Grammatical Complexity and Gesture Production of Younger
and Older Adults

Burcu Arslan', Demet Ozer?, Tilbe Goksun®

ORCID: '0000-0002-2465-360X, 20000-0003-3230-2874, >0000-0002-0190-
7988

! Department of Psychology, Ko¢ University, Sariyer, 34450, Istanbul
2 Department of Psychology, Kadir Has University, Fatih, 34083, Istanbul
3 Department of Psychology, Kog¢ University, Sariyer, 34450, Istanbul
Ibarslan]8@ku.edu.tr, *demet.ozer@khas.edu.tr, 3tgoksun@ku.edu.tr

(Received 4 August 2023; Accepted 24 December 2023)

ABSTRACT: Age-related effects are observed in both speech and gesture
production. Older adults produce grammatically fewer complex sentences and
use fewer iconic gestures than younger adults. This study investigated whether
gesture use, especially iconic gesture production, was associated with the
syntactic complexity within and across younger and older age groups. We
elicited language samples from these groups, using a picture description task
(N=60). Results suggested shorter and less complex speech for older than
younger adults. Although the two age groups were similar in overall gesture
frequency, older adults produced fewer iconic gestures. Overall gesture
frequency, along with participants’ ages, negatively predicted grammatical
complexity. However, iconic gesture frequency was not a significant predictor
of complex syntax. We conclude that each gesture might carry a function in a
coordinated multimodal system, which might, in turn, influence speech quality.
Focusing on individual differences, rather than age groups, might unravel the
nature of multimodal communication.
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Geng ve Yash Yetiskinlerde Sozdizimsel Karmasiklik ve Jest
Kullanim

OZ: Dil kullamminda yasa bagli etkiler hem sozlii dil hem de jest iiretiminde
gozlenir. Yash yetiskinlerin sozdizimsel olarak karmasik climleleri geng
yetigkinlere oranla daha az irettikleri ve daha az ikonik (temsili) el jesti
kulland1g1 gézlemlenmistir. Bu galigma, jest kullaniminin (6zellikle ikonik jest
kullaniminin), gen¢ ve yaslt yas gruplar ig¢inde ve arasinda sdzdizimsel
karmasgiklik ile iligkili olup olmadigini arastirmaktadir. Bu ¢aligmada, iki yas
grubundan katilimcilardan (N = 60) ii¢ farkli soyut resmi anlatmalar
istenmistir. Sonuglar, geng¢ yetiskinlerin yash yetiskinlere oranla daha fazla
sozdizimsel olarak karmasik ciimle kullandigini gosterdi. Her ne kadar iki yas
grubu genel jest sikliginda benzer olsa da yaslh yetiskinler daha az ikonik jest
iretti. Ayrica, yas grubundan bagimsiz olarak, genel jest kullanimimin
sozdizimsel karmasiklif1 negatif yonde yordadigi bulunmustur. Fakat, 6zel
olarak ikonik jest kullanimi, karmasik s6zdiziminin 6nemli bir belirleyicisi
degildi. Bu ¢alisma, farkli jest tiirlerinin farkli yas gruplar i¢in degisken ve
cesitli islevler tasiyabilecegini, jest ve sozlii dil arasindaki iliskinin ise yasa
bagli biligsel degisimlerden etkilenerek farklilagabilecegine  dikkat
¢ekmektedir.

Anahtar sozciikler: jest, sozli dil, s6zdizimsel karmasiklik, yaglanma

1 Introduction

Individuals communicate multimodally as speech production process is mostly
accompanied by hand movements called co-speech gestures. How and when
speech and gesture are combined to convey a message, and whether these two
modalities represent one single system or not have been popular questions in the
literature (Alibali et al., 2000; Hostetter & Alibali, 2008; Kita, 2000; Kita &
Ozyiirek, 2003; McNeill, 1992). Speech and gesture might rely on the same
system as they are semantically and temporally coordinated (McNeill, 1992). On
the other hand, the two modalities might originate from separate systems that
deeply interact with each other (e.g., Kita & Ozyiirek, 2003). Research has
suggested that gesturing might help speech production (Krauss et al., 2000; Ozer
et al.,, 2017; Rauscher et al., 1996), particularly when individuals explain
concepts that are hard to conceptualize (Kita et al., 2017; Morsella & Krauss,
2004). However, the nature of the interplay between speech and gesture
production mechanisms remains unclear. Research demonstrated that using
gestures affect the speech quality as people are more fluent (Rauscher et al.,
1996) and produce syntactically more complex sentences when they gesture
(Jenkins et al., 2017). Experimentally restricting hand use is linked to the
production of less complex sentences, suggesting that gesturing decreases
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cognitive load and thus, enables individuals to construct complex forms of
grammar (Jenkins et al., 2017).

Although multimodal communication has been widely targeted in the adult
population, there is limited research on multimodal communication of different
age groups, such as in healthy aging (e.g., Arslan & Goksun, 2021, 2022; Cohen
& Borsoi, 1996; Feyereisen & Havard, 1999; Schubotz et al., 2019, 2020).
Language use, both speech and gesture, undergoes certain changes as people age.
For example, older adults’ discourse is mostly composed of grammatically
simple sentences (Kemper, 1987; Kemper et al., 2001), and they produce fewer
complex gestures (e.g., iconic gestures that refer to concrete or abstract notions
such as drawing a circle with fingers to mean ball) compared to their younger
counterparts (Cohen & Borsoi, 1996; Feyereisen & Havard, 1999). It is because
their language skills are negatively affected by a decay in cognitive resources
(Burke & Shafto, 2004). Therefore, constructing grammatically complex
sentences and producing complex forms of gestures (e.g., iconic gestures) might
be challenging for older individuals. Given the close link between gesture and
speech in language production, healthy aging might provide an interesting
picture into the interplay between speech and gesture. Thus, further research is
required to understand whether speech-gesture coordination reveals different
patterns across younger and older age groups.

This study focuses on speech and gesture production of younger and older
adults when they describe paintings. To better understand the possible interplay
between speech and gesture across different age groups, we inquire whether and
how (1) grammatical (syntactic) complexity and (2) gesture use, particularly the
use of iconic gestures differs across younger vs. older adults. We also ask whether
and how (3) gesture use and grammatical complexity are related across younger
vs. older age groups.

1.1 The Basics of Gesture

Gestures can be defined as a form of nonverbal communication tool that consists
of hand, head, or body movements. Our focus in this study, like in many others,
is on hand movements that accompany speech. McNeill (1992) differentiated
among different co-speech gesture types. Iconic gestures are hand movements
that refer to concrete or abstract notions (e.g., drawing a circle with fingers to
mean ball or leaving a large space between two hands to mean a big idea). There
are also pointing gestures (e.g., pointing at something with finger(s) or hand(s))
and beat gestures, which are rhythmical hand movements that go along with the
prosody of speech without directly carrying a propositional content. On the other
hand, an emblem conveys a message understood by almost everyone without a
need for a verbal statement (e.g., thumbs-up sign to mean okay). Among these
gestures, iconic gestures are suggested to be complex forms that are closely and
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positively linked to one’s language skills (Kita & Ozyiirek, 2003; Ozer &
Goksun, 2020). Iconic gestures also emerge late in developmental timeline
compared to other gesture types (Iverson et al., 1994; Nicoladis et al., 1999;
Ozcaligkan & Goldin-Meadow, 2005). These gestures are cognitively more
demanding than pointing gestures as they require to link a referent and its
affordances with the gesture form (Ozgaliskan et al., 2012).

1.2 Gesture and Speech in Interaction

From a developmental perspective, gestures are considered to aid early language
skills, as children combine gestures with words in the way of achieving language
competency (Iverson & Goldin-Meadow, 2005). Gesture-word combinations
help children express complex ideas that they cannot produce solely with words
yet (Ozgaliskan & Goldin-Meadow, 2005). Using gestures with words might also
save cognitive effort (Goldin-Meadow et al., 2001), improving children’s ability
to construct linguistically complex forms.

Previous research with adults has also suggested that using gestures,
particularly iconic gestures, might enhance the speech production process by
facilitating lexical retrieval (Krauss et al., 2000; Morsella & Krauss, 2004;
Rauscher et al., 1996). Gestures also help individuals conceptualize information
by activating, manipulating, and packaging information units (Kita et al., 2017).
When individuals gesture, their task performance increases, particularly for the
spatial content (Chu & Kita, 2011). As tasks become more difficult, people
gesture more and use more iconic gestures to handle the cognitive load (Melinger
& Kita, 2007) and ease the conceptualization of stimuli (Kita & Davies, 2009).
Iconic gestures might come into play where the demand for working memory
sources is high.

Gesturing might also aid individuals form mental images in working memory
and ease word retrieval (Wesp et al., 2001). People gesture more when they
describe images that are not visually present (Morsella & Krauss, 2004; Wesp et
al., 2001) as removing stimuli requires people to recreate the image in their
working memory to describe it. Similarly, restraining gesture use impairs the
language production process, resulting in disfluent speech segments (Morsella &
Krauss, 2004; Ozer et al., 2017; but also see Avci et al., 2022). These findings
together suggest that gesture and speech production are closely related as
gestures enhance speech production processes.

Gesture use is also associated with the grammatical complexity of speech.
Jenkins et al. (2017) examined the content, length, grammatic complexity, and
organization of adults’ narratives. In one condition, participants spontaneously
gestured, and in the other, gesture use was restricted by instructing subjects to
grip the bottom of their seats. They found that individuals’ narratives were
similar in terms of length and content across the two conditions. However, their
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discourse was better organized and grammatically more complex in the
spontaneous gesture condition than in the gesture restricted condition. One could
suggest that gesturing might facilitate conceptualization and save cognitive
sources, enabling individuals to construct more complex sentences. It is
important to note that although Jenkins et al. (2017) focused on gesture use, they
did not differentiate between specific gesture categories.

In sum, gesture use might facilitate speech production processes which are
manifested in better conceptualization of the message-to-be-spoken, more fluent
speech and higher grammatical complexity.

1.3 Aging and Multimodal Language

Individuals’ cognitive and motor skills are influenced by the aging process
(Mather, 2010). Age-related changes are also observed in speech (Burke &
Shafto, 2004). Older adults experience more tip of the tongue states (Burke et al.,
1991) and reveal higher disfluency rates than younger adults (Bortfeld et al.,
2001). Older adults also produce fewer grammatically complex sentences than
their younger counterparts (Kemper, 1987; Kemper et al., 2001). Although
younger and older age groups gesture at comparable rates, older adults use fewer
representational gestures (e.g., iconic concrete and abstract) than younger adults
(Arslan & Goksun, 2021; Cohen & Borsoi, 1996; Feyereisen & Havard, 1999).

Age-related changes in syntactic complexity have been studied across several
tasks. In a longitudinal study, Snowdon et al. (1996) obtained autobiographical
writing samples from individuals first when they were in their 20s and then again
after 58 years. The writing samples of the first time point were grammatically
more complex than the ones at the second time point. Studies using storytelling
and picture description tasks to obtain speech samples from healthy adults reveal
complementary results. When participants were asked to tell stories, older adults
produced shorter and grammatically fewer complex sentences than middle-aged
and younger adults (Kemper et al., 1990). Similarly, Marini et al. (2005) showed
that both in a single and a sequential picture description task, the grammatical
complexity of speech was lower in the older age group than the younger and the
middle-aged adults (see also Cooper, 1990). However, studies using life story
interviews reveal mixed results. Glosser and Deser (1992) showed that although
older individuals’ speech was syntactically less complex than speech of middle-
aged adults, the difference was not statistically significant. In contrast, Kynette
and Kemper (1986) showed that 50-year-old adults produced grammatically
more complex speech than 70- and 80-year-olds, who rather relied on simple
grammatical forms. Together, these findings suggest that age of the individuals
seem to be a factor of older adults’ complex language use.

Previous research has suggested that age group differences in language
production appear mostly when individuals perform a cognitively demanding
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task (Arslan & Goksun, 2021; Bortfeld et al., 2001), in which they are
constrained by the context of their upcoming linguistic output (Kemper et al.,
2011). Constrained tasks, such as picture description, are cognitively demanding
as they narrow down the context by requiring individuals to inhibit responses
related to personal experiences (for a review, see Mortensen et al., 2006).
Although younger and older individuals’ speech samples are mostly similar
when they talk about their personal experiences (Arbuckle et al., 2000), older
adults have some difficulties in picture naming and description tasks (Mortensen
etal., 2006). Similarly, Arslan and G6ksun (2021) showed that younger and older
age groups’ representational gesture use differed only when individuals
described an address rather than their daily activities. Therefore, using either
spatial or constrained tasks might be critical to grasp age group differences in
speech and gesture production.

Studies focusing on age-related changes in language mostly target either
speech or gesture production. It is important to examine gesture and speech in a
relational manner across different age groups as speech and gesture are
coordinated both during language production and comprehension (McNeill,
1992). They bidirectionally influence each other by serving as a context for the
interpretation of the other (Hostetter & Alibali, 2008; Kita & Ozyﬁrek, 2003;
Krauss et al., 2000). Ozer and colleagues (2017) examined how younger and
older adults’ spatial speech (describing routes on a map) change across
spontaneous-gesture and restricted-gesture conditions. Results showed that
younger and older adults used comparable levels of gestures in their spontaneous
route descriptions. However, older adults produced more spatial speech (e.g.,
landmark, direction) when they were restricted to use gestures compared to their
spontaneous speech, whereas young adults produced comparable levels of spatial
language in both conditions. This suggests that gesture use might be important
for speech production processes, particularly for older individuals. In a similar
vein, older adults’ use of fewer iconic gestures (Arslan & Goksun, 2021, 2022;
Cohen & Borsoi, 1996, Feyereisen & Havard, 1999) might be linked to their
decreasing syntactically complex sentence production.

1.4 The Present Study

Understanding the effects of aging on language requires a multimodal approach
(see Goksun et al., 2022). This study examines age-related effects on multimodal
communication by focusing on the link between gesture production and
grammatical complexity of speech across younger and older adults. We ask
whether gesture use is associated with the grammatical complexity within and
across the age groups. Since difficult tasks elicit more gestures (Kita & Davies,
2009; Melinger & Kita, 2007) and reveal age group differences in language
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(Arslan & Goksun, 2021; Bortfeld et al., 2001), we used a picture description
task consisting of three paintings with abstract contents.

We expect that (1) older adults would produce grammatically less complex
speech than younger adults (Kemper et al., 1990; Marini et al., 2005), (2)
although the two age groups might gesture at similar rates, older adults would
use less iconic gestures compared to younger age group (Arslan & Goksun, 2021;
Cohen & Borsoi, 1996; Feyereisen & Havard, 1999). For the relation between
gesture use and grammatical complexity, we expect gesture use to predict the
grammatical complexity of speech either positively as in Jenkins et al., (2017),
or negatively as individuals with high verbal skills use fewer gestures (Hostetter
& Alibali, 2007). However, since iconic gestures are generally studied in relation
to facilitate conceptualization (Kita et al., 2017) and speech production (Krauss
et al.,, 2000), we hypothesize that the use of iconic gestures, observed less
frequently in older adults, would also be positively associated with more complex
speech.

2 Methods
2.1 Participants

We tested a total of 60 healthy Turkish native speakers. Half of them were
younger (17 females), and the other half were older adults (16 females). The age
range for younger adults was 18-25 (Mage = 21.43, SD = 1.38) and for older
adults was 60-75 (Mage = 65.97, SD = 4.45). To check whether older adults
revealed a sign of cognitive impairment, we used the Standard Mini Mental Test
(Giingen et al., 2002). All participants in the older age group scored higher than
25 out of 30 while the cut-off score was 24. The study was approved by the XX
University Ethical Committee on Human Research (2018.276.IRB3.195).
Informed consents of participants were obtained before the experiment. We gave
1 course credit to individuals who participated through the university’s subject
pool. The rest of the participants volunteered to participate and did not receive a
reward in return.

2.2 Materials

A picture description task composed of A4 size pictures of three paintings
(Appendix A) was used to obtain spontaneous gesture and speech samples. The
pictures were acquired via online search. We mainly aimed to use abstract
pictures since abstract contexts frequently elicit gestures (Kita & Davies, 2009;
Melinger & Kita, 2007). We conducted an online norming study with 35 adults
to check whether these pictures were viewed abstract. They were asked to rate
the pictures from 1 (totally abstract) to 5 (totally concrete). As we expected, the
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pictures were rated as being close to the abstract end of the rating scale (M =
1.65, SD = 0.51).

2.3 Procedure

Participants were asked to sit in front of a table and fill a demographic form. We
then gave them three A4 size painting pictures and asked them to describe each
picture. Participants were free to choose the order of the pictures. We asked
participants to leave some space between the table and their seats to ensure that
their hands are visible and free. For the same reason, we asked them not to hold
the pictures but to use the holder to place them. However, we did not mention
anything related to speech or gesture production to prevent a bias. Participants
completed the picture description task in a seated position. There was no time
limitation. The sessions were videotaped for transcription and coding.

2.4 Coding
2.4.1 Grammatical (syntactic) complexity

For each participant, we transcribed Turkish speech samples in Microsoft Excel
files. We used the coding schema of Berman and Slobin (1994) by parsing
discourse into verbed clauses, ““...expressing a single situation (activity, event,
or state)” (Berman & Slobin, 1994, p.660) and placing them sequentially per line.
A clause consists of at least one predicate. If a clause included a single predicate,
it was coded as a simple clause (e.g., There are different colors). If, under a single
clause, two or more predicates were linked with conjunctions (e.g., and, or, but),
adverbials (e.g., while, when), relative clauses (e.g., I see that there are different
colors), reported speeches, or if-then statements, it was considered a complex
clause (for a detailed coding table for the Turkish language, see Kizildere et al.,
2020). It is important to highlight that this coding schema is mainly based on the
extent to which the sentences are embedded, and it does not concern with the
number of morphemes, functional categories, and argument structures. The total
number of complex clauses was divided by the total number of clauses to
calculate the grammatical complexity score for each participant. The coding was
done by two trained assistants. Another trained assistant independently coded
20% of participants with a high interrater reliability both with the first (» = .99,
p <.001), and the second coder (r = .99, p <.001).

2.4.2 Gesture

We used ELAN software (Lausberg & Sloetjes, 2009) to code gestures. We
coded iconic gestures, along with deictic, beat, and emblem gestures (McNeill,
1992). All participants’ gestures were coded both by the first author and a
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research assistant. The gesture rates suggested by the coders were strongly
correlated (= .87, p <.001). The interrater agreement was also high in terms of
categorizing gestures (kK = .86, p < .001). We then counted the total number of
words each participant produced to describe paintings. The overall gesture
frequency was calculated for each participant by dividing the total number of
gestures by the total word count. Gesture frequency for specific categories was
also calculated per words.

3 Results
3.1 Speech

We conducted an independent samples #-test to see whether younger and older
adults differed in terms of the total amount of speech produced. Results indicated
that younger adults (M = 223.83, SD = 100.66) produced more words than older
ones (M =115.33, SD = 85.43), t (58) =4.50, p < .001, d = 1.16.

3.2 Grammatical Complexity of Speech

We carried out an independent samples #-test to examine whether the proportion
of complex clauses in the total number of clauses differed between the younger
and the older age groups. Results showed that younger adults’ speech (M = .50,
SD = .21) was grammatically more complex compared to those of older adults
(M= .39, 8D =.22),¢(58)=2.00, p=.050,d = .51.

3.3 Gesture Production

We conducted independent samples t-tests to examine whether gesture
frequencies differed between the younger and the older adults. Results indicated
that younger and older adults were similar in terms of overall gesture frequency,
t (58) = .30, p > .05, d = .08. However, the frequency of using iconic gestures
was higher for the younger (M = .07, SD = .04) than the older age group (M =
.03, 8D =.03), ¢ (58)=3.64,p=.001,d=.1.13.

3.4 Gesture and Speech

We carried out a hierarchical linear regression analysis to predict the
grammatical complexity of speech samples. The predictor variables were age
group (younger or older) and overall gesture frequency. Results indicated a
significant regression equation, F (2,59) = 5.70, p = .006, with an R? of .167.
Both age group (f =-.267, p = .032) and overall gesture frequency (f = -.320, p
= .011) significantly predicted the grammatical complexity of speech. Adding
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the interaction term between age group and overall gesture frequency to the
model did not change the results, and this interaction was not significant (f =
421, p > .05). When we ran the same regression analysis replacing the overall
gesture frequency with iconic gesture frequency, the model turned out to be non-
significant, F (2,59) = 3.02, p > .05, with an R? of .096. Bivariate correlations
among these variables indicated that grammatical complexity was significantly
negatively associated with overall gesture frequency, p = .016, but not with
iconic gesture use, p > .05 (see Table 1).

Table 1. Correlations for main variables

1 2 3
1. Grammatical complexity - - -
2. Overall gesture frequency -.309* - -
3. Iconic gesture frequency -.050 .680** -

Note. *p<.05; **p<.001; N= 60.

4 Discussion

This study examined grammatical complexity and spontaneous gesture
production of younger and older adults by a picture description task. We
investigated whether grammatical complexity and gesture use differed between
the two age groups and whether gesture use, especially iconic gesture production,
was associated with the use of complex syntax. We found that younger adults
produced more words to describe paintings, and their discourse was
grammatically more complex than older adults’. Although the two age groups’
gesture rates were comparable, older individuals less frequently used iconic
gestures than younger ones. We also showed that, regardless of age, overall
gesture frequency negatively predicted the grammatical complexity. However,
iconic gesture frequency was not a significant predictor of the use of complex
syntax.

As we expected, using a structured picture description task revealed age
group differences both in speech and gesture production. Since the task required
focusing on a single domain, it restricted individuals to mention their daily
activities or past experiences. In our study, older adults’ speech was shorter and
less complex than their younger counterparts, suggesting that producing a
syntactically complex sentences while abiding by a specific context was
relatively more difficult for the older age group (Kemper et al., 1990; Marini et
al., 2005). Similarly, in line with Arslan and Goksun (2021), using a constrained
and difficult task elicited age group differences not in overall gesture frequency
but in iconic gesture use. The painting pictures we used were not easy to
conceptualize as they were abstract paintings. As gestures mostly come into play
when the conceptualization load is high (Kita & Davies, 2009), using a difficult
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task, as in our study, encouraged gesture production and revealed age-related
differences in gesture.

Our results partially support Jenkins et al. (2017) as we found that overall
gesture use was associated with syntactic complexity. However, although
Jenkins et al. (2017) suggested a positive association between the use of both
modalities, we found that, regardless of age, overall gesture frequency negatively
predicted the grammatical complexity of speech. There can be different reasons
for these contrasting findings. First, the results of Jenkins et al. (2017) might not
be conclusive as it is based on only ten adults. Our sample size is larger as we
recruited thirty younger and thirty older adults. Second, Jenkins et al. (2017) used
a sequential picture description task, where participants described the pictures of
a storybook. Different from the single picture tasks, sequential picture
description tasks encourage narrative production as they consist of a series of
events that are contextually and temporally related (Capilouto et al., 2005).
Although Marini et al. (2005) did not find an effect of using sequential or single
picture tasks on syntactic complexity with older adults, the pictures we used did
not include simple items such as the commonly used Cookie Theft picture
(Goodglass & Kaplan, 1983). Rather, the pictures we presented were relatively
abstract, irrelevant to each other, and difficult to conceptualize. Therefore,
increased task difficulty in our study might have interacted with cognitive
mechanisms associated with multimodal language, indicating a different aspect
of gesture and speech interaction.

If gesture and speech represented a single unified system (McNeill, 1992),
we would expect syntactic complexity to increase when more gestures are
produced, as in Jenkins et al. (2017). However, the negative association between
gesture frequency and grammatical complexity in our study signal that gesture
and speech might be originated from different but interrelated mechanisms (Kita
& Ozyiirek, 2003). Individuals might differ from each other in terms of using
verbal and gestural communication tools. For instance, people with lower verbal
but higher visuospatial skills were found to gesture more (Hostetter & Alibali,
2007). Therefore, understanding individual differences in cognitive skills might
be critical to understand the gesture-speech interaction (Ozer & Goksun, 2020).
Unlike Jenkins et al. (2017) that solely focused on overall gesture production, we
further differentiated between gesture categories by focusing on the iconic
gesture category. As iconic gestures facilitate lexical retrieval (Krauss et al.,
2000) and the conceptualization process (Kita et al., 2017), we hypothesized that
older adults’ fewer iconic gesture use might be associated with their decreased
syntactic complexity. However, iconic gesture frequency did not predict to what
extent individuals produced complex syntax. These findings lead us to draw two
conclusions. First, carrying a propositional content might not be unique to iconic
gestures. As each word has a function in speech, each gesture might have a role
in a coordinated multimodal system, which might, in turn, influence speech



212 Dilbilim Arastirmalary Dergisi — 2023 / 2

quality. Second, rather than studying gesture and speech interaction from an age
group perspective, focusing on individual differences might be essential. The
effects of aging on multimodal communication might be mediated by individual
differences in cognitive skills (for a review, see Ozer & Goksun, 2020).

Author Contributions: This research and all stages related to the research were conducted by
all three authors. Burcu Arslan served as lead for data curation, formal analysis, and writing
the original manuscript. Demet Ozer served in reviewing the original draft of the manuscript
and editing. Tilbe Goksun served in for funding acquisition, writing-review and editing, and
supervision.

Submission statement and verification: This study has not been previously published
elsewhere. It is not under review in another journal. Publication of the study has been approved,
either implicitly or explicitly, by all authors and the responsible authorities at the
university/research center where the study was conducted. If the study is accepted for
publication, it will not be published in the same form in another printed or electronic medium
in Turkish or any other language without the written permission of the Journal of Linguistic
Research.

Conflict of Interest Statement: The authors declare that there are no financial or academic
conflicts of interest between themselves or with other institutions, organizations or individuals
that may affect this study.

Data Use: No data was used in this study.

Ethical Approval/Participant Consent: Ko¢ University Ethical Committee on Human
Research approval dated 07.11.2018 and numbered 2018.276.IRB3.195 was obtained from the
Ethics Committee. Participants were informed about the research and informed consent was
obtained from the participants).

Financial Support: This study is financially supported by Outstanding Young Scientist Award
given to Tilbe Goksun by the Turkish Academy of Sciences (TUBA-GEBIP) in 2018.

References

Alibali, M. W., Kita, S., & Young, A. J. (2000). Gesture and the process of speech
production: We think, therefore we gesture. Language and Cognitive Processes,
15(6), 593-613.

Arbuckle, T. Y., Nohara-LeClair, M., & Pushkar, D. (2000). Effect of off-target verbosity
on communication efficiency in a referential communication task. Psychology and
Aging, 15(1), 65-77.

Arslan, B. & Goksun, T. (2021). Aging, working memory, and mental imagery:
Understanding gestural communication in younger and older adults. Quarterly
Journal of Experimental Psychology, 74(1), 29-44.

Arslan, B., & Goksun, T. (2022). Aging, gesture production, and disfluency in speech: A
comparison of younger and older adults. Cognitive Science, 46(2), e13098.

Avcy, C., Arslan, B., & Goksun, T. (2022). Gesture and Speech Disfluency in Narrative
Context: Disfluency Rates in Spontaneous, Restricted, and Encouraged Gesture
Conditions. In J. Culbertson, A. Perfors, H. Rabagliati & V. Ramenzoni (Eds.),
Proceedings of the 44th Annual Conference of the Cognitive Science Society (pp.
1912- 1917). Austin, TX: Cognitive Science Society.

Berman, R. A., & Slobin, D. 1. (1994). Relating events in narrative: A cross-linguistic
developmental study. Hillsdale, NJ: Erlbaum.



Burcu Arslan — Demet Ozer — Tilbe Goksun 213

Bortfeld, H., Leon, S. D., Bloom, J. E., Schober, M. F., & Brennan, S. E. (2001).
Disfluency rates in conversation: Effects of age, relationship, topic, role, and gender.
Language and Speech, 44(2), 123-147.

Burke, D. M., MacKay, D. G., Worthley, J. S., & Wade, E. (1991). On the tip of the
tongue: What causes word finding failures in young and older adults?. Journal of
Memory and Language, 30(5), 542-579.

Burke, D. M., & Shafto, M. A. (2004). Aging and language production. Current
Directions in Psychological Science, 13(1), 21-24.

Capilouto, G., Wright, H. H., & Wagovich, S. A. (2005). CIU and main event analyses of
the structured discourse of older and younger adults. Journal of Communication
Disorders, 38(6), 431-444.

Chu, M., & Kita, S. (2011). The nature of gestures' beneficial role in spatial problem
solving. Journal of Experimental Psychology: General, 140(1), 102.

Cohen, R. L., & Borsoi, D. (1996). The role of gestures in description-communication: A
cross-sectional study of aging. Journal of Nonverbal Behavior, 20(1), 45-63.

Cooper, P. V. (1990). Discourse production and normal aging: Performance on oral
picture description tasks. Journal of Gerontology, 45(5), P210-P214.

Feyereisen, P., & Havard, 1. (1999). Mental imagery and production of hand gestures
while speaking in younger and older adults. Journal of Nonverbal Behavior, 23(2),
153-171.

Glosser, G., & Deser, T. (1992). A comparison of changes in macrolinguistic and
microlinguistic aspects of discourse production in normal aging. Journal of
Gerontology, 47(4), P266-P272.

Goodglass, H., & Kaplan, E. (1983). The Boston Naming Test. Philadelphia, PA: Lea and
Febriger.

Goldin-Meadow, S., Nusbaum, H., Kelly, S. D., & Wagner, S. (2001). Explaining math:
Gesturing lightens the load. Psychological Science, 12(6), 516-522.

Goksun, T., Ozer, D., & Akbiyik, S. (2022). Gesture in the aging brain. In A. Morgenstern
& S. Goldin-Meadow (Eds.), Gesture in language: Development across the lifespan
(pp- 269-293). De Gruyter Mouton; American Psychological Association.

Gilingen, C., Ertan, T., Eker, E., Yasar, R., & Engin, F. (2002). Reliability and validity of
the standardized Mini Mental State Examination in the diagnosis of mild dementia in
Turkish population. Turk Psikiyatri Dergisi= Turkish Journal of Psychiatry, 13(4),
273-281.

Hostetter, A. B., & Alibali, M. W. (2007). Raise your hand if you’re spatial: Relations
between verbal and spatial skills and gesture production. Gesture, 7(1), 73-95.

Hostetter, A. B., & Alibali, M. W. (2008). Visible embodiment: Gestures as simulated
action. Psychonomic Bulletin & Review, 15(3), 495-514.

Iverson, J. M., Capirci, O., & Caselli, M. C. (1994). From communication to language in
two modalities. Cognitive Development, 9(1), 23-43.

Iverson, J. M., & Goldin-Meadow, S. (2005). Gesture paves the way for language
development. Psychological Science, 16(5), 367-371.

Jenkins, T., Coppola, M., & Coelho, C. (2017). Effects of gesture restriction on quality of
narrative production. Gesture, 16(3), 416-431.

Kemper, S. (1987). Life-span changes in syntactic complexity. Journal of Gerontology,
42(3), 323-328.



214 Dilbilim Arastirmalary Dergisi — 2023 / 2

Kemper, S, Rash, S, Kynette, D, & Norman, S. (1990). Telling stories: The structure of
adults' narratives. European Journal of Cognitive Psychology, 2(3), 205-228.

Kemper, S, Schmalzried, R, Herman, R, & Mohankumar, D. (2011). The effects of
varying task priorities on language production by young and older adults.
Experimental Aging Research, 37(2), 198-219.

Kemper, S., Thompson, M., & Marquis, J. (2001). Longitudinal change in language
production: effects of aging and dementia on grammatical complexity and
propositional content. Psychology and Aging, 16(4), 600.

Kita, S. (2000). How representational gestures help speaking. In D. McNeill (Ed.),

Language and gesture (pp.

162-185). Cambridge: Cambridge University Press.

Kita, S., Alibali, M. W., & Chu, M. (2017). How do gestures influence thinking and
speaking? The gesture-for-conceptualization hypothesis. Psychological Review,
124(3), 245.

Kita, S., & Davies, T. S. (2009). Competing conceptual representations trigger co-speech
representational gestures. Language and Cognitive Processes, 24(5), 761-775.

Kita, S., & Ozyiirek, A. (2003). What does cross-linguistic variation in semantic
coordination of speech and gesture reveal?: Evidence for an interface representation
of spatial thinking and speaking. Journal of Memory and Language, 48(1), 16-32.

Kizildere, E., Aktan-Erciyes, A., Tahiroglu, D., & Goksun, T. (2020). A multidimensional
investigation of pretend play and language competence: Concurrent and longitudinal
relations in preschoolers. Cognitive Development, 54, 100870.

Krauss, R. M., Chen, Y., & Gottesman, R. F. (2000). Lexical gestures and lexical access:
A process model. In D. McNeill (Ed.), Language and gesture (pp. 261-283).
Cambridge: Cambridge University Press.

Kynette, D., & Kemper, S. (1986). Aging and the loss of grammatical forms: A cross-
sectional study of language performance. Language and Communication, 6(1/2), 65-
72.

Lausberg, H., & Sloetjes, H. (2009). Coding gestural behavior with the NEUROGES-
ELAN system. Behavior Research Methods, 41(3), 841-849.

Marini, A, Boewe, A, Caltagirone, C, & Carlomagno, S. (2005). Age-related Differences
in the Production of Textual Descriptions. Journal of Psycholinguistic Research,
34(5), 439-463.

Mather, M. (2010). Aging and cognition. Wiley Interdisciplinary Reviews: Cognitive
Science, 1(3), 346-362.

McNeill, D. (1992). Hand and mind: What gestures reveal about thought. Chicago, IL:
University of Chicago Press.

Melinger, A., & Kita, S. (2007). Conceptualization load triggers gesture production.
Language and Cognitive Processes, 22(4), 473-500.

Morsella, E., & Krauss, R. M. (2004). The role of gestures in spatial working memory and
speech. The American Journal of Psychology, 117, 411-424.

Mortensen, L., Meyer, A. S., & Humphreys, G. W. (2006). Age-related effects on speech
production: A review. Language and Cognitive Processes, 21(1-3), 238-290.

Nicoladis, E., Mayberry, R. 1., & Genesee, F. (1999). Gesture and early bilingual
development. Developmental Psychology, 35(2), 514.



Burcu Arslan — Demet Ozer — Tilbe Goksun 215

Ozgahiskan, S., Gentner, D., & Goldin-Meadow, S. (2012). Do iconic gestures pave the
way for children’s early verbs? Applied Psycholinguistics, 35(6), 1143—-1162.

Ozgaliskan, S., & Goldin-Meadow, S. (2005). Gesture is at the cutting edge of early
language development. Cognition, 96(3), B101-B113.

Ozer, D., Tansan, M., Ozer, E. E., Malykhina, K., Chatterjee, A., & Goksun, T. (2017).
The effects of gesture restriction on spatial language in young and elderly adults. In
G. Gunzelmann, A. Howes, T. Tenbrink & E. Davelaar (Eds.), Proceedings of the
38th annual conference of the Cognitive Science Society (pp. 1471-1476). Cognitive
Science Society.

Ozer, D., & Goksun, T. (2020). Gesture use and processing: A review on individual
differences in cognitive resources. Frontiers in Psychology, 11.

Rauscher, F. H., Krauss, R. M., & Chen, Y. (1996). Gesture, speech, and lexical access:
The role of lexical movements in speech production. Psychological Science, 7(4),
226-231.

Schubotz, L., Holler, J., Drijvers, L., & Ozyiirek, A. (2020). Aging and working memory
modulate the ability to benefit from visible speech and iconic gestures during speech-
in-noise comprehension. Psychological Research, 1-15.

Schubotz, L., Ozyiirek, A., & Holler, J. (2019). Age-related differences in multimodal
recipient design: younger, but not older adults, adapt speech and co-speech gestures
to common ground. Language, Cognition and Neuroscience, 34(2), 254-271.

Snowdon, D. A., Kemper, S. J., Mortimer, J. A., Greiner, L. H., Wekstein, D. R., &
Markesbery, W. R. (1996). Linguistic ability in early life and cognitive function and
Alzheimer's disease in late life: Findings from the Nun Study. Jama, 275(7), 528-532.

Wesp, R., Hesse, J., Keutmann, D., & Wheaton, K. (2001). Gestures maintain spatial
imagery. The American Journal of Psychology, 114(4), 591.



216 Dilbilim Arastirmalart Dergisi — 2023 /2

Astral Nebula by Hans Hoffman



