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Dissertation Abstract

Demet Ozer, “Bridging When and For Whom: Gesture Processing During Language
Comprehension”

Speakers use iconic co-speech hand gestures, which are spontaneous hand movements that co-
occur with speech and represent concrete object attributes, events, and actions. Gestures help
speakers and listeners during communication and thinking. However, the beneficial effects of
gestures exhibit variation across individuals and situations. This dissertation investigates how and
to what extent listeners' attention to and processing of gestures show variation as a function of (1)
individuals' cognitive dispositions, and (2) the semantic overlap between speech and gesture. In
Chapter 2, I reviewed the current evidence on how individual differences in cognitive abilities
relate to (1) gesture use: how frequently speakers use gestures and how and to what extent speakers
benefit from using gestures during speaking and thinking and (2) gesture processing: how and to
what extent listeners attend to, process, and benefit from observing gestures during comprehension
and learning across different ages. This review provided a detailed assessment of the field's current
state by taking a life-span perspective (starting from childhood through adulthood to healthy aging)
and bridging fields of gesture production and gesture processing. | suggested that speakers might
use gestures as a compensatory tool during speaking and thinking that interact with their cognitive
dispositions. Chapter 2 revealed little research on the comprehension domain, and it is unknown
how individual differences in different cognitive abilities relate to listeners' attention to and
processing of gestures during language comprehension. Based on this, in Chapter 3, | investigated
how individual differences in visual-spatial and verbal abilities related to the processing of
concurrent spoken vs. gestural expressions in a mismatch paradigm (Kelly, Ozyiirek, & Maris,
2010). The results replicated earlier findings showing that speech and gesture bidirectionally affect
each other during comprehension in a different language, Turkish. Moreover, | demonstrated that
this is not a monolithic process and show variation across individuals. The results showed that
listeners with higher visual-spatial abilities were better at processing gestures, whereas people with
higher verbal abilities were better at processing speech. These findings suggest that visual-spatial
cognitive resources are critical to process visual semantic information conveyed by gestures.
Chapter 4 investigated how and to what extent the relative information value of gestures indexed
by the semantic overlap between speech and gesture affected listeners' attention to gestures by
employing the behavioral and eye-tracking methodology. In particular, | asked whether and how
(1) listeners allocated overt visual attention to gestures that express complementary (e.g., saying
here and gesturing to the right side) vs. redundant (e.g., saying right and gesturing to the right side)
information to the accompanying speech and (2) individual differences in gazing at gestures related
to how much listeners benefitted from seeing gestures during the comprehension of spatial
relations between objects. | found that listeners fixated to gestures more when they complemented
spoken deictic constructions (here) than when they expressed redundant information. Overt gaze
attention to gestures did not predict how much information listeners gleaned from gestures. These
results suggest that the perceived relative communicative value of gestures modulates listeners'



attention to gestures; however, direct visual attention to gestures does not relate to information
uptake from gestures as they can be processed peripherally. Overall, in this dissertation, |
demonstrated that individual differences in visual-spatial cognitive resources and the relative
communicative value of gestures across different contexts modulated listeners' attention to co-
speech gestures. | contributed to the current literature by demonstrating that the so-called
beneficial effects of gestures are not monolithic and show variation across individuals and
situations. This dissertation demonstrated that gesture accounts and future research should
consider different internal and external factors to have a full picture of when, why, and for whom
gestures exhibit their supposed roles.



Tez Ogzeti
Demet Ozer, “Ne Zaman ve Kimin I¢in? El Jestlerini Anlamada Farkhihklar”

Konugmacilar, iletisim esnasinda sozlii dillerine eslik eden ve somut nesne niteliklerini, olaylari,
hareketleri temsil eden ikonik el jestleri kullanirlar. Hem konugmacilar hem de dinleyiciler iletisim
ve diisiinme esnasinda bu ikonik el jestlerinden yararlanirlar. Bununla birlikte, jestlerin yararl
etkileri, bireyler ve durumlar arasinda farkliliklar gosterir. Bu tezde, (1) bireylerin bilissel
egilimleri ile (2) sozli dil ve sozlii dile eslik eden jest arasindaki anlamsal Ortlismenin,
dinleyicilerin el jestlerini islemlemesinde nasil ve ne dlgiide farkliliklara yol agtig1 arastirilmistir.
Boliim 2'de, bilissel yeteneklerdeki bireysel farkliliklarin jest kullanma ve jest islemleme ile nasil
iliskili olduguna dair mevcut kanmitlar1 gbézden gegirdim. Bu boélimde, (1) jest Gretimi:
konugmacilarin jestleri ne siklikla kullandigi ve iletisim ile diistinme sirasinda jestleri
kullanmaktan ne derece istifade ettigi ile (2) jest isleme-anlama: dinleyicilerin, konusmacilarin
kullandig1 jestleri nasil ve ne derece islemledigi, anladigi, dikkat ettigi ile iletisim ve 6grenme
esnasinda bu jestleri gormekten ne derece istifade ettigi ile iliskili kisisel farkliliklar derlenmistir.
Bu inceleme, yasam boyu perspektifi (¢ocukluktan yetiskinlige ve saglikli yaslanmaya kadar)
alarak ve jest iiretimi ile jest isleme alanlarin1 birlestirerek alanin mevcut durumuna iligkin ayrintili
bir degerlendirme saglamistir. Bu boliimde, konugmacilarin hem iletisim hem de diisiinme
esnasinda el jestlerini, diisiik biligsel yetilerini telafi edici bir ara¢ olarak kullanabilecekleri
Onerilmistir. Boliim 2°deki derleme, 6zellikle jest isleme alanindaki kisisel farkliliklar tizerine cok
az arastirma oldugunu ve farkli biligsel yeteneklerdeki bireysel farkliliklarin, dinleyicilerin jestlere
olan dikkat ve islemlemesini nasil etkilediginin bilinmedigini ortaya koymustur. Buna dayanarak
Bolim 3°de, gorsel-uzamsal ve sozel yeteneklerdeki bireysel farkliliklarin es zamanl iletilen ve
birbirinden uyumsuz anlamsal bilgiler igeren sozlii dil ve jesti anlamadaki etkisini arastirdim
(Kelly, Ozyirek ve Maris, 2010). Sonuglar, alan yazindaki oncel bulgular1 farkli bir dilde
(Tiirkge’de) tekrarlanmis ve sozlii dil ile jestin dil anlama esnasinda birbirlerini karsilikli olarak
etkiledigini gostermistir. Daha da 6nemlisi, bu arastirma, bunun monolitik bir siire¢ olmadigini ve
bireyler arasinda farklilik olabilecegini gdstermistir. Sonuglar, daha yiiksek gorsel-uzamsal
yeteneklere sahip dinleyicilerin jestleri islemede, daha yiiksek s6zel yeteneklere sahip kisilerin ise
sOzIi dili islemede daha iyi oldugunu gdosterdi. Bu bulgular, gorsel-uzamsal bilissel kaynaklarin,
jestler yoluyla iletilen gorsel anlamsal bilgiyi islemek i¢in kritik 6neme sahip oldugunu
gostermektedir. Boliim 4’de, davranigsal metodolojiye ek olarak g6z izleme metodolojisi de
kullanilmig ve sozli dil ile sozli dile eslik eden jestler arasindaki anlamsal Ortiismenin,
dinleyicilerin el jestlerine olan gorsel dikkatini nasil ve ne Ol¢ilide etkiledigi aragtirilmistir. Daha
detayl1 olarak, bu boliimde, (1) dinleyicilerin, sozlii dili tamamlayici bilgiler ifade eden jestlere
(6rnegin, “burada” deyip sag tarafi gdsteren bir jest yapmak), sozlii dil ile ayn1 anlama gelen
bilgiler ifade eden jestlere (6rnegin, “sag” deyip sag tarafi gosteren bir jest yapmak) oranla daha
fazla gorsel dikkat gosterip gostermedigini ve (2) jestlere gosterilen direkt gorsel dikkatteki
bireysel farkliliklarin, dil anlama esnasinda jestlerin pekistirici rolii ile nasil ve ne 6lgiide ilgili
oldugu arastirilmistir. Sonuglar, dinleyicilerin, s6zlii dili tamamlayan el jestlerine daha fazla direkt



gorsel dikkat gosterdigini; ancak, jestlere yonelik dogrudan gorsel dikkatin jest anlama ile ilgili
olmadigin1 gostermistir. Genel olarak, bu tezde, (1) gorsel-uzamsal bilissel kaynaklardaki bireysel
farkliliklarin ve (2) el jestlerinin sozlii dile goreli iletisimsel degerinin, dinleyicilerin jestlere olan
dikkat ve islemlemesinde farkliliklara yol acgtigmmi gosterdim. Bu tez, alan yazinda sikca
vurgulanan jestlerin faydali etkilerinin monolitik olmadigin1 ve bireyler ile durumlar arasinda
degiskenlik gosterebilecegini gostererek giincel literatiire katkida bulunmaktadir. ileriki
caligmalar, jestlerin pekistirici etkisinin ne zaman, neden ve kimler i¢in oldugunu anlamak i¢in, bu
stirecte farklilik yaratabilecek pek ¢ok faktorii dikkate almalidir.
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CHAPTER 1

GENERAL INTRODUCTION



Natural face-to-face communication is a multimodal activity in which two or more interlocutors
interact by exchanging several communicative cues. This multimodal human communication
includes extra-linguistic information such as visible speech (i.e., lip movements), body posture,
eye-gaze, pitch accent, and hand gestures. This dissertation focuses on one of these multimodal
cues: co-speech iconic hand gestures (henceforth; gestures), which are spontaneous hand
movements that co-occur with relevant speech segments (e.g., words, phrases) and represent
concrete object attributes, events, and actions.

Gesture and speech have different representational properties. Gestures are realized in
visual-manual modalities and convey information holistically, whereas speech is realized in
auditory-vocal modalities and expresses information linearly in a segmented and hierarchical
fashion (Kendon, 1994; McNeill, 1992; Ozyiirek, 2014). Despite their differences in
representational format, gestures are semantically, pragmatically, and temporally related to the
accompanying speech. Gesture and speech together ‘constitute language' (McNeill, 1992) and form
a 'composite signal' (Clark, 1996) during utterance generation and comprehension.

Speakers spontaneously produce gestures as they speak or think. Listeners, in turn, attend
to the speaker's gestures that facilitate comprehension and learning (Dargue, Sweller, & Jones,
2019; Hostetter, 2011; Ozyiirek, 2014). However, gesturing is not mandatory for communication.
How speakers and listeners employ gestures exhibit variation across individuals and situations.
The variation can emerge from two factors. First, internal factors, such as individuals’ cognitive
dispositions, lead to variations in gesture use and processing. People exhibit individual differences
in how frequently they use spontaneous gestures when they speak or think, to what extent they
attend to the speaker's gestures, and how much they benefit from using and observing gestures

depending on their cognitive abilities (e.g., Chu, Meyer, Foulkes, & Kita, 2014; Gillespie, James,



Federmeier, & Watson, 2014; Goksun, Goldin-Meadow, Newcombe, & Shipley, 2013; Hostetter
& Alibali, 2007, 2011). Second, external factors such as the content of information (e.g., spatial
vs. non-spatial, Alibali, 2005) or the semantic overlap between speech and gestures (e.g.,
redundant vs. complementary; Hostetter 2011) affect how and to what extent people employ
gestures. Previous studies have examined variations of gesture use based on internal and external
factors (e.g., Chu et al., 2014; Gillespie et al., 2014; Hostetter & Alibali, 2007, 2011; Hostetter &
Pothoff, 2012), but less is known how gesture processing can be affected by these factors
(Aldugom, Fenn, & Cook, 2020; Wu & Coulson, 2014a, 2014b). To fill this gap in the literature
and provide evidence on variation in multimodal comprehension, in this dissertation, | aim to
investigate internal and external factors that affect listeners' attention to and processing of gestures
during comprehension. Based on the gaps in the current literature, we focused on two possible
factors that can lead to variations in gesture processing: individuals' own cognitive dispositions
(i.e., internal factor) and the semantic overlap between speech and gesture (i.e., external factor).
In particular, I aim to study whether and how (1) listeners' visual-spatial and verbal abilities relate
to the processing of concurrent gestural vs. spoken expressions and (2) listeners attend to gestures
that express non-redundant (complementary) vs. redundant information in relation to the

accompanying speech.

1.1. The role of gestures in speech comprehension

Gestures convey visual semantic information picked up by listeners (Kendon, 1994; Hostetter,
2011). Gestures are analyzed for meaning and subject to semantic processing analogous to other
content laden stimuli like pictures or words (Bernardis & Caramelli, 2009; Gunter & Bach, 2004,
So, Yi-Feng, Yap, Kheng, & Melvin Yap, 2013; Wu & Coulson, 2005, 2007; Yap, So, Melvin
yap, Tan, & Teoh, 2011). Listeners integrate semantic information gleaned from speech and

3



gesture to have a unified representation of the message (Alibali, Flevares, & Goldin-Meadow,
1997; Cassell, McNeill, & McCullough, 1999; Kelly, Barr, Church, & Lynch, 1999). The
Integrated Systems Hypothesis (Kelly, Ozyiirek, & Maris, 2010) states that speech and gesture
mutually and obligatorily affect each other during comprehension. These two types of information
create meaning synergistically (i.e., in an interactive way), each serving as a context for the
interpretation of the other. Electrophysiological and neuroimaging evidence shows that observing
gestures affects listeners' processing of the concurrent speech at various levels spanning from early
sensory/phonological to late semantic and syntactic processing (e.g., Biau & Soto-Faraco, 2013;
Hubbard, Wilson, Callan, & Dapretto, 2009; Holle & Gunter, 2007; Holle et al., 2012; Ozyiirek,
Willems, Kita, & Hagoort, 2007; Kelly, Kravitz, & Hopkins, 2004; Wang & Chu, 2013; Willems,
Ozyiirek, & Hagoort, 2007, 2009). Additionally, the neural instantiation of speech vs. gesture
processing exhibits similar properties, suggesting that they are inextricably linked during language
comprehension (Straube, Green, Weis, & Kircher, 2012; Wu & Coulson, 2005).

Gestures provide additional visual semantic information to the accompanying speech and
benefit listeners' comprehension (Beattie & Shovelton, 1999a, 1999b, 2001; Graham & Argyle,
1975; Holler, Shovelton, & Beattie, 2009; see Dargue et al., 2019 and Hostetter, 2011 for a meta-
analysis). Beattie and Shovelton (1999a, 1999b, 2001) showed that listeners comprehended the
size, shape, and location of objects better when speakers used gestures along with speech compared
to when they did not. Gestures facilitate comprehension because most of the time, they provide
additional visual information to the accompanying speech, particularly for visual-spatial
information. Thus, the semantic overlap between speech and gesture is an important factor for
gestural enhancement outcomes. Gestures that expressed incongruent information in relation to

the concurrent speech hindered listeners' comprehension (e.g., Kelly, Kravitz, & Hopkins, 2004;



Kelly et al., 2010; Ozyiirek et al., 2007). On the other hand, gestures that disambiguate concurrent
speech facilitated comprehension (Holle & Gunter, 2007; Holle et al., 2012; Kelly et al., 1999).
For example, listeners understood indirect requests better when they were complemented with
pointing gestures (e.g., "It is getting hot in here" complemented with a pointing gesture towards
the window) compared to when there was no gesture (Kelly et al., 1999). Similarly, listeners
benefitted from seeing gestures when understanding homonyms' intended meaning (Holle &
Gunter, 2007). Indeed, meta-analyses showed that gestures that express non-redundant
information to the accompanying speech benefit listeners' comprehension more than gestures that
convey redundant information (Dargue et al., 2019; Hostetter, 2011).

Although the Integrated Systems Hypothesis suggested that listeners attend to and integrate
gestures with spoken information in a mandatory and automatic manner (Kelly et al., 2010; Kelly,
Creigh, & Bartolotti, 2010), recent evidence suggests that these processes are not monolithic and
exhibit significant variation across individuals and situations. Several internal and external factors
affect how and to what extent listeners attend to, process, and benefit from observing gestures
during comprehension and learning. One important internal factor is individuals' own cognitive
dispositions. People exhibit individual differences in gesture processing, depending on their
propensities to use different cognitive resources. Despite being addressed extensively in the
gesture production literature (e.g., Baxter, Winters, & Hammer, 1968; Chu, Meyer, Foulkes, &
Kita, 2014; Gillespie, James, Federmeier, & Watson, 2014; Goksun, Goldin-Meadow, Shipley, &
Newcombe, 2013; Hostetter & Alibali, 2007, 2011; Hostetter & Potthoff, 2012; Trafton et al.,
2006), there is little research in the comprehension domain (but see Aldugom et al., 2020; Wu &
Coulson, 2014a, 2014b). It is mostly unknown how individual differences in different cognitive

abilities relate to listeners' gesture processing. Visual-spatial cognitive resources are critical for



processing gestures, and individual differences in this capacity might lead to variation across
individuals on how they process gestures (Kelly & Goldsmith, 2004).

How people employ gestures also exhibit variation across situations. Individuals use and
process gestures differently under different circumstances. Evidence showed that many external
factors affect listeners' processing of gestures. For example, gestures enhance listeners'
comprehension of spatial information more compared to non-spatial information, especially when
they expressed core semantic features such as size, shape, and the location of objects (Beattie &
Shovelton, 1999a, 1999b, 2001; Holler et al., 2009; Hostetter, 2011). Listeners benefit more from
seeing gestures when speech is relatively unintelligible such as in degraded vs. clear speech
comprehension (e.g., Drijvers et al., 2017, 2019; Holle et al., 2010). Listeners processed gestures
differently when gestures were perceived as communicatively intended (Holle & Gunter, 2007;
Holler et al., 2014; Kelly, Ward, Creigh, & Bartolotti, 2007). For example, Holler and colleagues
observed differential behavioral and neural outcomes of gesture processing for addressed (i.e.,
speakers' eye gaze directed towards them) and unaddressed (i.e., eye-gaze averted to another
listener) participants in a triadic communication setting. These suggest that the relative information
or communicative value of gestures modulates listeners' sensitivity to and processing gestures.

One important factor that affects the relative information value of gestures is the semantic
overlap between speech and gesture across different speech contexts. Speakers use gestures to
complement their spoken utterances, particularly for visual-spatial information such as when a
speaker says, "The cake was this big" and makes a two-hand gesture to represent the size of the
cake (Beattie & Shovelton, 2006; Emmorey & Casey, 2001; Holler & Stevens, 2007). Listeners

might attend to gestures more as their relative information value in relation to the accompanying



context increases. To date, there is no work directly comparing how listeners attend to, process,

and benefit from observing redundant vs. non-redundant (i.e., complementary) gestures.

1.2. The Scope and outline of the dissertation

This dissertation investigates whether and how listeners' attention to and processing gestures
exhibit variation across individuals with different cognitive skills, and situations in which gestures
express complementary vs. redundant information in relation to the concurrent speech. To this end,
Chapter 2 reviews current evidence on how individual differences in different cognitive resources
relate with (1) gesture use: how frequently speakers use gestures and how and to what extent
speakers benefit from using gestures during speaking and thinking and (2) gesture processing: how
and to what extent listeners attend to, process, and benefit from observing gestures during
comprehension and learning across different ages. This review provides a detailed assessment of
the field's current state by taking a life-span perspective (starting from childhood through
adulthood to healthy aging) and bridging fields of gesture production and gesture processing. As
evident in this review, there is little research on individual differences in gesture processing. Based
on this, Chapter 3 investigates the role of individual differences in visual-spatial and verbal
abilities in the online processing of concurrent gestural vs. spoken information. Building on the
work by Kelly et al. (2010), this chapter brings an individual-differences approach to multimodal
communication and asks whether listeners differentially attend to speech vs. gestures depending
on their propensities to use visual-spatial and verbal resources. Chapter 4 focuses on an external
factor that can modulate listeners’ attention to gestures. This chapter investigates how the relative
information value of gestures in relation to the accompanying speech affects listeners’ attention to
gestures through their overt gaze allocation. Eye-tracking provides a useful method to study how

listeners’ attention allocation across different channels of information is reflected in gaze behavior.
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By employing eye-tracking methodology, this study directly compares how complementary vs.

redundant gestures affect listeners’ direct visual attention to gestures.



CHAPTER 2

GESTURE USE AND PROCESSING: A REVIEW ON INDIVIDUAL DIFFERENCES IN

COGNITIVE RESOURCES

This chapter is based on Ozer, D. & Goksun, T. (2020). Gesture use and processing: a review on
individual differences in cognitive resources. Frontiers in Psychology, 11:573555. doi:

10.3389/fpsyg.2020.57355



Abstract
Speakers use spontaneous hand gestures as they speak and think. These gestures serve many
functions for speakers who produce them as well as for listeners who observe them. To date,
studies in the gesture literature mostly focused on group-comparisons or the external sources of
variation to examine when people use, process, and benefit from using and observing gestures.
However, there are also internal sources of variation in gesture use and processing. People differ
in how frequently they use gestures, how salient their gestures are, for what purposes they produce
gestures, and how much they benefit from using and seeing gestures during comprehension and
learning depending on their cognitive dispositions. This review addresses how individual
differences in different cognitive skills relate to how people employ gestures in production and
comprehension across different ages (from infancy through adulthood to healthy aging) from a
functionalist perspective. We conclude that speakers and listeners can use gestures as a
compensation tool during communication and thinking that interacts with individuals’ cognitive

dispositions.
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2.1. Introduction

Human language occurs in a face-to-face interactional setting with the exchange of multiple
multimodal cues such as eye-gaze, lip movements, body posture, and hand gestures. In this review
paper, we focus on one of these multimodal cues: iconic hand gestures (henceforth, gestures) that
represent objects, events, and actions. Speakers use an abundant number of gestures as they speak
or think. These gestures serve many functions for speakers who produce them and for listeners
who observe them (Dargue, Sweller, & Jones, 2019; Goldin-Meadow, Nusbaum, Kelly, &
Wagner, 2001; Kita, Alibali, & Chu, 2017; McNeill, 2005; Novack & Goldin-Meadow, 2017;
Ozyiirek, 2014). Although gesture and speech express meaning in a coordinated and integrated
manner, gesturing is not mandatory for communication and hence, shows variation across
situations and individuals (Kendon, 2004; Kita & Ozytirek, 2003; McNeill, 2005; Streeck, 2009).
Speakers differ in how frequently they use gestures, how salient their gestures are, and how much
they benefit from using gestures during encoding and learning. On the other hand, listeners also
differ in how much they attend to the speaker's gestures and benefit from observing gestures during
comprehension and learning. The current paper will discuss individual differences in gesture use
and processing.

There is individual variation in all human traits. People exhibit individual differences in
cognitive abilities such as working memory capacity, attention, speech production, and processing
as well as language acquisition (e.g., Bates, Dale, & Thal, 1995; Broadway & Engle, 2011,
Daneman & Green, 1986; Huettig & Janse, 2015; Just & Carpenter, 1992; Kane & Engle, 2002;
Kidd, Donnelly, & Christiansen, 2018). Current theories in cognitive science have not fully
accounted for the existence as well as the causes of these individual differences for scientific gain

(Underwood, 1975; Vogel & Awh, 2008). Most of the earlier studies in the gesture literature
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disregarded the variation among individuals and focused on group comparisons based on age (e.g.,
Austin & Sweller, 2014; Colletta, Pellenq & Guidetti, 2010; Feyereisen & Havard, 1999; Ozer et
al., 2017), sex (e.g., Ozcaliskan & Goldin-Meadow, 2010), neuropsychological impairments (e.g.,
Akhavan, Goksun, & Nozari, 2018; Akbiyik, Karaduman, Goksun, & Chatterjee, 2018; Cleary,
Poliakoff, Galpin, Dick, & Holler, 2011; Goksun, Malykhina, Lehet, & Chatterjee, 2013, 2015;
Hilverman, Cook, Duff, 2018; Ozer, Goksun, & Chatterjee, 2019; see Clough & Duff, 2020 for a
review), culture, and the native status of the speakers and the listeners (i.e., bilinguals vs.
monolinguals, e.g., Azar, Backus, & Ozyiirek, 2019, 2020; Goldin-Meadow & Saltzman, 2000;
Gullberg, 2010; Kim & Lausberg, 2018; Kita, 2009; Mayberry & Nicoladis, 2000; Nicoladis, Pika,
Marentette, 2009; Pika, Nicoladis, & Marentette, 2006; Smithson, Nicoladis, & Marentette, 2011)
to understand how human multimodal language faculty operates at a general level. The gesture
theories and current experimental practices in the gesture literature mostly downplayed the
significance of individual differences and treated them as error variance. These studies create an
illusionary and incorrect assumption that gesturing and the cognitive and communicative benefits
of using and seeing gestures are invariant across people. However, using and observing gestures
show not only across-group but also within-group variation (e.g., Chu, Meyer, Foulkes, & Kita,
2014; Dargue et al., 2019; Hostetter & Alibali, 2007, 2011; Ozer et al., 2019; Ozer & Goksun,
2020; Wu & Coulson, 2014a, 2014b). What drives this variation?

There are external and internal sources of variation in gesture use and processing. The
external sources of variation could be speech content (e.g., spatial vs. non-spatial topics; Alibali,
2005; Feyereisen & Havard, 1999; Hostetter, 2011; Lausberg & Kita, 2003; Rauscher, Krauss, &
Chen, 1996), communicative context (e.g., the visibility between interlocutors, communicative

intention, and audience design; Alibali, Heath, & Myers, 2001; Schubotz, Holler, & Ozyiirek,
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2019; Trujillo, Simanova, Bekkering, & Ozyiirek, 2018), task difficulty and cognitive load levels
(e.g., complex spatial tasks such as mental rotation; Kita & Davies, 2009; Wesp, Hesse, Keutmann,
& Wheaton, 2001). There are also internal sources variation; even under the same external
circumstances, people can behave differently. Insights into which mechanisms contribute to these
individual differences just started to emerge (e.g., Aldugom, Fenn, & Wagner-Cook, 2020; Chu et
al., 2014; Dargue et al., 2019; Hostetter & Alibali, 2007, 2011; Kartalkanat & Goksun, 2020; Ozer
& Goksun, 2020; Wu & Coulson, 2014a, 2014b).

Individual differences in personality characteristics, age, cognitive, and perceptual skills
contribute to variation among individuals in terms of gesture use and processing (e.g., Austin &
Sweller, 2017; 2018; Chu et al., 2014; Cohen & Borsoi, 1996; Dargue & Sweller, 2020; Eielts et
al., 2018; Galati, Weisberg, Newcombe, & Avraamides, 2018; Gillespie, James, Federmeier, &
Watson, 2014; Goksun, Goldin-Meadow, Newcombe, & Shipley, 2013; Hostetter & Alibali, 2007,
2011; Hostetter & Potthoff, 2012; Kartalkanat & Goksun, 2020; Marstaller & Burianova, 2013;
Ozer & Goksun, 2020; Pouw, Mavilidi, van Gog, & Paas, 2016; Vanetti & Allen, 1988;
Wartenburger et al., 2010; Wu & Coulson, 2014a, 2014b). However, most of the research on
individual differences focused on gesture production, particularly on the cognitive correlates of
variation in spontaneous gesture use and how much people benefit from using gestures during
problem-solving and encoding of information. Research on individual variation in how listeners
attend to speakers’ gestures and benefit from observing gestures for comprehension and learning
is limited (Aldugom et al., 2020; Ozer & Goksun, 2020; Wu & Coulson, 2014a, 2014b).

In the current review paper, we discuss individual differences in (1) gesture use: how
frequently speakers use gestures during spontaneous speech and how much they benefit from using

gestures during task solving and learning, and (2) gesture processing: how listeners attend to and
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process speakers’ gestures and how much they benefit from observing speakers’ gestures for online
comprehension or subsequent learning. We specifically focus on individual differences in
cognitive and perceptual abilities (see Hostetter & Potthoff, 2012 for personality characteristics).
This review has three highlights: (1) We attempt to bring a complete picture of individual
differences in gesture by bridging production (i.e., using gestures) and comprehension (e.g., seeing
gestures) fields, (2) We adopt a functionalist approach to discuss possible cognitive correlates of
gesture use and processing. Functionalist gesture theories (as opposed to mechanistic approaches
such as Hostetter & Alibali, 2008; McNeill, 1992, 2005) discuss why speakers use gestures and
what functions gestures serve for speakers and listeners during communication and thinking (e.g.,
Cook & Fenn, 2017; Kita & Ozyiirek, 2013; Kita et al., 2017; Novack & Goldin-Meadow, 2017;
Pouw, de Nooijer, van Gog, Zwaan, & Paas, 2014). Theories asserting for what purposes speakers
and listeners employ gestures might inform us about the possible cognitive correlates of individual
differences in gesture use and processing. (3) We also take on a life-span developmental
perspective, which covers how gesture use and processing differ in changing cognitive skills
throughout the developmental trajectory (from childhood through adulthood to healthy aging).
The literature on how different populations across ages use and process gestures during
communication and learning is quite rich. It is noteworthy that the current paper is not a
comprehensive review of the general literature. Instead, we specifically focus on studies
investigating individual differences in these processes. We first review the functions of gestures
during communication and learning (Section 2.2). Then, we address evidence on individual
differences in gesture use (Section 2.3) and gesture processing (Section 2.4) for children, young
adults, and elderly adults. Last, we conclude the current state of the field and discuss areas that are

open to further investigation (Section 2.5).
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2.2. Functions of gestures during communication and learning

Several theories suggest how and why gestures occur during communication and thinking.
Mechanistic theories mostly propose how gestures arise during communication and thinking (e.g.,
Hostetter & Alibali, 2008, 2018; McNeill, 1992; 2005). Functionalist theories, on the other hand,
try to explain why we use gestures and the functions that gestures serve during communication and
thinking, both for the speaker and the listener (e.g., Cook & Fenn, 2017; Goldin-Meadow et al.,
2001; Kita & Ozyiirek, 2013; Kita et al., 2017; Novack & Goldin-Meadow, 2017; Pouw et al.,
2014). The approach in this review will be from functionalist perspectives as they can give insight
into which mechanisms might contribute to individual differences in gesture use and processing.
Gestures have several functions during communication and thinking. First, gestures affect
communication between interlocutors. Speakers and listeners employ gestures for communicative
purposes. Speakers produce gestures to communicate information, and listeners, in turn, benefit
from these gestures to comprehend the to-be-communicated message (e.g., Alibali et al., 2001;
Beattie & Shovelton, 1999; Goldin-Meadow & Alibali, 2012; Holler & Stevens, 2007; Hostetter,
2011). Speakers use gestures as an alternative channel of expression. Hence, both speakers and
listeners employ gestures more in communicative challenges stemming from cognitive
dispositions such as when a speaker is linguistically non-competent (e.g., bilinguals talking in their
non-native language, Gullberg, 2010; Smithson et al., 2001) or has hearing impairments
(Obermeier, Dolk, & Gunter, 2012). The communicative function of gestures suggests that
speakers and listeners with low communicative capacity (e.g., low linguistic proficiency, low
semantic fluency, or the non-native status of the speaker and the listener) might employ and benefit

from gestures maore.
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Second, gestures affect speakers' and listeners' cognitive processes. Gestures help activate,
maintain, manipulate, and package visual, spatial, and motoric information for speaking and
thinking (Kitaetal., 2017). Gestures reduce cognitive load by keeping spatial-motoric information
active in working memory (Cook, Yip, & Goldin-Meadow, 2012; Goldin-Meadow et al., 2001;
Marstaller & Burianova, 2013; Morsella & Krauss, 2004; Ping & Goldin-Meadow, 2010; Wesp et
al., 2001) and by projecting internal representations to an external space (e.g., Pouw et al., 2014).
Producing gestures provides an external visual feedback that can be used to maintain or retrieve
task-related visual-spatial information and hence, reduces the cognitive load. Considering this, we
expect that people might use gestures as a compensatory tool to manage their cognitive load. For
example, people with lower visual-spatial cognitive capacity (e.g., lower visual-spatial WM
capacity, lower general spatial skills assessed by mental rotation, lower fluid intelligence assessed
by Raven’s Matrices) might use gestures more frequently to compensate for their limited resources
when talking and thinking, especially about spatial information (e.g., Chu et al., 2014; Galati et
al., 2018; Goksun et al., 2013; Trafton et al., 2006). In a similar vein, speakers’ gestures provide a
stable visual representation for observers (i.e., listeners) and help listeners during comprehension
and learning. People with lower cognitive resources might be in a greater need for external aids,
and thus benefit more from seeing gestures (e.g., de Nooijer, van Gog, Paas, Zwaan, 2013; Ozer
& Goksun, 2020; Wu & Coulson, 2014a).

Functional gesture theories assert that gestures help convey information during
communication and manage cognitive load during speaking, thinking, and learning (e.g., Kita et
al., 2017; Novack & Goldin-Meadow, 2017). This suggests that gesture use and processing are
sensitive to the cognitive dispositions of the speakers and the listeners. People might convey

gestures to manage and compensate for their limited cognitive resources.
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Mechanistic gesture theories, on the other hand, emphasize how people employ gestures.
As opposed to functionalist theories, one of the first and most influential mechanistic accounts of
gesture production (The Growth Point Theory, McNeill, 1992, 2005; McNeill & Duncan, 2000)
posits that gestures do not compensate for thinking and speaking. According to this account,
gesture and speech originate from a single representational system where an utterance contains
both linguistic and imagistic structures that cannot be separated. Speech stems from propositional
linguistic representations and gestures stem from non-propositional imagistic representations and
reflect visual, spatial, and motoric thinking (McNeill, 1992, 2005; Krauss, Chen, & Gottesmann,
2000). This account suggests that gestures are the manifestations of the imagistic component of
the thought. Although mechanistic accounts would not be against the role gestures play for people
to manage cognitive processes, they emphasize how people employ gestures rather than why they
gesture.

In the following sections, we review evidence regarding how individual differences in
cognitive domains relate with gesture use and processing from a functionalist account, mainly
considering the gesture-as-a-compensation-tool view. That is, following the functionalist
approach, we will illustrate the functions of gestures for speakers and listeners who use their
cognitive resources differently. Gestures might not be used as a compensatory tool for every
situation across different groups (e.g., Chui, 2011; de Ruiter, Bangerter, & Dings, 2012; So, Kita,
& Goldin-Meadow, 2010); yet the current state of the field supports the beneficial part of gestures
for communication, thinking, and learning (e.g., Goldin-Meadow et al., 2001; Kita et al., 2017;

Novack & Goldin-Meadow, 2017).
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2.3. Individual differences in gesture production

People from all ages show variation in terms of how frequently they use gestures, how salient their
gestures are, and what types of gestures they use during spontaneous speech (e.g., Arslan &
Goksun, in press; Chu et al., 2014; Feyereisen & Havard, 1999; Nagels, Kircher, Steines, Grosvald,
& Straube, 2015; Priesters & Mittelberg, 2013; Schmalenbach, Billino, Kircher, van Kemenade,
& Straube, 2017; Richmond, McCroskey, & Johnson, 2003). People also differ in how much they
benefit from using gestures during speaking, encoding, and subsequent learning (e.g., Galati et al.,
2018; Goldin-Meadow et al., 2001; Ping & Goldin-Meadow, 2010). To date, studies mostly
focused on two possible cognitive correlates: visual-spatial vs. verbal cognitive resources. We
discuss how individual differences in visual-spatial and verbal cognitive capacities relate to gesture

production in children, adults, and elderly adults.

2.3.1. Individual differences in gesture production in children

Babies start to use pointing gestures at around 12 months of age and iconic gestures at around three
years of age (Ozgaliskan & Goldin-Meadow, 2005, 2010; Iverson, Capirci, & Caselli, 1994).
Gestures open the way for the transition from prelinguistic to linguistic period, and gestures
become increasingly intertwined with speech as children become older (e.g., Capirci, Contaldo,
Caselli, & Volterra, 2005; Capirci & Volterra, 2008; Liszkowski, Carpenter, & Tomasello, 2008).
Ozcaliskan and Goldin-Meadow (2005) analyzed children’s gestures at 14, 18, and 22 months of
ages when children are interacting spontaneously with their mothers. They showed that children
used more gestures as they got older. Moreover, there was a developmental shift towards the use
of more supplementary gestures (e.g., saying “ride” and pointing at the bike) as opposed to

reinforcing gestures (e.g., saying “bike” and pointing at the bike) by older children. Yet, there was
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no difference in the quality or the quantity of the maternal input across development, suggesting
that changes in children’s gestural behavior might reflect developmental changes in children’s own
cognitive processes. Then, individual differences in several cognitive processes might lead to
variations in how and to what extent children use gestures in spontaneous speech. Children, even
as early as 14 months of age, show individual variation in whether they use iconic gestures and
how frequently they use them (e.g., Iverson, Capirci, Longobardi, & Caselli, 1999; Oz¢aliskan &
Goldin-Meadow, 2005). What drives these very early individual differences in gesture use? To
date, the gesturing behavior of young children mostly focused on how individual differences in
early gesture use predicted later language development (e.g., Demir, Levine, & Goldin-Meadow,
2015; Rowe & Goldin-Meadow, 2009). Studies examining the precursors of these variations, on
the other hand, primarily focused on how parental language input (speech and gesture) relates with
children’s spontaneous gesture production (e.g., Iverson, Capirci, Volterra, & Goldin-Meadow,
2008; Rowe, Ozcaliskan, & Goldin-Meadow, 2008; Tamis-LeMonda, Song, Leavell, Kahana-
Kalman, & Yoshikawa, 2012). It is unknown which cognitive and perceptual abilities of these
young children drive early individual differences in gesture production. Early socio-cognitive
precursors of gesture use in infancy is an open area for further investigation.

How do children use gestures at later ages, such as during preschool and school-age?
Children have not yet fully developed verbal skills as compared to young adults; thus, they might
use gestures more during speaking as gestures provide an alternative channel of expression (e.g.,
Melinger & Levelt, 2004) and help facilitate speaking (Krauss et al., 2000). Indeed, studies report
that preschool-aged children benefit more from gestures than older children and adults, especially
when using complex language (e.g., Austin & Sweller, 2014; Church, Kelly, & Lynch, 2000).

Moreover, children in transitional stages (i.e., children who have the conceptual knowledge but
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not yet the skills to verbalize that knowledge) used more gestures to convey ideas compared to
children who had necessary verbal resources to convey the same idea linguistically (e.g., Church
& Goldin-Meadow, 1986; Perry, Church, & Goldin-Meadow, 1992). These gestures (so-called
gesture mismatches) expressed non-redundant information that was not found in the accompanying
speech. Children (ages 5-10) used more non-redundant speech-gesture combinations both at the
clause and word levels compared to adults (Alibali, Evans, Hostetter, Ryan, & Mainela-Arnold,
2009). This is also evident in the expression of other linguistically challenging categories such as
causal or spatial relations (e.g., Austin & Sweller, 2018; Calero, Shalom, Spelke, & Sigman, 2019;
Goksun, Hirsh-Pasek, & Golinkoff, 2010; Karadoller et al., 2019). Children used more gestures to
convey additional information when they could not verbalize instruments of causal events (Goksun
etal., 2010) or spatial relations such as left-right (Karadoller et al., 2019). For example, ambiguous
spatial terms such as “here” can be complemented by gestures to specify the spatial relation
(Karadoller et al., 2019). The multimodal discourse continues to develop during the school-age
years. There is a developmental shift towards the use of a higher number of gestures per clause by
10-year-old children and adults than 6-year-olds in narrative production tasks (e.g., Alamillo,
Colletta, & Guidetti, 2013; Colletta et al., 2010).

Developmental studies suggest that children might use gestures as an alternative channel
of expression to compensate for their limited linguistic proficiency (e.g., younger vs. older children
or children vs. adults; Alibali et al., 2009; Church et al., 2000; Colletta et al., 2010). This is in line
with bilingualism research showing that bilingual children speaking in their L2 used more gestures
than monolinguals (e.g., Smithson et al., 2001; Wermelinger, Gampe, Helbling, & Daum, 2020).
Moreover, research on clinical populations with communication and language delays suggests that

although there are delays in gesture production in the first 2 years, gesture might be used to
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compensate for communication and language difficulties at preschool and school ages by some
children (LeBarton & Iverson, 2017; Ozcaliskan, Levine, & Goldin-Meadow, 2013). Children with
language impairments (LI) used gestures at a higher rate and produced greater proportions of
gestures that added unique information to the accompanying speech compared to typically
developing (TD) peers, suggesting that children with L1 employ gestures as an alternative channel
of expression in the face of language difficulties (Blake, Myszczysyn, Jokel, & Bebiroglu, 2008;
Evans, Alibali, & McNeill, 2001; Iverson & Braddock, 2011; Mainela-Arnold, Alibali, Ryan, &
Evans, 2011; Mainela-Arnold, Alibali, Hostetter, & Evans, 2014).

Similar to children with LI, children with Down Syndrome (DS) used more gesture-only
expressions and expressed information uniquely in their gestures compared to TD children to
compensate for spoken language delays (Dimitrova, Ozcaliskan, & Adamson, 2016; Ozcaliskan,
Adamson, Dimitrova, & Baumann, 2017; Stefanini, Caselli, & Volterra, 2007). Children with
Williams Syndrome (WS) also used more iconic gestures in a picture naming task compared to
TD children to alleviate their word-finding difficulties (Bello, Capirci, & Volterra, 2003). Yet, not
all children with language delays benefit from gestures as a compensatory tool. Children with
Autism Spectrum Disorder (ASD) exhibit delays in gesture production that are apparent both in
frequency and complexity (Colgan et al., 2006; Dimitrova et al., 2016; Oz¢aliskan, Adamson, &
Dimitrova, 2016; Ozcaligkan et al., 2017; Rozga et al., 2011; Watson, Crais, Baranek, Dykstra, &
Wilson, 2013). Research shows that children with ASD used gestures to initiate and sustain joint
attention and to compensate for speech limitations by supplementing speech to a lesser degree
compared to TD peers, leading to negative consequences for learning and social interaction
opportunities (Sowden, Clegg, & Perkins, 2013; Mastrogiuseppe, Capirci, Cuva, & Venuti, 2015;

Watson et al., 2013). Impairments in gesture production are more pronounced in ASD compared
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to other developmental delays such as Down Syndrome (DS; Mastrogiuseppe et al., 2015), LI
(Stone, Ousley, Yoder, Hogan, & Hepburn, 1997), and general intellectual delay (Mundy, Sigman,
& Kasari, 1990) and thus, are a central component of problems in social interactions and delays in
social development in ASD. Moreover, language delays not only affect children’s gesture
productions but also gestural input they receive from their caregivers, resulting in cascading
consequences for language development.

Research suggests that children’s language level affects caregivers’ gestures to a greater
extent when a child’s language skills are limited (Dimitrova et al., 2016; lverson, Longobardi,
Spampinato, & Caselli, 2015; Ozcaliskan et al., 2017; Ozcaliskan, Adamson, Dimitrova, &
Baumann, 2018; Talbott, Nelson, & Tager-Flusberg, 2015). For example, mothers of non-
diagnosed high-risk ASD infants gestured more frequently compared to mothers of low-risk ASD
infants (Talbott et al., 2015). The evidence on the compensatory use of gestures by children with
language delays indicate that gesture is a tool that should be harnessed to support learning,
especially for child clinical populations (LeBarton & lverson, 2017). Gesture is also an early
diagnostic tool to foresee persistent language delay, especially for children with unilateral brain
lesions (Ozcaliskan et al., 2013; Sauer, Levine, & Goldin-Meadow, 2010). Although these studies
suggest a link between early spoken language abilities and gesture production in children, the
direct evidence on how individual differences in early receptive and expressive language skills
relate with spontaneous gesture use within children with and without language delays is quite
limited (Kartalkanat & Goksun, 2020; Wermelinger et al., 2020).

A growing body of literature shows that using gestures benefit children's subsequent
memory and learning (e.g., Alibali & di Russo, 1999; Wakefield, Hall, James, & Goldin-Meadow,

2018). Do all children benefit similarly from using gestures? Post and colleagues (2013) showed
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that children who simultaneously produced and observed gestures when learning grammatical
rules performed worse than children who only observed gestures. However, the adverse effects of
gesturing on learning were only visible for children with lower verbal skills, suggesting that
producing and observing gestures simultaneously might be too cognitively demanding, especially
for children with lower verbal resources (Kalyuga, 2007). Nevertheless, it should be noted that this
study tested the effects of using gestures on learning under high cognitive load. There is no direct
evidence on how verbal skills relate to how much children benefit from using gestures when they
are under average cognitive load (e.g., without observing gestures simultaneously).
Developmental studies mostly compared different age groups (e.g., children vs. adults or
younger vs. older children, e.g., Colletta et al., 2010), bilinguals vs. monolinguals (e.g., Mayberry
& Nicoladis, 2000; Smithson et al., 2001) and clinical vs. non-clinical groups (e.g., Bello, Capirci,
& Volterra, 2003; Dimitrova, Ozc¢aliskan, & Adamson, 2016; LeBarton & lverson, 2017). These
studies suggest that children use gestures as a compensatory tool, and individual differences in
verbal skills play a role in how much children use and benefit from using gestures during learning.
Moreover, visual-spatial skills follow a protracted development, and children show individual
variation in visual-spatial abilities (Newcombe, Uttal, & Sauter, 2013). Given that gestures are
visual-spatial entities and help activate, maintain, and manipulate visual-spatial information (Kita
et al., 2017), individual differences in visual-spatial abilities during childhood might affect how
much children use gestures and benefit from using gestures for learning. However, there is no
direct evidence on how individual differences in verbal and visual-spatial skills relate to children's

gesture use, which begs for future research.
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2.3.2. Individual differences in gesture production in young adults

Most of the research on individual differences in gesture production focused on young adults.
Studies showed that young adults with lower cognitive capacities used more spontaneous gestures
and benefited more from using gestures (e.g., Chu et al., 2014; Gillespie et al., 2014; but see
Hostetter & Alibali, 2007), supporting the functionalist accounts (Goldin-Meadow et al., 2011,
Kita et al., 2017; Marstaller & Burianova, 2013) and gesture’s role as a compensation tool. The
visual-spatial cognitive capacity is related to how much speakers employ gestures during speaking
and thinking. People with lower visual and spatial working memory (WM) capacities, mental
rotation skills, and spatial conceptualization abilities (Kita & Davies, 2009) used more gestures
compared to high-spatial ability individuals when explaining abstract phrases or social dilemmas
(Chuetal., 2014). In a spatial gesture elicitation task, Goksun and colleagues (2013) asked young
adults to describe how they solved mental rotation problems and found that people with lower
spatial abilities (lower mental rotation scores) used more gestures compared to people who had
higher scores. However, low-and high-spatial ability individuals not only differed in the frequency
of gestures but also in the type of gestures they used. People with low-spatial ability used more
static gestures depicting objects (i.e., cubes or whole objects) whereas high-spatial ability
individuals used more dynamic gestures to express motion, such as rotation or direction or static
gestures referring to object pieces (e.g., the bottom part of the L shape). This finding is in line with
a previous study showing that although lower- and higher-fluid intelligence individuals (as
measured by Raven's matrices) used an equal number of gestures when describing how to solve
geometric analogies, people with higher fluid intelligence used more gestures to express motion
than people with lower fluid intelligence (Sassenberg, Foth, Wartenburger, & van der Meer, 2011;

Wartenburger et al., 2010).
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Verbal cognitive capacity is another predictor for how and to what extent speakers use
gestures (e.g., Baxter, Winters, & Hammer, 1968; Gillespie et al., 2014; Hostetter, Alibali, 2007,
2011; Napgal, Nicoladis, & Marentette, 2011; Smithson & Nicoladis, 2013; for c.f. see Chu et al.,
2014 and Frick-Horbury, 2002). Young adults with lower verbal abilities such as lower verbal WM
capacity, vocabulary size, and semantic fluency (i.e., phonological and lexical retrieval ability)
used more gestures during spontaneous speech than individuals with higher verbal abilities (e.g.,
Gillespie et al., 2014; Hosttetter & Alibali, 2007, 2011; Smithson & Nicoladis, 2013; but see Chu
etal., 2014). These findings corroborate with bilingual research, showing that bilinguals used more
gestures when talking in their L2 compared to L1 or monolinguals (e.g., Gullberg, 1998; Nagpal
etal., 2011). Verbal WM also predicted gesture frequency similarly in bilinguals and monolinguals
(Smithson & Nicoladis, 2013).

Is there an interaction between verbal and spatial skills in gesture use? Hostetter and Alibali
(2007) showed a quadratic relationship between verbal resources and spontaneous gesture use.
People with the lowest and highest verbal skills (i.e., phonemic fluency) gestured more than people
with average verbal skills when they were retelling a cartoon story and describing how to wrap a
package. Moreover, low verbal/high visual-spatial individuals produced the largest number of
gestures and used more non-redundant gestures (Hostetter & Alibali, 2007, 2011; Vanetti & Allen,
1998). This might suggest that gestures are more helpful when speakers have spatial information
in the non-propositional format in mind but are unable to lexicalize or to encode verbally (e.g.,
Graham & Heywood, 1975; Krauss & Hadar, 1999).

Young adults also show individual variation in how much they benefit from using gestures
during task solving or subsequent memory and learning (e.g., Marstaller & Burianova, 2013).

Young adults use many gestures when encoding information that facilitates their subsequent
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memory and learning, especially for visual and spatial information (e.g., Chu & Kita, 2011; So,
Shum, & Wong, 2015). However, using gestures is especially beneficial for people with lower
cognitive capacity (e.g., Galati et al., 2018; Marstaller & Burianova, 2013; Pouw et al., 2016).
People who used gestures when trying to learn new routes had better memory in a subsequent
navigation task; however, this was only evident for people with a lower spatial perspective-taking
ability (Galati et al., 2018). Moreover, gesturing benefited problem solving under higher cognitive
load (e.g., dual-task paradigm, Marstaller & Burianova, 2013) and when internal cognitive
resources are taxed or limited (e.g., Pouw et al., 2016).

Individual differences in verbal and visual-spatial skills affect how much young adult
speakers use and benefit from producing gestures during speaking and problem-solving.
Conforming the gesture-as-a-compensation-tool account, speakers employ gestures to compensate
for lower verbal and spatial cognitive resources. However, we should be cautious about the
generalizability of these findings as to the use of different cognitive measures, and gesture
elicitation tasks (e.g., spatial vs. non-spatial, abstract) might yield different results. Further

research is needed to replicate these conclusions across contexts.

2.3.3. Individual differences in gesture production in healthy aging

Evidence on spontaneous gesture use in healthy aging is minimal. Most of the research compared
young and elderly adults and showed that spontaneous gesture production and gesture imitation is
impaired in aged populations (e.g., Cohen & Borsoi, 1996; Dimeck, Roy, & Hall, 1998; Feyereisen
& Havard, 1999). Elderly adults used less representational gestures compared to young adults
whereas overall gesture frequency or the use of non-representational gestures (e.g., beat or conduit
gestures) was comparable across two groups (Arslan & Goksun, in press; Cohen & Borsoi, 1996;
Feyereisen & Havard, 1999; Glosser, Wiley, & Barnoskir, 1998; for c.f. see Ozer et al., 2017;
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Schubotz, Holler, & Ozyiirek, 2019). This might be due to declining visual-spatial cognitive
resources in aging. For example, mental imagery declines with aging (e.g., Andersen & Ni, 2008;
Copeland & Radvansky, 2007; Dror & Kosslyn, 1994) and indeed, individual differences in mental
imagery, but not spatial WM capacity was associated with how frequently young and elderly
individuals used spontaneous gestures, particularly for a spatial address description task (Arslan
& Goksun, in press). Elderly individuals were also impaired in designing their multimodal
utterances for their addressees (i.e., audience design, Schubotz et al., 2019). When narrating comic
cartoons, young adults used fewer gestures when they knew that their addressee also watched the
comic cartoon compared to when their addressee did not see the cartoon. However, elderly adults
used an equal number of gestures in both cases.

We might expect that declining visual-spatial skills in aging would lead to higher use of
gestures by older adults than in younger ones. However, gestures might be used as a compensatory
tool only to manage cognitive load when the person has the necessary/intact resources. Most of
the studies comparing younger vs. older adults tested individuals who are older than 60 years of
age (e.g., Cohen & Borsoi, 1996), and it is unknown whether visual-spatial skills are severely
impaired in this age group. Less is also known on the decline in which cognitive abilities in healthy
aging leads to age-related impairments in gesture production (but see Arslan & Goksun, in press).
It is important to note that this area is open to investigation and future research should study the
decline in which cognitive resources lead to impaired gesturing in aging, whether the effects of
aging on gesturing is similar for everyone and, and which cognitive resources might play a
protective role for the decline of gesture production. More research is also needed to examine
whether elderly individuals benefit from using gestures as young adults and children do or

producing gestures impose an extra cognitive burden to their already limited cognitive resources.
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Moreover, we mainly focused on gesture use in healthy aging, yet, the line of research on
how people with neurodegenerative disorders use gestures is informative as well (e.g., Akhavan et
al., 2018; Cleary et al., 2011; Klooster, Cook, Uc, & Duff, 2015; Ozer et al., 2019; Rousseaux,
Renier, Anicet, Pasquier, Mackowiak-Cordoliani, 2012). People with different types of
neurodegenerative disorders such as Alzheimer’s disease, primary progressive aphasia, and
Parkinson’s disease are natural targets to study gesture in aged populations because the prevalence
rates of these diseases consistently increase with age (e.g., Brayne et al., 2006; Jorm, Korten, &
Henderson, 1987). For example, Klooster and colleagues (2015) showed that the beneficial effects
of using and observing gestures on new learning in a Tower of Hanoi paradigm were absent in
elderly patients with intact declarative memory, but impaired procedural memory as a consequence
of Parkinson’s disease. This suggests that the procedural memory system supports the ability of
gestures to drive new learning. Thus, the decline in different memory systems in different
neurodegenerative disorders that increase with age might lead to variation in how elderly adults
benefit from gestures during learning. Future studies should test the cognitive correlates of

impaired gesture use in different neuropsychological groups.

2.4. Individual differences in gesture processing

Listeners are sensitive to speakers’ gestures and benefit from observing these gestures during
online language comprehension, encoding, and subsequent memory and learning (Dargue et al.,
2019; Hostetter, 2011; Kelly, Ozyiirek, & Maris, 2010; Holler, Shovelton, & Beattie, 2009). The
facilitative effects of observing gestures are evidenced across children (e.g., Aussems & Kita,
2019; Austin & Sweller, 2014; 2017; Cook, Mitchell, & Goldin-Meadow, 2008; Dargue &
Sweller, 2020; Holler, Kendrick, Levinson, 2018; Kartalkanat & Goksun, 2020; Macoun &
Sweller, 2016; Vogt & Kauschke, 2017) and young adults (e.g., Beattie & Shovelton, 1999;
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Dargue & Sweller, 2019; Holle & Gunter, 2007; Hostetter, 2011; Kelly, Manning, & Rodak, 2008;
Roth, 2001; Rueckert, Church, Avila, & Trejo, 2017). Research regarding individual differences
in how listeners attend to and process speakers’ gestures and how much they benefit from
observing gestures during comprehension and learning is quite limited, especially when compared
to the literature on individual differences in gesture production (e.g., Ozer & Goksun, 2020; Post,
van Gog, Paas, & Zwaan, 2013; Yeo & Tzeng, 2019; Wu & Coulson, 2014a, 2014b). In the next
subsections, we review evidence on individual differences in gesture processing and its effects on
comprehension and learning in children, young adults, and elderly adults. Then, we discuss several
possible cognitive mechanisms that might yield individual differences in gesture processing,

suggesting new venues for future research.

2.4.1. Individual differences in gesture processing in children

Electrophysiological studies showed that children start to process iconic gestures as semantic
entities like words at around 18 months of age (Sheehan, Namy, & Mills, 2007). Behaviorally,
they start to comprehend iconic gestures representing entities at around three years of age
(Stanfield, Williamson, & Ozcaliskan, 2014) and iconic gestures representing events at around
four years of age (Glasser, Williamson, & Ozcaliskan, 2018). Studies showed that 3-year-olds
could not integrate speech and gesture, whereas 5-year-olds and adults did (e.g., Sekine & Kita,
2015; Sekine, Sowden, & Kita, 2018). Moreover, children starting from 6 years of age integrate
speech and gesture in an online fashion comparable to adults (Dick, Goldin-Meadow, Solodkin, &
Small, 2011; Sekine et al., in press). Demir-Lira and colleagues (2018) showed that gesture-speech
integration recruits the same neural network as in adults. Yet, this was true only for children who
were able to successfully integrate speech and gesture behaviorally. Then, what drives these

individual differences in early gesture-speech integration ability?
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Gesture-speech integration requires a global developmental shift. The precursors of gesture
comprehension and gesture-speech integration are unknown. Gestures are visual-spatial entities
and the processing, and the interpretation of gestures requires visual-spatial cognitive resources
(e.g., Kelly & Goldsmith, 2004). Children with lower visual-spatial skills might have difficulty in
processing and comprehending gestures compared to children with higher visual-spatial skills. The
global development of executive attention and general WM capacity, on the other hand, might play
arole in gesture-speech integration. For example, children with lower overall WM capacity might
have difficulty in maintaining and integrating two different kinds of information simultaneously,
especially in offline integration tasks (e.g., Demir-Lira et al., 2018). Cognitive predictors of
individual differences in children’s gesture comprehension and gesture-speech integration abilities
require further attention.

What about individual differences in the beneficial effects of observing gestures for
subsequent learning? Not all children benefit from visual aids such as diagrammatical illustrations
when learning math (e.g., Cooper, Sidney, & Alibali, 2007). Indeed, observing gestures does not
assist all children’s comprehension of narratives or learning new skills (e.g., Bohn, Kordt, Braun,
Call, & Tomasello, in press; Church, Ayman-Nolley, & Mahootian, 2004; Kartalkanat & Gdksun,
2020; van Vermeskerken, Fijan, Eielts, & Pouw, 2016; Yeo & Tzeng, 2019). Kartalkanat and
Goksun (2020) found a positive relationship with verbal skills and the beneficial effects of
observing gestures, preschoolers with higher expressive language ability benefited more from
observing iconic gestures in the encoding of spatial events. Bohn and colleagues (in press) found
that children benefited from observing gestures when learning novel skills (e.g., how to open a
novel apparatus) as they became older. On the other hand, Demir and colleagues (2014) showed

that children with pre- and perinatal unilateral brain injury (BI) and had difficulty in narrative
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production benefited more from observing gestures when retelling narratives compared to TD
children (Demir, Fisher, Goldin-Meadow, & Levine, 2014). Moreover, children with Specific
Language Impairment (SLI) benefited more from observing gestures compared to TD and used the
same gestures they observed when retelling the inferred meaning of the spoken messages (Kirk,
Pine, & Ryder, 2011). The contradictory findings regarding the relation between verbal abilities
and the beneficial effects of observing gestures between children with language impairments and
children with intact language abilities pose a challenge. We might expect TD children with lower
verbal abilities to benefit more from observing gestures as predicted by gesture-as-a-
compensation-tool account; however, young children’s limited verbal resources might be already
consumed with processing speech, leaving few resources to process and benefit from external
visual cues (i.e., gestures, Kalyuga, 2007). Again, gestures might help children manage cognitive
load when they have fully developed verbal abilities. However, children with language
impairments might employ gestures to compensate for their already-impaired spoken language
abilities.

Individual differences in verbal (e.g., digit span task, Kartalkanat & Géksun, 2020), visual
(e.g., visual patterns task, van Vermeskerken et al., 2016) or general WM capacity (e.g., operation
span task, Yeo & Tzeng, 2019) did not predict how much children benefited from observing
gestures for learning. There was hardly any variance in WM capacity in most of these studies (e.g.,
van Vermeskerken et al., 2016). This might obscure the otherwise possible effects of different WM
capacities on the values of observing gestures in children. Additionally, how general spatial skills
(e.g., mental rotation, mental imagery) relate to how much children benefit from observing

gestures needs to be investigated in future research.
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2.4.2. Individual differences in gesture processing in young adults

Young adults also differ in how they process spontaneous co-speech gestures. Processing gestures
require visual, spatial, and motoric cognitive resources (e.g., Kelly & Goldsmith, 2004; Wu &
Coulson, 2014a). We expect people with higher visual-spatial abilities to process and comprehend
gestures better. Indeed, Wu and Coulson (2014a) found that people with higher spatial WM (but
not verbal WM) were better at processing co-speech gestures as they were more sensitive to
speech-gesture mismatches (i.e., high-spatial individuals were affected more negatively when
gesture and speech expressed incongruent information). Moreover, people who have larger spans
for retaining and manipulating bodily configurations (i.e., motor movement span task assessing
individuals' ability to retain body-centric motor information) comprehended gestures better (Wu
& Coulson, 2014b). In a recent study, we asked how visual-spatial vs. verbal WM capacity relates
to processing concurrent visual (i.e., gesture) and verbal (i.e., speech) information in a mismatch
paradigm used initially by Kelly and colleagues in 2011 (Ozer & Goksun, 2020). We demonstrated
that listeners showed differential sensitivity in processing concurrent gestural vs. spoken
information. Although gesture-speech mismatches hindered overall comprehension, how listeners
got affected by mismatches in different modalities (gesture vs. speech mismatches) was dependent
on the listeners’ cognitive dispositions on visual-spatial vs. verbal resources. Observing
mismatching visual information (i.e., gesture) imposes an additional visual-spatial cognitive load
and people with higher spatial abilities were better at maintaining and processing two different and
mismatching visual information due to their higher capacity. As a result, these individuals perform
better when gestures expressed mismatching information compared to people with lower spatial
abilities. People with higher verbal abilities, on the other hand, had better performance when

speech expressed mismatching information compared to people with lower verbal abilities. These
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findings suggest that visual-spatial cognitive resources are critical for gesture processing and
observing mismatching gestures increase visual-spatial cognitive load (e.g., Hostetter, Murch,
Rothschild, & Gillard, 2018; Kelly & Goldsmith, 2014). Processing mismatching information in
visual modality would be less demanding for people with larger visual-spatial cognitive resources.

What about individual differences in how much listeners benefit from observing gestures?
Earlier studies are limited in suggesting how listeners integrate visual information with speech and
use gestures to encode information either for online language comprehension or for subsequent
learning. Research on how learners benefit from different multimedia materials (visual vs. verbal
representations) might give us insight in this matter (Ausburn & Ausburn, 1978; Kiat &
Belli, 2018; Kirby, Moore, Shofield, 1988; Koc¢-Januchta, Hoffler, Thoma, Prechtl, &
Leutner, 2017; but see Kirchner, 2017). Individuals show variation in how they benefit from visual
vs. verbal information (Alfred & Kraemer, 2017; Kirby et al., 1988; Kozhevnikov, Hegarty, &
Mayer, 2002; Meneghetti, Labata, Grassano, Ronconi, & Pazzaglia, 2014; Mendelson & Thorson,
2004; Riding, Burton, Rees, & Sharratt, 1995). For example, learners show variation in how they
fixated to text vs. pictures when learning from multimedia resources (Ko¢-Januchta et al., 2017)
and students with higher spatial abilities benefited more from the presence of 3D models when
learning cell biology compared to students with lower spatial abilities (Huk, 2006). This suggests
that listeners’ cognitive dispositions might be related to how much they benefit from observing
gestures vs. hearing speech. A very recent study directly tested how different WM capacities
related to how much young adults benefited from observing gestures (Aldugom, Fenn, & Wagner-
Cook, 2020). Undergraduate students with higher visual WM capacity (i.e., visual patterns task)
benefited more from observing gestures during math learning whereas verbal (i.e., sentence span

task) and motoric (i.e., movement span task, Wu & Coulson, 2014b) WM capacities did not predict
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the beneficial effects of observing gestures (Aldugom et al., 2020). Although it is well established
in the literature that gestures facilitate listeners” comprehension and learning (see Ozyiirek, 2014
for review), evidence suggests that this is not a monolithic process. It is also possible that observing
gestures do not always facilitate comprehension and learning. For example, observing gestures
hurt learning phonetic distinctions at the syllable level within a word for English-speaking adults
learning vowel length contrasts in Japanese (Kelly, Hirata, Manansala, & Huang, 2014). However,
as in the case with children (Kartalkanat & Goksun, 2020), learners’ level of second-language
proficiency might play a role for benefitting from gestures, which is another cognitive resource to
be examined. Future studies should investigate the cognitive precursors of individual differences
in the beneficial effects of observing gestures across different learning contexts (e.g., spatial vs.
non-spatial) and different stages of language processing (e.g., phonological vs. semantic, Kelly et

al., 2014).

2.4.3. Individual differences in gesture processing in healthy aging

Few studies examined how elderly individuals process gestures and benefit from observing
gestures (e.g., Cocks, Morgan, & Kita, 2011, Montepare, Koff, Zaitchik, & Albert, 1999; Ska &
Croisile, 1998; Thompson, 1995; Thompson & Guzman, 1999). Elderly individuals are impaired
in their comprehension of pantomimes and emotional gestures compared to young individuals
(Montepare et al., 1999; Ska & Croisile, 1998). Moreover, elderly adults are impaired in
integrating speech and gesture compared to young adults (Cocks et al., 2011). However, they
performed equally when two cues are presented in isolation, suggesting that they might be
impaired in gesture-speech integration with a preserved ability to process gestures. Indeed, elderly
adults mostly relied on visible speech and did not benefit from observing gestures when recalling
sentences (Thompson, 1995).
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Although young adults benefited from visual aids (i.e., visible speech and gestures) under
challenging listening conditions (i.e., dichotic shadowing task), older adults did not (Thompson &
Guzman, 1999). The differences in the effects of observing gestures between younger and older
adults might be related to the declining cognitive abilities associated with aging, mainly due to
WM capacity as WM is required to maintain and manipulate different information. However, this
has not been addressed directly.

Previous research suggests that elderly adults have difficulty in integrating visual (i.e.,
gesture) and verbal (i.e., speech) information compared to younger adults. It might be due to a
decline in global cognitive skills such as executive attention and general WM capacity. Yet, it has
not been directly tested. Future studies should compare younger vs. older adults with several
cognitive measures to understand the cognitive architecture behind impaired gesture processing

and gesture-speech integration in healthy aging.

2.5. Conclusion and future directions

Speakers use gestures as they speak and think, and listeners, in turn, are sensitive to speakers'
gestures. Gestures (both using by speakers and observing by listeners) have beneficial effects on
language comprehension, problem-solving, encoding, and subsequent learning. Studies, to date,
mostly focused on the role of different external factors (e.g., speech content, communicative
context) on gestural behavior to answer when we use and benefit from gestures. However, it is also
essential to ask who uses and benefits from gestures for which purposes. Research on the cognitive
precursors of these individual differences in gesture use and processing has just started to emerge.
Examining individual differences in gesture use and processing will help us uncover the cognitive
architecture behind these processes and inform gesture research that is based on group data. The
accounts that explain how and why gestures are employed should integrate individual differences
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research to have a full picture of when, why, and for whom gestures exhibit their supposed roles.
This line of research is also informative for the development of educational programs incorporating
the use of gestures by learners or teachers. The instructional programs should be tailored according
to the cognitive dispositions and needs of the learners for optimal learning outcomes.

Most of the research on individual differences in the gesture literature examined gesture
production in young adults. Studies on gesture use in children and elderly adults focused on group
comparisons (i.e., comparing children at different ages, children vs. adults, younger vs. older
adults, clinical vs. non-clinical groups). Moreover, individual differences in gesture processing are
limited compared to the production literature. In the current review paper, we (1) combined two
lines of research: using gestures and observing gestures, and (2) discussed the possible cognitive
precursors of gesture use and processing in different age groups. We also highlighted the functions
of producing and seeing gestures regarding their compensatory roles in speaking and thinking.

Gestures provide an alternative expression channel and assist speakers and listeners
communicate (e.g., Alibali et al., 2001; Hostetter, 2011). Gestures also decrease speakers’ and
listeners’ cognitive load by aiding them to activate, maintain, and manipulate visual-spatial
information (e.g., Kita et al., 2007; Novack & Goldin-Meadow, 2017). Gestures help people
manage cognitive load and are used as a compensatory tool. Listeners’ and speakers’ cognitive
dispositions interact with this compensatory role of gestures, leading to individual differences in
how much people benefit from using and seeing gestures for speaking, comprehension, task
solving, and learning. As the gesture-as-a-compensation-tool account would argue, children and
adults with lower cognitive resources use and benefit from using gestures more to manage
cognitive load compared to people with higher cognitive resources (e.g., Austin & Sweller, 2014;

Chuetal., 2014; Church et al., 2000; Galati et al., 2018; Gillespie et al., 2014; Goksun et al., 2010;
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Marstaller & Burianova, 2013). However, we suggest that gestures do not replace the impaired
cognitive abilities; instead, gestures help manage cognitive load when cognitive resources are
intact. Gestures might not compensate for already-impaired cognitive abilities. For example,
people with aphasia use more gestures to compensate for impaired speech, but only when they
have the intact conceptual knowledge of what they express (e.g., Goksun et al., 2013, 2015). In a
similar vein, there is a decrease in gesture production in healthy aging that might be due to impaired
visual-spatial abilities such as mental imagery (e.g., Arslan & Goksun, in press; Cohen & Borsoi,
1996). There is also evidence of individual differences in gesture processing. Processing and
comprehending gestures require visual-spatial cognitive resources (e.g., Kelly & Goldsmith, 2004;
Hostetter et al., 2018). People with higher visual-spatial skills (or older children compared to
younger children) process gestures better compared to people with lower visual-spatial skills (e.g.,
Ozer & Goksun, 2020; Wu & Coulson, 2014a, 2014b). In line with the gesture-as-a-compensation-
tool account, we expect that people with lower cognitive resources (especially visual-spatial)
would benefit more from observing external visual cues (i.e., gestures, but see Aldugom et al.,
2020). However, research on how visual-spatial abilities relate to how much listeners benefit from
observing gestures is inconclusive and begs for further investigation.

Although group-comparison studies are informative, future work should address within-
group variation more, especially in children and in elderly adults. How different cognitive skills
are associated with gesture production and processing should be tested directly across different
conditions. The employment of different cognitive measures, gesture elicitation tasks, and learning
contexts might yield different results, and these should be incorporated to have a full picture of
whom for and when gestures are helpful. For example, the relationship between visual-spatial

abilities and how frequently speakers use gestures and how much they benefit from using and
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observing gestures depend on the content of the information to be communicated or learned
(Arslan & Goksun, in press; Chu et al., 2008; Hostetter & Alibali, 2007; Lausberg & Kita, 2003).
The role of visual-spatial abilities in gesture use and processing might be more pronounced in
spatial speech compared to non-spatial speech (e.g., Alibali, 2005; Arslan & Goéksun, in press).
Future work should also investigate how internal sources of variation (e.g., individual differences
in several abilities) interact with external sources of variation (e.g., speech content, task difficulty).

One area open for future investigation is the cognitive predictors of gesture processing;
that is, how listeners attend, process, and benefit from observing gestures. Studies on how visual,
verbal, and motoric WM capacities are linked to individuals' processing of concurrent gesture vs.
speech employed mismatch paradigms (Ozer & Goksun, 2020; Wu & Coulson, 2014a, 2014b).
However, gesture mismatches are rare in natural communication, and we should investigate how
different cognitive abilities relate to gesture processing in more ecologically valid paradigms. It is
also unknown whether there are any individual differences in visual attention to gestures. Gestures
are visual articulators and subject to visual processing. Although earlier research found that
gestures can be processed peripherally and do not require direct visual attention (e.g., Gullberg &
Holmgqvitz, 1999, 2006; Gullberg & Kita, 2009), recent evidence suggests that several factors
might modulate how listeners allocate overt visual attention to gestures such as the
comprehensibility of speech, and the native/non-native status of the listener (e.g., Drijvers,
Vaitonyte, & Ozyiirek, 2019). Future studies should address whether people with different visual-
spatial vs. verbal abilities show differential overt visual attention to gestures and how this relates
to individual differences in gesture processing (Wakefield, Novack, Congdon, Franconeri, &
Goldin-Meadow, 2018). Above attending to and processing gestures, very little is known on

whether and how individuals benefit from observing gestures during online language
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comprehension and learning across different learning contexts (Aldugom et al., 2020). We
currently investigate how visual-spatial skills relate to how much listeners benefit from observing
gestures when comprehending spatial relations between objects.

All studies reviewed above tested individual differences behaviorally. Electrophysiological
and neuroimaging studies investigate the neural architecture of gesture use and processing (e.g.,
Kelly, Kravitz, & Hopkins, 2004; Willems, Ozyirek, & Hagoort, 2009; Wu & Coulson, 2005).
We might observe individual differences in neural data, that is otherwise non-observable
behaviorally (e.g., Demir-Lira et al., 2018). Future work should examine individual differences in
the recruitment of different neural networks when using and observing gestures and how these
differences in neural data relate to behavioral performance after considering individuals' cognitive
skills.

The current review only focused on how individual differences in cognitive skills (mostly
verbal and visual-spatial skills) relate to gesture use and processing. However, individual
differences in other domains might also affect how people employ gestures. Individual differences
in other domains such as personality (Hostetter & Potthoff, 2012) and other aspects of cognitive
and perceptual skills such as selective attention, auditory processing, and the speed of multisensory
processing should be tested (e.g., Schmalenbach et al., 2017). Moreover, it is also important to
study the relation between gesture production and processing. How individual differences in
spontaneous gesture use predict how people attend to and benefit from observing gestures or vice
versa are unknown (Wakefield, James, & James, 2013). Gesture processing might be affected by
to what extent people themselves use gestures, and future studies should address the production-

perception cycle and the mechanisms behind it.
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In sum, gesture use and processing are not monolithic processes and show individual
variation. Speakers and listeners can use gestures as a compensation tool during communication

and thinking that interact with individuals’ cognitive dispositions.
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CHAPTER 3

VISUAL-SPATIAL AND VERBAL ABILITIES DIFFERENTIALLY AFFECT

PROCESSING OF GESTURAL VS. SPOKEN EXPRESSIONS

This chapter is based on Ozer, D. & Goksun, T. (2020). Visual-spatial and verbal abilities
differentially affect processing of gestural vs. spoken expressions. Language, Cognition and

Neuroscience, 35(7), 896-914. https://doi.org/10.1080/23273798.2019.1703016
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Abstract

Listeners are sensitive to speakers’ co-speech iconic gestures. Concurrent visual and verbal
information compete for attentional resources during multimodal comprehension. The current
study examined the role of individual differences in visual-spatial vs. verbal abilities on
individuals’ differential sensitivity to gestural vs. spoken expressions. Turkish-speaking adults
(N=83) were tested on their sensitivity to concurrent gesture vs. speech in an online task (Kelly et
al., 2010) and were administered spatial and verbal working memory measures. Participants were
slower and less accurate when gesture and speech were incongruent to one another compared to
the baseline condition, in which they expressed congruent information. People with higher spatial
working memory capacity were more efficient in processing gestures whereas people with higher
verbal working memory capacity were more sensitive to spoken expressions. These suggest that
not all people are equally sensitive to co-speech gestures and some people may benefit more from

gestures during comprehension.
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3.1. Introduction

Behavioral and neurophysiological studies have repeatedly demonstrated that inputs from different
sensory modalities are not processed in isolation. Human perceptual systems integrate information
from different modalities to create a coherent and a unified representation of the external world
(Beauchamp, Lee, Argall, & Martin, 2004; Calvert, 2001; Calvert & Thesen, 2004; Calvert,
Spence, & Stein, 2004; Spence & Driver, 2004). Natural human face-to-face communication is
multimodal by nature, consisting of many visual articulators such as visible speech (i.e., lip and
tongue movements), body posture, eye-gaze, and hand gestures (Vigliocco, Perniss, & Vinson,
2014). During language comprehension, listeners continuously integrate these different sources of
information into an unfolding representation of speech context (Hagoort, 2005, 2013; Hagoort,
Baggio, & Willems, 2009; Willems, Ozyiirek, & Hagoort, 2007, 2009). The present study will
focus on the processing of speech with concurrent iconic hand gestures, which represent meaning
that is related to the semantic content of the speech segment they accompany (McNeill, 2005).
Although speech and gesture are semantically, temporally, and pragmatically related, they
have different mediums of expression (McNeill, 1992, 2005). Gestures express information
visually in a holistic manner, whereas speech conveys information auditorily in a linear fashion.
Though gesture and speech constitute two different sources of information stemming from
different sensory modalities (visual vs. auditory), they form an integrated system during both
language production and language comprehension (Kelly, Ozyiirek, & Maris, 2010a; Kita, 2000;
Kita & Ozyiirek, 2003; McNeill, 2005). Gestures are part of the language system, and indeed
gesture and speech together constitute language (Clark, 1996; Enfield, 2009; McNeill, 2005).
Many studies showed that the processing of speech and gesture recruit the same neural resources

and listeners rapidly integrate these two sources of information during comprehension (Beattie &
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Shovelton, 1999; Cassell, McNeill, & McCullough, 1999; Kelly, Kravitz, & Hopkins, 2004; Kelly
et al., 2010a; Ozyiirek, Willems, Kita, & Hagoort, 2007; Skipper, Goldin-Meadow, Nusbaum, &
Small, 2007, 2009; Wu & Coulson, 2005, 2007). Yet, little is known about how people allocate
attention to these two different sources of information during comprehension given that concurrent
visual and verbal communicative signals compete for attentional resources. Processing concurrent
gestural and spoken information seems automatic; however, there might be individual differences
in how listeners show differential attentional sensitivity and processing ease to gestural vs. verbal
information. The current study addressed how individual differences in the propensity to use
visual-spatial and verbal resources relate with listeners’ sensitivity in processing gestural vs. verbal
information during multimodal comprehension.

Gestures enhance listeners’ comprehension and facilitate encoding, especially when the
content includes visual, spatial, and motoric information (Alibali, 2005; Beattie & Shovelton,
1999; Holle & Gunter, 2007; So, Shum, & Wong, 2015). Yet, gestures can also hinder
comprehension when they express incongruent information to that is expressed in speech (Kelly
et al., 2010a). The paradigms in which listeners are presented with bimodal utterances containing
incongruent speech and gestures are highly used across gesture-speech integration studies (e.g.,
Cassell et al., 1999; Kelly et al., 2004, 2010a; Kelly, Creigh, & Bartolotti, 2010b; Ozyiirek et al.,
2007; Willems et al., 2007; Wu & Coulson, 2014a). In one of these studies, Kelly, Ozyiirek, and
Maris (2010a) presented participants with short video clips in which different actions were carried
out (i.e., action primes, e.g., someone chopping vegetables). Following the action prime,
participants were presented with a target video in which an actor makes a gesture and utters a word
and were asked to respond if any part of the target video (i.e., speech and/or gesture) was related

with the preceding action prime. In the baseline condition, both speech (e.g., saying “chop”) and

44



gesture (e.g., gesturing “chop”) were related to the preceding action prime, conveying congruent
information in relation to one another. In other experimental conditions, only one source of
information (i.e., either speech or gesture) was related to the action prime, and thus, gesture and
speech were incongruent to one another. In the gesture-unrelated condition (GU), speech was
related (e.g., saying “chop”) while gesture was unrelated (e.g., gesturing “twist”) to the preceding
action prime. In the speech-unrelated condition (SU), gesture was related (e.g., gesturing “chop”)
while speech was unrelated (e.g., saying “twist”) to the action prime. Participants made more errors
and response latencies were longer when speech and gesture were incongruent to one another
compared to the baseline condition. This suggests that speech and gesture interact with each other
in a bidirectional way during comprehension. This effect was even visible when participants were
instructed to focus only on speech and disregard the gestural information, suggesting that listeners
are sensitive to gestural information that is semantically analyzed in an automatic fashion (Kelly
et al., 2010b). In the current study, we employed the adapted version of Kelly et al.’s (2010a)
paradigm. Although Kelly et al. (2010a) were interested in speech-gesture congruence (i.e., the
semantic (in)congruence between the speech and the gesture within the target video), we were
mainly interested in the semantic relationship between the action prime and the target
speech/gesture. In all unrelated conditions, there was a local speech-gesture incongruence. The
unrelated conditions also posed extra processing load compared to the baseline condition. Because
in all unrelated conditions, participants were required to maintain and process a different (i.e.,
unrelated target speech or gesture) information along with the one expressed in the action prime.
However, the modality in which the cognitive load was introduced differed between conditions.
In the GU condition, participants need to keep and process two different visual information in

working memory: the visual representation of the action prime and an unrelated gesture. This leads
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to an increased visual processing load in the GU condition. In the SU condition, on the other hand,
participants needed to keep and process two different verbal information in working memory: the
action verb they presumably labeled as they watched the action prime and an unrelated speech
target. This leads to an increased verbal processing load in the SU condition. In the current study,
we asked whether listeners show differential sensitivity to process information expressed in the
visual (i.e., gesture) vs. auditory (i.e., speech) modalities.

Which cognitive resources are important for listeners to process gestural and verbal
information? Gestures are visual articulators; they represent meaning in the visual modality. Many
theories assert that visual-spatial resources are essential for gesture processing. Gestures stem from
imagistic (i.e., non-propositional) mental representations and reflect spatial-motoric thinking
(Hadar & Butterworth, 1997; Hostetter & Alibali, 2008, 2018; Kita, 2000; Kita & Ozytirek, 2003;
Krauss, Chen, & Gottesman, 2000; McNeill, 2005). Gesture production studies have suggested
that visual, spatial, and motoric (i.e., imagistic) contents generate the use of more representational
gestures such as iconic gestures that indicate actions, objects, locations compared to non-imagistic
content (i.e., abstract topics; Alibali, Heath, & Myers, 2001; Beattie & Shovelton, 2002;
Feyereisen & Havard, 1999; Hostetter & Hopkins, 2002; Hostetter & Sullivan, 2011; Lavergne &
Kimura, 1987; Rauscher, Krauss, & Chen, 1996; Trafton et al., 2006). People with higher spatial
and imagery skills produce more spontaneous co-speech iconic gestures than people with lower
spatial and imagery skills (Hostetter & Alibali, 2007, 2011), and elderly adults use fewer gestures
than younger adults due to declined mental imagery skills with normal aging (Cohen & Borsoi,
1996). Although the comprehension of gestures received less attention, studies suggest that the
beneficial effects of gestures on comprehension and learning might differ depending on listeners’

own spatial skills (Eielts et al., 2018; Galati, Weisberg, Newcombe, & Avraamides, 2015; Goldin-
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Meadow, Nusbaum, Kelly, & Wagner, 2001; Marstaller & Burianova, 2013; Pouw, Mavidili, van
Gog, & Paas, 2016).

Verbal resources, on the other hand, might play role in the processing of speech that
represents meaning linearly in auditory modality. People with higher verbal skills (i.e., higher
verbal fluency or verbal working memory capacity) might process verbal information (i.e., speech)
better compared to visual ones (i.e., gestures). Verbal resources might also be important for
processing gestures. Some accounts suggest that gestures depend on propositional (i.e., verbal)
rather than visual-spatial resources (e.g., Wagner, Nusbaum, & Goldin-Meadow, 2004). Moreover,
most iconic gestures occur in the context of concurrent speech, and unlike other representations
such as pictures or goal-directed actions, gestures are sketchy and hard to interpret without the
concurrent speech (Krauss, Morrel-Samuels, & Colosante, 1991). Yet, we find this quite unlikely
for the target gestures in the current stimuli. The target gestures were not hard to interpret without
the concurrent speech; rather, they were isomorphic to the actions depicted in the preceding action
prime video except for the use of the instrument.

Research on individual differences in gesture comprehension and gesture-speech
integration ability is limited compared to studies addressing individual differences in gesture
production (e.g., Chu, Meyer, Foulkes, & Kita, 2014; Gillespie, James, Federmeier, & Watson,
2014; Goksun, Goldin-Meadow, Shipley, & Newcombe, 2013; Hostetter & Alibali, 2007, 2011).
Neuropsychological evidence suggests that gesture-speech integration depends more on non-
declarative memory systems since this ability is spared in patients with hippocampal amnesia
(Hilverman, Clough, Duff, & Wagner-Cook, 2018). Additionally, studies on aging evidenced that
elderly adults could process gesture and speech in isolation, but they exhibit deficits in integrating

these two compared to younger adults (Cocks, Morgan, & Kita, 2011; Huyse, Leybaert, &
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Berthommier, 2014; Thompson, 1995; Thompson & Guzman, 1999). Though not tested directly,
these studies argue that elderly individuals’ poor performance in multimodal integration might
stem from declined working memory (WM) capacity as with normal aging (Andersen & Ni, 2008;
Copeland & Radvansky, 2007). However, these studies do not provide direct evidence on cognitive
resources mediating concurrent gesture and speech processing. They also did not distinguish
visual-spatial and verbal working memory capacities, which can show differential decline patterns
during aging. Wu and Coulson (20144, 2014b) addressed the role of visual-spatial and verbal WM
capacity on gesture perception more closely. In Wu and Coulson (2014a), participants were shown
video clips of spontaneous discourse involving iconic gestures, and then were presented with two
picture probes among which they chose the one that was relevant to the preceding discourse. For
target picture probes, speech was always related with the following picture probe whereas, in some
trials, gestures were not related with the picture probe, creating a local incongruence between
speech and gesture (e.g., making a gesture of swinging a golf club paired with the utterance of
“manual adjustment lens”). As found in the earlier studies (e.g., Kelly et al., 2004; Kelly et al.,
2010a), participants were faster and more accurate when gesture and speech in the spontaneous
discourse were congruent with one another compared to when they were incongruent. However,
this congruency effect (i.e., the cost of incongruency, calculated as incongruent minus congruent,
collapsed over target pictures) was positively correlated with visual-spatial WM (i.e., Corsi block
span task), but was not associated with verbal WM (i.e., sentence span task). That is, the adverse
effects of incongruent gestures were greater for people with higher visual-spatial WM capacity.
Even though Wu and Coulson (2014a) provided support for individual differences in
processing speech and gesture relatedness, the study needs to be scrutinized closely. First, this

study examined the role of visual-spatial and verbal resources in processing incongruent speech-

48



gesture information (i.e., the semantic relationship between the speech and the gesture in the
spontaneous discourse). Although the congruency between gesture and speech was manipulated,
the relatedness between the speech and the picture probe was not. The actor’s speech was always
related to the picture probe for the target related pictures. This makes it hard to distinguish the
differential sensitivity to unrelated spoken vs. gestural information, because there was not
unrelated speech condition. The lack of evidence for the role of verbal WM resources might be
due to lacking this manipulation. Second, participants were instructed to respond if picture probes
were related only to the utterance, encouraging them to focus on speech and disregard gestures.
Again, this makes it hard to delineate the attentional sensitivity to visual vs. verbal sources of
information, since the task already prioritizes the processing of one over the other. Third, this
paradigm is an off-line task, requiring participants to wait until a picture probe has appeared on
the screen to respond. However, participants might process both types of information during inter-
stimulus-interval, making it hard to distinguish the differential processing speed for gesture vs.
speech. For this reason, the use of an online task that requires participants to respond during
encoding phase (i.e., while they see gesture and hear speech) is more appropriate for the purpose

of the current study.

3.2. The present study

The current study examined how verbal and visual-spatial cognitive resources relate with
processing semantic information expressed concurrently in visual (i.e., gesture) vs. auditory (i.e.,
speech) modalities. We employed an online mismatch paradigm that induces cognitive load in
visual vs. verbal domains at the encoding phase (Kelly et al., 2010a). As an index of verbal and
visual-spatial cognitive resources, we employed WM tasks. WM capacity is critical in the brief
maintenance, processing, and integration of information (Atkinson & Shiffrin, 1968; Baddeley &
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Hitch, 1974; Baddeley, 2000). However, WM has a limited processing capacity; thus, individual
differences in WM capacity index performance especially under interference and cognitive load
(Baddeley, 1986, 1992; Conway, Cowan, & Buntig, 2001; Engle, 2002; Kane & Engle, 2003;
Kane, Bleckley, Conway, & Engle, 2001). For example, the complex cognitive tasks such as
multimedia learning environments require learners to process and integrate multimodal
information and the multimodal encoding of information improves memory and learning (Clark &
Paivio, 1991; Moreno & Mayer, 2002). Yet, according to the cognitive load theory (Paas, Renkl,
& Sweller, 2003, 2004; Paas, van Gog, & Sweller, 2010; Sweller, 1988), the outcomes of
multimodal encodings can sometimes be detrimental due to the limited processing capacity of WM
(Chandler & Sweller, 1991; Sweller, 1988). For example, learners with low verbal abilities (i.e.,
low WM capacity) had reduced overall text comprehension when given explanatory notes to
facilitate vocabulary learning (Yeung, Jin, & Sweller, 1998). How learners process and benefit
from multimodal information depends on the cognitive load imposed on the learners and people
with higher processing capacities (i.e., WM capacity) overcome cognitive load better (Engle, 2002;
Paas et al., 2010; Plaas, Chun, Mayer, & Leutner, 2003). We used three WM tasks to measure
spatial and verbal WM capacities: Corsi Block Span Task for visual WM, and Digit Span Task
and Operation Span Task for verbal WM.

First, we aim to replicate Kelly et al. (2010) findings in a different language - Turkish.
Previous research has suggested cross-cultural differences in the frequency of gesture use (Azar,
Backus, & Ozyiirek, 2019; Kita, 2009). If this is the case, gesture comprehension, and more
specifically attention to gestures, might show cross-cultural differences as well. Thus, the first
motivation of the current study is to replicate the original findings of Kelly and colleagues in a

different language and culture in which gesture processing and production might differ from
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English culture. Second, we investigate how spatial and verbal cognitive resources (as measured
by spatial and verbal WM tasks) relate to listeners’ sensitivity in processing concurrent visual (i.e.,
gesture) vs. verbal (i.e., speech) information under cognitive load.

In line with the previous study (Kelly et al., 2010a), we predicted that error rates would be
higher and response latencies would be longer for trials in which gesture and speech conveyed
incongruent information in relation to one another (i.e., the GU and the SU conditions) compared
to when they expressed congruent information (i.e., the baseline condition). For individual
differences, we only focused on the relation between the action prime and the target speech/gesture
and disregarded the congruency between the gesture and the speech within the target video. We
only analyzed the incongruent trials in which gesture and speech were always incongruent to one
another; yet the relatedness between the action prime and the target varied (either gesture or speech
was unrelated to the action prime). The task required participants to retain an action information
and compared this representation with the following target spoken and gestural information that
were presented concurrently. Then, participants responded whether at least one source of
information was relevant to the action prime (i.e., without responding exactly which channel was
relevant). To this end, participants had to process both targets of information to respond. In all
unrelated trials, participants had to maintain and process an incongruent (i.e., unrelated)
information in relation to the preceding action prime conveyed through one of the two modalities.
Thus, we expected a differentiation between the GU and the SU conditions depending on
participants’ visual-spatial and verbal skills because they posed extra processing load in different
modalities. WM capacity indexes performance under interference and people with higher visual-
spatial vs. verbal abilities overcome visual-spatial vs. verbal cognitive load better, respectively

(Engle, 2002; Paas et al., 2010; Plaas et al., 2003). In line with this, we expected that people with
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higher visual-spatial abilities would be better at handling extra processing load in the visual
domain. Then, if gestures stem from visual-spatial representations (e.g., Hadar & Butterworth,
1997; Kita, 2000; Krauss et al., 2000), people with higher visual-spatial abilities would process
gestures better under extra visual processing load (i.e., when they needed to maintain two
mismatching visual information in WM). More specifically, we expected that people with higher
spatial WM capacity would have lower error rates and shorter response latencies compared to
people with lower spatial WM capacity in visual cognitive load (i.e., in the GU condition). On the
other hand, if verbal WM capacity was related with the processing of verbal information, people
with higher verbal WM would be better at handling extra processing load in the verbal domain.
We expected that people with higher verbal abilities would process speech better under extra verbal
processing load (i.e., when they needed to maintain two mismatching verbal information in WM).
More specifically, we expected that people with higher verbal WM capacity would have lower
error rates and shorter response latencies compared to people with lower WM capacity in verbal

cognitive load (i.e., in the SU condition).

3.3. Methods
3.3.1. Participants

We recruited 83 participants (50 females, Mage= 21.7 years, Meducation= 15.3 years) from Kog
University, Istanbul in return of either course credit or monetary compensation. Six participants
were discarded: two participants reported using psychiatric medication at the time of testing, one
participant was ambidextrous, one participant reported having difficulty in focusing the
experimental task, and two participants were discarded due to experimenter error. The final sample

consisted of 77 participants (46 females, Mage= 21.5 years, age range= 18-29, Meducation= 15.8 years,

52



education range= 12-22 years). All participants in the final sample were right-handed, had normal
or corrected-to-normal vision, and were not taking any psychiatric or neurological medication at
least six months prior to the testing. All participants gave informed consent before the experiment,

which was approved by the Institutional Review Panel for Human Subjects of Ko¢ University.

3.3.2. Stimuli & Tasks
3.3.2.1. Experimental task

The experimental task was adapted from the priming task used in Kelly and colleagues (2010a).
The stimuli in this task consisted of 1 s videos of common daily actions with an instrument (i.e.,
action prime, e.g., cutting a piece of paper with scissors) followed by a 500 ms blank screen, and
finished by 1 s videos of an actor making a gesture and uttering a word (i.e., target video). Out of
16 actions (i.e., chop, cut, dial, hammer, knock, saw, scrub, shake, slice, squeeze, stir, turn, twist,
type, wipe, wring) that were used in Kelly et al. (2010a), only 10 of them were used in Turkish as
explained in the following Pretest section. The auditory sound files were recorded with a native
Turkish female, and they were merged with video clips in iMovie. The audio files were inserted
200 ms after the onset of the target video (i.e., gestures preceded the onset of words by 200 ms).
There were 9 conditions for each action prime, yielding 90 trials in total. Out of these 9
trials, 5 of them were experimental trials (10*5=50 in total) in which the information either in
speech or gesture was related with the action prime. For the baseline condition, both the speech
(e.g., saying “cut”) and the gesture (e.g., gesturing “cut”) were related with the action prime (e.g.,
cutting a paper). However, in the other 4 experimental conditions (i.e., incongruent conditions),
only one piece of information (either speech or gesture) in the target video was related with the

action prime; thus, speech and gesture created a local incongruence between them. The semantic
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incongruency between speech and gesture was either weak or strong. For example, for the gesture-
unrelated condition (GU), the actor’s speech was related with the action prime (e.g., saying cut to
the prime video of cutting paper), but the gesture was either weakly (e.g., gesturing chop) or
strongly (e.g., gesturing turn) unrelated with the action prime. For the speech-unrelated condition
(SU), the actor’s gesture was related with the action prime (e.g., gesturing cut to the priming video
of cutting paper) but speech was either weakly (e.g., saying chop) or strongly (e.g., saying turn)
unrelated with the action prime (see Figure 3.1). Please note that the “unrelated” in gesture- and
speech-unrelated conditions denotes the relationship between the action prime and the
gesture/speech in the target video, but not the relationship between the speech and the gesture
within the target video. In all incongruent conditions, speech and gesture were always incongruent
to one another whereas the relatedness of the speech and gesture in relation to the preceding action
prime differed. The remaining 4 trials were fillers (4*10= 40 filler trials) in which neither the

gesture nor the speech of the actor was related with the action prime.

Pretest. A pretest was conducted to decide on which action primes to use and the Turkish
labels associated with each prime. Five participants watched all 16 action primes used in Kelly et
al. (2010) and spontaneously produced 3 verbs referring to those actions. They were notified that
these verbs should be comprised of one single word without any object name. Out of these
responses, we chose the 3 most frequently given answers for each action prime and asked another
5 participants to choose the best verb defining the action prime out of these 3 options in a forced
choice task. At the end of this pilot study, the action prime of “sawing” was excluded since there
IS no one-word verb referring to this action in Turkish. The action primes of “squeezing” and
“wring” were also excluded because the same word in Turkish (“sikmak”) was used for both

actions. We also had to discard other 3 actions (i.e., knock, shake, and slice) because these three
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actions were paired with the actions discarded during the pretest in creating video pairs. Thus, we
proceeded with 10 action primes in the present study. The full final list of 10 action primes and

their Turkish labels can be found in Appendix.

Weakly
Unrelated

Action Prime

Strongly
Unrelated

Gesture-Unrelated Conditions (GU) Speech-Unrelated Conditions (SU)

Figure 3.1. Adapted from Kelly, Maris, & Ozyiirek (2010). The figure illustrates 5 experimental conditions.
Each trial begins with a 1 s video of an action prime, followed by a target video in which an actor makes a
hand gesture and utters a word. In the baseline condition, both speech and gesture are related with the action
prime, creating a local speech-gesture congruence within the target video. In the other 4 experimental
conditions, only one piece of information is related with the action prime whereas the other source of
information is either weakly or strongly unrelated with the action prime. In these conditions, gesture and
speech conveyed incongruent information to one another. The words are written in Turkish with their
English translation in italics.

3.3.2.2. Individual difference tasks

Corsi Block Span Task. The Corsi Block Span Task (adapted from Corsi, 1972) is a widely

used test to assess visual-spatial working memory. In this task, an asymmetric array of 9 blue
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squares was presented on the screen, and in each trial, some of the squares flashed in a sequence.
One block at a time turned yellow for 1 second, with an interblock time of 0.5 second. Participants
waited till all squares flashed in sequence and were instructed to click each square in the same or
reversed order that the flashes had occurred. Sequences started from 3 and proceeded to 9 flashes,
advancing to the next level by successfully producing the flashes in each level. Each participant’s
block span would be the highest level in which she successfully produced all the flashes in the

correct order.

Digit Span Task. The Digit Span Task, adapted from Wechsler (1939), measures storage
capacity of verbal WM. In this task, participants saw a sequence of digits (e.g., 3, 7, 4, 2), presented
one at a time at the rate of one digit per second in the center of the screen. Each digit appeared
only once within a sequence. At the end of the sequence, participants had to recall them by
selecting the digits from a circle either in the same or reversed order they were presented. The task
began with 3 sequences of digits for forward Digit Span Task and 2 sequences for backward Digit
Span Task, participants moved up or down a level depending on their performance. Participants’
scores were the maximum number of digits recalled correctly, and the maximum number of digits

recalled correctly before making two consecutive errors.

Operation Span Task. To assess the processing capacity for verbal WM, we employed the
Operational Span Task (Turner & Engle, 1989). This task is predictive for performance in a wide
range of cognitive tasks and traces individual differences in the processing capacity of verbal WM
since it requires operations that are very similar to real-world activities (Conway et al., 2005;
Engle, 2002; La Pointe & Engle, 1990). This task required participants to keep a series of letters
in memory while solving simple arithmetic questions. One sequence consisted of a simple

arithmetic question and one letter. For each sequence, participants were first presented with a

56



simple arithmetic equation such as “(4*2)-3=?”. They were instructed to click anywhere on the
screen as soon as they finished mentally solving the problem. After the click, a number appeared
on the screen, and participants judged whether the number was the correct solution of the
arithmetic problem or not (e.g., press “Correct” if the number is “5”). After their response, a letter
(e.g., K) appeared on the screen for 1 second. The first trial consisted of 2 sequences (i.e.,
arithmetic problem — letter — arithmetic problem — letter) and the number of sequences increased
each trial, up to 7 sequences. At the end of each trial, participants were asked to select the letters
in the correct order among an array of letters presented on the screen. We used the number of
letters correctly recalled throughout the task as a measure for the processing capacity of verbal

WM.

3.3.3. Procedure

Participants were tested in a dimly lit room where they were seated in front of a computer. They
first completed the experimental task. In the experimental task, they were given a brief verbal
instruction on how to perform the task. They were instructed to press “V” if they thought any part
of the target video (speech, gesture, or both) was related to the action depicted in the first video
(i.e., action prime) and to press “N” if they thought neither speech nor gesture in the target video
was related to the action prime. It was emphasized that it is important to be accurate and fast at the
same time while responding. They were also notified that they could even respond during the
streaming of the target video. If they had not responded till the end of the target video, they would
be notified that they should be faster in responding. Participants were presented with a fixation
cross during inter-trial interval that lasted for 1 second. All participants completed 10 practice

trials that were not included in the actual task. All trials were randomized, and participants did not
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get any feedback for their responses. The task was presented by using E-Prime 3 on a 13” Dell
Laptop. There was no break during the experimental task, and it lasted approximately 15 minutes.

After the experimental task, participants completed WM tasks in a fixed order: forward
and backward Digit Span Tasks, forward and backward Corsi Block Span Tasks, and the Operation
Span Task. All WM tasks were presented in Inquisit 5 on a 21.5” iMac. Participants completed 2
practice trials before forward and backward Digit Span Tasks. There were no practice trials for the
Corsi Span Tasks. For the Operation Span Task, participants completed 8 practice trials for
remembering letters, 15 practice trials for solving arithmetic equations, and 4 practice trials for the
task itself. The average responding time for solving arithmetic equations were calculated during
the practice trial and in the actual task, the trials in which participants exceeded this average
solving time for responding were skipped and counted as speed errors. The completion of all WM

tasks lasted approximately 30 minutes. The entire session lasted about 50-55 minutes.

3.4. Analyses & Results
3.4.1. The experimental task — replication analyses

As stated earlier, the experimental task was adapted from Kelly and colleagues (2010a). One of
the aims of the study was to replicate their findings in a different language (i.e., Turkish). To this
end, we first present the exact analyses computed in the original article. We analyzed response
time (RT, in milliseconds) and the proportion of errors (i.e., incorrect responses). Only
experimental trials were included in the final analyses, making 50 trials per participant (5
experimental condition * 10 items in each) condition). In total, there were 3850 (50 trials * 77
participants) responses for accuracy and RT. Yet, for the RT measure, we discarded outliers that

were two standard deviations of the mean (N=13 scores, .003%) and responses that were incorrect
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(N=675, 17%), leaving 3162 trials for the RT measures for the final analyses. In line with Kelly et
al.’s (2010) analyses, we tested if there is a bidirectional interaction between speech and gesture.
In the first analyses, we asked if local speech-gesture incongruence within the target video hinders
comprehension by conducting two separate repeated measures ANOVAs (accuracy and RT) to
compare baseline condition with the average of all other four incongruent conditions. In the second
analysis, we asked if there is a main effect of the modality— whether unrelated gestural vs. spoken
information hindered comprehension more and conducted two separate repeated measures
ANOVAs (accuracy and RT) with two factors: modality (speech- vs. gesture- unrelated trials) and

strength (weakly vs. strongly unrelated).

Analysis 1. There was a statistically significant difference in reaction times (RT) between
the baseline and all the incongruent conditions, F (1, 76) = 24.78, p< .001, = .25. The RTs were
longer in the incongruent conditions compared to the baseline (Mdir= 86.26 ms, see Figure 3.2).
The error rates yielded the same pattern. There was a statistically significant difference for error
rates between the incongruent and baseline conditions, F (1, 76) = 35.61, p< .001; »= .32.
Participants made more errors in the incongruent conditions compared to the baseline condition
(Muir= 10.39%). Participants were slower and more error prone when speech and gesture conveyed
incongruent information to one another compared to when they conveyed congruent information

(i.e., baseline condition; see Figure 3.3).

Analysis 2. For reaction times, there was a main effect of the modality, F (1, 76) = 10.83,
p< .01, y=.12. The RTs were longer in the GU trials compared to the SU trials, Mqif= 83.23 ms.
There was not a main effect of the strength, F (1,76) = 1.52, p= .22, and there was no interaction
between the modality and the strength, F (1, 76) = 2.40, p= .12 (see Figure 3.2). For the error rates,

there was a main effect the modality, F (1, 76) = 6.36, p< .05, »= .08. Participants made more
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errors in the GU trials compared to the SU trials, Mqir= 4.54%. There was also a main effect of the
strength, F (1, 76) = 9.21, p< .01, »= .11. Yet, this main effect was qualified by an interaction
between the modality and the strength, F (1, 76) = 4.01, p< .05, = .05. The strongly unrelated
conditions yielded more error rates compared to the weakly unrelated conditions only in the SU
trials, Mifr= 7.66% (see Figure 3.3).

In sum, we replicated the results of the Analysis 1. As in Kelly and colleagues, we found
that participants were slower and less accurate in the incongruent conditions (averaged) compared
to the baseline condition. Yet, the results of the Analysis 2 revealed a slightly different set of
findings. Kelly et al. (2010a) found higher RTs for the SU compared to the GU condition.
However, we found that participants were slower and less accurate when gestural information was
unrelated to the preceding action prime (GU) compared to when speech conveyed unrelated
information (SU). Yet, it is noteworthy that the current study achieved the parallel pattern for the

RT and the error rate measures (see Figures 3.2 and 3.3).
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Figure 3.2. The results of the replication analyses for response latencies (RT) as a function of condition. Error
bars represent standard errors.
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Figure 3.3. The results of the replication analyses for proportion of errors as a function of condition. Error
bars represent standard errors.

3.4.2. Individual differences

Age and the number of years of education did not differ between males and females, ps>.05. There
was also no statistically significant difference between males and females in any of the working
memory scores, all ps> .05. Descriptive statistics for each individual difference task can be found

in Table 3.1. Table 3.2 depicts the correlations among these scores.

Table 3.1. Descriptive statistics of scores for each individual difference task.

Mean Median SD Range
Operation Span Task
Total Score 45.97 49 17.37 0-75
Total Number of Correct Letters 60.99 64 12.06 9-75
Math Errors 4.84 4 3.18 0-15
Corsi Block Span Task
Forward Span 6.54 7 1.13 4-9
Backward Span 5.74 6 1.28 3-9
Digit Span Task
Forward Span 8.13 8 1.14 5-11
Backward Span 8.05 8 1.40 5-12

Note: SD= standard deviation
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Table 3.2. Correlation matrix for WM tasks, age, and education.

1 2 3 4 5 6 7 8 9
1. OSpan Total Score 1
2. OSpan Correct Letters  ggux 1
3. OSpan Math Errors _3Q%*  _ATR* 1
4. Corsi Forward Span 06 08 02 1
5. Corsi Backward Span 03 _04 16 08 1
6.DigitForward Span — gpwx  3gwx .10 24%* 32 1
7. Digit Backward Span  gxx  pgwx 01 0 03kk  GEEx 1
8. Age 11 13 05  -20 -10 -12 -11 1
9. Education 08 05 .02 -19 -19  -04  -08 87 1

Note: OSpan= Operation span task. Significance codes: **p< .01

3.4.3. Main analyses & Results

The main analyses comprised of two multi-level mixed effects models, one with the accuracy (i.e.,
correct, or incorrect) and the other with the congruency effect (i.e., RT for incongruent minus
baseline) as the outcome variables. The multi-level mixed effects models were employed to
examine how individual difference scores relate with the outcome variables. This method was
appropriate to incorporate all data variance in our analyses. For the accuracy, we employed a
logistic version of the model because the outcome variable was binary. The analyses were
performed with Ime4 package (Bates, Machler, Bolker, & Walker, 2014) on R (R Core Team,
2013).

The random effects included random intercepts of items (did some items yield more errors
and increased congruency effect?) and participants (were some participants more prone to have
errors and increased congruency effect?). To test the significance of different models, we used chi-

square tests (i.e., likelihood ratio tests) for model comparisons. We added each predictor variable
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as fixed effects consecutively to the model to compare whether the inclusion of the new predictor
significantly improved (i.e., explained the variance) the model compared to the previous model.
To this end, we started with a null model (i.e., random item-intercept and participant-intercept only
model), added one of the predictor variables as a fixed effect to the null model and compared it
against the null model. Each predictor variable was added consecutively to the model and
compared against the previous model containing all the other fixed effects except the one added in
the corresponding step. The fixed effects included the modality (gesture-unrelated vs. speech-
unrelated), the strength (weak vs. strong), the two-way interaction between these two, the Corsi
Forward Block Span, the number of correct letters remembered in the Operation Span (O-Span)
Task, and the two-way interactions between these WM scores and the modality, consecutively.
We scaled all continuous predictors (i.e., individual difference scores). This was done to
simplify the interpretation and to alleviate the possible convergence problems for fitted models
(Bates et al., 2019, p.17). To do so, we subtracted the average score from each participant’s score
and divide it by the standard deviation of the corresponding individual difference task. For visual
WM, we used scaled scores of the Corsi Forward Block Span. For verbal WM, we had two
measures: The Digit Span Task and the O-Span Task. Yet, forward and backward Digit Span
scores were correlated with both Corsi Forward Block Span and the O-Span scores. The inclusion
of the Digit Span scores would violate the assumptions of regression because of collinearity. Thus,
we used the scaled scores of the number of letters correctly recalled in the O-Span Task as a

measure of verbal WM capacity.

3.4.3.1. Accuracy

For accuracy, we used all experimental conditions, except the baseline condition. There were only
unrelated conditions (with local speech-gesture incongruence) in the logistic version of the model,
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yielding 3080 responses (4 unrelated conditions * 10 items in each * 77 participants) in total. Out
of these, 604 of the responses (19.6%) were incorrect.

The SU trials were associated with higher accuracy (i.e., higher proportions of correct
responses) by .54 + .14, 4(1) = 10.93, p< .001. The inclusion of the strength improved the model,
7(1) = 15.08, p< 001. The strongly unrelated trials decreased accuracy by -.19 + 13. Yet, the
interaction between the modality and the strength was associated with the accuracy, %(1) = 4.21,
p<.05. That is, the strongly unrelated trials were associated with extra decreased accuracy by -.40
+ .19 in the SU condition. The Corsi Forward Block span affected accuracy, y*(1) = 5.86, p< .05,
increasing it by .28 £ .09. The inclusion of the number of correct letters recalled in the O-Span
Task did not improve the model significantly, 2(1) = 2.55, p=.11. Although the inclusion of the
two-way interaction between the Corsi Forward Block Span and the modality did not significantly
improve the model, %(1) = 2.31, p= .13, the coefficients of the final model revealed a marginal
significance (p=.07). The Corsi Forward Block span increased accuracy more in the GU trials by
.29 + .09. The interaction between the number of correct letters in the O-Span Task and the
modality significantly improved the model, *(1) = 10.85, p< .001. The number of letters correctly
recalled in the O-Span Task was associated with accuracy, increasing it by .29 £ .09 only in the
SU condition (see Figure 3.4b). A summary of the final model’s estimated coefficients and their

corresponding standard errors can be found in Table 3.3.
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Table 3.3. Model summary for accuracy.

Coefficient SE
FIXED EFFECTS
Intercept 1.50*** 15
Modality (= Speech-Unrelated, SU) H4x** 14
Strength (= Strongly Unrelated) -.19* 13
Corsi Forward Span 28** .09
O-Span score -01 .09
Modality x Strength -.40* 19
Modality xCorsi Forward Span =177 .09
Modality x O-Span score 29%** .09
Variance
RANDOM EFFECTS
Intercepts
Subject .36
Item .09
Note: Significance codes= ***p< .001, **p< .01, *p< .05, fp< .1
2 2
e t |
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Figures 3.4a and 3.4b. The relationship between log odds of accuracy (i.e., correct responding) and scaled
scores of the Corsi forward block span (Figure 3.4a) and the number of correct letters in the O-Span Task
(Figure 3.4b) as a factor of the modality (GU vs. SU). The hues around regression lines represent 95%
confidence intervals. The range of the x-axes are different since the observed range differs across two tasks.
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In sum, these analyses showed that participants were less accurate in the GU condition
compared to SU condition. The strongly unrelated trials yielded less accuracy compared to the
weakly unrelated trials, yet the difference was higher in the SU condition. For the individual
difference scores, the Corsi Forward Block span (i.e., spatial WM) was associated with increased
accuracy in both types of trials. Yet, this increase was higher (i.e., the slope was steeper) for the
GU condition (see Figure 3.4a). The number of letters correctly recalled in the O-Span Task (i.e.,

verbal WM) was associated with increased accuracy only in the SU condition (see Figure 3.4b).

3.4.3.2. Congruency effect (Response times)

For the congruency effect, we calculated the difference in RTs between unrelated conditions and
the baseline condition. To do so, we subtracted the RT of each item in the baseline condition from
the RT of the corresponding item in every unrelated condition. This yielded 2250 responses in
total. We already discarded outliers and trials with incorrect responses. Thus, for the missing data
points, the difference scores were also missing.

The modality influenced the congruency effect, 2(1) = 12.67, p< .001. The SU condition
lowered the congruency effect by -71.57 £ 39.79 msec. The inclusion of the strength did not
improve the model, #*(1) = 2.37, p=.12. Yet, in the final model, strongly unrelated trials were
associated with increased congruency effect by 74.65 + 41.09 msec, at a marginal significance
level of p=.07. The interaction between the modality and the strength was not associated with the
congruency effect, 2(1) = 1.13, p=.29. The Corsi Forward Block span and the number of correct
letters in the O-Span Task were not associated with the congruency effect, »2(1) = .03, p= .85 and
7(1) = .20, p= .66, respectively. Also, the effect of the Corsi Forward Block span and the O-Span

score on the congruency effect did not change across the GU and the SU conditions (see Figures
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3.5a and 3.5b). The inclusion of two-way interaction terms did not significantly improve the
model, #*(1) = .68, p= .41 and »*(1) = .03, p= .87, respectively. A summary of the final model’s

estimated coefficients and their corresponding standard errors can be found in Table 3.4.

In sum, we found that the congruency effect (i.e., incongruent RT minus baseline RT) was
higher in the GU condition compared to the SU condition. None of the WM scores were associated

with this congruency effect.

Table 3.4. Model summary for congruency effect (RT for unrelated minus baseline in msec)

Coefficient SE
FIXED EFFECTS
Intercept 114.50** 37.07
Modality (= Speech-Unrelated, SU) -71.577 39.79
Strength (= Strongly Unrelated) 74.65 41.09
Corsi Forward Span 15.58 23.77
O-Span score 5.77 25.42
Modality x Strength -59.88 57.12
Modality xCorsi Forward Span -24.29 29.07
Modality x O-Span score 5.27 32.01
Variance
RANDOM EFFECTS
Intercepts
Subject 9090
Item 4222

Note: Significance codes= ***p< .001, **p< .01, *p< .05, p<.1
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Figures 3.5a and 3.5b. The relationship between congruency effect (RT of each unrelated condition minus
baseline) and scaled scores of the Corsi forward block span (Figure 3.5a) and the number of correct letters
in the O-Span Task (Figure 3.5b) as a factor of the modality (GU vs. SU). The hues around regression lines
represent 95% confidence intervals. The range of the x-axes are different since the observed range differs
across two tasks.

3.5. Discussion

The current study investigated the role of individual differences in verbal and visual-spatial
resources as measured through verbal (the number of letters correctly recalled in the O-Span Task)
and spatial WM (the forward Corsi Block Span Task) capacities on how people process concurrent
gestural vs. spoken expressions during an online task (Kelly et al., 2010a). The results corroborated
previous findings on the bidirectional interaction between speech and gesture during
comprehension. More importantly, our results suggested individual differences in the differential
processing of concurrent gestural vs. spoken information depending on the propensity to use
visual-spatial vs. verbal cognitive resources.

We employed the adapted version of Kelly et al.’s (2010a) paradigm used in an English-

speaking sample. As stated earlier, the first motivation of the current study was to replicate earlier
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findings on the bidirectional relationship between speech and gesture in Turkish. Evidence
suggests cross-cultural differences in terms of the production and perception of co-speech gestures
(Azar et al., 2019; see Kita, 2009 for review). For example, monolingual Chinese speakers use
spontaneous gestures less frequently compared to monolingual American English speakers, and
English-French bilinguals gesture more when speaking in French, a high-gesture language, than
when speaking in English (Laurent & Nicoladis, 2015; So, 2010). Thus, the replication of findings
on the interactive nature of gesture and speech in different languages and cultures is important. In
this regard, one of the strengths of the current study is to test these claims and the validity of the
online priming paradigm (Kelly et al., 2010a) in a different language.

It is important to note that although we used the same experimental task with the same
videos, the stimuli that were used in the current study were still somewhat different. As explained
earlier, several action primes were discarded since there was not a single Turkish verb describing
some videos. Despite this, we replicated the main findings reported in Kelly et al.’s (2010a) paper
with a slightly different set of results regarding the modality. First, Kelly et al. (2010a) found that
local speech-gesture incongruence yielded higher error rates and longer RTs compared to the
baseline condition. This finding was fully replicated in the current study. Yet, we also found that
participants were slower and more error-prone when target gestures were unrelated to action prime
(GU) compared to when target speech was unrelated (SU). We found the exact same pattern in
both RTs and error rates, which was lacking in the original study. Kelly et al. (2010a), on the other
hand, found higher RTs for speech-unrelated compared to the gesture-unrelated trials, whereas
there was no difference between two conditions in terms of the error rates. The discrepancy
between these findings regarding the modality might be due to the smaller sample size used in

Kelly et al.’s study and they might not capture the effect (which was visible in both error rate and
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RT measures in the current study) due to reduced statistical power. Although we used the adapted
version of the priming task used in Kelly et al., it consisted of a different set of stimuli, and the
task was employed in a different language and culture. Turkish-speaking adults might exhibit
different patterns in processing gestural vs. spoken expressions compared to English-speaking
adults. The reason and the mechanisms behind these cross-linguistic and cross-cultural differences
are out of the scope of the current paper.

Why would there be an asymmetric relationship between speech and gesture as our results
indicated? In particular, why would unrelated gestural information hinder comprehension to a
greater extent than unrelated speech? One possibility might be the isomorphism between actions
in the action prime video and the gestures in the target videos. In the experimental task, participants
were presented with videos of action primes consisting of different actions carried out with an
instrument, followed by a target video in which an actor makes a gesture and utters a word. Yet,
the related gestures were nearly identical to the previous action, except for the absence of the
instrument (i.e., object). Due to higher isomorphism between the actions in the preceding video
and the gestures in the target videos, it might be harder for participants to suppress visual-motoric
information. Second, gestures preceded the onset of the spoken expressions by 200 ms. This might
lead to the gestural information to be processed earlier, causing more adverse effects in
comprehension. Nevertheless, we find this quite unlikely since gestures mostly precede spoken
expressions in natural communication (Leonard & Cummins, 2011; Morrel-Samuels & Krauss,
1992; Obermeier, Holle, & Gunter, 2011). The stimuli were prepared both in the current study
and in Kelly et al.’s (2010a) study on purpose to make it as ecologically valid as possible.

Our results showed a main effect of the strength of (un)relatedness only when the target

speech conveyed unrelated information. There was no difference between strongly and weakly
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unrelated gesture conditions. This might again be due to higher isomorphism between the depicted
actions in the action prime videos and the target gestures. For example, when participants are
judging the relatedness between a visually presented action information (e.g., seeing someone to
chop vegetables) and a slightly unrelated gesture (e.g., seeing someone to make a cutting gesture),
they might readily and easily decide whether these two visual information are identical to each
other. This might be the reason why there was no difference between strongly and weakly unrelated
gesture trials.

The second motivation of the current study was to uncover the cognitive mechanisms
governing attention and/or sensitivity to process gestural and spoken expressions when they were
presented together (i.e., during multimodal comprehension). Several behavioral,
electrophysiological, and neuroimaging studies have repeatedly demonstrated that listeners are
sensitive to co-speech gestures that are semantically analyzed and integrated with the concurrent
speech during comprehension (Cassell et al., 1999; Kelly, Barr, Church, & Lynch, 1999; Kelly et
al., 2004; Wu & Coulson, 2005; see Ozyiirek, 2014 for a review). Studies on multisensory
integration, in general, and speech-gesture integration, in particular, suggested individual
differences in the ability to integrate audio-visual information and gesture perception (Beauchamp
et al., 2004; Nagels, Kircher, Steines, Grosvald, & Straube, 2015; Nath & Beauchamp, 2012;
Schmalenbach, Bilio, Kircher, van Kemenade, & Straube, 2017; Werner & Noppeney, 2010; Wu
& Coulson, 2014a, 2014b). Moreover, gesture perception and the ability to integrate gestural
information with that of the speech are impaired in elderly adults (Cocks et al., 2011; Thompson,
1995; Thompson & Guzman, 1999) and in several clinical groups such as people with autism
(Hubbard et al., 2012; Silverman, Bennetto, Campana, & Tanenhaus, 2010), schizophrenia

(Nagels, Kircher, Grosvald, Steines, Straube, 2018), and aphasia (Cocks, Byrne, Prichard, Morgan,
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& Dipper, 2018). Insights into which mechanisms contribute to these individual differences and
deficits are just beginning to emerge.

To this end, the current study aimed to fill this gap by asking how individual differences in
the propensity to use verbal and spatial cognitive resources (as measured through verbal and spatial
WM capacity) related with differential processing of gestural vs. spoken information during
comprehension. Although we did not find any effect for the congruency effect (incongruent RTs
minus baseline RTs), accuracy analyses suggested differential processing of gestural vs. spoken
expressions depending on the individual differences in verbal and spatial WM capacities. First, we
found that people with higher spatial WM capacity (higher score in the Corsi forward block span)
were better at resolving local speech-gesture incongruence (i.e., higher accuracy) compared to
people with lower spatial WM capacity. Logistic mixed effects analyses also revealed a marginally
significant interaction with the modality. This positive relationship between spatial WM capacity
and accuracy was especially higher under visual cognitive load (i.e., in the GU condition). That is,
people with higher spatial WM capacity were better at maintaining and processing different visual
semantic information (i.e., gestures). In contrast, people with higher verbal WM capacity (i.e.,
higher number of letters correctly recalled during the O-Span Task) were more accurate under
verbal cognitive load. That is, people with higher verbal WM capacity were better at maintaining
and processing different verbal semantic information (i.e., speech). In general, the results suggest
that the processing capacity for the concurrent gestural vs. spoken expressions depend on visual-
spatial and verbal skills.

These results could also be interpreted in a different way. We predicted and found that
people with higher verbal WM capacity were more accurate in the SU condition, and people with

higher visual WM capacity were more accurate in the GU condition. Nevertheless, in the SU
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condition, participants needed to process a related gesture target together with an unrelated speech
target. In the GU condition, this time, they needed to process a related speech target simultaneously
with an unrelated gesture target. Then, were people with higher verbal WM capacity better at
processing related visual information or unrelated verbal information? Likewise, were people with
higher visual WM capacity better at processing related verbal information or unrelated visual
information?

Although both explanations can be plausible, we reasoned that the observed effects of WM
would be on the processing of interfering information that taxes WM resources by creating extra
processing load in the respective modality (Engle, 2002; Kane et al., 2001; Kane & Engle, 2003).
Participants were required to process both types of target information to respond, thus, they did
not ignore the unrelated target. Nevertheless, along with the processing of the related information,
they still needed to maintain an unrelated information in working memory and resolve this
incongruence to decide whether that target was relevant to the action prime or not. Due to cognitive
load created by the maintenance and resolution of incongruent information in the experimental
task and the role of WM in processing information under high processing load (e.g., visual, or
verbal interference; Baddeley, 2000; Conway et al., 2001; Engle, 2002; Kane & Engle, 2003; Kane
etal., 2001), we reasoned that the observed effects of WM on performance is due to the processing
efficiency in the domain in which there was processing load (i.e., in the unrelated targets).

These results suggest that spatial resources are integral to process gestural information
whereas verbal resources are essential to process spoken information. These findings are, in part,
in line with a previous study indicating an important role for visual-spatial WM capacity in gesture-
speech integration process (Wu & Coulson, 2014a). In Wu and Coulson study, people with higher

visual-spatial WM capacities benefited more from congruent gestures, whereas there was no
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relation between verbal WM capacity and the gesture congruency. As mentioned earlier, the
spoken expressions were always related with the picture probe for the target probes in Wu and
Coulson’s study, hence, the relatedness between the speech and the following picture probe was
not manipulated. The lack of evidence for the role of verbal WM resources in Wu and Coulson
(2014a) might be due to the lack of this manipulation. To this end, the current study, with the
employment of both types of unrelated information (speech and gesture), asked if verbal WM
might relate with the processing of speech. Second, participants were asked to focus on speech and
disregard the gestural information in Wu and Coulson study. This manipulation is not ecologically
valid since in natural multimodal communication, listeners automatically attend to both types of
communicative signals. Also, when participants are asked to pay more attention to one channel of
information (i.e., prioritize the processing of one over the other), it is hard to understand people’s
natural tendencies in processing gestural vs. spoken expressions. Third, Wu and Coulson used an
off-line task, which requires participants to wait for responding until a picture probe has appeared
on the screen. However, participants have extra time to process both types of information and
resolve any type of mismatches till the appearance of the picture probe, making it more difficult
to describe processing speed for gesture and speech. In this regard, in the current study, we
employed an online task in which participants were presented with and asked to attend to both
gestural and spoken information.

Our results suggested that people with higher visual-spatial cognitive resources are more
sensitive to gestures, which was evident in the higher efficiency in resolving and processing
unrelated gestural information. People with higher verbal cognitive resources, on the other hand,
are more sensitive to speech, leading to better processing of unrelated spoken information. These

results support the hypothesis that visual-spatial resources are primary for gesture processing
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whereas verbal resources do not play much role in the processing of gestural information. Overall,
our results suggested that individual differences in visual-spatial and verbal WM capacity relate
with how listeners differentially attend to gestural vs. spoken expressions during multimodal
comprehension.

These findings are in line with previous research showing individual differences in learning
from visual vs. verbal materials (Mendelson, 2004; Riding & Ashmore, 1980; Riding, Burton,
Reese, & Sharratt, 1995). We all differ in how we interact with our environment, extract, and
perceive information from it. People have relative predispositions to acquire, process, and organize
information (Alfred & Kraemer, 2017; Jonassen & Grabowski, 1993; Kirby, Moore, & Schofield,
1988; Kraemer, Rosenberg, & Thompson-Schill, 2009; Riding et al., 1995). They show differential
sensitivity to and gain differential benefit from visual-spatial vs. verbal information based on
whether they have visual vs. verbal cognitive styles to process and encode information (Ausburn
& Ausburn, 1978; Riding & Ashmore, 1980; Kirby et al., 1988; Kiat & Belli, 2018; Kdc-Januchta,
Hoffler, Thoma, Prechtl, & Leutner, 2017, Meneghetti, Labate, Grassano, Ronconi, & Pazzaglia,
2014; for cf. see Kolloffel, 2012). For example, students with higher spatial abilities benefited
from the presence of 3-D models when learning cell biology whereas students with lower spatial
abilities became cognitively loaded with the presence of 3-D models and did not benefit from the
use of these visual-spatial aids (Huk, 2006). Although prior research suggested that gesture
perception and gesture-speech integration is automatic (Kelly et al., 2010a; 2010b), there is
accumulating evidence suggesting that this process can be modulated by several internal and
external factors (e.g., Drijvers & Ozyiirek, 2017; Holle, Obleser, Rueschemeyer, Gunter, 2010;
Holler et al., 2014; Kelly, Ward, Creigh, & Bartolotti, 2007; Obermeier, Dolk, & Gunter, 2012;

Obermeier, Kelly, & Gunter, 2015; Straube, Green, Jansen, Chatterjee, & Kircher, 2010). For
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example, listeners in suboptimal communicative situations (e.g., noise, Drijvers & Ozyiirek, 2017)
and individuals who chronically experience these situations (e.g., hearing impaired people;
Obermeier et al., 2012) are more sensitive to gestural information. The current study extends this
research by showing that not only contextual factors, but also individual differences in the
propensity to use visual-spatial vs. verbal resources may be related to gesture and speech
perception.

Why is it important to uncover the mechanisms governing gesture and speech perception?
Several studies have demonstrated beneficial effects of gestures on language comprehension,
encoding, and learning for both children and adults, and in different contexts extending from lab
environment to instructional classroom settings (Alibali & Nathan, 2012; Aussems & Kita, 2019;
Beattie & Shovelton, 1999; Kim, Roth, & Thom, 2011; Roth & Welzel, 2001; Sekine & Kita,
2015; Sekine, Sowden, & Kita, 2015; Macedonia, Muller, Friederici, 2011; Yeo, Ledesma, Nathan,
Alibali, & Church, 2017). However, our results suggest that not everyone is equally sensitive to
gestures and benefit from gestures. To achieve optimal learning and comprehension, individual
differences should be taken into consideration. Research emphasizing the cognitive style as a
learner characteristic might benefit instructional design and help attain better learning outcomes
(Ausburn & Ausburn, 1978). Considering these, to our knowledge, this is the first study addressing
the individual differences in the differential sensitivity to speech vs. gestures and give insight into
who may benefit more from gestural vs. spoken expressions in multimodal comprehension and
learning settings.

One of the strengths of the current study is the employment of the mixed effects analyses
that takes all data variance into account (Baayen, Davidson, & Bates, 2008). Yet, this study has

some limitations. One caveat of the current study is that the study involved healthy, college-

76



educated participants from a university, which accepts top 15 to 20% of their cohort. Thus,
although we achieved variability to a certain extent in our individual differences tasks, a more
comprehensive sample in which scores in verbal and spatial WM tasks exhibit full variability
might give more definitive results. Future studies can address this issue in different samples with
verbal and visual-spatial problems such as people with speech deficits, language learners, and
clinical groups with spatial and visual processing impairments. Moreover, the role of visual-spatial
vs. verbal resources on the sensitivity to gesture vs. speech can be investigated by manipulating
the requirements of the task at hand. For example, future studies can investigate how attention to
and the comprehension of gestural and spoken expressions change under visual-spatial vs. verbal
cognitive load. Second, although the experimental task was proved to be a reliable index to
measure sensitivity to gestures, gesture-speech incongruence is rare in natural communication.
Moreover, the current experimental task does not require participants to actively integrate gestural
information with spoken information. Yet, in certain situations, successful communication
requires integration of gestural semantics with that of speech, such as when gestures express non-
redundant and additional information that is expressed in speech (Church, Garber, & Rogalski,
2007; Goldin-Meadow & Sandhofer, 1999; Kelly, 2001). Future studies can employ different
paradigms requiring participants to integrate gestural semantics to that of the speech to achieve
successful comprehension. Research on the role of visual-spatial and verbal resources on gesture
comprehension can be extended to different contexts including more natural everyday settings like

instructional classroom settings.

3.6. Conclusion

In conclusion, this study examined the individual differences of using visual-spatial vs. verbal

resources on people’s sensitivity to gestural vs. spoken message. We demonstrated that individuals
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with higher spatial WM capacity (but not higher verbal WM capacity) were more efficient in
processing gestures. In contrast, individuals with higher verbal WM capacity were more perceptive
to unrelated information in spoken expressions. These findings suggest that people’s sensitivity to
different types of information can be related to their tendency to use visual-spatial vs. verbal

cognitive resources during the encoding, maintenance, and the processing of information.
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CHAPTER 4

INFORMATIVENESS OF GESTURES GUIDES VISUAL ATTENTION DURING

SPATIAL LANGUAGE COMPREHENSION

This chapter is based on Ozer, D., Karadoller, D., Ozyirek, A., & Goksun, T. (in preparation).
Informativeness of gestures guides visual attention during spatial language comprehension.
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Abstract

Gestures help speakers and listeners during communication and thinking, particularly for visual-
spatial information. Speakers use gestures to complement their speech when communicating
spatial information, such as describing spatial relations between objects (e.g., saying "The pencil
is here" and gesturing to the right side to express that the pencil is on the speaker's right). Visual
information conveyed by gestures enhances listeners' comprehension. Whether and how listeners
allocate overt visual attention to gestures in different contexts is mostly unknown. The present
study investigated how the relative information value of gestures in relation to the accompanying
speech guides listeners' visual attention to gestures. We asked whether and how (1) listeners gazed
at gestures when they conveyed complementary vs. redundant information to the speech and (2)
overt gaze allocation to gestures related to how much information listeners glean from those
gestures. We demonstrated that listeners fixated to gestures more when they expressed
complementary (i.e., specifying speech) than redundant information to the accompanying speech.
Overt visual attention to gestures did not predict how much listeners benefited from observing
gestures. These results suggest that the relative communicative importance of gestures guides
listeners' visual attention; however, semantic information conveyed by gestures can be abstracted

peripherally without necessitating direct visual attention.
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4.1. Introduction

Individuals use their hands to think and communicate (McNeill, 1992), particularly for spatial
information, such as relative spatial relations between objects (e.g., Alibali, 2005; Beattie &
Shovelton, 1999a, 2001; Dargue, Sweller, & Jones, 2019; Hostetter, 2011; Lavergne & Kimura,
1987). Speakers also use gestures to complement their speech when describing spatial relations
(e.g., Beattie & Shovelton, 2006; Holler & Stevens, 2007). For example, gestures might
complement spoken deictic constructions. When a speaker says, "The pencil is here," and gestures
to the right side to express that the pencil is on the speaker's right (e.g., Emmorey & Casey, 2001).
In turn, listeners can benefit from observing those gestures when comprehending objects' relative
position (Beattie & Shovelton, 1999a, 1999b, 2001, 2002; Holler, Shovelton, & Beattie, 2009).
However, little is known about how listeners allocate visual attention to gestures during the
comprehension of spatial relations between objects, particularly when gestures express
complementary information (i.e., information present only in gesture) in relation to the
accompanying speech. This will be the focus of the present study. In the next sections, we will
discuss the current literature on the visual attention to gestures and the role of gestures in the

communication of spatial information, before presenting the current study.

4.1.1. Visual attention to gestures

In face-to-face interaction, addressees mainly look at their interlocutors' faces, as maintained
mutual gaze between interlocutors is a culture-specific social norm (Argyle & Cook, 1976; Argyle
& Graham 1976; Gobel, Kim, & Richardson, 2015). Eye-tracking research showed that
listeners/viewers fixate only a minority of speakers' gestures and spend approximately 90% of the

total viewing time fixating on speakers' faces (i.e., mostly the nose bridge and the eye area) in both
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live face-to-face and video interactions (Beattie, Webster, & Ross, 2010; Gullberg & Holmgvitz,
1999, 2006; Gullberg & Kita, 2009; but see Nobe, Hayamizu, Hasegawa, & Takahashi, 1997, 2000
for increased overt gaze allocation to gestures when interacting with an anthropomorphic agent).
Gazing at gestures did not predict the information uptake from those gestures (e.g., Beattie et al.,
2010; Gullberg & Kita, 2009). These studies suggest that listeners do not need to directly fixate
on gestures to glean information from them as they can be processed peripherally. These findings
are also in line with the sign language literature, showing that peripheral perception is sufficient
for the signs to be processed in parallel with overt visual attention to the face (e.g., Emmorey,
Thompson, & Colvin, 2009; Swisher, Christie, & Miller, 1989). However, several kinematic
features of gestures modulate listeners' overt gaze allocation. Listeners allocate more overt visual
attention to gestures that were executed in the peripheral gesture space (e.g., away from the
body/torso) compared to ones that were performed in the central gesture space (e.g., closer to face
and body/torso), especially for the vertical axis (Gullberg & Holmgvitz, 1999). Gestures with
slower strokes (i.e., the most meaningful part of the gesture) and longer post-stroke holds attract
more fixations (Gullberg & Holmqvitz, 2006; Gullberg & Kita, 2009; Nobe et al., 1997, 2000).
Additionally, listeners look at gestures more if speakers themselves looked at their own gestures
first (i.e., auto-fixations; Gullberg & Holmqvitz, 1999; Gullberg & Kita, 2009; but see Gullberg &
Holmgqvitz, 2006) as speakers' gaze direct listeners' attention to the target of their gaze.

The relative communicative or information value of gestures in relation to the
accompanying speech might also modulate listeners' visual attention to gestures. When the spoken
channel is not sufficient for comprehension, listeners might rely more strongly on visual
information expressed by gestures and allocate more direct attention to them. Listeners benefit

from gestures more in challenging listening conditions in which speech intelligibility is hindered,
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such as in degraded vs. clear speech comprehension (e.g., Drijvers & Ozyiirek, 2017, 2018; Holle
et al., 2010), when listeners have hearing impairments (e.g., Obermeier, Dolk, & Gunter, 2012),
or when communicating in a non-native vs. native language (e.g., Church, Ayman-Nolley, &
Mahootian, 2004; Dahl & Ludvigsen, 2014; Drijvers & Ozyiirek, 2018, 2020; Kelly, McDevitt, &
Esch, 2009; Macedonia, Miller, & Friederici, 2011; Sueyoshi & Hardison, 2005). Indeed, studies
suggest that the degree of language experience modulates how much listeners allocate overt visual
attention to gestures (e.g., Drijvers, Vaitonyté, & Ozyiirek, 2019; but see Gullberg & Holmqvitz,
1999). Listeners fixated more on gestures when watching narratives told in a partially
comprehensible (i.e., French) or completely incomprehensible language (i.e., Russian) compared
to when watching narratives told in their native language (i.e., Flemish; Rimé, Boulanger, &
dYdewalle, 1988). A recent study investigated how native and non-native listeners allocated overt
visual attention to gestures in clear and degraded speech when comprehending Dutch action verbs
(e.g., to salt, Drijvers et al., 2019). They showed that non-native listeners looked at gestures more
both during clear and degraded speech comprehension. Moreover, only native, but not non-native,
listeners' gazing at gestures predicted how much they benefitted from observing gestures during
degraded speech comprehension. These findings suggest that although non-native listeners gazed
at gestures more compared to native listeners, they might be more hindered by degraded speech
and need more cues (i.e., phonological cues in visible speech) to aid comprehension during
degraded speech (Drijvers et al., 2017, 2018).

Another factor indexing the relative communicative or informational value of gestures is
the complementary distribution of information across speech and gesture (i.e., the degree of the
redundancy between information expressed by gesture vs. speech). Although speech and gesture

express a unified meaning representation, gestures have different representational properties from
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speech. Gestures are realized in the visual-spatial domain and convey meaning holistically,
whereas speech conveys meaning in a linear and segmented fashion (McNeill, 1992). Therefore,
gesture and speech rarely express completely redundant information, and in most cases, gestures
add semantic information to the accompanying speech. For example, consider a speaker who says,
"There is a ball,” and makes a gesture as if she is holding a ball with her two hands. In this case,
both speech and gesture represent the same referent (i.e., ball), and the redundancy between these
two is high. However, gesture still conveys additional information to the one expressed in speech,
such as the ball's size. A two-hand gesture might represent a bigger ball such as a volleyball
compared to a single-hand gesture representing a smaller ball such as a tennis ball. Therefore, the
semantic redundancy between speech and gesture lies on a continuum (Goldin-Meadow, 2003).
At the one end of the continuum are cases in which there is minimal semantic overlap between
speech and gesture. Gestures often complement and provide additional meaning to spoken
expressions on a semantic level (e.g., Beattie & Shovelton, 2006; de Ruiter, Bangerter, & Dings,
2012; Gerwing & Allison, 2009; Melinger & Levelt, 2004). Children and adults use
complementary gesture-speech combinations both at clause- and word-level (e.g., Alibali, Evans,
Hostetter, Ryan, & Mainela-Arnold, 2009; Beattie & Shovelton, 2006; Church & Goldin-Meadow,
1986; Holler & Stevens, 2007; Hostetter & Alibali, 2011; Ozcaliskan & Goldin-Meadow, 2005).
In turn, listeners pick up gestural information to disambiguate speech and combine spoken and
gestural semantics for successful comprehension of a given message (e.g., Cocks, Morgan, & Kita,
2010; Demir-Lira et al., 2018; Kelly et al., 1999; Sekine, Sowden, & Kita, 2015; Sekine et al.,
2020).

The redundancy of information expressed by gesture vs. speech can affect listeners'

attention to gestures. Related to the current work, a recent study (Yeo & Alibali, 2017) investigated
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whether listeners allocated more direct visual attention to gestures that express information
necessary to disambiguate fluent vs. disfluent speech (i.e., speech with filled pauses “um™). In this
study, the actress said, "The triangle changed color,” and made a gesture of an upward-pointing
triangle followed by a shape array containing either both upward- and downward-pointing
triangles (i.e., non-redundant gesture) or only an upward-pointing triangle (i.e., redundant-
gesture). The total fixation duration to gestures did not differ across redundant vs. non-redundant
gestures. However, when analyzed whether listeners fixated to gestures at least once in a
dichotomous way (0-1), they found that listeners tended to fixate to gestures more when they
expressed non-redundant compared to redundant information. Moreover, they tended to gaze at
gestures more when speech was disfluent than when it was fluent (Yeo & Alibali, 2017). Although
analyses in this study should be taken cautiously as they measured whether listeners fixated to the
gesture space at least once across different conditions, results suggest that perceived
communicative importance of gestures emerging from the intelligibility of the alternative channel
of expression (disfluent vs. fluent speech) or the complementary nature of gestures to the
accompanying speech (redundant vs. non-redundant gestures) modulates how listeners direct

visual attention to gestures.

4.1.2. Gestures in spatial context

Gestures have a special role in spatial cognition (Alibali, 2005; Dargue et al., 2019; Hostetter,
2011). Gestures help both speakers and listeners when expressing, communicating, and thinking
about spatial information such as route descriptions (e.g., Allen, 2003; Arslan & Goksun, in press;
Emmorey, Tversky, & Taylor, 2000; Ozer et al., 2017; So, Shum, & Wong, 2015), relative position
of objects (e.g., Beattie & Shovelton, 1999a, 1999b, 2001, 2006; Driskell & Radtke, 2003; Goksun,
Lehet, Malykhina, & Chatterjee, 2013; Holler et al., 2009; McNeil, Alibali, & Evans, 2000),
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mental rotations (e.g., Chu & Kita, 2008, 2011; Emmorey & Casey, 2001; Goksun, Goldin-
Meadow, Newcombe, & Shipley, 2013; Hostetter, Alibali, & Bartholomew, 2011), or describing
motion in space (e.g., Kita & Ozyiirek, 2003; Kartalkanat & Goksun, 2020; Yeo & Alibali, 2018).
Gestures are also more effective than spatial speech in learning and encoding spatial information
(Chu & Kita, 2011; Ehrlich, Levine, & Goldin-Meadow, 2006; So et al., 2015).

Gestures are realized in the visual-spatial domain. They can afford the representation of
visual-spatial information better than speech, in which meaning is represented hierarchically in a
linear format (McNeill, 1992). Therefore, speakers design their multimodal utterances in a way
that each modality conveys information that is appropriate for their expressive properties. Given
gesture's expressive potential, speakers tend to convey visual-spatial information such as object
size, object location, manner of movement, and spatial relations in gestures rather than in speech
(Beattie & Shovelton, 2006; Emmorey & Casey, 2001; Holler & Stevens, 2007; Kita & Ozyiirek,
2003). Indeed, research showed that speakers encode spatial information such as object size only
in their gestures rather than in speech, especially when the size information is crucial (Beattie &
Shovelton, 2006) or when they talk to interlocutors with whom the size information is new (Holler
& Stevens, 2007). Moreover, when describing mental rotation of objects, speakers tend to express
rotation direction only in their gestures that complement deictic anaphoric constructions (e.g.,
"Turn it this way") in their concurrent speech (Emmorey & Casey, 2001). These spoken deictic
constructions such as verbal pointers or framing devices refer to the speakers' gestures and signal
listeners that an essential part of the message is conveyed through gestures. For example, a speaker
who says, "The boy is moving like this," can produce up and down movement with a hand to
represent the manner of motion, which is complementary to the spoken information. In such a

multimodal utterance, gestures express the critical complementary information to disambiguate
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the accompanying speech. One spatial context in which speakers often use gestures to complement
their speech with such spoken deictic constructions is the descriptions of relative spatial relations
between objects (e.g., saying "The candle is here” while making a gesture that shows the right side
to express that the candle is on the speaker's right side, Karadoller, Stimer, & Ozyiirek, in press).
The focus of the current paper is on the visual attention to gestures that complement spoken deictic
constructions (i.e., here) when comprehending relative spatial relations between objects.

Speakers use an abundant number of gestures to describe relative spatial relations (e.g.,
left-right, on-under, front-behind, next to) between a figure object (i.e., the object whose relative
position to be located) and a ground object (i.e., the reference object; Goksun et al., 2013;
Karadoller, in press; Talmy, 1983). Observing those gestures, in turn, enhance listeners'
comprehension of such descriptions of spatial relations (e.g., Beattie & Shovelton, 1999a, 1999b,
2001; Holler et al., 2009). Nevertheless, the facilitative effects of observing gestures might be
different for different types of spatial relations. Some spatial relations such as left-right (i.e.,
viewpoint-dependent) require viewpoint alignment and pose a challenge to both speakers and
listeners compared to viewpoint-independent spatial relations such as on-under (Galati &
Avraamides, 2013; Galati, Michael, Mello, Greenauer, & Avraamides, 2013; Keysar, Barr, Balin,
& Brauner, 2000). Speakers of languages that tend to use the relative frame of reference to talk
about spatial relations (e.g., Turkish, English, and many Indo-European languages) face a
viewpoint coordination problem (e.g., Miller & Johnson Laird, 1976). This coordination problem
arises from the position of interlocutors when they interact as facing each other.

In most cultures, speakers (both signers and non-signing hearers) describe left-right
directionality from their own egocentric perspective (e.g., Miller & Johnson-Laird, 1976, but see

Mainwaring, Tversky, Ohgishi, & Schiano, 1995). Hearing non-signer addressees mostly interpret
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speakers' gestures egocentrically as well, showing a lack of viewpoint alignment (Pyers, Perniss,
& Emmorey, 2015). The gestural description of left-right directionality from the speaker's
egocentric perspective creates an incongruence between the veridical position in which the gesture
is made and the intended meaning. Thus, listeners/viewers experience an additional visual-spatial
load when they process gestures that do not align with their own perspective. In line with this,
research suggests that gestural expressions of viewpoint-dependent (left-right) vs. viewpoint-
independent spatial relations have differential effects on comprehension. Observing gestures that
express spatial relations requiring perspective-taking (such as on, under, in) enhance listeners'
comprehension (e.g., Beattie & Shovelton, 1999a, 1999b, 2001; Holler et al., 2009) whereas
gestures that express spatial relations requiring perspective-taking (such as left-right) hinder
listeners' comprehension (Gullberg & Kita, 2009; Hostetter, Murch, Rothschild, & Gillard, 2018;
Pyers et al., 2015). An open question is how listeners allocate visual attention to and benefit from

gestures during comprehension of spatial relations that require viewpoint alignment or not.

4.2. The present study

We examine whether and how listeners allocate visual attention to gestures that complement
spoken deictic constructions during spatial language comprehension. More specifically, we ask (1)
whether listeners gaze at gestures more when they express critical complementary information
(i.e., when gestures are coupled with non-informative ambiguous speech) compared to redundant
information (i.e., when gestures are coupled with informative speech) in relation to the
accompanying speech, and (2) whether and how gazing at gestures relates to how much listeners
benefit from observing gestures during the comprehension of viewpoint-dependent (left-right) and
viewpoint-independent (on-under) spatial relations. To this end, we used eye-tracking to record
participants' eye movements.
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To investigate these questions, we employed an offline comprehension paradigm in which
we presented participants with short video clips of an actress describing either viewpoint-
dependent (left-right) or viewpoint-independent (on-under) spatial relations between two objects
in three different conditions: (1) only in speech without making any gesture (speech-only, e.g.,
saying right while standing still), (2) both in speech and in gesture (redundant-gesture, e.g., saying
right while gesturing to the right side), and (3) only in gesture with ambiguous speech
(complementary-gesture, e.g., saying here while gesturing to the right side). The actress spoke two
sentences: the first sentence introduced the figure and the ground objects (e.g., "There is a vase
and a candle™), whereas the second sentence introduced the relative spatial relation of the figure
object (e.g., "The candle is on the right™). The actress made the gesture during the second sentence
preceding the spatial term. After watching the videos, participants were asked to choose the picture
that best depicts the described spatial relation among four alternatives. We are interested in
accuracy, reaction times (RTs), and gazing gestures, as measured by the percent number of
fixations to the gestural space.

For behavioral performance, we predict that observing gestures will have different effects
on listeners' comprehension across viewpoint-dependent vs. viewpoint-independent spatial
relations. We expect that participants will have higher accuracies and shorter RTs when spatial
information is given bimodally (redundant-gesture) compared to unimodally (speech-only) for on-
under gestures (Beattie & Shovelton, 1999a, 1999b, 2001, 2002; Holler et al., 2009; Hostetter,
2011). For left-right gestures, however, we reason that observing those gestures from the speaker's
egocentric perspective will hinder listeners' comprehension by indexing a mismatching location
from the listener/viewer's perspective (Hostetter et al., 2018; Pyers et al., 2015). In this case, we

expect that participants will have lower accuracies and longer RTs in redundant-gesture condition
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compared to speech-only condition for left-right gestures. We also expect that accuracies will be
the lowest, and RTs will be the longest when the critical spatial information is expressed only in
gesture (complementary-gesture) compared to redundant-gesture and speech-only conditions.
However, we expect this difference to be higher for viewpoint-dependent spatial relations (left-
right) than viewpoint-independent ones (on-under).

For eye gaze, we reason that listeners will allocate more overt visual attention to gestures
as their relative information value in relation to the accompanying speech increases. We expect
that listeners will fixate to gestures more in the complementary-gesture condition than redundant-
gesture condition for both types of spatial relations. However, we expect this effect to be present
only during the second sentence, in which the critical spatial information is expressed in speech
and gesture. We expect to see no difference during the first sentence that is comparable across
conditions and does not express any spatial information. Also, we expect no difference in gaze
allocation for left-right vs. on-under gestures across conditions. Last, we predict that gazing at
gestures will relate to increased information uptake from gestures. Specifically, we predict that
listeners will have higher accuracies and shorter RTs when they gaze at gestures more for both
types of spatial relations. However, we expect this effect to be more salient for the complementary-
gesture condition than redundant-gesture condition, in which the critical spatial information can

be abstracted from both speech and gesture.

4.3. Methods
4.3.1. Participants

We recruited 51 native Turkish-speakers (36 females, Mage=21.2 years, SDage=2.61, age range=18-

30 years, Meducation=15.4 years, SDeducation=2.55) from Kog¢ University, Istanbul in return for either
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course credit or monetary compensation. All participants were right-handed, had normal or
corrected-to-normal vision, normal hearing, and were not taking any psychiatric or neurological
medication at least six months before the testing. All participants gave informed consent before
the experiment, which was approved by the Institutional Review Panel for Human Subjects of Kog

University.

4.3.2. Materials

The experimental task consisted of short video clips of an actress describing different spatial
relations between two objects. In these videos, the actress uttered two sentences and sometimes
made gestures. The experimental trials consisted of two types of spatial relations: viewpoint-
dependent spatial relations (i.e., left-right) vs. viewpoint-independent spatial relations (i.e., on-
under). The filler trials consisted of the spatial relation of "in." Each spatial relation was presented
in three different conditions: (1) In the speech-only condition (SO), the actress uttered the sentence
with the specific spatial term without any hand gesture (e.g., the actress said that "There is a vase
and a candle. The candle is on the right" while standing still), (2) in the redundant-gesture
condition (RG), the actress uttered the sentence with the specific spatial term and made a gesture
describing that relationship (e.g., the actress said that "There is a vase and a candle. The candle is
on the right" while showing her right-side), and (3) in the complementary-gesture condition (CG),
the actress uttered the sentence with an adverbial demonstrative (non-specific, ambiguous spatial
term) and made a gesture specifying the spatial relation (e.g., the actress said that "There is a vase
and a candle. The candle is here" while showing her right-side to express that the candle is on the

right of the vase.) Figure 4.1 depicts the different conditions in the experiment.
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"*There is a vase and a candle. "*There is a vase and a candle. "**There is a vase and a candle.
The candle is on the right." The candle is on the right." The candle is here."

4 4 4

Speech-Only Condition Redundant-Gesture Condition Complementary-Gesture Condition
(SO) (RG) (CG)

The actual videos are in Turkish:
*Vazo ve mum var. Mum sagda.
**Vazo ve mum var. Mum burda

Figure 4.1. Different conditions in the experimental task.

All videos displayed the actress from the head to the knees, appearing in the same starting
position (i.e., in the middle of the screen) with hands casually hanging on each side of the body.
The actress wore black clothes, and the background was white. In each video, the actress uttered
two sentences: the first sentence introduced the ground and the figure objects, respectively (e.g.,
"There is a vase and a candle™), whereas the second sentence introduced the relative spatial location
of the figure object (e.g., "The candle is on the left/right/on/under/in" or "The candle is here"). To
make utterances as natural as possible, we used a dataset in which Turkish-speaking adults
described relative spatial relations between objects in spontaneous speech (Karaddller, et al., in
press). In line with this, the first introduction sentence always presented the ground object first,
followed by the figure object (e.g., "there is a vase [GR] and a candle [FIG]"). The second sentence
presented the figure object and its relative spatial position without naming the ground object (e.g.,
"the candle [FIG] is on the right"). The actress made the gestures during the second sentence with
her right hand and retracted her arm to the initial position. For left-right gestures, the actress

extended her arm up to the side of her left and right arm. For on-under gestures, the actress made
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the gestures around her torso, right hand showing slightly above to the face for showing "on," and
slightly below to the feet for "under.” All videos were 6-seconds long. We inserted the audio files
of speech-only videos (i.e., the videos in which the actress does not make any gesture) to the videos
in which the actress used a gesture. When a speaker makes a gesture, the prosodic prominence of
the gesture's referent is altered in speech (Krahmer & Swerts, 2007). To eliminate the possible
confounding effects of this altered prosodic prominence among conditions, we recorded speech-

only versions for each trial with a gesture component and then swapped the audio files.

4.3.3. Procedure

Participants were tested in a dimly lit soundproof room on a 17" Acer laptop on which a mouse,
headphones, and the eye-tracking device were connected. Participants were instructed to watch the
short video clips and then choose the picture that best depicted the spatial relation described in the
video among four alternatives. In the response screen, they were presented with four pictures
showing different spatial relations between the same figure and the ground object. Ground objects
were always in the center of the pictures, and the figure object's location in relation to the ground
object changed in each picture. They were asked to choose the correct picture by clicking with the
mouse as accurately and fast as possible (see Figure 4.2 for a sample response screen). In a
canonical trial, participants were presented with a "Get Ready!" screen for 800 ms, followed by a
brief preview of the response screen (i.e., picture array) for 500 ms to familiarize participants with
the appearances of the figure and the ground objects before they listened to the spatial descriptions.
Then, participants saw the fixation cross for 1000 ms, followed by the video for 6000 ms. After
the video, the self-timed response screen appeared, and the participants clicked on one of the

pictures in the array with the mouse. Figure 4.3 depicts a sample trial.
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Figure 4.2. A sample response screen for the experimental task.

EB| - W

Get Ready! Preview Fixation Cross Video Response Screen
800 ms 500 ms 1000 ms 6000 ms self-timed

Figure 4.3. A sample trial in the experimental task.

Before starting the experimental task, participants went through familiarization and
practice sessions. In the familiarization session, participants saw seven pictures depicting different
spatial relations between two different objects and written labels for each spatial relation (i.e., left,
right, front, behind, on, under, in; please note that front-behind were not used in the video stimuli,
however, these spatial relations were depicted in the pictures as foils during the response screen).
Later, the experimenter demonstrated the task with five examples for each spatial relation used in
the experiment (i.e., left-right, on-under, in). After familiarization, the participants completed 12
practice trials and were given oral feedback (correct-incorrect) by the experimenter. After these

trials, participants have seated approximately 70 cm away from the computer and instructed to
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limit their movements during the session. We used Tobii Pro X3-120 to monitor eye-movements
at a sampling frequency of 120 Hz. Participants underwent a 9-point calibration and validation
procedure. The calibration proceeded until the discrepancy between the calibration point, and the
participant's eye gaze was < 1°.

The participants completed 150 trials in total, ten trials for each spatial relation and
condition: 10*5 spatial relations (right, left, on, under, in) *3 conditions (speech-only, redundant
gesture, complementary gesture). Out of 150 trials, 120 were experimental trials, and the rest ("in™)
were filler items. All trials were presented randomly in E-Prime 3.0 with Tobii extension. The

procedure lasted approximately 30 minutes in total.

4.4. Analyses & Results

We only analyzed 120 experimental trials (excluding filler items of in) per participant. In total,
there were 6120 responses (120*51 participants). For RT, we discarded outliers that were two
standard deviations above or below the mean (N = 196, 3.2%) and incorrect responses (N = 438,
7.16%). See Table 4.1 for the number of analyzed items in each condition. For eye-tracking data,
we discarded trials with a track loss of 25% and higher and trials in which all the fixations were in

non-AOI space for the time-of-interest.

4.4.1. Eye-tracking analysis

The eye movements were automatically coded as fixations and saccades using Tobii Pro Lab
algorithms with fixation filters. We defined two areas of interest (AQOIs): face and gestural space
(see Figure 4.4). The gestural space AOI started from the upper neck of the actress and ended at
the hand wrists when arms hanged casually on her sides (Drijvers et al., 2019). We created the

length of the gestural space AOI based on the x-coordinates that correspond to the furthest point
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in which a gesture was made on the screen. The size and the location of the AOIs were equal across
videos. We were interested in the proportion of the number of fixations to the gestural space and
the face AOIs. The fixations that fell outside of these two AOIs (approximately 16% of total
fixations) were not analyzed. Only for descriptive purposes, we reported the proportion of the
number of fixations and the proportion of the total fixation duration to each AOI relative to the
total number of fixations to the entire screen (i.e., AOI + non-AOQI spaces) and the total time of the
video, respectively (see Table 4.2). However, for analyses, we calculated the proportion of the
number of fixations to the gestural space relative to the total number of fixations to the gestural
space and the face AOlISs (i.e., fixations to gestures divided by the sum of fixations to the gesture +

face).

Figure 4.4. Areas of interests: face and gestural space

4.4.2. Mixed-effects analyses

We used multi-level mixed-effects models to incorporate all data variance in our analyses. We

used the logistic version of the model for binary outcome variables (i.e., accuracy). All analyses
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were performed with Ime4 package (Bates, Méachler, Bolker, & Walker, 2014) on R (R Core Team,
2013).

For each analysis, we started with a null model (i.e., the item- and the subject- intercepts
model) and added each fixed effect and the interactions between fixed effects one-by-one to the
model. To this end, each predictor variable was added consecutively to the model and compared
against the previous model containing all the other fixed effects except the one added in the
corresponding step (Baayen, Davidson, & Bates, 2008). Since one of our factor variables has three
levels (i.e., condition), we used Bonferroni-corrected pairwise comparisons with emmeans and
contrast functions in emmeans package in R (Length, 2020).

First, we asked (Section 4.4.3.1.), how task performance differed across conditions and
spatial relation types. In Model 1, the outcome variable was accuracy and in Model 2, the outcome
variable was RT. The fixed factors included the main effects of the condition and type, and the
two-way interaction between them. Second, we asked (Section 4.4.3.2.) how gazing at gestures
differed across conditions and spatial relation types for the entire video (Model 3), only for the
first sentence that was equal across trials and during which there were no gestures (Model 4), and
only for the second sentence in which the actress uttered the critical spatial term and made a gesture
(Model 5). In these analyses, the outcome variable was the proportion of fixations to the gestural
space, and the fixed effects included the main effects of the condition, the type, and the two-way
interaction between them. Last, we asked (Section 4.4.3.3.), how gazing at gestures during the
second sentence in the videos affected task performance (accuracy in Model 6 and RT in Model
7) across different conditions and spatial relation types. The fixed effects in these models included

the main effects of the condition, the type, the proportion of fixations to the gestural space, and the
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two- and three-way interactions between these variables. Since there were no gestures in the SO

condition, we only included the RG and the CG conditions in Models 6 and 7.

4.4.3. Results
4.4.3.1. The experimental task performance
Descriptive statistics about accuracy and RT for each condition can be found in Table 4.1.

Table 4.1. Descriptive statistics for accuracy and RT in general and across conditions.

N Mean SD
Accuracy
SO Condition 2040 .95 22
RG Condition 2040 .96 .18
CG Condition 2040 .87 34
RT (in msec)
SO Condition 1906 1089 505
RG Condition 1914 1094 504
CG Condition 1666 1132 545

Note: SD= Standard Deviation, SO=Speech-Only, RG=Redundant-Gesture, CG=Complementary-Gesture

For accuracy (Model 1), there was a main effect of the condition, x?(2) = 48.25, p < .001.
CG condition was associated with lower accuracy by -1.11 + .18 compared to SO condition (z = -
6.14, p < .001) and by -1.44 + .19 compared to RG condition, z = -7.56, p < .001. There was no
difference between RG and SO conditions, z = 1.59, p = .34. The addition of the spatial relation
type significantly improved the model, y*(1) = 12.17, p < .001. Across all conditions, on-under
trials were associated with decreased accuracy by -.57 £ .15 compared to left-right trials, z =-3.69,
p < .001. The addition of the interaction between condition and spatial relation type did not
improve the model, x*(1) = 2.03, p = .36. Figure 4.5 shows accuracy across different conditions

and spatial relation types.
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Figure 4.5. Accuracy across different conditions and spatial relation types (Model 1). The brackets represent
95% confidence intervals.

For RT (Model 2), there was no main effect of the condition, »*(2) = 4.33, p = .11. The
addition of the spatial relation type improved the model significantly, ?(1) = 26.98, p < .001.
Across all conditions, on-under trials were associated with increased RTs by 156.28 + 28.42
compared to left-right trials, t (113) = 5.50, p < .001. There was no interaction between condition
and spatial relation type, y*(2) = .36, p = .84. Figure 4.6 shows RTs across different conditions and
spatial relation types.

In sum, we found that participants have lower accuracy in CG condition compared to RG
and SO conditions. Participants also have lower accuracy and slower RTs for on-under trials
compared to left-right trials. There were no differences between RG and SO conditions for either

accuracy or RT.

99



1400 1
-r
|

—_ _ - |
[ r r
£ 1200 I l_ =" '
g e - L
z | : left-right
R= i
= L. S == on-under
=
4 1000
[a"

8004

Spcccl‘l Only Rcdundur;t Gesture Cnm]}lcmcnrmry Gesture

Figure 4.6. RT across different conditions and spatial relation types (Model 2). The brackets represent 95%
confidence intervals.

4.4.3.2. Eye-tracking results

Table 4.2 presents descriptive statistics for the proportions of the total number of fixations and the
fixation duration to the face and the gestural space AOIs across different conditions. Participants,
on average, spent 23% of the total viewing time fixating to the gestural space and around 70% of

the total viewing time fixating to the face.

Table 4.2. Descriptive statistics for the percentages of the total fixation duration and the fixation number
for the face and the gestural space AQIs across different conditions.

Total Fixation Duration Total Fixation Number

Mean SD Mean SD

SO Condition Face % 71.1 26.2 52 24.7
Gestural Space % 17.6 22.2 27.6 23.2

RG Condition Face % 68.7 23.9 49.3 23
Gestural Space % 235 22 36.1 23.3
CG Condition Face % 65.9 235 46.2 22.9
Gestural Space % 27.9 22.2 39.2 23.5

Note: SO=Speech-Only, RG=Redundant-Gesture, CG=Complementary-Gesture
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We first analyzed the proportion of fixations to the gestural space throughout the entire
video (Model 3; see Figure 4.7). Please note that although there were no gestures in the SO
condition, we still measured eye gaze to the gestural space in this condition to have a baseline
measure against the other two conditions with gestures. For eye gaze in the entire video, there was
a main effect of the condition, y?(2) = 89.55, p <.001. CG condition was associated with increased
proportion of fixations to the gestural space by .12 + .01 compared to SO condition (z =11.28, p
<.001) and by .04 £ .01 compared to RG condition, z = 3.51, p < .01. There was also a difference
between RG and SO conditions. RG condition was associated with increased proportions of
fixations to the gestural space by .08 + .01 compared to SO condition, z = 7.78, p < .001. The
addition of the spatial relation type did not improve the model, ?(1) = .78, p = .38 There was no

interaction between condition and spatial relation type, y*(2) = .36, p = .84.
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Figure 4.7. The proportion of the number of fixations to the gestural space AOI for the entire video across
different conditions and spatial relation types (Model 3). The brackets represent 95% confidence intervals.
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We also analyzed the proportion of fixations to the gestural space separately for the first
and the second sentences. For the first sentence (i.e., introductory sentence that was equal across
trials and during which there was no gestures; Model 4; see Figure 4.8), there was no main effect
of the condition, y*(2) = .75, p = .69. The was no main effect of the spatial relation type, y*(1) =
41, p =52. There was no interaction between condition and spatial relation type, y*(5) = 4.52, p =

48.
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Figure 4.8. The proportion of the number of fixations to the gestural space AOI only for the first sentence
across different conditions and spatial relation types (Model 4). The brackets represent 95% confidence
intervals.

We then analyzed the proportion of fixations to the gestural space during the second
sentence in which the actress uttered the critical spatial term and made a gesture (Model 5; see
Figure 4.9). For the second sentence, there was a main effect of the condition, %(2) = 120, p = <

.001. For both spatial relation types, CG condition was associated with increased proportion of

102



fixations to the gestural space by .20 + .01 compared to SO condition (z = 14.33, p <.001) and by
.06 + .01 compared to RG condition, z = 4.48, p < .001. The proportion of fixations to gestural
space was higher in RG condition by .14 + .01 compared to SO condition, z=9.85, p <.001. There
was also a main effect of the spatial relation type, y?(1) = 4.70, p = < .05. Across all conditions,
on-under trials were associated with increased proportions of fixations to the gestural space by .02
+ .01 compared to left-right trials, t(119) = 2.19, p < .05. There was no interaction between

condition and spatial relation type, ¥%(2) = 1.20, p = .55.
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Figure 4.9. The proportion of the number of fixations to the gestural space AOI only for the second sentence
across different conditions and spatial relation types (Model 5). The brackets represent 95% confidence
intervals.

In sum, we found that listeners fixated to gestures more in CG condition compared to RG
condition when the entire video analyzed. Yet, this effect is mainly driven by the second part of

the video (i.e., the second sentence including the critical spatial term and gestures). During the
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second sentence, participants fixated to gestures more in CG condition compared to RG condition.

Also, they fixated to the gestural space for on-under trials compared to left-right trials.

4.4.3.3. Eye tracking and task performance results

We tested how gazing at gestures predicted participants’ accuracy across different conditions and
spatial relation types (Model 6; see Figure 4.10). There was no main effect of gazing gestures,
22(1) = .61, p = .44. There was a main effect of the condition, »%(1) = 39.32, p = < .001. Across
both spatial relation types, CG condition was associated with lower accuracy by -1.43 £+ .20
compared to RG condition, z =-7.44, p < .001. There was also a main effect of the spatial relation
type, ¥*(1) = 8.18, p = < .01. Across both conditions, on-under trials were associated with lower
accuracies by -.57 + .19 compared to left-right trials, z = -3.04, p < .001. There were no two-way
interactions between gazing at gestures and condition (¥?(1) = 1.41, p = .23), between gazing at
gestures and spatial relation type (y*(1) = 1.67, p = .20), and between condition and spatial relation
type, y2(1) = 1.73, p = .19. There was also no three-way interaction between gazing at gestures,

condition, and spatial relation type, y*(4) = 5.07, p = .28.
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Figure 4.10. Accuracy as a function of gesture gazing across different conditions and spatial relation types
(Model 6). The x-axis shows the proportion of fixations to the gestural space. The hues around the lines
represent 95% confidence intervals.

Last, we tested how gazing at gestures relates to RTs across different conditions and spatial
relation types (Model 7, see Figure 4.11). There was a main effect of gazing at gestures; however,
this effect was qualified by an interaction with spatial relation type, y*(1) = 15.53, p = <.001. Slope
analyses showed that gazing at gestures more was associated with increased RTs by 113.90 + 38.57
only for on-under trials, t = 2.95, p <.001. There was no statistical relation between gazing gestures
and RTs for left-right trials, t = 1.44, p = .15. There was no main effect of condition, y*(1) = 2.63,
p = .11. There was a main effect of spatial relation type, ?(1) = 13.84, p = < .001. Across both
conditions, on-under trials were associated with increased RTs by 145.44 + 37.43 compared to
left-right trials, t(75) = 3.89, p < .001. There were no two-way interactions between gazing at
gestures and condition (,*(1) = 2.71, p = .10) and between condition and spatial relation type, »*(1)

=.19, p = < .67. There was no three-way interaction between gazing at gestures, condition, and
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spatial relation type, y*(3) = 4.99, p = .17. In summary, we found that fixating to gestures was

associated with increased RTs only for on-under trials.
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Figure 4.11. RT as a function of gesture gazing across different conditions and spatial relation types (Model
7). The x-axis shows the percent number of fixations to the gestural space. The hues around the lines
represent 95% confidence intervals.

4.5. Discussion

The current study investigated whether and how (1) listeners allocated overt visual attention to
gestures as a function of the information value of those gestures in relation to the accompanying
speech, and (2) gazing at gestures related to how much listeners benefitted from observing gestures
during the comprehension of viewpoint-dependent (left-right) and viewpoint-independent (on-
under) spatial relations. We expected that listeners would attend to gestures more as their relative

information value increased and gazing at gestures would be related to increased comprehension.
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Results showed that on the comprehension task, observing left-right or on-under gestures along
with informative speech did not change listeners' comprehension compared to when they did not
see gestures. Listeners' comprehension got hindered when the only source of information was
gestures. The eye-tracking findings demonstrated that listeners allocated more overt visual
attention to gestures that complemented spoken deictic constructions (“here™) than gestures that
were redundant with the accompanying speech. We failed to find any evidence of gazing at

gestures related to increased information uptake from those gestures.

4.5.1. Task performance: How does observing gestures affect listeners' comprehension of

different types of spatial relations?

We employed an offline comprehension paradigm in which participants were presented with
unimodal or bimodal (gesture + speech) utterances (e.g., Holler et al., 2019; Hostetter et al., 2018;
Kelly, Barr, Church, & Lynch, 1999) when comprehending spatial relations between objects. We
predicted that observing gestures along with speech would facilitate listeners' comprehension for
viewpoint-independent spatial relations (on-under; Beattie & Shovelton, 1999a, 1999b, 2001;
Holler et al., 2009; Hostetter et al., 2018). For viewpoint-dependent spatial relations (left-right),
we expected that seeing gestures would hinder comprehension as left-right gestures that are
executed from the speaker's own egocentric perspective would express a mismatching location
from the speaker's perspective (Gullberg & Kita, 2009; Hostetter et al., 2018; Pyers et al., 2015).
However, our results showed that accuracies and RTs did not differ between bimodal (speech +
gesture, i.e., redundant-gesture) and unimodal (speech-only) encodings for both types of spatial

relations.
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Gestures communicate meaning and observing gestures along with speech facilitates
comprehension and learning (see Dargue et al., 2019 and Hostetter, 2011 for meta-analyses, e.g.,
Beattie & Shovelton, 2005; Church et al., 2001; Driskell & Radtke, 2003; Holler et al., 2009; Kelly
et al., 1999; Valenzeno, Alibali, & Klatzky, 2003). Yet, many studies reported null effects and
showed that observing gestures along with speech did not affect listeners' comprehension and
learning (e.g., Goldin-Meadow & Singer, 2003; Kelly & Goldsmith, 2004; Krauss, Dushay, Chen,
& Rauscher, 1995; McNeil et al., 2000). Moreover, Hostetter (2011) showed that observing
gestures benefit comprehension more when gestures express non-redundant information to the
accompanying speech, and when listeners are verbally less proficient (children vs. adults). In line
with this, research suggests that gestures are particularly helpful in challenging communication
situations such as in degraded speech comprehension or for non-native listeners (e.g., Drijvers et
al., 2018; Holle et al., 2010; Sueyoshi & Hardison, 2005). However, in the current study, we tested
verbally competent adults who were native listeners in clear speech comprehension. The average
accuracies for redundant-gesture (96%) and speech-only (95%) conditions showed a ceiling effect,
suggesting that participants found the task easy, and there may not be room for gestural
enhancement.

For left-right gestures, contrary to our predictions, listeners' comprehension did not get
hindered by observing gestures. As in the case of on-under gestures, we did not find a difference
between speech + gesture (i.e., redundant-gesture) and speech-only conditions for left-right
directionality. However, it is important to note that our participants were explicitly told that the
speaker is making gestures from her own egocentric perspective, and thus, they needed to take the
speaker's perspective. Earlier studies did not provide clear instructions on how to interpret the

speaker's egocentric gestures that express complex spatial arrays with geometric shapes (e.g.,
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Hostetter et al., 2018). The finding that observing left-right gestures did not hinder comprehension
might be due to participants having learned and familiarized with viewpoint alignment during the
practice session.

We found that participants had lower accuracies and longer RTs for on-under compared to
left-right across all conditions. Earlier research suggested that, in general, viewpoint-dependent
spatial relations (left-right) are harder compared to viewpoint-independent ones (on-under) as they
require viewpoint alignment (Galati et al., 2013; Keysar et al., 2000). Developmental research also
showed that the acquisition and comprehension of left-right directionality come at a later timepoint
in development and follow a more protracted trajectory compared to on-under for both speaking
and signing children (e.g., Karadoller et al., in press; Turan, Kobas, & Goksun, in press). There
might be several reasons for the current finding. First, our participants were explained and
practiced how to align with the speaker's egocentric left-right gestures. Although they were given
practice for all types of spatial relations, they might benefit more from training for left-right
directionality as they initially found it more difficult than on-under trials and could have paid extra
attention to them. Second, they might find it challenging to distinguish on vs. under gestures as
they were executed in a smaller gesture space with subtle differences in hand movements as
opposed to left-right gestures that were executed in a larger gesture space and indexed the location
more broadly with gross hand/arm movements. Third, on-under spatial relations in our stimuli set
included contact between objects, whereas objects always stand apart from each other in left-right
spatial relations. Especially for "under"” relations, in most of the pictures, only a portion of the
figure object was visible as it was occluded by the ground object. This might hinder participants'
performance as they had problems in distinguishing objects. The use of computer-generated spatial

arrays of on-under relations with no contact between objects (e.g., a pencil standing above a vase
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with no contact) might have yielded different results. Fourth, people might have certain beliefs on
which figure-ground object pairs afford on-under spatial relations. We generally tend to think of
the bigger object as the ground when conceptualizing on-under relations with contact. For
example, we tend to conceptualize that “the pencil is on the luggage” instead of "the luggage is
under the pen." Although the ground objects were always bigger compared to figure objects in our
stimuli set, participants might still get confused on whether and how figure-ground object pairs
afford on-under relations compared to left-right relations that is devoid of this problem. Future
work can pay attention to these stimuli characteristics and the use of space for spatial relations
while designing their studies.

In line with our prediction, results showed that participants were less accurate when speech
is ambiguous, and the only source of information was gestures (complementary-gesture) compared
to the other two conditions in which speech expressed the spatial relation (redundant-gesture and
speech-only) for both types of spatial relations. This suggests that participants in our study could
abstract spatial information more readily from speech, and when the spoken channel is under-
informative, their comprehension declined. For left-right gestures, seeing gestures that express a
mismatching location from the listeners' own egocentric perspective might create an extra
cognitive burden when the gestures are the only source of information than other conditions in
which left-right directionality can already be abstracted from the speech. As in the case of on-
under gestures, listeners might find it difficult to distinguish on vs. under gestures that are executed
with subtle kinematic differences in a very small gesture space, especially when those gestures

were the only source of information to comprehend the speaker's message successfully.
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4.5.2. Eye gaze: How do listeners allocate visual attention to complementary vs. redundant

gestures for different types of spatial relations?

Participants looked at the gestural space approximately 25% of the total viewing time when there
was a gesture (excluding speech-only condition), averaged across conditions and types of spatial
relations (see Table 4.2). This proportion is higher compared to previous research (e.g., 0.5% in
Gullberg & Holmqvitz, 1999; 8% in Gullberg & Kita, 2009; 9.3% in Yeo & Alibali, 2017).
However, earlier studies that report lower proportions of fixations to gestures measured eye-
movements either in live interactions (e.g., Gullberg & Holmqvitz, 1999) or in videos with
speakers selected from the corpus (i.e., the videos were not acted, e.g., Gullberg & Kita, 2009; but
see Yeo & Alibali, 2017). The communication context in the current study was less natural and
less social as listeners passively listened to speakers who uttered sentences and made gestures in a
controlled manner (gestures were scripted, the actress showed no facial expressions and stood still
across all trials) without interacting with her (i.e., in video-presentations). This might be one reason
why participants in our study looked at the speaker's face less and fixated to other cues. One
advantage of such controlled settings is the experimental control over speech content and gesture
kinematics. Yet, interactional settings are important, and future studies can investigate how
listeners attend to gestures that complement spoken deictics when they are in dialogue.

Another reason for the increased proportions of fixations to gestures in the current study
compared to earlier research can emerge from cross-language differences. Previous research
suggested differences in gesture use and processing across languages (see Kita, 2009 for review).
Mediterranean cultures are usually relatively higher-gesture cultures. For example, Turkish
speakers use more gestures than Dutch speakers (Azar, Backus, & Ozyiirek, 2020) and Italian

speakers gesture more frequently compared to British English speakers (Cavicchio & Kita, 2013).
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Moreover, Italian listeners benefit more from the speaker's gestures when decoding objects than
English listeners (Graham & Argyle, 1975). Earlier eye-tracking research tested low-gesture
languages (e.g., English in Beattie et al., 2010; Yeo & Alibali, 2017; Swedish in Gullberg &
Holmgqvitz, 1999, 2006; Dutch in Drijvers et al., 2020; Gullberg & Kita, 2009). Listeners might be
more attentive to gestures in Turkish, which is a high-gesture language. Visual attention to gestures
across different languages is an important open area for further investigation.

In line with the main prediction of the current study, our results showed that listeners' overt
visual attention to gestures changed as a function of the relative information value of gestures in
relation to the accompanying speech. Specifically, we found that listeners gazed at gestures more
when they complemented ambiguous speech than when they expressed redundant information to
the accompanying speech, for both types of spatial relations. More importantly, this effect was
only present during the second sentence in which the critical spatial term was uttered, and a gesture
was made. There was no difference in eye gazing across conditions during the first sentence, in
which the actress only introduced the figure and the ground objects without making any gesture.
This finding is in line with earlier research, suggesting that listeners attend to and benefit from
gestures more under certain circumstances, particularly when gestures have greater importance
that emerge from either internal (e.g., native vs. non-native listeners, Dahl & Ludvigsen, 2014;
Drijvers & Ozyiirek, 2018; Macedonia & Kriegstein, 2012; Sueyoshi & Hardison, 2005; individual
differences in cognitive resources, see Ozer & Goksun, 2020a for review; Ozer & Goksun, 2020b;
Schubotz, Holler, Drijvers, & Ozyiirek, 2020) or external factors (e.g., spatial vs. non-spatial
content, Alibali, 2005; Lavergne & Kimura, 1987; Lausberg & Kita, 2003; Rauscher et al., 1996;
clear vs. degraded speech comprehension, Drijvers et al., 2017, 2018; Schubotz et al., 2020; Holle

et al., 2010). One key factor in indexing the relative importance of gestures is the complementary
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distribution of information across speech and gesture. A meta-analysis (Hostetter, 2011) showed
that non-redundant gestures that convey additional information to the accompanying speech are
more communicative and benefit listeners' comprehension more than redundant gestures that
express overlapping information with the accompanying speech. With the help of eye-tracking
methodology, the current results extend these findings by demonstrating that semantic redundancy
between speech and gesture also guides visual attention to gestures. Our results align with earlier
eye-tracking research, showing that when gestures provide a more useful channel of information,
listeners allocate more overt visual attention to those gestures as in the case of communicating in
a non-native language (e.g., Drijvers et al., 2020) or when gestures resolve speech ambiguity (e.g.,
Yeo & Alibali, 2017).

The current study is among the first to investigate whether and how listeners visually attend
to gestures in the context of spoken deictic constructions in a controlled way. When describing
spatial information, speakers tend to convey important spatial information in their gestures and
frequently use deictic constructions in speech (such as this way, like this, here, this big) that is
complemented with gestures (e.g., Beattie & Shovelton, 2006; Emmorey & Casey, 2001; Holler
& Stevens, 2007). Speakers refer to their own gestures with such deictic constructions, which in
turn might direct listeners' visual attention. Our results demonstrate that the use of such deictic
constructions (verbal pointers) signal the importance of gestures and directs listeners' visual
attention to those gestures.

We predicted no difference in gaze allocation between left-right and on-under gestures as
they were all executed in the central space with comparable kinematic features of equal velocities
and without holds (Gullberg & Kita, 2009; Nobe et al., 2000). The actress made on-under gestures

on her torso and left-right gestures in very close proximity to her torso, all of which were in the
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central gesture space (see Beattie et al., 2010; Gullberg, 2003; McNeill, 1992 for discussions on
gesture space). The results showed that listeners gazed at on-under gestures more compared to left-
right gestures across both redundant- and complementary-gesture conditions during the second
sentence. This finding might emerge from differences in hand and arm movements across left-
right and on-under gestures mentioned above. Although both types of gestures were made in the
central gesture space, on-under gestures were executed in a smaller space with a subtly different
hand movement. Listeners might have looked at on-under gestures more as it was harder to
distinguish these on vs. under gestures. Left-right gestures, on the other hand, were executed in a
larger space with gross hand/arm movements in an indexical manner to show left vs. right space.
Listeners could have abstracted left-right information even from shoulder/upper-arm movements

without necessarily fixating to the hand.

4.5.3. Eye gaze and comprehension: Whether gazing at gestures relate to how much listeners

benefit from observing gestures?

We predicted that allocating more overt visual attention to gestures would be positively related to
how much listeners benefit from observing gestures during the comprehension of both types of
spatial relations. However, the results did not support this prediction. We found that gazing at
gestures did not relate to gestural enhancement of comprehension. This finding is in line with
earlier work (Beattie et al., 2010; Gulberg & Kita, 2009; but see Drijvers et al., 2019) and suggests
that information conveyed through gestures can be abstracted peripherally without necessarily
fixating to them. Gestures in the current study were indexical ones that represent the location in
space. However, gestures that express fine-grained details with finger movements (such as gestures
representing the objects' features) might demonstrate a different set of results. These gestures
might attract more overt visual attention and gazing at those kinds of gestures might predict how
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much listeners benefit from them. We found that gazing at on-under gestures resulted in increased
RTs across both redundant- and complementary-gesture conditions. As discussed above, we
believe that this might emerge from the properties of on-under gestures in the current study.
Listeners fixated to on-under gestures more as it was harder to distinguish them, which would
eventually lead to increased RTs as opposed to left-right gestures that can be abstracted from gross
arm movements.

One important area that should be investigated in further research is the mechanisms
governing individual differences in visual attention to gestures. Speakers and listeners exhibit
variation in how frequently they use gestures, how they attend to gestures, and how much they
benefit from using and observing gestures during communication and thinking dependent upon
individual differences in cognitive skills (e.g., Chu, Meyer, Foulkes, & Kita, 2014; Ozer &
Goksun, 2020b; Schubotz et al., 2020; Wu & Coulson, 2014; see Ozer & Goksun, 2020a for
review). It is unknown whether and how individual differences in cognitive abilities relate to how
listeners allocate visual attention to gestures. For example, people who have high spatial skills
coupled with low verbal abilities might rely more on gestures (Hostetter & Alibali, 2011; Ozer &
Goksun, 2020b). Do these people allocate more overt visual attention to gestures compared to
people with lower spatial skills, and how it results in how much information listeners uptake from
those gestures? It is also important to uncover how individual differences in cognitive resources
interact with different external factors such as speech content (e.g., spatial vs. non-spatial,
Hostetter, 2011), complexity (e.g., objects with low vs. high verbal codability, Kita & Davies,
2009), or relative information value of gestures (e.g., complementary vs. redundant) in determining

visual attention to gestures.
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4.6. Conclusion

This study investigated listeners' visual attention to gestures as a function of the relative
information value of gestures in relation to the accompanying speech. We demonstrated that
listeners allocated more overt visual attention to gestures when they complement accompanying
speech than when they expressed redundant information with the speech. However, direct visual
attention to gestures did not relate to how much listeners uptake information from them. These
results suggest that the perceived information value of gestures as referred by the spoken deictic
constructions might direct listeners' attention to gestures; however, listeners can glean visual

semantics conveyed through gestures peripherally without fixating to them.
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CHAPTER S5

GENERAL DISCUSSION
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This dissertation aimed to investigate whether and how listeners' attention to and processing of
gestures present variation across individuals and situations. The short answer is: yes. How listeners
employ gestures during comprehension exhibits variation depending on internal factors such as
individuals' cognitive dispositions and external factors such as the perceived communicative value
of gestures across different contexts. In this dissertation, | demonstrated that individual differences
in visual-spatial abilities, and the semantic overlap between speech and gesture affect listeners'
attention to gestures. Yet, as is often the case in research, the picture is a little more complicated
than that. Many factors interact with each other to yield different patterns in these processes. Below

| summarize and discuss the core findings and then suggest areas open to further investigation.

5.1. Summary and the discussion of the main findings

In Chapter 2, | reviewed the evidence on inter-individual variation in gesture use and processing
to understand the field's current state. | addressed evidence on how individual differences in
cognitive skills related to (1) gesture use: how much speakers use spontaneous gestures and to
what extent they benefit from using gestures during speaking, task solving, and learning, and (2)
gesture processing: to what extent listeners attend to and process gestures and how much they
benefit from observing gestures during comprehension and learning from a functionalist
perspective. Gestures serve many functions for speakers and listeners across different contexts
(Cook & Fenn, 2017; Kitaetal., 2017; Novack & Goldin-Meadow, 2017). These functions interact
with individuals' cognitive dispositions and inform us about the possible cognitive mechanisms
governing these processes. First, gestures serve communicative functions as they provide an
alternative channel of expression between interlocutors. Second, gestures help speakers and
listeners maintain, manipulate, and package visual-spatial information and reduce cognitive load
when speaking and thinking (e.g., Kita et al., 2017; Marstaller & Burianova, 2013). Research in
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the gesture production literature suggests that speakers with lower communicative proficiencies
(e.g., non-native vs. native speakers, lower vs. higher verbal skills, or children vs. adults) benefit
more from using gestures during speaking (Colletta et al., 2010; Gillespie et al., 2014; Gullberg,
2010; Hostetter & Alibali, 2007; Smithson et al., 2011; Wermelinger et al., 2020). Additionally,
speakers with lower visual-spatial skills benefit more from using gestures when speaking and
thinking about spatial relations, such as when they describe how to solve mental rotations or when
they encode routes (e.g., Goksun et al., 2013; Pouw et al., 2016; So et al., 2015; Trafton et al.,
2016). In Chapter 2, | argued that speakers might employ gestures as a compensatory tool to
manage their limited cognitive abilities during speaking and thinking. This does not entail that
gestures replace already impaired cognitive abilities; instead, | suggest that gestures might help
people manage their cognitive resources when they are intact (see Chapter 2 for discussion).
However, higher use of gestures by speakers with lower cognitive resources might not be due to
the active strategy of compensation. Instead, people with lower cognitive resources might employ
gestures more because of their adaptive communication skills, such as relying more on verbal
resources than gestural ones. That is, differences in gesture use and processing based on the use of
cognitive resources can be related to individuals' employment of different strategies. Although |
found this plausible, it is hard to distinguish these two accounts as data in the current literature is
correlational.

What happens on the listener's side? Chapter 2 revealed little research on the
comprehension domain, and it is unknown how individual differences in different cognitive
abilities relate to listeners' attention to and processing of gestures during language comprehension.
Based on this, as a next step, | investigated how individual differences in cognitive abilities relate

to listeners' attention to gestures during language comprehension.
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In Chapter 3, | examined the role of visual-spatial and verbal cognitive resources in online
processing of concurrent gestural vs. spoken information in a mismatch paradigm (Kelly et al.,
2010). First, 1 replicated earlier findings on the bidirectional relationship between speech and
gesture during comprehension in a different language, Turkish. The results showed that observing
gestures and speech that expressed mismatching information hindered comprehension compared
to the baseline condition in which speech and gesture expressed congruent information. Second, |
demonstrated that this is not a monolithic process and individual differences exist in how listeners
process concurrent gestural vs. spoken expressions. The results showed that when the visual-
spatial cognitive load was high (i.e., when gestures expressed different and mismatching
information to the preceding action representation), people with higher visual-spatial abilities were
better at processing gestures. In contrast, people with higher verbal abilities were better at
processing speech when the verbal cognitive load was high (i.e., when speech expressed
mismatching information to the preceding action representation). | concluded that visual-spatial
cognitive resources are critical to process visual semantic information conveyed by gestures, and
people with higher visual-spatial skills can process gestures better, particularly when gestures
expressed additional semantic information. This is in line with an earlier finding that showed
observing gestures hindered comprehension when listeners' visual-spatial cognitive resources were
taxed (Hostetter et al., 2018). These findings suggest that visual-spatial cognitive resources are
critical for processing gestures, and people with higher visual-spatial capacities might benefit more
from observing gestures compared to people with lower capacities for whom the additional
processing load of observing gestures might be demanding (Aldugom et al., 2020; Kalyuga et al.,
2003; Kartalkanat & Goksun, 2020; Kelly & Goldsmith, 2014; Post et al., 2013; Sweller, 2005;

Wu & Coulson, 2014). Indeed, a recent study showed that college students with higher visual skills
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benefitted more from observing gestures along with speech (compared to speech-only) than
students with lower skills during math learning (Aldugom et al., 2020). Observing gestures also
facilitated children's narrative comprehension more for children with higher verbal skills
(Kartalkanat & Goksun, 2019).

There appear to be differential patterns governing how lower cognitive resources relate to
using vs. processing gestures. The current evidence suggests that multimodal encodings (speech +
gesture) help speakers with lower cognitive resources when using gestures, whereas hinder
listeners with lower cognitive resources when observing gestures. How can these two different sets
of findings be reconciled? One possibility for this distinction might be related to how using vs.
seeing gestures affect cognitive load. Gestures project speakers' internal representations to external
space and provide visual and proprioceptive feedback for speakers that can be used to maintain
and manipulate task-related visual-spatial information. This way, gestures reduce speakers'
cognitive load when speaking and thinking (e.g., Goldin-Meadow et al., 2001; Marstaller &
Burianova, 2013; Pouw et al., 2014; Wesp et al., 2001). Speakers have agency over their gestures
that might help them offload part of the internal cognitive load to an external space. However,
gestures do not provide visual or proprioceptive feedback to listeners as they do not have agency
over manual action. Gestures provide an alternative source of information in visual-spatial
modality to listeners. Processing the extra visual information conveyed by gestures and speech
requires coordination between multiple sources of information. The additional processing load of
gestures might be too demanding for people with lower cognitive capacities. As a result, different
results appear when one examines how visual-spatial resources can associate with gesture use or

processing.
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How and to what extent listeners attend to speakers' gestures and benefit from observing
them during comprehension and learning also vary across situations (Dargue et al., 2019; Holler
et al., 2009; Holler et al., 2014; Hostetter, 2011; Nagels et al., 2015). Observing gestures facilitate
listeners' comprehension more in certain circumstances, in which gestures provide a critical source
of information for comprehension such as when they express spatial vs. non-spatial information
(e.g., Beattie & Shovelton, 2001; Hostetter, 2011) or in degraded vs. clear speech comprehension
(e.g., Drijvers et al., 2017, 2018). Another external factor that modulates gesture's communicative
value is the semantic overlap between speech and gesture.

In Chapter 4, | asked how the relative information value of gestures as indexed by the
accompanying speech context (ambiguous speech coupled with spoken deictic constructions vs.
unambiguous speech) affect how listeners attend to gestures by employing both behavioral and
eye-tracking methodologies. Eye-tracking provides a good method to investigate how listeners'
allocation of attention to multiple communicative cues is reflected in gaze behavior (Huettig,
Rommers, & Meyer, 2011; Posner, 2016). | asked whether and how (1) listeners attended to
gestures differently when they expressed complementary vs. redundant information in relation to
the accompanying speech, and (2) individual differences in overt visual attention to gestures
predicted how much listeners gleaned information from those gestures during the comprehension
of spatial language. | found that listeners fixated to gestures more when they complemented spoken
deictic constructions (e.g., saying "here" complemented with a gesture showing the right side)
compared to when they expressed redundant information to the accompanying speech (e.g., saying
"right" and gesturing to the right side). The use of spoken deictics in speech might refer to the
speaker's gestures and increase the perceived communicative value of gestures, which results in

increased attention allocation by listeners. This finding suggests that gestures that add semantic
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information to the spoken utterances are perceived to be more communicative by listeners. The
results also demonstrated that overt gaze allocation to gestures did not predict gestural
enhancement of comprehension. | concluded that listeners attend to gestures more as the relative
information and communicative value of gestures increase. However, gestures can be processed
peripherally and do not necessitate direct visual attention.

This dissertation contributes to the current literature by demonstrating that the so-called
beneficial effects of gestures are not monolithic and show variation across individuals and
situations. The gesture theories and current practices in the gesture literature mostly downplayed
the role of individual differences and treated them as error variance. This leads to generalized
assumptions that gesturing and the communicative and cognitive benefits of gestures are invariant
across individuals and different contexts. However, as evidenced in this dissertation, speakers and
listeners employ gestures differently across different contexts that interact with their own cognitive
dispositions. This dissertation's main theoretical contribution is to pave the way for taking all these
different internal and external factors into consideration to have a full picture of when, why, and
for whom gestures exhibit their supposed roles. Based on this theoretical contribution, this
dissertation also entails a practical implication. This line of research would inform several areas in
which gestures are incorporated to foster learning, such as classrooms. Teachers are generally
encouraged to use gestures as they teach. However, teachers' gestures might not benefit all students
equally. Learners with lower cognitive abilities might even get hindered by those gestures. The
instructional programs should be tailored according to the cognitive dispositions and needs of the

learners for optimal learning outcomes.
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5.2. Future directions

Many questions remain unanswered in the current state of the art. In this section, | suggest several
lines of research that can be addressed in future work.

First, future research should bridge different internal and external factors to have a full
picture of why, when, and for whom gestures are beneficial. These factors might interact with each
other to yield different patterns. The diverse set of results present in the literature on how individual
differences in cognitive resources relate to gesture employment might emerge from the use of
different paradigms in different contexts (e.g., spatial vs. non-spatial tasks, see Chapter 2 for
discussion). For example, given that gestures are more adept at expressing visual-spatial
information (Beattie & Shovelton, 1999a, 2001; Hostetter, 2011), do speakers with lower visual-
spatial skills gesture more only when speaking and thinking about spatial information compared
to non-spatial information? Similarly, do listeners with higher visual-spatial skills benefit from
observing gestures only in a spatial context (Aldugom et al., 2020). | believe that investigating
how individual differences in cognitive resources relate to gesture use and processing across
different communication contexts would provide a better picture of when and for whom gestures
are important.

Second, future research can study the role of different cognitive abilities in gesture
processing by employing different paradigms. Mismatch paradigms are useful to measure how
listeners integrate concurrent spoken vs. gestural information (e.g., Kelly et al., 2010; Ozyiirek et
al., 2007; Wu & Coulson, 2014). However, mismatches are rare in natural communication. Future
studies can test how visual-spatial abilities relate to how much listeners benefit from observing
gestures by using comprehension paradigms in which participants are presented with bimodal vs.

unimodal encodings (Aldugom et al., 2020; Kartalkanat & Goksun, 2020). In most cases, gestures
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add information to the accompanying speech, and the additional semantic information conveyed
by gestures facilitate listeners' comprehension differentially depending on their cognitive
dispositions. Related to these two suggestions, | currently investigate individual differences in the
gestural enhancement of comprehension when gestures express complementary vs. redundant
information by employing the same experimental paradigm used in Chapter 4. | specifically
examine the role of spatial working memory capacity and perspective-taking ability on how much
listeners benefit from observing redundant vs. complementary gestures during the comprehension
of spatial relations. | believe this study will provide evidence on how individuals' visual-spatial
skills interact with different gesture-speech contexts during spatial language comprehension.
Third, future research should address why, when, and who employs gestures in
interactional settings. Studies presented in this dissertation used experimental paradigms in which
an actress passively described actions or spatial relations. In most cases, these paradigms reduce
the natural qualities of human face-to-face communication. In natural interactive communication
settings, interlocutors exchange a diverse set of multimodal cues that are inextricably linked to
each other (Holler & Levinson, 2019; Holler, Kendrick, & Levinson, 2019). Examining how
individuals' cognitive dispositions relate to their attention to and processing of speakers' gestures
when all multimodal cues are present in an interactive manner (e.g., gestures coupled with social
eye gaze) would be promising. Additionally, certain cognitive dispositions might manifest
themselves differently in interactional settings. For example, communicative fluency might be
more important when people are in dialogue. Future research in interactional settings would have
many practical implications as most natural communication occurs in such situations, such as

classrooms (Alibali & Nathan, 2007; Singer & Goldin-Meadow, 2005; Valenzeno et al., 2003).
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Fourth, it is important to see how combinations of different cognitive abilities interact with
gesture use and processing. Individuals show variation in the propensity to use different cognitive
resources. For example, speakers with high visual-spatial skills coupled with low verbal abilities
used gestures the most (Hostetter & Alibali, 2007, 2011). Future research can test how capacities
in different cognitive resources interact to yield different patterns in gesture use and processing for
the same individuals.

Last, it is unknown how individuals' own gesture use relates to how and to what extent they
attend to and process speakers' gestures. The neural instantiation of gesture perception in children
was affected by a history of gesture production, suggesting that gesture processing might depend
on sensorimotor processes (Wakefield et al., 2013). Future studies can investigate the production-
perception cycle of gestures within individuals across behavioral and neuroimaging studies. For
example, do people who benefit more from using gestures during speaking also benefit more from
observing gestures during comprehension? These questions can be tested in different populations
at different developmental timepoints or with clinical groups (e.g., Parkinson's disease, Cleary et
al., 2011; Goksun, Ozer, & Akbiyik, in press; Humphries, Holler, Crawford, Herrera, & Poliakoff,
2016) to understand how these two processes associate or dissociate from each other. These studies
would benefit the current literature to a great extent as they would provide control over individuals'
characteristics and would help to delineate the mechanisms governing gesture production vs.

comprehension.

5.3. Conclusion

Speakers and listeners employ gestures during communication and thinking. This dissertation

investigated factors that could contribute to variation in speakers' and listeners' employment of
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gestures across individuals and situations. As gestures reduce speakers' cognitive load, speakers
might use gestures as a compensatory tool during speaking and thinking that interact with
individuals' cognitive dispositions. For listeners, visual-spatial cognitive resources are critical for
processing co-speech gestures and observing gestures might hinder comprehension for listeners
with lower visual-spatial cognitive resources as the processing of additional visual information is
demanding. Moreover, gestures that add critical semantic information to the accompanying speech
are more communicative than gestures that convey redundant information as was present in the
increased overt gaze allocation. Overall, this dissertation provides novel findings and suggests that
gesture use and processing are not monolithic processes. Current theories and experimental
practices should consider variation across individuals and situations to have a full picture of when,

why, and for whom gestures are beneficial.
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APPENDIX

Action primes along with Turkish labels.

Hammering a nail "cak” Chopping vegetables "dogra"

Twisting the lid of a jar "cevir" Dialing a phone "tusla"

Wiping "sil" Cutting paper "kes"

Scrubbing a dish "yika"

Typing "yaz" Tuming a key "dondur"
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