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Abstract

Gestures often accompany verbal conversation affér di
widely in their content and function. Emblematicddool-use
gestures are similar in that they both carry speaifeaning,
but vary with regard to the abstract-social vs.ccete-tool-
related content. Here we investigated the effeenablematic
(EM) and tool-use (TU) gestures on the evaluatiérthe
abstractness of corresponding verbal utterances.
hypothesized that the evaluation of EM and TU atiees
will be differentially influenced by meaningful (MFvs.
meaningless (ML) co-verbal gestures. In fact, idigoh to
significant main effects (EM vs. TU and MF vs. Mlye also
found significant interactions between gesture t{pkI/TU)
and gesture meaning (ML/MF). These results indicht
gesture semantics had a different influence orettauations
of abstract-social and concrete-tool-use utterandésereas
subjects were generally able to differentiate betweoncrete
vs. abstract sentence contents, we observed dispgesture
advantage for the evaluation of the abstractnesmalfuse
utterances as indicated by faster responses (TUfhdEer
than TU-ML) and higher concreteness evaluations-§e
more concrete than TU-ML). Motor simulation proesss
well as more prominent embodied representatiorteafuse
utterances might be responsible for this gestuse gpecific
effect on the processing and evaluation of speestuge
information.

We
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Introduction

Verbal discourse is often accompanied by gestuhes t
communicate information, but differ widely in theiontent

and function (e.g., Goldin-Meadow & Alibali, 2012;
Goldin-Meadow, 1999; Iverson, Goldin-Meadow, Feréis
Palenik, 1998; Kendon, 2004; McNeill, 1992, 2006nhe
important type of gestures, which are called ‘emide
(Ekman & Friesen, 1969) - or ‘emblematic gestufe&sion,
1972) - (such as the hand signal for ‘OK’ or tHaufinbs-up’
motion) do not bear any physical similarity to whhaey
convey. Even though emblems are meaningful

byutterances are accompanied by meaningful

situations. They usually refer to abstract conceptsh as
feelings (e.g., the strike gesture), evaluationg.(¢humbs
down) or orders (e.g., beckoning somebody over).

Another type of communicative gestures, iconic gest
(terminology of McNeill, 1992), resemble what they
convey, such as when someone holds his hands tpart
indicate width, illustrates a shape (e.g., circley
demonstrates a movement (e.g., a rotation). lcgestures
generally refer to concrete and descriptive progerof
objects rather than abstract interpersonal infoomat
(Straube, Green, Jansen, Chatterjee, & KircherQR0lhey
can also illustrate the use of tools (e.g., usihgmmer) and
are thus often referred to as “tool-use gesturésfuchi,
Imamizu, & Kawato, 2007; Johnson-Frey, Newman-
Norlund, & Grafton, 2005; Ohgami, Matsuo, Uchida, &
Nakai, 2004). Tool-use gestures can also be destris
specific kind of pantomime gestures (e.g., (Willems
Ozyirek, & Hagoort, 2009) which are - in contrasiother
iconic gestures - in general highly understandablen
without accompanying speech.

Thus, emblematic and tool-use gestures are sitmildrat
they both carry specific meaning (even without aegh
context), but differ with regard to the abstractiab vs.
concrete-tool-related content. Although concretsmesot a
binary variable, there is some indication that & factors
(especially physical in contrast to interosceptwedtional
features) should broadly distinguish concrete abstract
utterances (e.g., Wiemer-Hastings & Xu, 2005). 8inc
gestures might support especially the processing of
communicated physical perceptual features, we tigeted
the effect of emblematic and tool-use gestures loa t
evaluation of abstractness of corresponding verbal
utterances.

We hypothesized that meaningless (unrelated) or
meaningful (related) co-verbal gestures have aeudfft
influence on the evaluation of emblematic and tos#-
utterances. Overall, evaluations should be faster i
gestures.

themselves, they often accompany speech. In everydaurthermore, we expected that the effect of meduning
communication, emblematic gestures are often used fgestures on the evaluation of abstractness willmumee

express information about social life or interpeo

supportive for tool-use gestures (inherently masacecete)



than for emblematic gestures (inherently more abyir abstractness on a 7-point likert scale. As manijmria
since gestures might have a bias to be evaluatedrasete  check, participants further had to evaluate thetestn
even if they are symbolic, thus leading to abstutiteirances (social vs. object-relatedSocObj) of and the semantic-
being evaluated as more concrete when accompanied belatednessSemRel) between gesture and speech on a 7-
meaningful gestures. This is expected becausergsstuie point likert scale. As additional control varialfemiliarity
inherently physical, visual, motoric and therefomore ratings Fam) were obtained for each video. Thus, after
likely to support judgments about concrete mottsi/  each video four questions were presented to thiecipants
related utterances and might even distract from thée.g. for familiarity (“To what degree does theeusince
appropriate abstractness evaluations of emblematiEontent and gesture) seem familiar to you?”; 1yvew to
utterances. 7=very high). Each question remained on the scueihit

To test this hypothesis we recorded video cliparofctor had been answered, than the next question appeared.
performing meaningful and meaningless versions of All 208 videos were presented in a pseudo-randamize
emblematic and tool-use gestures to correspondimgpls order and counterbalanced across subjects. Ratmh a
and tool-related utterances. Twenty healthy subjestre reaction time data for each question were obtafoedhe
asked to evaluate these videos with regard toadisgss on analyses.
a 7-point likert scale. As manipulation check, saetg had
also to evaluate the content (social or objecttedlaand the
semantic-relatedness between gesture and speech.
additional control variable, familiarity ratings reeobtained
for each video.

Analyses Rating and reaction time (RT) data were analyzed

e locked to the respective question) using the
generalized estimating equations (GEE) approach
implemented in the PASW software (e.g., Straubelk\&®
Chatterjee, 2011). The GEE approach was used tmuatc
M ethod for correlation among repeated measures over tgirgan

o ) . AR (1) working correlation structure and robustn@aich)
Participants Twenty subjects (12 female, Age: M=23.45, covariance estimators for the regression coeffisien

SD=2.54) participated in this experiment. All weTative  pregictors included in each model in addition te th
German speakers and received 30€ compensation. intercept were the main effects ‘utterance type (EW)’

Materials Video clips of an actor performing meaningful @nd ‘gesture _meaning (MF/,ML)' as well as the faitor
and meaningless versions of emblematic (EM) antiuse  INteraction of ‘utterance type’ and ‘gesture meghin

(TU) gestures to corresponding social and tooleela To ensure that dlffer_ences between_EM an_d TU ate no
utterances were recorded. The actor performed ehdne ~ Pased on differences in number of video clips, goae
spoken sentences and corresponding meaningful rgestu "UmPer of 40 videos per condition were selecteddas
(MF) in a natural and spontaneous way. In a sestegithe  Nigh familiarity ratings for the analyses.

same actor performed unrelated meaningless geqiMtes

to the identical sentences. Meaningless gestures Results

corresponded in complexity to the original gestueesl Abstractnessrating

were created in order to be minimally distractingp (
mismatch gestures). All video clips were 5s longhwat
least 0.5 s at the beginning and end of the clifinduvhich
the actor neither spoke nor moved (for the sameeuahare,

For the evaluation of abstract-/concreteness (Ab3Qee
obtained a significant main effect for utterancepety
(TU>EM) and gesture meaning (MF>ML), indicating ttha

- tool-use utterances were generally evaluated ase mor
see Green et al., 2009; Kircher et al., 2009; BgaGreen, .qncrete than emblematic utterances and that mggahin

Chatterjee, & Kircher, 2011; Straube et al, 2010)gestures were generally evaluated as more conthnate
Standardized video recording and preparation redutt an meaningless gestures (see Fig. 2, Tab. 1, 3).
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unequal final number of videos per condition. 7,00 | 300 -

“g(,,oo 1 2,50 4
g 3
E“s,no :: 2,00 -
N S

1 . — g
£ 4,00 1 BMF S 1,50
< oML £
e g

; = 3,00 & 1,00
5
£
3
&z

5]

=3

<
=
2]
=

Procedure After a careful instruction, participants were
asked to evaluate 47 emblematic (EM) and 57 toel(litJ) 1.00 4 L 0.00 | .
utterances accompanied by meaningful (MF) and EM  TU ’ EM  TU
meaningless (ML) gestures (total 208 videos) withard to Fig. 2. Results: Abstractness ratings




Analyses of reaction times (RTs) revealed alsoiagmt

Additionally, the analyses had been performed fo2@8

main effects for utterance type (EM>TU) and gesturevideos and revealed the same result pattern, itidica

meaning (ML>MF; see Fig. 2; Tab. 2, 4), indicatifagter

categorizations of tool-use utterances as well eammgful

gestures. However, in contrast to the rating dataevealed
also a sig. interaction (see Tab. 3; effect sizatig eta-

square = 0.312) of both factors, indicating fasemponses
due to MF gestures only in the TU condition (seg B).

Table 1: Descriptive data of the rating.

Emblematic Tool-Use
Meaningful Meaningless Meaningful Meaningless
M SE M SE M SE M SE
AbsCon 4.10 0.19 375 022 658 0.12 6.34 0.16
Fam 6.02 010 183 015 6.02 015 162 0.12
SocObj 565 0.16 550 017 148 0.13 147 0.12
SemRel 6.33 0.08 172 011 650 0.08 162 0.11

Control variables

Manipulation check (content: social- vs. objectted;
meaning: related vs. unrelated to speech content)
control variables (familiarity) have also been gned (for
statistics see Tab. 1-4). These data support fferelice of
content (EM vs. TU) and semantic-relatedness (MRLS

between conditions and indicate that ML gestureditms
are generally less familiar then MF conditions (3ab. 1-
4). However, EM and TU did not differ in familiayit

Table 2: Reaction times of the rating.

Emblematic Tool-Use
Meaningful Meaningless Meaningful Meaningless
M SE M SE M SE M SE
AbsCon 260 022 263 022 151 013 187 014
Fam 198 022 198 021 149 023 150 020
SocObj 228 021 237 022 176 018 179 0.8
SemRel 233 015 246 019 197 014 205 016

To confirm that the observed effects for abstragtne
ratings and RTs are independent from effects irsehe
control variables, the corresponding rating as vesllRT
data were included as covariate of no-interesthan GEE
models for the analyses of abstractness ratings Rirsl
respectively. All reported differences remainedngigant
even after inclusion of these variables.

Table 3: Statistics of the rating data.

Testsof Model Effects

Gesture Meaning Interaction
wesh Sg.  WCS Sg. wcs Sig.
AbsCon 13284 <0001  12.31 <0.001 1.06  0.303
Fam 269 0101 450.12 <0.001 3.99 0046
SocObj  566.95 <0001 1057  0.001 8.23  0.004
SemRel 091 0340 1036.98 <0001  16.00 <0.001

stable differences between conditions. Ceiling affeare
unlikely to account for an absent gesture effect Evi
utterances considering the standard errors forabpective
conditions, which were even higher for EM than fad.
Moreover, we performed a control analysis excludiias
with RTs longer than 2 seconds. Even in this aisltse
interaction between factors remained significant.

Table 4: Statistics of the reaction time data.
Testsof Model Effects

Gesture Meaning I nteraction
wes! Sig.  WCSs Sig.  WCS Sig.
AbsCon 50.473 <0.001 6.846 0009 9.028 0.003
Fam 53.674 <0.001 0.002 0.966 <0.001 0.989
SocObj 16.248 <0.001 0.843 0358 0.333 0.564
SemRel  11.126 0.001 1.227 0268 0.149 0.700
Discussion

a Human communication is composed of both spoken svord

and non-verbal actions such as gestures. Here we
demonstrated the interaction of speech and gesture
semantics during the evaluation of utterance atisteas.
Whereas subjects are able to differentiate betweecrete

vs. abstract sentence contents as well as socialous
related information independent of gesture meaning,
observed a specific gesture advantage for the atratuof
abstract-/concreteness for tool-use utterancasdasated by
faster RTs and higher concreteness evaluationsserhe
results indicate that corresponding gesture secwmhthd a
different influence on evaluations of abstract-abcnd
concrete-tool-use utterances.

In line with our hypothesis, our data suggest that
meaningful gestures bias participants’ evaluatitovgards
higher concreteness values even if utterances lesstaat-
social. This apparently less accurate decisioruftarances
of the emblematic condition might be due to a bette
grounding of verbal information into an embodiedtano
representation (Chatterjee, 2010; Glenberg & Kascha
2002; Roy, 2005), if sentences are accompanied by
meaningful co-verbal gestures. Thus, an abstrdetanice
appears more concrete to the participant, if it
accompanied by a meaningful emblematic gesture.

However, a behavioral advantage in terms of reduced
reaction times occurred only for meaningful gestusich
accompanied tool-use utterances. Motor simulation
processes (Green et al., 2009; Péran et al., 2G1@kll as a
more prominent embodied representation of tool-use
utterances (Aziz-Zadeh, Wilson, Rizzolatti, & laocob
2006) might be responsible for this gesture typeciic
effect on the evaluation of speech-gesture infoignat

The neural processes that underlie the perceptimh a
comprehension of co-verbal gestures have received

is

1 wCSs=Wald Chi-Square



increasing interest in the field of neuroscienceg.(e
Ozyirek & Kelly, 2007; Ozyiurek, Willems, Kita, &

McNeill, D. (2005).Gesture and Thought. (Anna Esposito, Ed.)
Continuum. University of Chicago Press.

Hagoort, 2007; Straube, Green, Bromberger, & Kirche Ohgami, Y., Matsuo, K., Uchida, N., & Nakai, T. (20. An fMRI

2011; Straube et al., 2010; Straube, Green, Wistt€rjee,

& Kircher, 2009; Willems, Hagoort, & Ozyirek, 2007)

Thus, future imaging studies might be able to suptios
interpretation by demonstrating different effecfsgesture
type and sentence content in perceptual, motor elk as
language related brain regions.

Acknowledgments
This research project is supported by a grant fonm

‘Deutsche Forschungsgemeinschaft’ (DFG: Ki 588/6-1)

and from the ‘Von Behring-Réntgen-Stiftung’ (projewo.

59-0002). B.S. is supported by the BMBF (project no
01GV0615). We thank Janine Plonka for help withadat

acquisition and Isabelle Rondinone for the creatbrihe
example figures.

References

Aziz-Zadeh, L., Wilson, S. M., Rizzolatti, G., & daboni, M.
(2006). Congruent embodied representations forallisu
presented actions and linguistic phrases descriaatigns.
Current biology : CB, 16(18), 1818—23.

Chatterjee, A. (2010). Disembodying cognitidranguage and
cognition, 2(1), 79-116.

Efron, D. (1972)Gesture race and culture. Mouton: The Hague.
(Reprinted from Gesture and environment. New Y tikig
is Crown Press, 1941).

Ekman, P., & Friesen, W. V. (1969). Nonverbal legkand clues
to deceptionPsychiatry, 32(1), 88—106.

Glenberg, A. M., & Kaschak, M. P. (2002). Groundlagguage in
action.Psychonomic bulletin & review, 9(3), 558—-65.
Goldin-Meadow, S. (1999). The role of gesture imownication

and thinking Trends in Cognitive Sciences, 3(11), 419-429.

Goldin-Meadow, S., & Alibali, M. W. (2012). Gesturs Role in
Speaking, Learning, and Creating Languag®ual review
of psychology, 64, 257-83.

Green, A., Straube, B., Weis, S., Jansen, A., VeédinK., Konrad,
K., & Kircher, T. (2009). Neural integration of iciz and
unrelated coverbal gestures: a functional MRI stitiynan
Brain Mapping, 30(10), 3309-3324.

Higuchi, S., Imamizu, H., & Kawato, M. (2007). Chksflar
activity evoked by common tool-use execution andgery
tasks: An fMRI studyCortex, 43(3), 350-358.

Iverson, J. M., Goldin-Meadow, S., Ferris, M. J.,Ralenik, B.
(1998). Why people gesture when they spéddture, 396,
228.

Johnson-Frey, S. H., Newman-Norlund, R., & Graftén]T. C.-P.
(2005). A distributed left hemisphere network agtduring
planning of everyday tool use skillSereb Cortex, 15, 681—
695.

Kendon, A. (2004). Review of “Hearing gesture: Hour hands
help us think” by Susan Goldin Meado@esture, 1(2003),
91-101.

Kircher, T., Straube, B., Leube, D. T., Weis, Sacls, O.,
Willmes, K., Konrad, K., et al. (2009). Neural irdetion of
speech and gesture: differential activations of apledric
co-verbal gesturedleuropsychologia, 47(1), 169-179.

McNeill, D. (1992).Hand and mind: what gestures reveal about
thought. Chicago: Univ. of Chicago Press.

study of tool-use gestures: body part as object and
pantomimeNeuroReport, 15(12), 1903-1906.

Ozyurek, A., & Kelly, S. D. (2007). Gesture, braimd language.
Brain and language, 101(3), 181—4.

Ozyurek, A., Willems, R. M., Kita, S., & Hagoort, 2007). On-
line integration of semantic information from spleeand
gesture: insights from event-related brain potétiaurnal
of cognitive neuroscience, 19(4), 605-16.

Péran, P., Démonet, J. F., Cherubini, A., CarbébaiCaltagirone,
C., & Sabatini, U. (2010). Mental representatiohsction:
the neural correlates of the verbal and motor corapts.
Brain Res, 1328, 89-103.

Roy, D. (2005). Grounding words in perception artioa:
computational insightsTrends in Cognitive Sciences, 9(8),
390-396.

Straube, B., Green, A., Bromberger, B., & KirchEr(2011). The
differentiation of iconic and metaphoric gestur€éemmon
and unique integration processétiman Brain Mapping,
32(4), 520-533.

Straube, B., Green, A., Chatterjee, A., & Kirchar, (2011).
Encoding social interactions: the neural correlaiBgrue
and false memoriesJournal of cognitive neuroscience,
23(2), 306-324.

Straube, B., Green, A., Jansen, A., Chatterjee &AKircher, T.
(2010). Social cues, mentalizing and the neuratgssing
of speech accompanied by gesturéiuropsychologia,
48(2), 382-393.

Straube, B., Green, A., Weis, S., Chatterjee, A.Kikcher, T.
(2009). Memory effects of speech and gesture b@qdin
cortical and hippocampal activation in relation to
subsequent memory performancéournal of cognitive
neuroscience, 21(4), 821-36.

Straube, B., Wolk, D., & Chatterjee, A. (2011). Tiade of the
right parietal lobe in the perception of causalitytDCS
study.Experimental Brain Research, 215(3), 315—-325.

Wiemer-Hastings, K., & Xu, X. (2005). Content diéaces for
abstract and concrete concep®ognitive science, 29(5),
719-36.

Willems, R. M., Hagoort, P., & Ozyirek, A. (2007yhen
language meets action: the neural integration sfuge and
speech.Cerebral cortex (New York, N.Y.. 1991), 17(10),
2322-2333.

Willems, R. M., Ozyirek, A., & Hagoort, P. (200®ifferential
roles for left inferior frontal and superior tempbcortex in
multimodal integration of action and languabjeurol mage,
47(4), 1992—-2004.



