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Abstract conceptual pacts as more common ground is estallish
over the course of the conversation (debated intogton

Previ h h h that ted referesree .
[oVIOUS research has sfown thal repeated reter & Gerrig, 2005). Secondly, repeated references cdien

often reduced compared to initial references. Thesgnt

study looks at the production of repeated referenbg also reduced acoustically (Aylett & Turk, 2004; Baet al.,
signers of Sign Language of the Netherlands (NGT). 2000; Fowler, 1988; Fowler & Housum, 1987; Lam &
Participants had to describe figures to an addegsgleo had Watson, 2010). Repeated references, when takenobut

to pick the correct figure from a large group ofuies. context and presented to a listener, have beerdftmrbe
Several figures had to be described several timds less recognisable for the addressee because their

guestion was whether there would be reduction énsilgned
repeated references, as has been found previousgpéech
and gesture. We found systematic effects of répefitn that

pronunciation is less clear in repeated referernthas in
initial references (Bard, et al., 2000; Galati &eBnan,

repeated references are shorter, contain fewers signd 2010). Lieberman (1963) found similar acoustic iun
shorter signs than initial references. Moreovepeeception for redundant words, which were shorter and peszkias
experiment showed that signs produced during redeat |ess intelligible when taken out of context.

references were also considered to be less préuise the There are two dominant views on the reason why

signs produced during initial references. referring expressions may be reduced. On the omel,ha

reduction in referring expressions may be due teaker
oriented causes, such as production and planniocepses
i (Arnold, 2008; Arnold, Kahn, & Pancani, 2012; Baed al.,

o . Intr.OdUCtlon ) . 2000; Bard & Aylett, 2005; Ferreira, 2008). On thiher
Variability is ubiquitous in speech production, kvitvords hand, reduction in referring expressions may be thue
never pronounced the exact same way more than &oce. Jistener oriented causes, such as communicativegfes
example, someone might first pronounce the word ‘O(e.g. Aylett & Turk, 2004; Fenk-Oczlon, 2001: Lieb®n,
_cogrse’ slowly and pre_cisely, followed b_y an insirarwhere_ 1963; Lindblom, 1990; Zipf, 1949). The use of
it is pronounced quickly, less precise and moree lik ommynicative strategies, with speakers as efficien
‘fcourse’. This example of Igngugge variabilityosis th_at language users, has been shown by a range of siidiean
language can be reduced (in this case by shortemimtly . oriew, see Jaeger & Tily, 2011), including Zipf1949)
merging words). While various studies have looked Aprinciple of Least Effort, and Shannon's noisy ain
reduction in_speech, reduction in signs remajngelar model (1948). More recently, Lindblom (1990), irs &H
unexplored. The present study addresses this point. theory, claims that speakers adapt to the listeneeeds,
L meaning that redundant speech is reduced as long as
Reduction in spoken repeated references ‘sufficient  discriminability’ remains. Jaeger (2010
In conversation, people often produce referringreggions  proposed the hypothesis of Uniform Information Dins
to describe objects in the world around us. Thedpeton  (UID), which states that ‘speakers prefer utterantwat
of repeated references occurs when people refileteame  distribute  information uniformly across the signal
object more than once in the conversation. Resehash (information density)’ (Jaeger, 2010:25). What tisans is
found that in speech, these repeated referencesf@e that the interaction between speaker and addre&see
reduced in at least two ways (Aylett & Turk, 20@4rd, et  optimized by the speaker’s lengthening or shorgmifian
al., 2000; Brennan & Clark, 1996; Clark & WilkeskBs,  utterance, such that the utterance becomes mofermni
1986; Fowler, 1988; Fowler & Housum, 1987; Galati & and optimal for both speaker and addressee.
Brennan, 2010; Lam & Watson, 2010). Firstly, repdat |t can be argued that the reduction in repeatesteates
references to the same target object usually aorfaver  that previous studies have found is due to the
words than initial references (Clark & Wilkes-Gibld986;  abovementioned processes: when speakers produzatedp
Galati & Brennan, 2010). Brennan and Clark (1996)nt  references, they fully reproduce those (auditospeats of
that this is due to the fact that people estabdisicalled the referring expression that contain important naw

Keywords sign language; repeated reference; reduction

461



information and are necessary for quick targettitieation.
The less informative aspects of the referring esgios may
be reduced or omitted, leading to reduced refeence

Reduction in visual repeated references: gesture

and sign language

Taking into account that communication does notyon
consist of ‘spoken’ aspects of speech, but can edsdain
or consist of visual aspects such as gestures @<erzD04;
McNeill, 1992) or signs (Stokoe, 2005), we may wend
whether a reduction process such as described afoove
spoken repeated references also occurs in thel deuozain.

Relevant previous research on gesture has lookddeat
effect of common ground (Gerwing & Bavelas, 2004]let
& Wilkin, 2009) and repeated references (de Ruiter
Bangerter, & Dings, 2012; Hoetjes, Koolen, Goudheek
Krahmer, & Swerts, 2011) on gesture productioneialb
with inconclusive results. For example, when wekl@
repeated references, on the one hand, de Ruiékr(@012),
when testing their tradeoff hypothesis, found tiegtetition
did not affect gesture rate. On the other hand tjdset al.
(2011) found that both speech and gesture wereceedin
repeated references.

There has been a range of research on phonolagyichl
phonetic aspects of sign language (Crasborn, 288idler,
1989; Sandler & Lillo-Martin, 2006; Schembri, et,&009;
Tyrone & Mauk, 2010), starting with Stokoe (20058)1i960
proposing that signs in sign languages consishrefet main
parameters (handshape, location and movement). etrw
hardly any studies have looked at sign languagm ftloe
perspective of efficient language use. In this tligih is
interesting to see how signs behave with regarédaction
in repeated references. We may wonder what the able
signs is compared to speech and to co-speech geSur
the one hand, considering that signs, like wordsjally
convey lexical meaning, it might be the case teduction
in sign is similar to reduction in speech, for exdenwith
regard to the semantics that are expressed. Orottiex
hand, signs, unlike words but like co-speech gestuare a
means of communication in the visual domain, arereh
may be aspects of reduction that are modality fipeand
thus alike between signs and co-speech gesturesoutse,
it could also be the case that signs are not retiuca way
comparable to speech or to co-speech gesturesthhtit
signs, if they are reduced, are reduced in a gigaific
manner.

and also found that sign location can vary withnsig
produced at lower locations than their citation nfor
However, neither of these studies takes repetifinio
account as one of the factors influencing sign petidn.

In the present study we will look at signs of Sign
Language of the Netherlands (NGT), to see whether
reduction in repeated references, as previousiydofor
speech and gesture, also occurs in sign language.
Considering that NGT is a fully fledged sign langeaand
presumably behaves in many respects as a spokguaige,
we hypothesize that, as in speech, reduction ireatsul
references will occur. The question is of coursewvho
reduction in signs can be measured. In the presady we
have decided to measure reduction by combining oaisth
that have been used previously in studies on spaedhon
gesture. We will look at sign characteristics tvatconsider
comparable with some of the aspects of speechhina
been studied previously when looking at reductizamely
number of words, utterance duration and word donatiVe
will also take precision into account, which hasmeéone in
previous studies on gesture. Therefore, in thegmtestudy
on sign language we will look at the number of sign
utterance and sign duration and at sign precisie
conducted a production task to analyse the firseeh
attributes. Following Hoetjes et al. (2011), we docted a
perception task to analyse the last attribute, prgaision.

Production experiment

To study reduction in repeated references in Sigmguage
of the Netherlands (NGT), a data set was createdisting
of recordings of participants taking part in a dice-
matcher task. In this task, the director had tocdles an
object in such a way that the matcher could idgntife
object from a range of similar looking figures. the
stimuli, there were several figures that had todbscribed
more than once, leading to repeated referencdseteame
item.

Participants

The director-matcher task was done by a total oigiters
of NGT. The group of participants consisted of Sevend 9
female speakers, with an average age of 46 yedrgange
26-60 years old). The average length of time thet t
participants had been signing NGT was 23.5 yearsy@ 2-
50 vyears). Participants would take part twice ire th
experiment; first they were randomly assigned thie iof

The only experimental study on sign language we ar@ijther director or matcher and they would switclescafter

aware of that can be related to the idea of efiicyeof
language users in the production of repeated nedeseis
the work by Tyrone and Mauk (2010) on phonetic otidun
in American Sign Language. In their study, Tyronmel a
Mauk looked at the production of the sign WONDERuvito
phonetic contexts and at three signing rates. Tiesiults
show that sign lowering occurs with increasing sigrrate
and can, but not necessarily does, occur in speufifonetic
contexts. Another study on variation in sign larggiaby
Schembri and colleagues (2009), looked at nattialitata
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doing the experiment once.

Stimuli

Two picture grids, each containing 16 pictures, evaesed
by each director. Each picture grid showed eithetupes of
people, or pictures of furniture items. The twofetiént
domains (people and furniture) were used since ipusv
studies on referring expressions had shown thenbeo
efficient domains for making people produce refagri
expressions (Koolen, Gatt, Goudbeek, & Krahmer,1201



Van Deemter, Gatt, van der Sluis, & Power, in pr&&n  the location of the target object on the grid ag pé the
der Sluis & Krahmer, 2007) . description. This was explicity communicated toe th
Each picture grid was used for 15 trials, addingtaia  directors. Once the correct object was found, timectbr
total of 30 trials. For the first 15 trials, a pé®picture grid  went on to the next trial. The entire task took the
was used, for the last 15 trials a furniture pietgrid was participants about 20 minutes. After conducting tdi&ls
used. Since the participants would do the experireice, from the people domain and 15 trials from the flunms
once in the role of director and once in the rdlenatcher, domain, the director and matcher would switch rdies
two sets of picture grids were used, with differpidtures  conduct the experiment again, using the other spicture

on each picture grid, making sure that the saméungic grids.

never had to be described across roles. In eaah there

was one target object (marked by a red square drthen Data analysis

object), surrounded by 15 distractor objects, wiiiall to be  For the purpose of the current analyses, the dinst third
described by the director. The crucial manipulatiorthe  (hence initial and repeated) descriptions of ther fabjects
task was that several pictures had to be describeghat had to be described three times were annotated
repeatedly: in each of the picture grids there wBve  analysed. These four objects were never describethe
pictures that had to be described three times. &ege first or last trial. The focus on the initial anepeated
references to the same object were never one Istrafer  descriptions means that the current analyses aedban a
the other. This means that descriptions of othggatb were  gata set which consists of eight descriptions (ivitial and
given in between the initial and repeated desamgstiof the o repeated descriptions for each of the two pectyrids)
critical objects. An example of a trial with objelscription  for each of the 14 participants, leading to a tathll12

can be seen below in figure 1. object descriptionsWe used the multimodal annotation
programme ELAN (Wittenburg, Brugman, Russel,

B, m Klassmann, & Sloetjes, 2006) to annotate the siy¥e.

t yﬁ ' #7 looked at the duration of the complete descriptioihe

number of lexical signs that were produced in the
descriptions and the duration of the signs. A sapar
0 I ﬂ i perception experiment was used to measure signsec
N which will be discussed below under Perception exrpent.
The experiment consisted of a 2 x 2 x 2 design with
e factors Domain (levels: people, furniture), Repetit
‘ = J (levels: initial, repeated), and Picture (levelseptwo). We

tested for significance using repeated measures \AANO

’ " H éi ‘ by participants (B and by items (§.

Results

“CHAIR, RED, NOT LEFT, S'DEWAY§ TOTHE Firstly, it was found that speakers take signiftbaess
RIGHT, LITTLE BIT BIGGER. time (in seconds) to describe repeated referenbes=(

] ] ] ) ] 14.46,3D = 1.46) compared to initial referencés € 24.24,
Figure 1. Picture grid showing a trial, followed @hpss D = 2.25),F, (1, 13) = 35.15p < .001,F, (1, 4) = 22.30p

of example initial description of the target object < .01. For the mean number of signs it was fourat th
speakers produce significantly fewer signs in regeba
Procedure references Nl = 5.57, D = .32) compared to initial

The director and the matcher were seated at a tgiplesite  referencesNl = 8.16,9D = .56),F; (1, 13) = 42.5p < .001,
each other. A camera was positioned behind the haatc F, (1, 4) = 16.59p < .05. Moreover, the average duration
filming the upper body and hands of the directoheT (in seconds) of signs is shorter in repeated rates U =
director had a laptop screen to her side and titehmahad 1.2, SD = .054) than in initial referenced(= 1.47,D =
a picture card in front of her. The director andtechar .074),F,(1, 13) =15.1p<.01,F,(1, 4) = 20.17p < .05. In
could see each other directly, but could not sed ether's sum: we find systematic effects of repetition, inatt
screen or card. The directeas presented with a trial on the repeated references are shorter, contain fewers,signd
computer screen and was asked to provide a ddecript  shorter signs than initial references. These effeare the
the target object in such a way that the matcherdco same for both domains (furniture and people) ardafb
distinguish it from the 15 distractor objects. Timatcher pictures; in particular, we found no significanteiraction
had a picture card filled with the same 16 objéctsont of  between the factors repetition and domain or répetand
her, which was not visible to the director. The chat’'s  picture. To illustrate, figures 2 and 3 below shawase of
card showed the same objects as on the directorées, reduction in the description of a target objectnfrdhe
but these objects were ordered differently for director  furniture domain. In the initial description, therficipant
and the matcher. This means that the director cootduse  takes longer and uses more signs and more pregise (0
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be discussed in the perception experiment beloar) th the
repeated description.

“SOFA, THREE SEATS, ASKEW, BIG, TO THE RIGHT,
TO THE SIDE”

Figure 2. Still and gloss of initial description@fofa,
lasting 48 seconds. Sign depicted in still is SOwAh a
fairly large extension and well defined edges @eews).

“SOFA, GREEN, TURNED AROUND, THREE SEATS”

Figure 3. Still and gloss of repeated descriptibthe same
sofa as in figure 2, lasting 17 seconds. Sign degim still
is SOFA, with smaller extension than in figure 2lan
without well defined edges (see arrows).

Conclusion production experiment

The results show that several aspects of NGT westaced
in repeated references. Repeated references pibduce
signers of NGT were shorter than initial referencasd
repeated references in NGT contained fewer andteshor
signs than initial references. This means thagast for the
aspects taken into account here, repeated referém®GT
behaved as previous studies found for repeatecerefes in
speech. Repeated references by signers of NGTaioorg
predictable information, were produced in a morficient
way than initial references.

Per ception experiment

Since it is difficult to define objective measureth which
to measure sign precision, a perception experimeaist set
up in which participants had to judge, in a foradwice
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task, which sign they considered to be the mostigpee
looking at pairs of video clips with signs produdackither
initial or repeated references.

Participants

Twenty-seven first year university students, wha e
knowledge of NGT, took part as partial fulfillmesitcourse
credits. Non-NGT speaking participants were used
purpose, so that the participants would not knosvléxical
meaning of the signs but would only judge the sigmsheir
perceived precision.

on

Stimuli

The participants were presented with a PowerPoint
presentation in which they saw 40 pairs of videépsclEach
pair of video clips was presented on one slide hBadeo
clips showed the same sign, produced by the sagnersof
NGT, about the same object, as described in thectdir-
matcher task, except in one video clip the sign prasluced
in an initial reference and in the other video dlig sign
was produced in a repeated reference. The ordahioh
the participants were presented with initial verseseated
signs in the video clip pairs was counterbalancest pairs
of video clips (so it was not the case that forhepair the
first video clip they saw was always the sign praetlin an
initial reference).

Procedure

The participants had to watch the pairs of vidépsglone
video clip at a time, and were allowed to watchidew clip
more than once if they wanted to. The task washtmose
for each pair of video clips which sign they coeset to be
the most precise (the sign in video clip A or BheTtask
was a self-paced forced choice task and even tholgh
participants were allowed to watch the video clipgre than
once, they were encouraged to go with their finstition.
The only instruction they were given was to choas$éch
sign they considered to be the “most precise”. Ntaitb
were given to suggest what the participants shbakk this
judgment on.

Data analysis

For each pair of video clips, each sign that wassicered

to be the most precise received a point from each
participant. Statistical analyses consisted of aéegxe
measures ANOVAs over proportions, by participarks) (
and by itemskK,).

Results

In line with our earlier results, we find that ssggproduced
during repeated referenced (= .33, D .04) were
considered to be less precise than the signs pedddering
initial referencesNl = .67, = .04),F; (1, 26) = 121.29

< .001,F, (1, 78) = 41.21p < .001. The effect was the
same for both domains (furniture and people).



Conclusion perception experiment

The results show that signs produced in repeatederees
were considered to be less precise than signs peddin
initial references. Therefore, it can be conclutteat there
was also reduction in repeated references wheoniies to
sign precision.

Discussion and conclusion

Summarizing the results from the production ana@gtion
experiments, we found reduction in repeated retserin

Due to the fact that hardly any previous work hasrb
done on reduction in sign language, the method irsélae
current study was inspired by relevant previous kwon
speech and gesture. We looked at fairly rough aodatity
independent (i.e. applicable to speech, gesture il
measures such as duration of the description anmtbeuof
signs and not at more sign-specific aspects sucéxast
sign location (as has been done by e.g. Tyrone &MKkyla
2010). Despite the fact that our measures werdastd on
sign characteristics per se, we were still abldirid that
reduction in sign language occurred. This shows ithes

sign language. We found that repeated reference® Wepossible to use such modality independent methmdsutly

shorter, contained fewer and shorter signs, ant diums
produced in repeated references were consideréd tess
precise than signs in initial references.

The present results on sign language can be tiedtim

reduction in repeated references.

Naturally, the current study leaves room for some
discussion. In the perception experiment, we used
participants with no knowledge of NGT to judge the

previous findings, both on speech and on gestial t recision of signs produced in the production eixpent.

language users tend to be efficient by reducingliptable
information (e.g. Jaeger, 2010). Relating the testib

This was done purposefully, so that the participamere
not in any way influenced by the lexical meaningtioé

previous work on speech, we showed that repeateggns and could focus only on the precision judgnask.
references were shorter and contained fewer siBa8 t There are reasons to assume that the use of non-NGT

initial references, in line with work by Clark anlilkes-
Gibbs (1986) and Galati and Brennan (2010). Theltrésat
signs in repeated references were shorter canlaedeto
previous work on speech by Aylett and Turk (2004J ay
Lam and Watson (2010) where it was found that ptaetie
speech (through redundancy or repetition) had atesho
duration than unpredictable speech. Our finding $kgns in
repeated references were considered to be less@rean
be viewed to be an extension of the work by Baralet
(2000), who found that repeated references hadsadiear
pronunciation than initial references.

When we compare the results from the present ity
previous work on co-speech gestures, we can atsalear
links. It has been found that gestures with commaund
are less precise (Gerwing & Bavelas, 2004) andatonéss
semantic information (Holler & Wilkin, 2009) tharstures
without common ground. This can be related to mdifigs
that signs in repeated references were considerbe tess
precise and that repeated references in NGT cautdawer
signs than initial references. Work on the effefctepeated
references on gestures (Hoetjes, et al., 2011)dfahat
repeated references may cause reduction in the emofb
gestures, as was found in the present study fontimeber
of signs. Moreover, their finding that gesturesrépeated
references were considered to be less precisegbstares
in initial references, can be directly mapped ahwpresent
results for signs. Importantly, the reduction fouimdthe

signers is indeed a reasonable approach. Reseagh h
shown (Brentari, Gonzalez, Seidl, & Wilbur, 201Hatt
non-signers have a high degree of sensitivity teuaii
prosodic cues of a sign language. However, futuogkw
could include NGT signing participants in the p@taan
experiment. Also, if using NGT signing participants
future work, another possibility would be to setthp task
slightly differently by asking participants to jugl@ sign’s
intelligibility, as in Bard et al.'s (2000) work ospeech,
instead of judging its precision.

In sum, the analyses done presently are the firis$ &ind
to show us not only that we can use analyses frelated
work on speech and gesture and adapt them to ansilyss
in repeated references, but also that signers of NM@uced
their repeated references. In fact, the ways inclwtthese
repeated references were reduced in NGT are quitiéas
to what has been found previously for speech astuge It
is well know that speakers of non-signed languages
communicatively  efficient by reducing repeated
information, both in speech and in co-speech gesturhis
study has shown, for the first time, that signeas design
their utterances to be efficient in the same ways.
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