmlaages brow raise can be used together with
manual signs (which are equivalent to spoken wotdsgypoken languages brow raise can
also be used together with words however within $gguages there seem to be more
restrictions on how brow raise is combined witmsigvords. The first major difference is that
in some sign languages brow raise is obligatogesno questions (Dachkovsky & Sandler,
2009), while in spoken languages it is not. Thesddlifference is that facial expressions
that take part in composite sign structures seee tmore strictly timed to the onset and
offset of signs/words compared to spoken langu@gesberg & Wilbur, 1990). It would
seem that there is an increase in the combinatmpisdns for facial expressions when shifting
from use of the face with spoken language to usheoface as part of signing similar to that
proposed for gesticulation and sign language in BMitL992).

Not all facial expressions have to appear in com@asructures; however we are not aware
of the existence of a facial expression that disedl combination in all cases. For example it
seems that even emblematic facial expressionsithatly stand alone, such as the ‘hello’
eyebrow flash mentioned above, could be used fagepvords in a sentence. However, our
point is that some facial expressions are moreilseaoimbined with other semiotic units than
others, and that there are degrees in the regutd#rdomposite structures, i.e. the
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combination of brow raise with words in sign langes is more regular in occurrence and
timing than in spoken languages.

The acquisition of full mastery of the combinatbdanventions of facial expressions in sign
language appears to last at least seven yeardirsheombination of facial expressions with
other semiotic units by signers happens at ab&utThiese facial actions appear to be
phonological features. This is also when a manigal for negation appears, but the child
does not combine it with their headshake until manths later (1:8). At two years of age the
first facial adverbials appear. At 2:5 children ts&al expressions to depict other people’s
emotions and at 3:0 use the break in eye contactamicry of others to mark role-shift. 3:0
is also the age when children use the manual sighif'fbut only at 5:0 do they start to use it
with brow raise and only at 7:0 are they fully appmating adult production of conditionals
(J. Reilly, 2005; Reilly, Mcintire, & Bellugi, 19%0.

Conclusion

In terms of the three proposed dimensions, asremldcquire facial expressions they move
from innate universal concepts mapped onto icamim$ produced in holistic structures to
culture-specific concepts, conventional form-megmrappings, and increasingly complex
composite structures. More data on facial expressaguisition in sign languages other than
ASL, as well as data on the development and u$aca expressions in spoken language,
will help to clarify what concepts and forms arevensal (if any).

We find it important to note that our continua dx axplainhow children acquire facial
expressions, rather they make a strong claim ra@ggvehatit is that children acquire:
semiotic units and the knowledge of how to combimm into more complex semiotic units.
This perspective contrasts with views claiming #grabtion related facial expressions, facial
expressions used by hearing people during convensaind facial expressions used by
signers while signing should be treated as dispheinomena. We find it important to first
accurately characterize the ‘what’ of facial exgres acquisitioras this necessarily
constrains possible answers as to how humans adqueial expressions.
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Abstract

In this study we verify the observation that sifimsemotion related concepts are articulated
with the congruent facial expression for Germams&ignguage using a corpus. We propose
an account for the function of this facial expreasn the language that also accounts for the
function of mouthings and other facial actionshat lexical level. Our data, taken from 20
signers in three different conditions, show thattf® sign EKEL ‘disgust’ a facial expression
occurred consistently, that it had scope in alratistases over a single lexical item regardless
of sentence type it occurred in, and that there sease degree of conventionalization in the
form across signers as assessed using the FatiahAloding System. We propose that
facial actions at the lexical level be regardedraadditional layer of communication with
both phonological and morphological properties. fdlationship between this layer and
manual lexical items is analogous in some waykéagesture-word relationship, and the
intonation-word relationship.

Keywords: Facial expressions, non-manual featyntesnology, mouthings
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Introduction

It has been observed that signs for emotion cosgapimerican Sign Language (ASL) such
as RELIEVED (Liddell, 1980) or SAD (Reilly et al.990a) are produced with a facial
expression that corresponds in meaning to the ematincept, e.g.:

__frown
SAD

In the literature, this type of facial expressisroften regarded as a phonological feature
rather than a morpheme, since they occur on slagieal items but unlike facial adverbials
they are not systematically used to modify the nrepaf entire classes of signs. However,
these facial expressions have not been well stutbegéxample to the best of our knowledge
there are as yet no corpus studies that provideatathe frequency and distribution of such
facial expressions, and so their linguistic funatioe. whether they are best regarded as
phonological features, morphemes, or something sls®t altogether clear.

Why should this phenomenon be studied? We thiskauld be studied for at least the
following two reasons: (a) From a linguistic persipee, the use of an emotion related facial
expression as a phonological feature violates tidelwaccepted definition of a phoneme,
namely that phonemes are discrete meaningless eientamotion related facial expressions
have a meaning and one can also argue that theytdiscrete since they can display
varying intensities of the emotion concept theyweyn In order to know what the linguistic
function of this type of facial expression is, thgioperties, such as distribution, frequency,
and obligatoriness, need to be known. (b) Fromyahadogical perspective, why certain
facial expressions are often associated with emsii® still a controversial issue (Ekman,
2004; Izard, 2010; Russell & Fernandez-Dols, 19i&rzbicka, 1999). In particular the
controversy focuses on whether facial expressiomgdices of emotions at all, identifying
what is cultural and what is innate, and on angvait a scientific definition of emotion. For
fully understanding the relationship between faegression and emotion we think it is
necessary to study all the ways in which emotidaited facial expressions are used.

How wide spread is the use of emotion related faoipressions as part of the lexical
specifications of signs? Informally it is reportdet it occurs in other sign languages besides
ASL, however we are only aware of one study thavigles quantitative data on its use:
Crasborn, van der Kooij, Waters, Woll, & Mesch (8D0rhey report that in their data set
which includes Dutch, British and Swedish sign lazange, whole face expressions often with,
in their words, ‘an affective meaning’ where thedhmost frequent facial action. However,
they did not analyze this group further, as theidg was concerned with actions of the mouth
only.

Therefore, as a first step towards understandiagptfenomenon we have gathered corpus
data on emotion related facial expressions in Ger8ign Language (Deutsche
Gebardensprache: DGS). For the sake of brevityefex to the emotion related facial
expression that occurs on signs for emotion coscapthe emo-form (emotion form). The
term emo-form does not refer to uses of facial esgion in role-shift or in depiction of
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speaker attitude, but only to facial expressios®eiated with lexical signs for emotion
concepts. In order to accurately describe whaethe-form looks like we have used the
Facial Action Coding System (FACS) developed by Bkt al. (2002b). FACS refers only
to muscle movements which has the benefit of aligwis to avoid the ambiguities that could
arise from using verbal descriptions such as ‘afgeel or ‘a frown’. FACS also makes it
easy for other researchers to compare their dabaowirs.

In this paper we focus on just one DGS emotion ephsign: EKEL ‘disgust’. In order to
establish how best to classify the emo-form lingcadly, whether as a phonological feature,
morpheme, or something else, we ask the followungstjons:

1) Does an emo-form occur every time the manual compoof EKEL ‘disgust’ is
produced?

2) What is the scope of the emo-form when EKEL ‘d&gis produced in different
sentence types?

3) Are the same muscles used across different sigogn®duce the EKEL ‘disgust’ emo-
form?

The structure of the paper is as follows; firstly provide an overview of the use of the face
within sign languages, focusing on the lexical leVée then describe our methodology and

present our results. Next we discuss our resultslation to other findings on the use of the

face, and lastly provide a summary and conclusion.

Facial expressions in sign languages

Facial and head movements are used in sign langwa@dl levels of linguistic structure. At
the phonological level some signs have a facialgmment in their citation form (Liddell,

1980; Woll, 2001). There are facial morphemes (Rwas et al., 2008; Lewin & Schembri,
2011; Liddell, 1980; Mclintire & Reilly, 1988) e.the ASL adverbial ‘th’ meaning

‘carelessly’. Facial actions mark relative clausgsitent questions and conditionals, amongst
others, although there is some controversy whettese markings should be regarded as
syntactic or prosodic (Aarons et al., 1992; Bakieeik, 1983; Dachkovsky & Sandler, 2009;
Liddell, 1980; Neidle et al., 2000; Nespor & Samd999; Sandler, 1999; Veinberg &

Wilbur, 1990; Wilbur, 2009). Signers also use taeefto gesture (Wendy Sandler, 2009).

There is not much literature on facial actionshatpphonological level and what does exist

usually refers to the mouth, rather than the faca whole (Boyes Braem & Sutton-Spence,
2001; Crasborn et al., 2008). Crasborn et al. (R0fsated a typology of facial actions that
occur at the lexical level (both morphemic and gilogical facial actions) based on corpus
data signed by six people from three different [paem sign languages (British, Dutch and
Swedish). Below we report the relevant resultefrtstudy.

At this point a word on the notation conventionswge is necessary. Mouthings are written
using the visemic transcription proposed in Elleital. (2012) and re-presented in table (3.1)
below. It is similar to Keller's (2001) kinematieskcription of mouthings. This notation is
fairly transparent as upper case Roman lettergjifarto any English reader, are used to
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represent classes of phonemes that share visushgnee. For example the viseme /P/,
described as ‘lips compressed’, maps onto the phesaép, b, m/. Readers can then know
what the intended viseme in the transcription it winimal reference to the table, by
attempting to articulate the letter. We transcthee mouthing component to the right of the
sign gloss with a ‘+’ symbol, e.g.: BRUDER ‘brother/P-UT-/.

Table 3.1 Visemic transcription of mouthings

Phoneme Viseme Description

(CELEX

notation)

bmp P Lips compressed

dnstz T Lips slightly apart with tongue in cactt with
teeth

@Nghkr |- Relaxed medium opening of mouth

X

I L Open mouth, tongue contacts alveolar ridge ahd
drops

fv F Pouting of the lips while teeth stay together

[i] I Spreading of lips slightly open

Ee E Medium opening of spread lips

a A Wide opening of mouth

&0Qo @) Rounding of lips

UYuy U Pouting of lips

Crasborn et al. (2008) found that between 50-80%h@manual signs across the three
languages had a facial action component at thedkbavel. They divided these facial actions
into five categories: mouthings, adverbials, whalee actions, enacting mouth actions, and
semantically empty mouth actions. The frequenakiray of each type is given in table (3.2)
below:

Table 3.2 Frequency ranking of facial actions atelxical level from Crasborn et al. (2008)

Mouthings Adverbials Whole face Enacting + Empty combinefl

39-57% 14-30% 16-20% 8-14%
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The frequency scores above demonstrate that facii@ans at the lexical level in sign
languages are ubiquitous, suggesting they havepartant function, but what is this
function? Is it to add semantic content or is thea to add phonological content for the
purpose of making signs more perceptually distinct?

The only type of facial action that did not appeahave independent semantic content was
the ‘semantically empty type’, comparable to Wo{P901) ‘echo-phonology’. An example

of this type from British Sign Language is SUCCEEIPA/. In this sign the hands start in
contact and move apart and simultaneously thestgas in contact and move apart. Since
empty-types are meaningless they can easily beettes phonological features given the
common theoretical assumption that the phonolodgeal consists of a finite set of discrete,
meaningless units. However, this type comprisedthallest category. It is far more common
for facial actions in sign language to have sencaztntent independent of what the hands
convey.

For example, mouthings seem to inherit the meaoinlge spoken language word they are
derived from. They can behave like phonologicatuess when they disambiguate signs that
are manually identical. For instance, in DGS BRUDERther’ and SCHWESTER ‘sister’
are both symmetrical bi-manual signs with a G-hhags, and contact between the two
hands. The only difference between them is in tbathing /P-UT-/ and /SFETT-/. Thus
BRUDER and SCHWESTER constitute a minimal pair a®differing in their mouthing
feature. However, mouthings can also behave moradignwhen they form compound
signs with a manual component e.g., EAT+/P-ET/ nmepteating bread’ (Crasborn et al.
2008). More often though, it seems to be the daake tnouthings have no disambiguating
function and that their semantic content is redahdeor example the sign WURM ‘worm’
occurred with the mouthing /FU-P/ in our corpuse Bign WURM ‘worm’ to the best of our
knowledge, does not form a minimal pair with sortfeeosign in DGS, and the semantic
content of the manual and facial component appele tidentical, making the function of
mouthings in these cases difficult to explain.

Adverbials appear to only function as morphemeslesnacting actions and whole face
actions appear to have the mixed morphological/plumical/unexplained profile of
mouthings. An example from British Sign Languageafenacting action used as a
phonological feature is a chewing mouth action a@eg with the manual part of the sign
CHEWING. An example of an enacting action used rholggically is a shouting mouth
action made with the manual sign RUN meaning ‘towtnile shouting’. Whole face actions
are like enacting actions except that they argusbtimited to actions of the mouth. Besides
reporting that they were the third most frequentith@action in their data, the authors of the
cited study did not consider them further as theytéd their study to mouth actions with no
other facial muscle involvement.

The fact that, mouthings behave like phonologieatdres in some cases, like morphemes in
others, and are seemingly redundant in othersegtisag/the fact that they are borrowed from
spoken languages have led to large disagreemeirmtsvoto classify them linguistically. One
view is that they are not linguistic elements aftdbhenberger & Happ, 2001) another view
is that they are linguistic elements of spoken leagg that are simultaneously used with sign
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(Ebbinghaus & Hessmann, 2001) while others treatesof them as borrowings (Vogt-
Svendson, 2001). What we regard as the most impdrtaling of the Crasborn et al. (2008)
study, is that not only mouthings have a mixed rholpgical/phonological/unexplained
profile. Enacting actions behave this way too;inesome cases they appear to be part of the
phonological form of the word, e.g. CHEWING+ ‘chewouth’ above. In other cases they
behave like morphemes and create compound signdfkEN+ ‘shouting mouth’ above.

It would seem then that the apparent semantic hoy and the flexibility between
phonological and morphological function is a moeaeyal property of facial features than
just a particular problem of mouthings. Furthermdnese properties can also be seen in
manual features: The manual parameters of handslwapéon, and movement, regarded as
the discrete meaningless units of sign languageqibgy, behave like independently
meaningful morphemes in classifier constructiorener, 2009, p. 261) and the distribution
of certain hand-shapes within the lexicon has Isé@mvn to be better explained by their
meaning (i.e. their morphological potential) thhait form (Fuks & Tobin, 2008). We
address the significance of these facts in furdetail in the discussion section below.

Regarding the domain of facial actions at the laievel, Crasborn et al. (2008) found that
for 8-13% of mouthing tokens and 0-20% of semalyi@npty tokens the facial action
spread to another sign. Typically this would bevanfing sign, such as a pronoun or index.
However there were a few cases in which the faaabn spread over up to three signs. This
suggests that their domain might be the prosodidwo some other constituent larger than
the lexical sign.

In sum, the role of the face at the phonologicatl®f sign languages has not been
intensively studied, and in the studies that dstexine mouth is usually treated to the
exclusion of other facial muscle actions. A patacwclass of mouth actions, namely
mouthings, seems to sometimes behave like phonemegtimes like morphemes, but most
often this class seems redundant. This flexibilgyween phonological and morphological
function is also found for enacting actions and naifeatures. Having presented the
background to our study we continue below withrttethods and results of our investigation
of a particular whole face action in DGS; the erao¥f occurring with the sign EKEL
‘disgust’.

Methods

The goal of our current study is to provide quatitie data on the occurrence and distribution
of emotion related facial expressions used as igtigielements at the lexical level, i.e. emo-
forms. We attempt to achieve this goal by answettiegfollowing three questions based on
our corpus data.

1) Does the emo-form occur every time the manual carapbof EKEL ‘disgust’ is
produced?

2) What is the scope of the emo-form when EKEL ‘d&gis produced in different
sentence types?

3) Are the same muscles used across different signéosm the EKEL ‘disgust’ emo-form?
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Structure of corpus

Following many suggestions in Johnston & Schen806) we created our corpus in the
following manner: The corpus consists of threegadrt the first part participants were told
that they will be shown sentences in written Gernframllowing the practice in Dachkovsky &
Sandler (2009) when using a translation task ppédits were asked to look at the sentence
and to consider for a moment how they would traestanto DGS. They were told to try not
to be influenced by the structure of German or MaigtCoded German. The second part of
the corpus consists of a free speech section cipamits were asked their opinion on a
guestion regarding DGS and their response wasdedofl he third part of the corpus consists
of single words. Participants were shown two leftemotion related words in German, and
were asked to translate them into DGS. Three daafenspeakers of DGS transcribed the
first two parts of the corpus. In this study weyoldok at a subset of the corpus, namely
elicited sentences and single words for the ematontept sign EKEL ‘disgust’. The other
sections of the corpus will not be further discdsisere.

Participants

There were 20 Participants, (nine male, averag@gh Max=39, Min=23). 15 reported
being native speakers of DGS. Eight acquired D@® firth, seven were early acquirers
(between ages 1-5), four acquired DGS after theofjee (Max=21). Data on age of
acquisition is missing for one participant. Ninetgapants had at least one deaf parent. They
were recruited by two Deaf native DGS speakerautingpersonal contacts and
advertisements. They received monetary compenstatigheir time.

Procedure

A native DGS speaker carried out the interviewshercorpus. Participants were interviewed
at their homes or at the Humboldt University’s D8&idies Department’s studio. Participants
were seated in front of a camera and received plaeation of the procedure.

The eliciting materials for EKEL ‘disgust’ signs megtwo sentences in written German as
well as a single written word:

a. Ich bin angeekelt von Wirmen.

| am disgusted by worms.

b. Mein Freund hat gesagt dass er angeekelt von Wiishen
My friend said that he is disgusted by worms.

c. Ekel

Disgust

For each eliciting condition EKEL ‘disgust’ was &yred with FACS (Ekman et al., 2002b).
FACS is a system with which to code all visiblyetgable movements of the face based on
the facial muscles which cause this movement. Eaahl muscle, or in some cases a group
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of muscles, is called an action unit and assignednaber. For example the raising of the lip
corners, done primarily by the zygomaticus majosahelis assigned the action unit 12.

Since we are looking for facial actions at the dekievel we analyzed the time window
between onset and offset of the sign EKEL ‘disguBtiset was defined as the first frame in
which the hands are detected to move into the paéipa phase and offset as the last frame in
which the hands complete the retraction phaseeo$ign. Action units that were already
present before onset were not coded unless thagda intensity. Action units that had their
onset within the time window analyzed but reaclnsir tapex after offset were likewise not
coded. This was to avoid confounding action unitgclv belong to higher prosodic domains
with action units that are part of the lexical si§o for example if the entire sentence is
signed with a disgust expression to depict théualt of the speaker, or as part of role-shift,
but the time window of the sign EKEL ‘disgust’ has additional specific action units we
coded zero action units. We chose to analyze $aridisgust’ as the action units associated
with this emotion concept according to Ekman e{2002a) largely involve the mouth and
not the upper face. Since the upper face is knowrave functions at the prosodic level in
signed languages, choosing signs that would priynangage the mouth would make it easier
to disentangle actions occurring at the lexicaéldkom those occurring at higher levels.

Results
Reliability of coding

The agreement ratio between the two coders onsesobthe data (20 videos, 32% of the
data) was 0.6 using the agreement formula provimiélste FACS manual. As this was rather
low the two coders arbitrated their scores. Thenrsaurce of disagreement was between
AU26 (jaw drop) vs. AU27 (mouth stretch), AU15 (Bprner depressor) vs. AU20 (lip
stretch) and the presence or absence of AU17 (elsar). The judgment of the more
experienced coder was accepted in most cases a@rgtbement score after rescoring by the
less experienced coder was 0.87. The remainingsidere then recoded by one of the
coders in accordance with results of the arbitratio

Tokens in corpus

For our three conditions across 20 participanteketed a total of 63 EKEL ‘disgust’
tokens. The reason that there are more tokenseliwmg conditions multiplied by
participants (3*20=60) is that in 5 trials the #&bd sentence construction consisted of
repetition of the sign EKEL ‘disgust’ and there wéwo trials in which participants did not
respond. The 63 tokens were categorized into I@rdiit types, i.e. different signs which are
synonyms or dialectical variants of EKEL ‘disgust’.

Table (3.3) below shows the 12 unique sign typesgWith the number of tokens per sign,
and figure (3.1) shows an example of a particigagriing EKEL ‘disgust’ in each condition.



Table 3.3 List of sign types and their token numhs

54

Sign | Description Tokens

Type
Handshape Location Movement

1 5-handshape thumb contacts chin moves outwards 11

2 5-handshape bi- hands held face level | local movement 11
manual palm outwards

3 5-handshape hand contacts throat moves towardst thfalO

4 I-handshape neutral signing space sideways movement

away from body
5 5-handshape contacts non-dominamhoves towards 5
hand shoulder

6 B-handshape palm contacts chin repeated outward 4
inwards movement

7 5-handshape bi- at stomach level upward movement 4
manual

8 5-Handshape bi- mouth area outward movement 3
manual palm upwards

9 F-handshape neutral signing spacg local movement 3

10 5-handshape with contacts neck inward movement 2
middle finger bent

11 5-handshape with neutral signing space downward movement 2
middle finger bent

12 A-handshape with thumb contacts chin outward movement 1
extended thumb

Total: 63
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Figure 3.1Production of EKEL in three different conditions: direct speech, reportec
speech, and as single word

We did not expect to find such a rich DGS vocabularythe concept ‘ekel/disgust’. In orc
to determine how many of the 12 types where synafgmthe concept ‘disgust’ and hc
many were dialectical variants, we consulted a Desive DGS speaker withbackground in
Deaf Studies. We asked our consultant in whichoregf Germany is the sign used, h
frequently he thinks it is used on a scale-5 with 5 being ‘very frequent’, and how wot
he describe its meaning. This analysis is of coardg preiminary and requires support frc
future lexicographic and corpus studies in DGS. rEseilts of this analysis are given in ta
(3.4) below.

Table 3.4List of sign types and their meanin

Type | Region Subjective | Description of Meaning
Frequency
1 Across 4 Used to describe dislike of a task or thing. Faregle
Germany dislike of a job.
2 Across 3 Used to mean that something is unpleasant to se
Germany example spiders or worms.
3 Berlin 4 Used mainly to describdislike of a food, or to say that

person does not look good.

4 Across 4 It has its origin in the German interjection ‘ii
Germany (‘ew/yuck’). Used to describe dislike of somethibgj
not used in reference to humans.
5 Across 4-5 Usually transcribed agdnsehautgoose flesh’
Germany

Used to describe being cold, being frightened, lzidg
disgusted. Often associated with eating or touc
something unpleasant.

6 Across 3 A slightly more polite way to say one does not !
Germany something, for example food.

7 Across 2 Used to say one dislikes a person or a food. Ug
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Germany transcribed ashlechtnausea’, however it does not
mean physical nausea, there is another sign in 9GS
physical nausea.

8 Hamburg Is used to describe dislike of persornhiogs.
Often transcribed asrbrecherfvomit’, but it does not
mean to physically vomit. There is another DGS $agn
physical vomiting.

9 Saxony It describes the sensation of disgustvangd have
touching something unpleasant.

10 Across Used to describe not liking something, but in@en

Germany factual and less emotionally involved manner.

11 ? Used by Usually transcribed dsass'hate’. It is used for example
youth to say one dislikes a particular food.
12 Cologne It is used to say of a person or a tthagthey look bad.

In sum, the above descriptions show that DGS hkesasat seven ‘disgust’ related concepts
used across Germany and five that appear to berregecific. The various concepts appear
to distinguish between whether a sense of disgudié more to seeing, touching or tasting,
and also whether the referent is human or non human

In order to answer our first question, does an éonm- occur every time the manual
component of EKEL ‘disgust’ is produced, we did tbiowing analyses:

For 62/63 tokens at least one action unit thatuvague to the time window of EKEL
‘disgust’ occurred. The average amount of actiatsyrer token was 5.01 (SD=2.18,
Mode=3, Min=1, Max=9). The movements made werengftand clear; the average intensity
of an action unit on a scale of 1-5 with 5 meammaximal possible intensity was 3.55 (SD
0.3, Min=3, Max=4). In the single case where theeee no action units unique to the time
window of the lexical item, we found that they sptdbeyond the lexical item to include the
immediately preceding first person pronoun. Themgharation in milliseconds of the time
window we analyzed with FACS (equivalent to theglénof the sign) was 827.32 (SD
287.51, Min 351, Max 1769). The variation in lengffEKEL ‘disgust’ is due mainly to
sentence position. If the sign was sentence ftrf@d a much longer retraction phase than in
sentence medial position.

The action units started at onset or in 4/62 cas#d®e stroke phase of EKEL ‘disgust’ and
faded with the retraction. It was clear that theefand the mouth in particular, were engaged
in rapid movements timed to the segmental actidriseohands throughout the sentences and
not just on EKEL ‘disgust’. Average mouthing ratalculated as number of signs containing
a mouthing divided by total signs was 0.41 (SD7Q.That means that for almost every
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second sign, the mouth was engaged in our datalsstmouthing rate for DGS is similar to
that reported in Ebbinghaus & Hessmann (2001).

In three cases the facial action that occurred ®wKIEL ‘disgust’ was a mouthing or mouth
gesture, coded as AU50, with no other detectablkeements. In nine cases there were both
mouthings and additional facial actions. The averagmber of additional action units in
these cases was 2.2 (mode = 3), and the two nsagtent action units in these cases were
AU7 ‘lids tight’ (4/12 cases) and AU9 ‘nose wrink(d/12 cases). There were two different
mouthings that occurred; /SLE-T/ and /E-EL/ deriveain the German ‘schlecht’ (hausea)
and ‘ekel’ (disgust) respectively. There was ongeaaf the DGS mouth gesture ‘pff’.

In addition to the data above signing informangsoréed that the facial component for
emotion related words is usually obligatory. Theated that producing the manual part of
EKEL ‘disgust’ without the facial component is madkas formal speech.

From above we see that facial movements unigueettime window of EKEL ‘disgust’
occurred in all but one case. However, can thesalfamovements, excluding mouthings, be
reasonably said to comprise a facial expressidncdrabe interpreted as a depiction of the
concept ‘disgust’, i.e. was it an emo-form as wpested rather than a case of echo-
phonology, or something else? To answer this queste provide a description of the
particular action units that occurred in our data.

A total of 18 different action units were detectedhe analyzed tokens and there was no one
action unit that occurred in 100 percent of thedaable (3.5) below gives the ten most
frequent action units in the data.

Table 3.5 Frequency of action unit occurrence fothe emo-form disgust

Action Unit Frequency of
occurrence (%)

AU25 lips part 74

AU19 tongue show 52

AU26 jaw drop 40

AU15 lip corner depressor 35

AU7 lids tight 32

AU17 chin raiser 29

AU10 upper lip raiser 27

AU20 lip stretch 24

AU4 brow lowerer 22

AU50 speech (mouthing) 21
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Most typically than, it can be seen that signemnagl their mouths and showed their tongues
when signing EKEL ‘disgust’. This can plausibly ingerpreted as an iconic depiction of
disgust, i.e. an action to remove something froe©mouth. Lip raising (AU10) and nose
wrinkling (AU9), which according to Ekman et al0(2a) are the core of the prototypical
‘disgust’ related facial expression also occurredur data, but not particularly frequently
(AU10 in 27% of the data and in AU9<21%). The otaetion units above can all also
plausibly be interpreted as expressions signifgispleasure (e.g. down turned mouth corners
(AU15) lowered brows (AU4)), and in no case wagsdtesmile restricted to the analyzed
time window. However, in 6 cases a smile did haveet during the sign analyzed, but it
remained on the face well after offset of the secde3864ms on average. This smile seemed
to be directed at the interviewer and to expressathusement of the participant with the task.

The answer to our first question then is no, adatde emo-form did not occur with every
instance of EKEL ‘disgust’ in our data set. In a@ese there were facial actions but they
spread over EKEL ‘disgust’ and a pronoun, and 684J/ases there was a mouthing with no
additional facial movements. However, in the mayooif cases there was an emo-form, and
we also found that mouthing can co-occur with th®-dorm, this happened in 9/63 cases.
Given that in the four cases were there was nactidile emo-form a mouthing occurred, it is
possible that the signer did in fact make a disgelated facial expression but it was masked
by the movements of the mouthing. Our tentativechumion then based on our corpus data is
that the emo-form is an obligatory feature of theiaus signs for EKELdisgust'.

In answer to question (2), what is the scope ofdb&l action, in all but one case the facial
actions occurred within the time window of the alisign, however in one case it spread to
the immediately preceding first person pronounsTrhight suggest that the domain of facial
action is the prosodic word rather than the lexieatd however; we do not at present have
reliable diagnostic criteria for determining th@godic word in DGS. It does not seem to be
the case that the first person pronoun was cléttianto EKEL ‘disgust’ since there was no
reduction in form of the pronoun comparable to thedcribed in Sandler (1999). This issue
remains to be addressed by future research.

Our data so far shows that in most cases EKEL tdisgvas accompanied by an emo-form
however it was instantiated differently in evergeavhich brings us to our last question, (3)
is the emo-form conventionalized?

When examining total tokens as shown in table 4@pwe found high variability in the
choice of action units used to create the emo-flemiEKEL ‘disgust’. The range of action
units used totaled 18 but for each individual tokk@maverage number of action units used
was a small subset within this range; on avera@b62.18) action units. No strong pattern in
muscle configuration was apparent when lookindlabkens. The only two action units to
occur in over 50% of the cases were lip openingZB).and tongue show (AU19). Our
conclusion from this data then is that the emo-faripartially conventionalized in its
appearance.
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Since we did unexpectedly elicit 12 synonyms folHEKdisgust’, it is of course possible that
each synonym is associated with a particular mas@anfiguration. We do not have enough
data points for each type to carry out analyseschad establish this however.

In summary, when the sign EKEL ‘disgust’ is proddidteis highly likely that it will occur

with a facial expression depicting disgust, that thcial expression is rather brief lasting
about 800ms (i.e. spanning the length of the léxigm), and that there are variations in
which muscles are used during the facial expredsimmost typically it consists of opening
of the mouth and tongue show. What can this ddtageibout the function of the emo-form?
We attempt to answer this in the discussion sedtelow.

Discussion

According to our data the emo-form has scope ongyr texical items, it appears almost every
time an emotion related lexical item is signed, sigghers state that the production of emotion
related signs must be done with the correspondioglfexpression. All this suggests that the
emo-form is a part of the phonological form of teeical item EKEL ‘disgust’. This use of a
facial expression seems unique to sign languagesyd do not know of spoken languages in
which speakers make a facial expression timed ety to the onset and offset of words
such as ‘disgust’ or in which speakers report ‘tiagust’ needs to be articulated with the
corresponding facial expressfon

However by stating that the emo-form is phonololgicae runs into the same problems one
has in stating that mouthings are phonological. Gfrteese problems is apparent redundancy.
The manual component of EKEL ‘disgust’ appearsawehsufficient phonological

information to make it distinct from other itemstire DGS lexicon. Why then do signers
expend extra energy in using additional articuafor the sign EKEL ‘disgust’ when the
manual component would seem to suffice? If we acZgyh's principle of least effort (i

Cancho & Sole, 2003; Tobin, 1997; Zipf, [1949] 2RXr2amely that a human will not put

more effort into articulating a word than is neeggdor enabling the receiver to decode it, we
would have to conclude that the emo-form is notinethnt and must have some benefit to the
receiver of the signal that justifies the extradfbn the part of the sender. This could be
tested in future psycholinguistic experiments foaraple by measuring whether sign
recognition is facilitated for signs with a faca@mponent compared to signs with no facial
component.

One could also try to account for the emo-form sainally instead of phonologically, on the
grounds that the emo-form standing alone is alre@asiymiotic (meaning bearing) unit.
However, as with mouthings, here too one runsantedundancy problem. The emo-form
does not seem to function like a morpheme in thses¢hat it does not modify the meaning of
EKEL ‘disgust’ rather it seems to repeat it. Nekieteéss, as stated above, mouthings, and
enacting facial actions do have the capabilityaéfrig on a morphological function by

! English speakers may use a facial expression depicting disgust when using the word ‘disgust’ in a sentence,
but this expression does not seem to be timed to the onset and offset of ‘disgust’ but rather has scope over a
large portion of the clause, and the expression would function to depict the attitude of the speaker. Signers
also make such use of facial expression to convey speaker attitude (Liddell, 1980), but our point is that this is
different from emo-form function.
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forming compounds with manual lexical items tha& aot semantically identical and in this
way they resemble facial adverbials. As yet, wadbhave empirical evidence that emo-
forms can act as morphemes, but we think it idylikeat such evidence will be found.

In sum so far, we propose that the emo-form hals dgthonological and a semantic function,
and that its redundancy is only apparent, otherwiseuld not appear in the language
following Zipf's principle of least effort. Our téative explanation for their function is that
they are of benefit to the receiver of the signahe cases in which they repeat semantic
information, and they function as morphemes inches where they add semantic
information. This hypothesis can be tested in ®ifpsycholinguistic experiments.
Furthermore we propose that emo-forms, mouthingscteng actions, facial adverbials, and
semantically empty actions make up one class d$ lnaised on their common profiles. Their
differences can be accounted for in terms of thegins and their location on a continuum of
function: emo-forms are adopted from emotion reldéeial expressions, mouthings from the
ambient spoken language, enacting actions and fav&rbials from mimetic enactments,
and empty actions from imitation of hand movemenkese types form a continuum between
purely phonological function and purely morpholaditunction.

These units seem to form a layer that is somewltipendent of the manual stream, but
complementary to it. A relationship between twoependent but related streams of
information is also found between gesture and wadd intonation and words. The
relationship between gesture/words and intonatiord® is not reducible to the relationship
between the articulators hands and face, for itde@s shown that words can be articulated
either by vocal muscles or the hands (Stokoe, 1961 gesture can be articulated either by
hands or facial muscles (Sandler, 2009). Similaviy think that the relationship between the
lexically timed facial action layer and signs canbe accounted for by direct reference to
articulators, but by reference to the simultangmasiuction of information types that can
potentially be produced by any articulator. Thatnie propose that the layer in which emo-
forms, mouthings, enacting facial actions, facthlexbials, and empty actions occur be
considered a system of information used in parali#i gesture, intonation, and, lexical
items. We explain this proposition in detail below.

Multiple layers of information in communication

Ebbinghaus & Hessmann (2001) proposed that mowtldagstitute a sign type that can be
used together with manual signs, but they arehnhselves a component of the manual sign.
They state that the multi-dimensionality of signdaages allows this unique coordination of
heterogeneous sign types possible. We are in Jagneement with the idea that in the case
of mouthings two semiotic units that are to somgrele independent of each other are being
used in a coordinated manner and we extend tlamtmforms and enacting actions as well.
However we disagree that the coordination of hggmeous sign types is unique to sign
languages. We think that there is ample evidengentulti-dimensionality is a general
property of human languages, spoken and signedhanthe coordination of heterogeneous
sign types is ubiquitous.
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We use the term multi-dimensional to mean thatawmore types of related information are
simultaneously being transmitted and multi-modah&an that one or more physically
independent sets of articulators are being ussdnd a message that can be detected by one
or more sensory modalities. The fact that the Ahusman communication is multi-
dimensional and multi-modal; containing informatemcoded in gestures (Dachkovsky &
Sandler, 2009; Kelly, Ozyurek, & Maris, 2010; McMel992; Mueller & Posner, 2002),
information encoded in intonational units (DachKgv& Sandler, 2009; Ladd, 1996; Nespor
& Sandler, 1999; Sandler, 1999), information encbitiefacial expressions (Eibl-Eibesfeldt,
1975; Ekman, 2004; Fridlund, 1997; Wierzbicka, 19@8ed together with the information
encoded in lexical items and syntactic construstisireceiving increasing documentation.
Below we describe these information types, whahmwn about their properties, and how
tightly they seem to be connected to lexical items.

Information encoded in co-speech gestures

According to McNeill (1992) the type of informatidypically encoded on co-speech gestures
is visual imagistic information such as directipath, manner, size, and shape, e.g: moving
the hands upwards while saying “he climbs up tipe’pi

Gestures as semiotic units have different propettighat of lexical items. Amongst other
properties proposed in McNeill (1992) they are gladdnd synthetic i.e. the meanings of the
parts are determined by the whole and differentmmgasegments are synthesized into a
single gesture. This is in contrast to the dualitpatterning (the possibility to decompose a
semiotic unit into a set of finite discrete meah@sg units) seen in lexical items. Gestures,
unlike words, do not combine into larger structuthey are non-combinatoric. There are also
no standards of well formedness for a particulatige. Each individual can produce the
form of the gesture as she wishes i.e., they apsydcratic.

Gestures co-occur with lexical items in the follogiway: there is usually one gesture per
clause. They are timed to the onset of particesichl items. They add complementary
information to that encoded in the lexical itemeTgreparation phase (hands moving into
position) of a gesture anticipates speech, andsimechronizes with it during the stroke (the
execution of the gesture). The stroke is timednid & or before, but not after, the peak
syllable.

Information encoded in intonational units

Intonational units following Ladd’s (1996) defirati encode post lexical information, namely
information about sentence type, speech act, dodmation structure such as topic and
focus. This type of information is mainly carried fuprasegmental features such as high
tones and low tones in spoken languages and miaynigcial features in some signed
languages (Dachkovsky & Sandler 2009) howeverdbe may also play a role in spoken
language prosody (Krahmer & Swerts, 2009).

The properties of intonational units, if one aceseptomponential model as proposed for
example in Dachkovsky & Sandler (2009) and Bart®®#99), are as follows: there exists a
finite set of intonational primitives, and thesewmtives encode a meaning, e.g. brow raise
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means ‘more information is coming’, and these ucéils combine with one another according
to rules to create a complex meaningful structBrelike gestures, the primitives are semiotic
units that do not have the property of duality aftprning, but unlike gestures the units can
combine with each other to form complex structures.

Intonational units are timed to word onsets andeaiff and their scope seems to be determined
by reference to the relevant level in the proshdkcarchy; in the case of intonational units

this would be the intonational phrase. They are atswventionalized, meaning that all
members of the speech community use the same fegamimg pairings.

Information related to emotions or intentions

The type of information | wish to address in thibsection is that related to emotion and
intention. Before discussing the properties of thiermation type we wish to clarify our
terminology. In ordinary English it is natural s#wat one can express emotions through
gesture and intonation. This is so because thaarglEnglish terms highlight the particular
articulators most often used in gesture and intonatamely hands and voice. It is true that
emotion/intention can be signaled by the handsvaiak, but crucially it is a different
information type to that defined for gesture (insigi information on size, shape, etc.) and
intonation (post lexical information). We use tbemis gesture and intonation in the technical
senses defined above, so by our definition ematitemtion cannot be conveyed in gesture or
intonation. The importance of not confounding imi@tion type with the articulator set
prototypically associated with it will be furtheddressed below.

This information type, following Wierzbicka’s (1998nalysis, is inherently in first person
and present tense orientation. This type of infdiomeappears early in acquisition, before
speech and gesture (Izard et al., 1995). The pviesiare semiotic units that do not display
duality of patterning. Although several differemb@ion/intention expressions may be
simultaneously transmitted, i.e. raised eyebrowsasamile meaning something like ‘I want
to know more and | feel good’, we are not awarevaflence that they combine with each
other in hierarchical structures. So for the presenassume they are non-combinatoric.

This type of information is usually associated vitik face, but can also be encoded in the
voice (Pittam & Scherer, 1993) and the hands (ReWiicintire, & Seago, 1992). There is
cross cultural evidence (Ekman, 1972) and evidéoce the congenitally blind (Matsumoto
& Willingham, 2009) suggesting that some of thadhexpressions for this information type
are innate and universal. The form of these uh#s is the same across the community of
users, not because of social convention, but dueneteness. These types of units do not
seem to align with lexical items as seen in oua det smiles above and in Baker-Shenk
(1983) for example.

Summary of information types

The main points that we wished to make by desayikine various information types
conveyed during face-to-face communication by husmarhat multi-dimensionality and
multi-modality is a property of both signed and lspolanguages and that information type is
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not necessarily bound to one set of articuldtarke Information types described are
summarized in table (3.6) below.

Table 3.6 Information type layers and properties

Label Information Type Structural Relation to Possible
Properties lexical items )
Articulators
Gesture Imagistic information | No duality of Timed to the | Hands
about direction, path,| patterning peak syllable
manner, size, and . . of lexical Face
shape Non-combinatoric items.
Idiosyncratic
Intonation | Sentence type, speedhNo duality of Timed to Vocal folds
act, topic and focus | patterning onsets and
Combinatoric offsets of Face
_ ) lexical items in
Conventionalized an intonational
phrase
Emotion/ Emotions and No duality of Not timed to Face
) _ intentions in the first | patterning lexical items
intention Vocal folds

person present tense \ binator
: : on-combinatoric
signals orientation Hands

Possibly Innate

The division and characterization of the informatigpes above reflects our understanding of
the current state of research in the respectiv@sfitiowever we by no means claim that this
is a comprehensive list or description of informattypes in communication. Additionally,

we are not suggesting that the categorization weige is discrete. In fact McNeill (1992)
proposes that gesture and language are on a comtirGestures can lose some of their
properties and gain others and become lexical itaragn languages. This is an important
point for explaining the emo-form, enacting fa@ations, mouthings, facial adverbials, and
empty actions. The emo-form seems to originatenoten/intention signals, but it appears to
lose its first person present tense orientationnahiss used with lexical items in DGS.

A potential problem that arises from our proposgumblogy is that equivalent information can
be encoded by each layer, so are we justified fimidg our layers on the basis of information
type? For example, information about size, shaath, pnanner, etc. can also be encoded
lexically by saying “he climbed up the long pipeaiturried zigzag fashion”.

> Whether and which of the semiotic systems we describe should be regarded as linguistic or extra linguistic is
not an important distinction for the purposes of this paper. We wish only to claim that multiple systems are
used together and that the systems seem to have some shared and some unshared properties.
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Emotion/intention can similarly be expressed letyday saying “I feel bad now”, and so on.
It appears to us however that the three systenwided above reflect an optimization for the
transmission of a particular type of informatiomeXcan plausibly argue that the most
efficient, i.e. quickest, way to transmit inforn@tiabout size, shape, manner, is simply to
show it to the receiver by creating a visual anabthe size, shape etc. one has in mind
rather than describing it in words. In turn, thestnefficient way to create a visual analog
would seem to be by using the hands, which woupdagx way gesturing by hearing persons
is done by the hands. However, humans appear fe&iiough that when the hands are
occupied with signing, the face can take over gexju

The parallel lexicon layer

The question then remains what type of informatsoimansmitted in the layer in which emo-
forms, enacting actions, mouthings, facial advdsband empty types occur? It would seem
that the information type of this level is very rhdike that of lexical items. That is lexical
items can potentially encode any kind of conceptnehough some kinds of information
(like size & shape) are more efficiently encodewtigh other means. Mouthings certainly
have the potential to encode any kind of concepthay are derived from ambient spoken
language words, while enacting actions and emoga@ntode concepts from the domains of
action and emotion/intention respectively. Howewslike lexical items, it does not seem to
be the case that within this layer items combing wach other into complex structures. Our
tentative proposal then is that this layer be aersid a parallel lexicon to the manual lexicon.
Given that this parallel lexicon usually repeats semantic content of the manual sign it co-
occurs with we think its primary function is phoagical, i.e. to create perceptually distinct
signs, although it can also take on morphologigatfions as the cases of mouthing-manual
compounds and fully fledged facial adverbials &ttes

A final issue we address before concluding is ttigimultaneity of production. In our data
we saw that mouthings and emo-forms as well asesrmaihd emo-forms could co-occur. In
terms of our parallel lexicon proposal, this wonldan that within a layer there can be
stacking of information as well as between layBigte that this also occurs in the
intonational system; according to Dachkovsky & San(2009) ‘brow raise’ and ‘squint’ can
be simultaneously produced. The question ariseékeie an upper limit to the amount of
information a human can stack during communication?

From the perspective of the sender the upper Wuiild seem to be the availability of
articulators that can be independently manipulatetiperhaps also the transmission rate of
the type of information being sent on that artitmlaFor example in the cases of the co-
occurrence of mouthing with the ‘disgust’ emo-folangd brow raise with squint, each item
could use different muscles within the facial setthere was no competition for resources.
However, even in the case when the exact same eniss@quired for two different
information types, simultaneous production sti#ss possible and can be realized either
through greater intensity of muscle use (de Vos,de&xr Kooij, & Crasborn, 2009) or by one
movement being held longer than the other, asarcise of the smiles in our data which
started during the articulation of the ‘disgust’@form, but remained on the face about five
times as long as the emo-form. From the perspeofitiee receiver it is probable that a
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human’s capacity to process incoming messagesiis,fout what the upper limit is in
communication requires further investigation. Thersome preliminary evidence suggesting
that there is an optimal human transmission ratafofmation (Klima & Bellugi, 1988;
Pellegrino et al., 2011) but these studies onlk ioto consideration lexical information.

Conclusion

We found evidence that the emo-form is consistemthd with the sign EKEL ‘disgust’. We
found that it has scope over the lexical item drad there is a certain degree of idiosyncrasy
in exactly how the emo-form is produced althoughriost common form was mouth
opening and tongue protrusion.

In trying to account for the function of the emarfoeither phonologically or

morphologically, one runs into the problem of agpéredundancy. This is the same problem
one has in accounting for mouthings. Phonologidaly seem redundant because the manual
component of signs is usually distinct enough nattuire additional features, and
morphologically emo-forms and mouthings do not add semantic content to the sign, they
seem to only repeat the semantic content of thauadlaomponent. Following the Zipfian

notion of least effort, we propose that this redamay is only apparent. The use of emo-forms
and mouthings must be of benefit to the receiveheimessage, or else the sender would not
make the extra effort to use additional articulatdihis hypothesis can be tested in future
psycholinguistic studies.

Given the shared properties between emo-forms, mragsg, enacting actions, facial
adverbials, and empty actions, namely that theglsgope usually over single lexical items
and they have mixed phonological/morphological ipgef we regard them as belonging to
one class of phenomena that vary in their origich #aeir location on a phonological-
morphological continuum. We propose that this classegarded as an additional layer of
communication that functions like a parallel lexado the manual component in DGS. The
relationship between this layer and manual lexteahs is analogous in some ways to the
relationship between gesture and words, or intonand words.

We have shown that in typical face-to-face commation at least four different information
type layers are stacked; lexical items, intonatgesture, emotion/intention, and that also
within a layer, units can be stacked. One of theruresearch questions that follows from
this analysis is; what is the upper limit to thecammt of information that can be stacked by
humans during communication?
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4. General Discussion

In the above studies | have attempted to estatiimtfacial movements can be used as
phonological elements. | interpret the finding gdseudo-homoviseme effect on a lexical
decision task as evidence that visemes can beasseart of the phonological representations
deaf individuals have of a spoken language. | predrthe findings on the temporal scope and
distribution of disgust expressions on DISGUST siga evidence that facial expressions are
part of the phonological representations of sigmsny review article | addressed the issue of
how to interpret the similarities and differencesvieen facial movement types, suggesting
that the differences are best seen as variatiotisrea dimensions — semantic, compositional
and iconic. In this section | will further addrehe issue of the similarities and differences
between facial movements by comparing my view efdhata with that of other researchers.
The discussion is structured around the followingsiions that recur in the literature; (1)
how many functions do facial movements have? (Z<each different function entail
independent cognitive systems? (3) What constitatesdependent cognitive system?

4.1 How many functions do facial movements have?

Of interest are the facial movements that havg@ading property, or what | call semiotic
facial movements. This excludes facial tics and-communicative instrumental movements
such as chewing. | will start by enumerating th@adlamovements involved in signed
languages as these are clearly made for the pugi@ssmveying meaning. Based on the
literature the following linguistic functions ofdeal movements are attested: phonological
(Elliott et al., 2012; Elliott & Jacobs, submittédfoll, 2001), morphological (Crasborn et al.,
2008), syntactic (Neidle et al., 2000; Wilbur & 8@tke, 1999), prosodic (Nespor & Sandler,
1999) and gestural (Sandler, 2009). This categoizés by no means uncontroversial.
Particularly there is debate surrounding whethecsic movements such as brow raise are
prosodic units or syntactic elements (cf. Dachkgw&lSandler, 2009; R. B. Wilbur &
Patschke, 1999) and whether mouthings are phorualbgiements (Boyes Braem & Sutton-
Spence, 2001). Nevertheless, the broader functeataory of ‘linguistic movements’ does
seem to be well established.

The next functional category that seems to be gdlgevell established, but also similarly

rife with its own internal controversies is the dmp related facial movement. Ekman (2004)
defines emotional facial expressions as involuntacial actions that provide information
about internal states to others. They are univessahe are present in other species, and they
are a sign that an emotion is occurring. They wgetected for in evolution because of their
role in social communication. Ekman proposes thi&ast six universal facial expressions of
emotion (happiness, sadness, anger, disgustsiggrise) can be identified. There is a family
of facial expressions for each basic emotion indgdariations in intensity. However, given
the lack of consensus on what emotions are and fabtial expressions have to do with them
(Ekman, 2004; Fridlund, 1997; Wierzbicka, 1999)ill vefer to them as emotion related
facial expressions rather than emotional expressibhne reason that | focus on Ekman’s
theory of emotion related facial expressions i$ ithia his theory that is most often referred to
in the linguistic literature when making comparisdietween linguistic facial movements and
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others (e.g. Anderson & Reilly, 1997; de Vos et2009; Mcintire & Reilly, 1988; Reilly,
2005), and therefore will facilitate the discussion

Finally, there are facial movements that are semibtt that do not fall neatly into the
linguistic or emotion categories as described apthese are often termed communicative
facial expressions. These include amongst othersuh-categories of emblems and
referential expressions (Eibl-Eibesfeldt, 1975; Bkm1979). A common example of an
emblem is the negating headshake. Emblems cantr@pead (as in ‘headshake’ co-
occurring with the word ‘no’) add a separate comhmmnthe words spoken, replace a word
within speech, or stand alone. Referential expoessare facial actions used to depict an
emotion not currently felt by the person depicting

This tripartite distinction of semiotic facial mawent functions may be useful for quickly
communicating what types of facial movements aaeteer is interested in, but it seems to
me that as yet too little is known about the sintiles and differences between semiotic facial
movement types to claim that this categorizatiomesponds to three independent underlying
cognitive systems. | assert this for two reasanstly as | already stated above, within the
fields of emotion research and linguistics theredsonsensus on the fundamental nature of
specific expressions. As the scientific definitimisemotion’, ‘communication’ and

‘language’ are still being forged, the type of Eenhovements attributed to each category
remains unstable. Secondly the types of facialesgions subsumed under the
communicative category are under-researched. Hgory seems to include movements
that fit into McNeill’s (1992) definition of co-sjeeh gestures, while others seem to be similar
to the prosodic facial movements of signers (Krah&n8werts, 2009). Given that it is now
much more broadly accepted that co-speech gesiteespart of language (Kelly et al.,

2010) much of the facial movements that where amtlee ‘communicative’ category can be
subsumed by the ‘linguistic’ category.

4.2 Does each different function entail independertognitive systems?

Contrary to my view however, Reilly and her colleag (Anderson & Reilly, 1997; Mcintire
& Reilly, 1988; Reilly, 2005; Reilly & Bellugi, 199 Reilly et al., 1990a; Reilly et al., 1990b;
Reilly et al., 1992) have been making the argunfi@nindependent cognitive systems
mediating linguistic, affective and communicativees of facial movements. They are the
only group, to the best of my knowledge, to study acquisition of facial movements by deaf
individuals. However | find that their independsegstems argument has two very severe
limitations; they are inconsistent regarding thetidction they make between communication
and affect and they remain very vague regarding whandependent system is.

In Anderson and Reilly, (1997) the cited authorkena distinction between linguistic and
communicative functions. They develop an argumeset on the use of negation headshake
in spoken language, and negation headshake asrusigtied languages. They draw the
conclusion that: “[there is] strong evidence tlgystems for communication and
languageare differentially mediated” (p. 411) [emphasisaji However in a later paper
Reilly (2005) combines affective and communicafivections:
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“To return to the original questions, the data fsfjghat the relations among
affect, communication, and languagehange with development. Initially, these
appear to all be served by one broad-based symtmienunicative system.
Then, with the onset of syntax, sometime near ile’s second birthday, there is
a shift such that the developing linguistic systerlonger has free access to the
communicative/affectivebehaviors, even when they are semantically and
formally pertinent, as with negation. These behialiochanges imply a bifurcation
such that theystems for language and affeare differentially mediated” (p.
287) [emphasis mine].

Her concluding claim in this quote is now for segtaraffect and language systems, rather
than for separate communication and language sgstEnese two claims are very different
since despite the controversies regarding the eatuemotion, there is high agreement that
affect is part of a system dedicated to allowingiaimal to respond to the environment as

well as motivating an animal to act in the envir@min(lzard, 2010). In other words there is
enough independent evidence for the existencesgétem that we label ‘affect’ and that it
exists in animals other than humans, which in tsigvidence that language is not a necessary
or sufficient condition for affect, indicating theye to some extent independent systems.

The above inconsistency is not just an artifacjuadte mining. Throughout Reilly’s 2005
paper, summarizing 15 years of her own and heeaglles work on the acquisition of
linguistic facial movements, she nowhere makesracipled distinction between affect and
communication and often uses one term or the athlkoth separated by a slash:

“(1) What are the developmental relations betwesiégct, communication, and
language? Can the infant use haffective/communicativeprowess to bootstrap
herself into the linguistic system?” (pp. 267-28nphasis mine].

| now turn to the evidence that Anderson and Reg(ll997) claim strongly supports the
hypothesis that communication and language arerdiitially mediated. Anderson & Reilly
(1997) provide data that the acquisition of lingjgigacial actions is not a smooth linear
process of increasing adult like usage. In the adgun of emotion words for example, the
child displays a ‘U’ shaped curve as regards aaytithey start by producing the correct
form HAPPY+smile, they then enter a phase of inesteuproduction where HAPPY occurs
without the appropriate facial action, but everljutiley again produce the correct
HAPPY+smile form. For the acquisition of negatiordather morphological facial actions,
signing children first use the negating headsh#deea then the manual negation sign is used
but without a headshake, and finally the manualfanidl negation components are correctly
produced together. They state that this contragksttie acquisition pattern for other facial
action types such as emotional expressions orapating headshake when used by non-
signers. These types of facial actions seem tatipéncrease in amount and complexity as
the child matures. They conclude that these diffegs in acquisition are strong evidence that
language and communication are two distinct systems

| argue that the acquisition data is not stronglence that language and communication are
two distinct systems for the following reasonsamanalogous debate regarding the
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acquisition of English regular verbs (e.g. walk alked) and irregular verbs (e.g. sing — sang)
it was observed that children showed differentgratt of acquisition, particularly that they
showed a U-shaped learning curve for the irreglans. It was proposed that a dual
mechanism was involved in the acquisition of the types of verbs (Pinker & Ullman,
2002). However it was demonstrated that a singdéesy model could account for the
acquisition of both types of verbs (McClelland &teeson, 2002). Furthermore U- shaped
learning curves appear in other domains than lageyaad there exist at least four different
theories regarding their origin (Rogers, RakisoriMi&Clelland, 2004). Therefore the
presence of a U-shaped learning curve does noss&aly indicate the activity of a syntax
module and so one cannot at present rule out thalphty that there is a single system that
mediates communicative and linguistic acts degspfferences in aquisitional patterns.

The other facet of Anderson and Reilly’s (1997 )uangnt relates to the nature of
communicative facial movements. They state thakarninguistic facial movements,
communicative facial movements do not appear tgdverned by specific rules (p. 415).
This appearance may have more to do with the velédick of research on communicative
facial movements that | already mentioned abowa the actual presence of a random
behavior. For example, even though co-speech gsstuie not as predictable as words,
McNeill (1992) clearly showed that there are regtiés in their production and that they
have a non-redundant communicative function. Smaay communicative facial movements
seem to be like co-speech gestures, they might ghewame regularities, such as
synchronization with the peak syllable of a clause.

4.3 What constitutes an independent cognitive syst&

The question of whether the different kinds of setioifacial movements observed are
mediated by more than one system, and whethelygterss are independent or not would
benefit from greater explicitness on part of thoséming that they are. For example all types
of facial movement at the end must include a stephich the facial muscles receive an
impulse to move. A specific question that wouldrfermative regarding independence of
systems would be; is there feedback from produahtmthe system (linguistic or other) that
originated the impulse? Does the feedback als&’ie& the systems that did not motivate
that particular facial movement? If feedback leiits all systems that can activate the facial
muscles, then a strong version of independentsgstene in which language, affect, and
communication are completely autonomous of eaclrpit not warranted. There does in fact
seem to be some evidence that facial muscle mousrfesd back into systems that did not
motivate them: Niedenthal et al., (2009) found thatwing the facial muscles for a non-
communicative instrumental purpose such as holdipgncil in one’s mouth affects
judgments on the emotional content of words.

Before making claims about how many systems anained|to account for the facial
movement behaviors a closer look at the differemoessimilarities is required. At present
the following is known about the differences; tmsets and offsets of linguistic facial
expressions are aligned to the onsets and off§éte ananual component of signs and they
have scope over specific linguistic constituemscdntrast emotion related facial expressions
and communicative facial expressions do not apjoelae tightly synchronized to words
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(Baker-Shenk, 1983; Veinberg & Wilbur, 1990; RonBieWilbur, 2009). It has also been
claimed that linguistic facial expressions diffesrh emotion related facial expressions in the
facial muscles they recruit (Herrmann & Steinb&fi,1) however, | am not aware of
empirical evidence supporting this. For even Ekmaah colleagues (Ekman et al., 2002a, p.
173) who are amongst the leading proponents ahiary that some facial expressions
correspond uniquely to discrete emotions, statetktegie is no complete evidence for exactly
which action units (facial muscle movements) cqroesl to which emotion. The second
difference lies in order of acquisition. Emotiotated facial expressions appear within the
first few months of human life (Izard et al., 199%®)lowed by communicative facial
movements at about one year, and shortly afteinigyilstic ones at one and a half years of
age (Anderson & Reilly, 1997). A third differenced in their semantics. Wierzbicka (1999)
argues that emotion related facial expressionsyswaean what they mean in the first person
present tense orientation i.e.: raised brows mdamnant to know mor@ow'. The data on
communicative and linguistic functions of brow m®iggests that they lack the first person
present tense orientation and what remains isdreaf ‘want to know more’ or some similar
formulation such as ‘more information is coming’a@nkovsky & Sandler, 2009). This
process of a semiotic unit losing some of its meguais it takes on other functions is attested
in linguistics and referred to as semantic bleaglirraugott, 1988).

5. Limitations and Outlook

Given that there are only three studies, to thé dfesiy knowledge, that directly compare the
differences in form between linguistic and othaidhmovements and that the result is that
linguistic facial expressions are more strictlyeuinto words, there is clearly much more that
can and should be done. | suggest that the dusatibvarious expression types be measured,
that frequencies of expression types be measunéidha frequencies with which they co-
occur with other elements such as hand movememt®@ls also be measured. Furthermore
cluster analyses on the facial muscles recruite@rdmotion related expressions and others can
be carried out to substantiate the claim that défie muscles are recruited for the different
types of facial expressions. Comparisons on thagables can then be carried out between
adult and child facial movements, hearing and geaple’s facial movements, and across
cultures.

In my own work | have only started to collect sutztia and that which was presented in this
dissertation only stems from elicited signing. Maxhstep will be to evaluate the occurrence,
timing and frequency of various facial movementyfrom the free speech sections of my
corpus, as well as to compare hearing and deatlfexpressions. Another limitation as
regards my more specific claim that facial movera@ain be used as phonological elements
is that the evidence | provide comes from produnctibsign and perception of written
German. In future work | would also gather evidefioen perception of signed language to
establish whether mouthings and other lexicallyetinfacial movements facilitate responses
to perceived signed material. Alongside the comthgathering of data, a development of the
models for signed language production (p. 8 abaud)the more general model of
communication layers (p. 64 above) is also requasukcially to facilitate the generation of
hypotheses for confirmatory studies, as opposeldettargely exploratory ones suggested
above.
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Appendix 1. Materials for Study (1)

A. Stimulus Material

Stimulus | Count Frequency Category
(Low =1, (Pseudohomoviseme = 1
High = 2) Spelling Control = 2
Word Filler = 3)

lod 1 1 1
wase 2 1 1
leie 3 1 1
tib 4 1 1
roo 5 1 1
rosd 6 1 1
trok 7 1 1
kruk 8 1 1
ais 9 1 1
lit 10 1 1
eit 11 1 1
ahl 12 1 1
wud 13 1 1
wee 14 1 1
feh 15 1 1
apt 16 1 1
jot 17 1 1
lop 18 1 1
hei 19 1 1
gihr 20 1 1
ekke 21 1 1
pfat 22 1 1
kleh 23 1 1
zwisd 24 1 1
nihte 25 1 1
bihne 26 1 1
eckse 27 1 1
draat 28 1 1
zwerk 29 1 1
sirub 30 1 1
grais 31 1 1
pfant 32 1 1
wenus 33 1 1
elent 34 1 1
pfaal 35 1 1
lut 36 1 2
vose 37 1 2
naie 38 1 2
tif 39 1 2
rol 40 1 2
rosk 41 1 2




trof 42 1 2
krut 43 1 2
ois 44 1 2
lin 45 1 2
eip 46 1 2
arl 47 1 2
wuk 48 1 2
wef 49 1 2
feu 50 1 2
aft 51 1 2
jol 52 1 2
lof 53 1 2
wali 54 1 2
girr 55 1 2
efke 56 1 2
pfak 57 1 2
klet 58 1 2
Zwisp 59 1 2
nilte 60 1 2
biane 61 1 2
echre 62 1 2
dralt 63 1 2
zwirg 64 1 2
sirul 65 1 2
gruis 66 1 2
pfank 67 1 2
vetus 68 1 2
erend 69 1 2
pfarl 70 1 2
foll 71 2 1
zait 72 2 1
jaar 73 2 1
grunt 74 2 1
baide 75 2 1
gaist 76 2 1
krais 77 2 1
pahr 78 2 1
unt 79 2 1
bihr 80 2 1
liet 81 2 1
naa 82 2 1
oor 83 2 1
ord 84 2 1
amd 85 2 1
mid 86 2 1
zihl 87 2 1
lufd 88 2 1
want 89 2 1
balt 90 2 1
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spihl 91 2 1
krafd 92 2 1
hilve 93 2 1
zeuk 94 2 1
fluk 95 2 1
parg 96 2 1
damid 97 2 1
wesde 98 2 1
staal 99 2 1
zwekk 100 2 1
klain 101 2 1
fater 102 2 1
prais 103 2 1
fogel 104 2 1
lenge 105 2 1
vorl 106 2 2
zeif 107 2 2
jahl 108 2 2
grind 109 2 2
befde 110 2 2
gelst 111 2 2
krels 112 2 2
plar 113 2 2
ind 114 2 2
birr 115 2 2
liem 116 2 2
naf 117 2 2
orr 118 2 2
orl 119 2 2
amk 120 2 2
mil 121 2 2
zirl 122 2 2
lufp 123 2 2
wanf 124 2 2
balf 125 2 2
spirl 126 2 2
krafl 127 2 2
hilge 128 2 2
zeul 129 2 2
flum 130 2 2
parp 131 2 2
damil 132 2 2
wesge 133 2 2
staul 134 2 2
zwelk 135 2 2
kleun 136 2 2
viter 137 2 2
prels 138 2 2
sogel 139 2 2
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linge 140 2 2
affe 141 1 3
ahm 142 1 3
alm 143 1 3
ampel 144 1 3
ara 145 1 3
aue 146 1 3
baron 147 1 3
beet 148 1 3
belag 149 1 3
boee 150 1 3
boje 151 1 3
brei 152 1 3
dampf 153 1 3
des 154 1 3
dia 155 1 3
dreck 156 1 3
duft 157 1 3
duo 158 1 3
dur 159 1 3
ebbe 160 1 3
ego 161 1 3
eile 162 1 3
eule 163 1 3
falke 164 1 3
fang 165 1 3
farm 166 1 3
fete 167 1 3
filz 168 1 3
fluch 169 1 3
gau 170 1 3
gebet 171 1 3
geier 172 1 3
gel 173 1 3
hab 174 1 3
hain 175 1 3
hanf 176 1 3
hast 177 1 3
hecht 178 1 3
hefe 179 1 3
helm 180 1 3
henne 181 1 3
heu 182 1 3
hexe 183 1 3
huf 184 1 3
imker 185 1 3
jacke 186 1 3
jak 187 1 3
jux 188 1 3
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kalk 189 1 3
kamm 190 1 3
kanu 191 1 3
kater 192 1 3
kehle 193 1 3
keim 194 1 3
kerze 195 1 3
klo 196 1 3
kobra 197 1 3
komet 198 1 3
korn 199 1 3
kult 200 1 3
labor 201 1 3
lachs 202 1 3
laken 203 1 3
lamm 204 1 3
latte 205 1 3
lau 206 1 3
laus 207 1 3
lee 208 1 3
lug 209 1 3
lunge 210 1 3
aha 211 2 3
all 212 2 3
alp 213 2 3
alte 214 2 3
april 215 2 3
atem 216 2 3
auf 217 2 3
auge 218 2 3
auto 219 2 3
bank 220 2 3
bau 221 2 3
bauch 222 2 3
berg 223 2 3
bett 224 2 3
bis 225 2 3
blume 226 2 3
blut 227 2 3
boot 228 2 3
dabei 229 2 3
dach 230 2 3
dauer 231 2 3
davon 232 2 3
ding 233 2 3
dom 234 2 3
druck 235 2 3
ehre 236 2 3
ein 237 2 3
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ende 238 2 3
engel 239 2 3
enkel 240 2 3
esel 241 2 3
faust 242 2 3
feld 243 2 3
fels 244 2 3
figur 245 2 3
fisch 246 2 3
flut 247 2 3
folge 248 2 3
form 249 2 3
frist 250 2 3
funk 251 2 3
gar 252 2 3
gas 253 2 3
glanz 254 2 3
grube 255 2 3
halle 256 2 3
hand 257 2 3
haut 258 2 3
her 259 2 3
hin 260 2 3
hof 261 2 3
ich 262 2 3
ihr 263 2 3
junge 264 2 3
kader 265 2 3
karte 266 2 3
kern 267 2 3
kino 268 2 3
klage 269 2 3
knie 270 2 3
kopf 271 2 3
kranz 272 2 3
lage 273 2 3
last 274 2 3
leben 275 2 3
leser 276 2 3
licht 277 2 3
loch 278 2 3
lok 279 2 3
mal 280 2 3
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B. Control non-words in visemic notation

Viseme

control control Exists in
pseudohomovisemaon-word | non-word | Corpus
raich reuch [-Ol-] Q
mei fai [FAI] 0
zaal zehl [TE-L] (
foll vorl [FO-L] 0
zait zeif [TAIF] 0
jaar jahl [IA-L] 0
gelt neld [TELT] 0
tail teul [TOIL] 0
grunt grind [--ITT] 0
baide befde [PEF][TE] 0]
gaist gelst [-ELTT] @
krais krels [--ELT] 0
lod lut [LUT] 0
pahr plar [PLA-] 0
wase vose [FO][TE] D
leie naie [TAI[E] 0
bro tro [T-O] 0
unt ind [ITT] 0
Sits Sitf [TITF] 0
bihr birr [P1--] 0
fesd fesk [FET-] 0
golt golm [-OLP] 0
lant lank [LAT-] 0
kint kink [-1T-] 0
liet liem [LIEP] 0
hant hank [-AT-] (
faart farrt [FA--T] 0
kunsd kunsk [-UTT-] 0
pfunt pfung [PFU-] (
buk bun [PUT] d
asd asg [AT-] 0
osd osk [OT-] Q
axd axg [A-T-] 0
tib tif [TIF] 0
roo rol [-OL] 0
ark arl [A-L] 0
rosd rosk [-OT-] Q
trok trof [T-OF] 0
kruk krut [--UT] 0
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kalp kalf [-ALF] 0
magt magf [PA-F] 0
ofd ofk [OF-] 0
nih nis [TIT] 0
naa naf [TAF] (
oor orr [O--] 0
uur urr [U--] 0
ord orl [O-1] 0
amd amk [AP-] 0
mid mil [PIL] 0
resd resg [-ET-] D
zihl zirl [TI-L] 0
bilt bilp [PILP] 0
bant banf [PATF] 0
gasd gasp [-ATP] 0]
lufd lufp [LUFP] 0
want wanf [FATF] 0
balt balf [PALF] 0
hunt hunk [-UT--] 0
spihl spirl [SPI-L] 0
krafd krafl [--AFL] 0
hilve hilge [-IL][-E] 0
pungt punft [PUNFT] 0
ais 0is [OIT] 0
lit lin [LIT] 0
eit eip [AIP] 0
ahl arl [A-L] 0
wud wuk [FU-] 0
wee wef [FEF] (
feh feu [FOI] 0
apt aft [AFT] 0
jot jol [I0L] 0
lop lof [LOF] 0
hei wali [FAI] 0
gihr girr [-I--] 0
zeuk zeul [TOIL] 0
fluk flum [FLUP] 0
ekke efke [EF-E] 0
neit neim [TAIP] 0
pfat pfak [PFA-] C
kleh klet [-LET] 0
parg parp [PA-P] D
sant sanf [TATF] 0




foier fauer [FAU][--] 0
monad monal [MOT][AL] 0
abent arend [A-][ETT] 0
damid damil [TAP][IL] 0
jetst jetit [IET][IT] 0
pabst panst [PATTT] 0
forsd forsg [FO-T-] 0
dochd dochg [TO--] D
zwisd ZWisp [TFITP] (
stuul stull [STUL] 0
wesde wesge [FET][-E] 0
nihte nilte [TIL][TE] 0
mihte milte [PIL][TE] 0
bihne biane [PIA][TE] Q
klots klotf [-LOTF] 0
wesbe wesle [FET][LE] D
larfe larte [LA-][TE] 0
staal staul [STA][UL] (
eckse echre [E-][-E] 0]
zwekk zwelk [TFEL-] 0
stain steun [STOIT] D
klain kleun [-LOIT] 0
fater viter [FIT][E-] 0
stard starm [STA-P] 0]
prais prels [P-ELT] 0
artzt arnzt [A-TTT] 0
dursd dursg [TU-T-] 0
sichd sichk [TI--] 0
wahge warge [FA-][--] 0
draat dralt [T-ALT] 0
bezuk bezul [PET][UL] 0
zwerk zZwirg [TFI--] 0
sirub sirul [TI][-UL] 0
grais gruis [--UIT] 0
pfant pfank [PFAT-] Q
wenus vetus [FET][UT] D
fogel sogel [TO][-EL] 0
elent erend [E-][ETT] 0
pfaal pfarl [PFA-L] 0
lenge linge [LI-][-] 0
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C. Questionnaire

Guten Tag,

mein Name ist Eeva Elliott von der Freien Univeisierlin. Ich arbeite an einer vom Max
Planck Institut (MPI) fur Bildungsforschung untérzten Studie, fir die ich untersuche, wie
Gehdorlose Deutsch lesen. Mein Ziel ist es zu vhestewie einzelne Worter von Gehdrlosen
gelesen werden. Ich suche daher nach geeignetrefiiern fur ein Experiment, bei dem
am Computer Worter und Nicht-Warter durch Drickereeentsprechenden Taste eingeteilt
werden sollen. Au3erdem soll ein kurzer Frageba@gemgefullt werden. Das Experiment
dauert etwa 1-2 Stunden. Fir die Teilnahme wiré éinfwandsentschéadigung von 20 Euro
gezahlt. Personliche Angaben werden selbstverstéingtrtraulich behandelt und es werden
keine Namen in den Forschungsberichten genannt.

Vielen Dank fur Ihre Bereitschaft, mir bei mein@rgchung zu helfen.

Eeva

hava@zedat.fu-berlin.de
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Datum:

1. Personliche Angaben:

[Ich werde in keiner Form personliche Angaben aeselin Formular an Aul3enstehende
weitergeben. Dies gilt sowohl fir offizielle alscaunoffizielle Zusammenhénge, und sowohl
fur mundliche als auch schriftliche und elektrohisd-orm]

Name: Geburtstag: Geschlecht: Dominante Hand:

M__ W___ | Rechts Links

2. Horfahigkeiten:

Gehorlos: Schwerhérig:

Grad des Horverlustes (audiometrische Grenzwerte):

(41 to 70 dB HL):
(71 to 90 dB HL):
(mehr als 91 dB HL):

Benutzen Sie ein Horgerat?

Ja: Nein:

3. Sprachen:

Sprechen Sie DGS?

Ja: Nein:

Von Welchem Alter:

Sprechen lhre Eltern DGS?

Mutter: Vater:

Haben Sie gehdrlose Eltern?

Mutter: Vater:




Sprechen Sie andere Sprachen?
1. Deutsch: In welchenteA?

2. Andere: In welchem Alter?

Was ist Ihre Muttersprache?:

In welchem Alter hatten Sie zum ersten Mal KontaktDGS
(bitte ankreuzen)?

12345678910 Jahr/e

- Alter als 10 Jahre? In welchem Alter?

Wo hatten Sie zum ersten Mal Kontakt mit DGS?

(Mehrfachnennungen maoglich)

3. Mit den Eltern In welchem Alter?
4. In der Schule In welchem Alter?
5. Sonstige: In welchem Alter?

Mit wem sprechen sie DGS/Deutsch/eine andere Serach

(Mehrfachnennungen maoglich)

Familie

Freunde

In der Schule

Bei der Arbeit

Andere

DGS Deutsch Andere:




Wie gut kdnnen Sie Deutsch?

Sprechen

Schreiben Lesen

Sehr Gut

Gut

Befriedigend

Kaum

4. Ausbildung

Schule

Unterrichtssprache

Kindergarten

Ja:

Nein:___

Mundlicher Unterricht? Ja__ Nein____
Unterricht in Gebardensprache? Ja__ Nein

Lautsprachbegleitende Gebéarden? Ja___ Nein____

Grundschule

Ja:

Nein:._

Mundlicher Unterricht? Ja__ Nein____
Unterricht in Gebardensprache? Ja____ Nein ____

Lautsprachbegleitende Gebarden? Ja___ Nein____

Sekundarschule

Ja:

Nein:___

Mundlicher Unterricht? Ja__ Nein____
Unterricht in Gebardensprache? Ja__ Nein

Lautsprachbegleitende Gebéarden? Ja___ Nein____

Hochschulausbildung

Ja:

Nein:_

Mundlicher Unterricht? Ja__ Nein____
Unterricht in Gebardensprache? Ja__ Nein

Lautsprachbegleitende Gebarden? Ja___ Nein____

Berufliche Ausbildung
Ja:

Nein:___

Mundlicher Unterricht? Ja__ Nein____
Unterricht in Gebardensprache? Ja___ Nein ____

Lautsprachbegleitende Gebéarden? Ja___ Nein____

Andere Ausbildung?

Welche?:

5.Lesen

In welchem Alter hat Ihr Leseunterricht begonnen?:
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In Ihren Freizeit lesen Sie:

gar nicht =1

weniger als 1 Stunde im Monat = 2
zwischen 1-5 Stunden im Monat = 3
zwischen 5-10 Stunden im Monat = 4

mehr als 10 Stunden im Monat =5

-Blcher: 12345
-Zeitung: 12345

-Internet: 12345

6. lhrer Meinung

Bitte schreiben Sie kurz etwas Uber Ihre Schul¥éie waren lhre Lehrer? Konnten di¢
gut DGS? Was wirden Sie verandern?

D
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D. Spelling Test Items

20 Items for
spelling test

Zustimmung

Ausbeute

Fruhstiick

schnurren

Achsel

Haken

Verordnung

Masseur

O OINOO|OTAW|IN|F-

Rucklicht

[
o

vertrauen

=
[

verschenken

=
N

angemessen

=
w

Kontoauszug

'_\
o

schmatzen

[
a1

zuzahlung

=
(o))

verbessern

[ —
\l

ekelig

=
oo

feile

=
O

Krabbe

N
o

widerstandsfahi
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Appendix 2 Materials for Study (2)

The sentences were derived in the following manhlee: words for the six basic emotions of
Ekman were used in two types of sentences. Thietyps was direct speech, e.g.,

1) Iam angry at my boss.
The second sentence type was reported speech, e.g.,
2) My friend said that she is angry at her boss.

The first list consisted of 24 words for variousaions. These words were chosen on the
basis of their overtly emotional semantic conté@ihie second list consisted of 40 words
forming 4 groups based on their emotional valemzbagousal ratings. These words were
adapted from (Hofmann, Kuchinke, Tamm, Vo, & Jac@9). Valence and arousal ratings
for the words were taken from the Berlin Affectiwéord List (Vo et al., 2009). The range for
valence is between -3 (very negative) and +3 (pesitive), and the arousal range is from 1
(low arousal) to 5 (high arousal). Word frequenaasures were taken from CELEX (Baayen
et al., 1995) and are given in occurrences peianillThe word groups consisted of ten
neutral, ten negative highly arousing words, tegatige low arousing words, and ten positive
words. All words had a frequency of greater thaeaual to 6,33 occurrences per million.

Variables | High Low Neutral Positive

Arousal Arousal Words Words

Negative Negative

M SE M SE M SD M SE
Emotional| -1.738 0.162 | -1.43 0.896 0.098 0.237 1.685 0.242
Valence
Arousal 3.9 0.31 3.27 1.002 3.29 0.424 3.561 0.341
Mean 19.7 9.113 | 23.33 16.683 22.75 13.679 20.4B33 7.286

Word
Frequency




. Corpus Part 1. Sentences:
. Ich bin verargert Gber meinen Chef.

| am angry at my boss.

. Mein Freund hat gesagt, dass er Uber seinen Chéfgest ist.

My friend said, that he is angry at his boss.

. Ich bin angeekelt von Wirmen.

| am disgusted by worms.

. Mein Freund hat gesagt dass er angeekelt von Wiishen
My friend said that he is disgusted by worms.

. Ich habe Angst, vor dem Tod.

| am afraid of death.

. Meine Schwester hat gesagt, dass sie Angst vorTaehhat.
My sister said that she is afraid of death.

. Ich bin glucklich meinen Freund wieder zu sehen.

| am happy to see my friend again.

. Meine Mutter hat gesagt, dass sie glucklich ist fareundin wieder zu sehen.

My mother said that she is happy to see her fragain.
. Ich bin traurig weil mein Hund gestorben ist.

| am sad because my dog died.

10.Mein Bruder hat gesagt dass er traurig ist weil $&ind gestorben ist.

My brother said that he is said because his dag) die

11.Ich bin Uberrascht von der Nachricht.

| am surprised by the news.

12.Meine Schwester hat gesagt dass sie Uberrascliterddachricht ist.

My sister said that she is surprised by the news.
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B. Corpus Part 2. Free Speech

98

Eliciting Question: Es erscheint fir Hérende di@kén nicht DGS, das DGS mehr emotional
als Lautsprache ist. Was denken Sie dartber? Stin@igezu? Warum ja/nein?

Eliciting Question Translation: For hearing nonr&gs, it often seems that DGS is a more
emotional language than spoken languages. Whabualdhynk about that? Do you agree?

Why/not?

C. Corpus Part 3. Emotion Words Set 1

1) Vergnigung
2) Arger

3) Missachtung
4) Zufriedenheit
5) Ekel

6) Peinlichkeit
7) Aufregung
8) Furcht (vor etw)
9) Schuld
10)Freude
11)Arroganz

12)Entspannung

13) Traurigkeit
14)Befriedigung
15)Scham
16)Uberraschung
17)Liebe
18)Hass
19)Schmerz
20)Verlangen
21)Genuss
22)Frust
23)Panik

24)Abhangigkeit
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D. Emotion Words Set 2: German Words with EmotiondEviee and Arousal Ratings

10 Neutral Words

EMO_ EMO_ AROUSAL_  |AROUSAL_
WORD MEAN STD MEAN STD Ftot/1Mio
0,6666666 11,333333
AKZENT 0 7 3,21052632 1,13426175 3
0,7378647
ALKOHOL -0,1 9 3,5/ 0,96609178 12,5
0,875595( 13,833334
FESTUNG 0,1 4 3,41176471 0,61834694 3
0,4830458 13,666666
JUNGFRAU 0,3 9 2,29411765% 1,04670351 7
0,875595( 14,666666
JUSTIZ 0,1 4 3,33333333 1,02899151 7
41,666666
POLIZIST -0,3 0,823272¢ 3,58823529 1,00366974 7
0,3823529 32,166666
SPRUNG 4| 1,1550864  3,33333333 1,02899151 7
0,9104654 41,166666
SZENE 0,25 7 3,8/ 0,89442719 7
0,940324¢
TEMPO 0,4 9 3,52941176 1,00732611 38
0,8750939
BEFUND -0,15 8 2,9 1,02083557 8,5
0,0982352
Mean 9 3,290072239 22,75
13,67913¢
Standard Deviation | 0,2368056 0,42416482 4
10 High Arousal Negative Words
EMO_ EMO_ AROUSAL_  |AROUSAL_
WORD MEAN STD MEAN STD Ftot/1Mio
13,666666
PISTOLE -1, 1,1785113 3,94444444 0,8726041 7
1,3553222 35,66666¢6
SCHMERZ -1,7352941 5 4,16666667 0,85749293 7
0,9660917
STURZ -1,6 8 3,76190476 0,76842449 26
0,967906(
TRAUER -2,1 4 3,64705882 1,16946443 14
20,333334
TRENNUNG -1,7 0,9486833 4,2941176% 0,77174363 3
0,615587( 30,83333:
VERBOT -1,8 1 3,28571429 0,95618289 3
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0,8506963 17,666666
WUNDE -1,75 1 3,88235294 0,78121323 7
1,3165611 21,833334
ZORN -1,8 8 4,11764706 0,92752041 3
0,6324555 8,3333334
SCHOCK -1,8 3 4,26315789 1,14707867 3
8,6666666
SCHRECK -1,6 0,6992059  4,16666667 0,70710678 7
1,7385294
Mean 1 3,952973119 19,7
0,162924¢ 9,11341473
Standard Deviation 4 0,318228871 4
10 Low Arousal Negative Words
EMO_ EMO_ AROUSAL_  |AROUSAL_
WORD MEAN STD MEAN STD Ftot/1Mio
0,9718253
ANKLAGE -1,5 2 3,85714286 0,65465367 24
1,1531557 36,333333
IRRTUM -1,0588235% 9 3,22222222 0,7320845 3
0,6863327 27,833334
KLAGE -1,55 4 3,47058824 1,06757008 3
18,833334
KLINIK -1 | 1,1697953 3,3] 1,08093527 3
0,5676462 56,333331
MANGEL -1,9 1 3,0625 0,99791449 3
1,0593499 10,333334
SKANDAL -1,3 1 3,5 1,2485285% 3
1,0593499 38,666666
VERZICHT -1,3 1 2,94444444 0,93759531 7
0,502624¢ 6,6666666
DELIKT -1,6 9 3,41176471 1,22774303 7
0,875595(
DUMMHEIT -1,9 4 3| 0,9354143% 8
0,9189365 6,3333334
SCHROTT -1,2 8 3| 1,13759292 3
1,4308823 23,333334
Mean 5 3,276866247 3
0,316116C
Standard Deviation 5 0,289736192 16,68314




10 Positive Words
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EMO_ EMO_ AROUSAL_  |AROUSAL_

WORD MEAN STD MEAN STD Ftot/1Mio

0,421637( 23,666666

AUFSTIEG 1,8 2 3,2941176% 1,04670351 7

11,166666

EHRGEIZ 1,5 1,1785113 3,55555556 0,70479219 7
0,9119094

GEBURT 1,9 1 4,17647059 0,882843 24,5

0,7181844 11,833334

GENIE 1,9 5 3,70588235% 0,91955872 3
0,7451599

HUMOR 2,15 2 3,8125 0,65510813 12

0,6666666 20,833334

IMPULS 1 7 3,6315789% 1,30002249 3

0,875595( 30,333334

LUST 2,1 4 3,66666667 1,02899151 3

0,5270462 18,833333

REICHTUM 15 8 3,35294118 1,22173936 3

1,1285761 31,333334

REKORD 1,3 9 3,52631579 1,1722922 3

0,6749485 19,833333

RUHM 1,7 6 2,88888889 1,3234931 3

20,433334

Mean 1,685 3,561091763 3

0,362131( 7,2865511]

Standard Deviation 4 0,341023718 1
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Studie 1:

Elliott, E. A., Braun, M., Kuhlmann, M., & Jacob&, M. (2012). A Dual-Route Cascaded
Model of Reading by Deaf Adults: Evidence for Grapte to Viseme Conversiodournal of
Deaf Studies and Deaf Education(2); 227-243. doi: 10.1093/deafed/enr047

Studie 2:

Elliott, E. A., & Jacobs, A. M. (2013). Facial essions, emotions, and sign languages.
Frontiers in Psychology doi:10.3389/fpsyg.2013.00115

Studie 3:

Elliott, E. A., & Jacobs, A. M. (submitted). Phonglcal and Morphological Faces: Disgust
Signs in German Sign Langua@agn Language and Linguistics

Die angefuhrten Ko-Autoren kdnnen bestatigen, aasfir das Entstehen dieser Studien
hauptverantwortlich war. Hiermit versichere ichssl&ch die vorliegende Arbeit selbstandig
verfasst habe. Andere als die angegebenen Hilismigibe ich nicht verwendet. Die
vorliegende Arbeit war nicht Gegenstand eines ardBromotionsverfahrens.

Berlin, den 02 Mai 2013

Eeva A. Elliott



