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A B S T R A C T

Children often use gestures to express concepts before expressing them in speech, particularly in 
domains rich in visual-spatial information. For example, spatial relations such as left-right are 
cognitively and linguistically challenging for children. Consequently, 8-year-olds struggle to 
convey these complex relations verbally, but they frequently rely on gestures to describe these 
spatial concepts informatively. This study builds on this prior work on the descriptions of left- 
right relations to investigate further (1) the differing functions of gestures (complementary or 
redundant) in relation to speech in both children and adults; (2) the change in semantic infor
mation conveyed in both of these types of gestures in childhood to adulthood, aiming to shed light 
on the interaction between spatial language and spatial cognitive development. Eight-year-old 
and adult monolingual Turkish speakers described pictures of objects in left-right spatial re
lations shown among a quartet of other types of spatial relations between these objects. Results 
demonstrated that when describing left-right relations between objects, children, compared to 
adults, provided more under-informative descriptions (i.e., using “side” instead of “left-right”) in 
speech but used complementary gestures to convey missing information multimodally. Adults 
already used informative spatial terms in speech and used gestures mostly redundantly. More
over, children showed a preference for iconic gestures depicting the relative locations of objects 
over directional pointing gestures indicating single locations, especially when gestures com
plemented speech. In contrast, adults showed no reliable preference for either gesture type. These 
results indicate the significance of gestures as mechanisms of change, alongside speech, in spatial 
language and cognition, particularly in the context of describing cognitively complex left-right 
spatial relations between objects.

Children, from an early age, learn how to map linguistic labels of their own language to objects, relations, actions, and events 
surrounding them. This can often be challenging for children, especially when they need to express cognitively complex and chal
lenging relations, actions, and events. In such instances, children often express these concepts through gestures before expressing them 
in speech (see Avcılar et al., 2021; Goldin-Meadow, 2015; Karadöller el., 2025a, b for reviews). This is seen especially in domains that 
are rich in visual-spatial information (e.g., Austin & Sweller, 2018; Calero et al., 2019; Furman et al., 2014; Göksun et al., 2010; 
Hostetter & Alibali, 2008; Karadöller et al., 2021, 2024; Kita, 2000; Miller et al., 2020; Ünal et al., 2025, 2026; Sauter et al., 2012; 
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Sekine, 2009; Sekine, 2020). However, how the relationship between speech and gesture develops and changes into adulthood is less 
understood. It is also less explored how the semantic information conveyed in such gestures varies in relation to speech and across 
children and adults. In this study, we seek to investigate how the relationship between speech and gesture differs in childhood and 
adulthood in encoding cognitively challenging spatial relations. To do so, we focused on descriptions of left-right relations by 
monolingual Turkish-speaking 8-year-old children and adults and investigated (1) the differing functions of gestures (complementary 
or redundant) in relation to speech among children and adults; (2) the change in semantic information conveyed in gestures (i.e., iconic 
gestures depicting relative locations of objects or directional pointing gestures indicating single locations for left/right space) in 
relation to speech and in childhood and adulthood. This will inform our understanding of the possible role of gestures at the interface 
between spatial language and cognitive development.

We will first synthesize what has been suggested on the role of co-speech gestures in spatial language and cognitive development. 
Next, we will focus on the domain of conceptually challenging left-right spatial relations between objects, where this role has recently 
been shown to be more noticeable. Finally, we will introduce our hypotheses and report our experimental design investigating whether 
and how the role of speech and gestures in spatial descriptions differs between childhood and adulthood to better understand the role 
of gestures in spatial language development and cognition, drawing evidence from Turkish-speaking children and adults.

1. Role of co-speech gestures in development of spatial language and spatial cognition

Human communication frequently relies on visual-spatial articulators such as gestures (Kendon, 2004; Kita & Özyürek, 2003; 
McNeill, 1992, 2005; Özyürek, 2014, 2018). Co-speech gestures have different affordances than speech for representing and packaging 
visual-spatial information (Kita et al., 2017; Kita, 2000). While speech conveys information in arbitrary and linear ways (Levelt, 1980, 
1981), gestures convey information in a holistic manner by integrating meaning elements into a single expression (McNeill, 1992) and 
typically accompanying speech simultaneously (Slonimska et al., 2020, 2021, 2022).

In the context of spatial relations, iconic gestures visually represent the size and shape properties of objects, spatial arrangements 
between objects, and spatial events through hand shapes, movements, or the relative positioning of the hands (McNeill, 1992). These 
gestures exhibit visually-motivated similarities between the handshapes and the spatial properties of the objects, event components, 
locations, or directions depicted (e.g., Furman et al., 2014; Göksun et al., 2010; Karadöller et al., 2024).

Prior work has shown that children express information about some concepts in gestures before expressing them in speech (e.g., 
Avcılar et al., 2021; Alibali & Goldin-Meadow, 1993; Alibali & Kita, 2010; Capone & McGregor, 2004; Church & Goldin-Meadow, 
1986; Goldin-Meadow, 2015; Kita et al., 2017). Such patterns are most evident in domains where visual-spatial information plays a 
central role, such as geometry (Calero, et al., 2019), caused motion events (Furman et al., 2014), instruments of causal actions (Göksun 
et al., 2010), spatial reasoning (Ehrlich et al., 2006; Miller et al., 2020), and route descriptions (Austin & Sweller, 2018; Sauter et al., 
2012; Sekine, 2009). In such domains, gestures are considered to play a critical role in spatial cognition and language, serving as a 
bridge between internal representations and communication (e.g., Alibali, 2005; Goldin-Meadow & Alibali, 2013; Hostetter & Alibali, 
2008). It is plausible that gestures help children express conceptually challenging concepts by physically grounding abstract mental 
representations. For example, when representing routes, children map their internal spatial concepts (i.e., directional sequences) onto 
external hand movements (e.g., gestures tracing the path; Austin & Sweller, 2018; Sauter et al., 2012; Sekine, 2009). This process 
leverages embodied experiences by utilizing sensorimotor knowledge via gestures before speech (Chu & Kita, 2008; Emmorey, 2014; 
Goldin-Meadow, 2016; Hostetter & Alibali, 2008; Imai & Kita, 2014; Motamedi et al., 2021, 2024). Thus, gestures serve as bridging 
tools that transform bodily experiences into communicable representations, scaffolding linguistic expression of complex ideas 
(Goldin-Meadow, 2015).

Previous research concentrates mainly on instances where gestures precede and function as complements to speech and how such 
instances play a role in spatial language and cognitive development. However, both adults (e.g., Cooperrider et al., 2016; Karadöller 
et al., 2021, 2024; Kita et al., 2017; McNeill, 2005; Peeters & Özyürek, 2016) and children (e.g., Capone & McGregor, 2004; Karadöller 
et al., 2021, 2025a, b; Ping & Goldin-Meadow, 2008) use gestures also redundantly, that is, when both speech and gestures convey 
similar information. Redundant gestures may reinforce spatial representations, particularly during cognitively challenging tasks 
(Alibali, 2005; Hostetter & Alibali, 2008). In development, such redundancy may help children acquire concepts through embodied 
reinforcement (Iverson & Goldin-Meadow, 2005). Although prior accounts of gesture in cognitive change have emphasized the 
importance of gestures that complement speech during transitional knowledge states—developmental moments characterized by 
emerging but not yet consolidated understanding (Goldin-Meadow, 2015), the accumulated evidence on gesture-speech redundancy 
suggests that such redundancy remains meaningful beyond these transitional periods.

Overall, both complementary and redundant uses of gestures underscore claims arguing for a multimodal nature of language 
(Hagoort & Özyürek, 2024; Karadöller et al., 2025b; Kendon, 2004) and demonstrate how speech and gestures are integrated systems 
of communication (see McNeil, 1992), with both complementary and redundant uses optimizing spatial encoding through sensori
motor grounding (e.g., Emmorey, 2014; Hostetter & Alibali, 2008; Imai & Kita, 2014; Motamedi et al., 2021, 2024; Perniss et al., 2010; 
Perniss & Vigliocco, 2014). Recent work has demonstrated that such uses of gestures extend to descriptions of object locations using 
locative terms that involve cognitively challenging left-right spatial relations between objects (Karadöller et al., 2021; Ünal et al., 
2025, 2026).

2. Developmental trajectory of different types of locative terms

Linguistic encoding of spatial relations between objects requires an explicit reference to the figure (the smaller, foregrounded 
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object) and ground (the larger, backgrounded object), as well as their spatial relation (Talmy, 1985). While some descriptions may 
adopt viewpoint-independent perspectives, left-right and front-behind depend on observer perspective (Landau, 2017; Levinson, 2003; 
Martin & Sera, 2006). Furthermore, front-behind can benefit from asymmetrical cues (visibility/occlusion) as well as mapping to the 
asymmetry of the body, whereas left-right lacks distinguishing cues, remaining symmetrical and, thus, being the most conceptually 
complex relation to describe.

The order in which children acquire locative terms may reflect this conceptual complexity (Johnston & Slobin, 1979), aligning with 
the view that linguistic input is mapped onto pre-existing conceptual representations (Arunachalam & Waxman, 2010; Hespos & 
Spelke, 2004). In this view, linguistic emergence patterns reflect underlying conceptual development (Clark, 1973; Dromi, 1987; 
Huttenlocher et al., 1983; Smiley & Huttenlocher, 1995). Prior empirical findings demonstrate that spatial terms like in, on, and under 
emerge around age two, followed by front and back, which emerge around age five; however, learning to encode left and right shows a 
protracted acquisition (Grigoroglou et al., 2019; Johnston & Slobin, 1979; Landau, 2017; Sümer, 2015). Mastering the expression of 
left-right relations in speech typically occurs at later stages of spatial cognition and language development (Benton, 1959; Corballis & 
Beale, 1976; Clark, 2004; Harris, 1972; Ünal et al., 2025, 2026; Piaget, 1972; Rigal, 1994, 1996).

Children acquiring many spoken languages often do not use left-right spatial terms to talk about spatial relations between objects 
until about 8 years of age (Abarbanell & Li, 2021; Karadöller et al., 2021, 2024; Ünal et al., 2025, 2026; Sümer et al., 2014; Sümer, 
2015). Instead, they rely on under-informative spatial terms that fail to convey exact spatial information (Karadöller et al., 2021, 2024;
Ünal et al., 2025, 2026; Sümer et al., 2014; Sümer, 2015). Recently, it has been discovered that 8-year-old monolingual 
Turkish-speaking children primarily used terms like "next to" or "side," which often failed to convey precise information on left-right 
spatial relations between objects (Karadöller et al., 2024; Ünal et al., 2025, 2026; Sümer, 2015). However, an examination of the 
children’s gestures alongside their speech revealed that they frequently enriched these under-informative spoken descriptions with 
gestures that represented the locations of objects (Karadöller et al., 2024; Ünal et al., 2025, 2026).

In such cases, where spoken expressions are under-informative, children are found to provide information in gesture, either 
pointing to abstract space, indicating left or right directionality with single points (see Fig. 3b), or positioning their hands in front of 
their gesture space to depict the relative locations of objects (see Fig. 3a). These findings align well with evidence on the acquisition of 
spatial expressions in sign languages (Karadöller, 2022; Karadöller et al., 2021, 2024; Sümer, 2015; Sümer et al., 2014). This body of 
work on the development of spatial descriptions by deaf children shows the expression of left-right relations in adult-like ways earlier 
(around 5 years of age and beyond) than their speaking peers (around age 8–10). This early acquisition of linguistic forms to express 
left-right spatial relations, but not necessarily others, such as in-on (see Sümer & Özyürek, 2020), by signing children is attributed to 
the affordances of visual-spatial and body-anchored nature of sign language expressions (see Karadöller et al., 2025a, b for a review; 
Sümer, 2015; Sümer & Özyürek, 2020). Thus, signing children have an advantage in expressing left-right relations compared to 
speaking children, due to the visual-spatial affordances of sign language, which allows them to map space to space.

Summarizing, while foundational research has established how gesture-speech integration supports cognitive and linguistic 
development across many domains (e.g., Goldin-Meadow, 2015; Iverson & Goldin-Meadow, 2005), less is known about the changes in 
spatial information conveyed through gesture in childhood and adulthood, particularly when semantic informativeness in spatial 
speech increases and the opportunity for complementary gestures diminishes. This gap is especially salient for cognitively challenging 
spatial concepts, such as left-right relations, where gesture may play a unique role. Our study addresses this by examining how the 
specificity of spatial information in gesture (e.g., conveying information through iconic representations depicting relative locations of 
objects or directional pointing gestures indicating single locations) varies in childhood and adulthood, alongside the development of 
informativeness of spatial spoken expressions, illuminating the role of gestures as mechanisms of change at the spatial language and 
cognition interface.

3. The present study

In order to explore the abovementioned gaps in the literature and build on the previous work on gestures complementing speech, 
here, we investigate how monolingual Turkish-speaking 8-year-old children and adults describe left-right relations by specifically 
exploring (1) the differing roles of gestures (whether complementary or redundant) in relation to speech among children and adults 

Fig. 1. Examples of non-contrastive (a) and contrastive (b) experimental displays.
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and (2) the change of semantic information conveyed through gestures (i.e., iconic gestures depicting relative locations of objects or 
directional pointing gestures indicating single locations) in relation to speech in childhood and adulthood. This investigation will help 
us understand the potential role of gestures at the intersection of spatial language and cognitive development, specifically in encoding 
the cognitively challenging left-right relations between objects.

To do so, we conducted a study involving a picture description task where both children and adults were shown 4-picture displays 
of two objects in differing spatial relationships to each other (i.e., lemon in front of the jar; lemon in the jar; lemon right to the jar; lemon on 
the jar) and asked to describe the picture pointed with an arrow to an addressee (see Fig. 1 for display examples). Later, we coded the 
spatial information conveyed in participants' descriptions, both in speech and co-speech gestures.

4. Hypotheses

Based on the previous work on the development of spatial terms (Abarbanell & Li, 2021; Karadöller et al., 2021, 2024; Ünal et al., 
2025, 2026; Sümer et al., 2014) and co-speech gestures conveying information missing in speech (Austin & Sweller, 2018; Calero, 
et al., 2019; Furman et al., 2014; Göksun et al., 2010; Karadöller et al., 2021, 2024; Ünal et al., 2025, 2026; Sauter et al., 2012; Sekine 
et al., 2009, 2020), we propose three hypotheses: 

(1) Children will provide less spatial information in speech but more spatial information in their gestures compared to adults 
This will align well with previous accounts demonstrating children’s difficulty in expressing left-right terms early in 

development (e.g., Abarbanell & Li, 2021; Clark, 1973; Karadöller et al., 2021, 2024; Ünal et al., 2025, 2026; Rigal, 1994, 1996; 
Sümer, 2015; Sümer et al., 2014) and their tendency to ground challenging concepts into here and now through gestures (e.g., 
Motamedi et al., 2024; Perniss et al., 2010; Perniss & Vigliocco, 2014).

(2) Gestures will transition from being complementary to redundant in childhood to adulthood. 
As speech becomes more specific in conveying spatial information in adults, gestures will have less potential to express 

complementary information (Emmorey, 2014; Imai & Kita, 2014; Karadöller et al., 2021, 2024; Motamedi et al., 2021, 2024; 
Perniss et al., 2010; Perniss & Vigliocco, 2014; Ünal et al., 2025, 2026). In such instances, gestures can still be used redundantly 
(e.g., Alibali, 2005).

(3) Semantic information conveyed in gestures will change in relation to changes in informativeness in speech from childhood to 
adulthood. 

Gestures are expected to shift from childhood to adulthood from iconic representations of object relations, such as conveying 
relative spatial locations by directly mapping perceived relations onto gesture space and thus grounding them in real space 
(Fig. 3a), to more abstract directional gestures that refer to single locations, for example, pointing gestures to the left or right 
space (Fig. 3b). This developmental shift is expected to parallel increasing informativeness in speech from childhood to 
adulthood, with children relying more heavily on iconic gestures grounded in real space.

5. Method

The method reported in this study was approved by the Ethics Review Board of the Radboud University Nijmegen. Additionally, 
consent from the Survey and Research Commission, Department of the National Education, Ministry of the Republic of Turkey, was 
obtained to collect data from children in primary schools in İstanbul, Turkey.

6. Participants

Participants consisted of 26 child (14 females; Mean Age = 8;6; Age Range = 6;7 – 9;5) and 25 adult (14 females; Mean Age = 35;9; 
Age Range = 19;8 – 50) monolingual Turkish speakers. This data was collected as part of a larger project that also involved deaf signers 
residing in Turkey. The ages of the adult and child participants were determined to match the ages of the deaf signers recruited for that 
larger project. We only included monolingual speakers of Turkish to avoid confounds due to knowing another language, which could 
create differences in the way spatial relations are organized in a different language. One additional child and two adults were tested but 
excluded from the study because they were bilingual in Turkish and another language. Moreover, children with diagnosed develop
mental delays and/or disorders (e.g., ADHD) were excluded prior to data collection upon consultation with teachers and school 
administration. Participation was voluntary. Informed consent was obtained from adults, and verbal assent was obtained from chil
dren, prior to the experiment. At the end of the study, adults received monetary compensation of 50 Turkish Liras (approximately $10 
at the time of testing), and children received crayons as gifts, also valued at 50 Turkish Liras, for their participation.

7. Materials

Two sets of displays, each containing a total of 84 displays (experimental displays, n = 28; filler displays, n = 56), were created for 
the current study. Each display had 4 pictures of the same objects in various spatial configurations. The ground objects (bigger objects, 
e.g., a cup) were always in the center of the pictures, and the figure objects (smaller objects, e.g., a pencil) were located in relation to 
the ground object. In each display, an arrow pointed to one of the four pictures. The picture that was pointed to with an arrow was the 
target picture to be described. Experimental displays (n = 28 in each set) consisted of left-right spatial configurations between items (e. 
g., the pencil is to the left of the cup). In half of the experimental displays, only the target picture contained a left or right spatial 
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configuration between objects, and all other pictures contained spatial configurations other than left-right, such as front, behind, in, or 
on. In the remaining half of the experimental displays, one additional picture also contained the contrastive spatial configuration (i.e., 
if the target picture contains the left spatial configuration, the contrast picture contains the right spatial configuration or vice versa), 
and the remaining pictures contain the front, behind, in, or on spatial configurations. This variation was included to control for 
different demands for informativeness when describing spatial relations between objects in the target pictures (see Karadöller et al., 
2024 and Manhardt et al., 2020, 2021 for a similar procedure). See Fig. 1 for display examples. In addition to the experimental 
displays, each set included 56 filler displays to prevent excessive emphasis on the left-right spatial configurations. All filler displays 
consisted of target pictures in front (n = 14), behind (n = 14), in (n = 14), and on (n = 14) spatial configurations between objects.

All visual displays were piloted to make sure both children and adults could identify and name the objects in each display. Within 
all displays, figure objects were presented only once. Ground objects (e.g., jar) were presented 4 times, but always with a different 
figure object (e.g., jar-watch, jar-mandarin, jar-lemon, jar-screwdriver). The same ground objects were never presented twice in a row. 
Moreover, the same spatial configuration as a target picture was not presented more than twice in a row to avoid biases in one type of 
spatial relationship. There were two sets of displays with the same ground objects but different figure objects. All other configurations 
were similar across the two sets. The order of the displays and the locations of the pictures in each display were randomized for each 
participant.

8. Procedure

Participants were seated in front of a computer in a quiet room. Sitting across was an addressee who was a researcher, other than 
the experimenter delivering the instructions. All tasks were administered in the same order using a Dell Precision M4800 laptop with 
software Presentation NBS 16.4 (Neurobehavioral Systems, Albany, CA). Instructions for all tasks were given orally to avoid potential 
misunderstandings that could arise from written instructions. We applied the same procedure to adults to ensure identical experi
mental strategies. The researcher provided identical instructions to children and adults without modeling how the participants should 
engage with the task. Before each task (i.e., Familiarization and Description), participants were provided with three practice trials. 
These trials were repeated if necessary.

Each participant first performed the Familiarization task, followed by the Description task. The familiarization task aimed to 
introduce participants to the general complexity of the displays, which featured a 2 × 2 grid with two objects in various spatial 
configurations relative to each other. To ensure that participants were paying attention to the displays, they were engaged in a mock 
task where they were randomly presented with pictures of one of the objects within the displays and asked to report whether or not the 
presented item was part of the previous display. These questions randomly appeared after 30 of the 84 displays. Participants answered 
these questions by pressing a green button to indicate “Yes” or a red button to indicate “No” on the keyboard. Before starting the 
familiarization task, participants were given three practice trials that had different displays from the original display set.

Next, participants performed the Description task. In this task, participants were instructed to describe the target picture to the 
addressee during the visual white noise screen after each trial. Participants were informed that the addressee had the display with the 
same pictures in a randomized order without the arrow indicating the target picture on their tablets. Following the participant’s 
description, the addressee pretended to choose the picture described on her tablet. The addressee did not give feedback on whether the 
description was correct or not. In cases where spatial information is missing in the participants' descriptions, the addressee only asks 
where the figure item is located (e.g., "Where is the pencil?"). After completing each trial, participants moved to the next one by 
pressing the ENTER key on the keyboard. Participants were randomly assigned to either set of displays and received the other set in the 
Description task. See Fig. 2 for the illustration of the experimental flow of tasks.

Participants were video recorded from two cameras. One camera was placed to capture the front view from a horizontal angle, and 
the other was placed to capture the side view from a high angle for later coding of the speech and gestures during the description task. 
Participants were not instructed to gesture or not to gesture to obtain gestures spontaneously. Participants’ eye gaze was also recorded. 
Yet, this paper only focuses on the description data.

9. Coding and reliability

All descriptions were transcribed and coded for Target Pictures by native speakers of Turkish. Speech and gesture coding was done 
using ELAN (Version 4.9.3), which is a free annotation tool (http://tla.mpi.nl/tools/tla-tools/elan/) for multimedia resources 

Fig. 2. Illustration of the flow of the Familiarization and Description Tasks and utilization of display sets.
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developed by the Max Planck Institute for Psycholinguistics, The Language Archive, Nijmegen, The Netherlands (Wittenburg et al., 
2006).

9.1. Speech

Speech coding was done per description to identify the presence and use of spatial terms produced by participants that convey 
information on the spatial relation between the items. Participants described the pictures using informative spatial nouns (i.e., left sol 
or right sağ) to refer to the target spatial relationship between the objects in their speech or using under-informative general nouns (i.e., 
side yan). In some instances, participants just labeled the figure and ground objects but not the relation between them, or provided 
descriptions that referred to the target relation using other specific spatial terms (e.g., front ̈on). We did not have a reliability coding for 
speech, as speech coding involved the presence of spatial terms (e.g., left) that were unambiguously heard and identified by a native 
speaker of Turkish. However, the accuracy of the coding was checked by another native speaker of Turkish to ensure no errors were 
made during the initial coding.

9.2. Gesture

Gesture coding was done per description, regardless of the speech used in the description. We coded for spontaneous co-speech 
spatial gestures as identified by strokes (see Kita, van der Hulst, & van Gijn, 1998; see also Karadöller et al., 2024 for a similar 
approach) that convey information concerning the location of the two items or the spatial relation between the items. We did not 
consider other types of gestures, such as beat gestures or gestures representing the size or shape of the items. We also did not code the 
number of gestures used in a single trial.

Participants used two types of gestures that convey spatial information. The first type included iconic gestures that convey relative 
locations of both objects by grounding them in the gesture space on the table in front of them. See Fig. 3a for an example of a 
description from a child using iconic gestures in her description that convey the relative location of two objects (Basket and News
paper). The second type includes either a directional gesture that indicates the location of a single object by pointing to left-right areas 
in gesture space or by locating a single object on the left or right of their gesture space on the table. For this category, participants only 
indicate the location of one of the objects via gestures. See Fig. 3b for an example from a child using a directional gesture indicating the 
location of only one item (Toothbrush) being on the left side of the gesture space. Twenty percent of the data (5 children and 5 adults) 
was also coded by another coder for the reliability checks. There was substantial agreement for the type of spatial gestures used to 
localize figure (88% Agreement, kappa = 0.77) and ground (92% Agreement, kappa = 0.79) items. All disagreements were discussed to 
reach 100% agreement for 20% of the data. Next, the primary coder audited the remaining 80% of data to align coding with resolved 
disagreement patterns.

Fig. 3. Example of a) iconic gestures that convey the relative location of two objects (Basket and Newspaper); b) directional gestures that convey a 
single location of one of the objects (Toothbrush) to the left side of the gesture space. Underlined words denote the gesture onset.
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As a final step, we categorized the descriptions based on whether they unimodally (i.e., speech alone) or multimodally (i.e., speech 
and gestures combined) provide a uniquely referring informative expression that distinguishes the spatial relation between the objects 
in the target picture from other pictures in the display (see Karadöller et al., 2024 for a similar approach). There were also a few 
instances of missing or incorrect spatial information in participants’ responses, which were categorized accordingly. See also Table 1
for the frequency of each description. 

1. Unimodal Descriptions: Descriptions that fall under this category are unimodal and do not include any spatial gestures. The first 
type of descriptions in this category consists of descriptions that are informative in speech only (i.e., left or right). The other type of 
descriptions in this category consists of descriptions that are under-informative in speech only (i.e., side).

2. Multimodal Descriptions: Descriptions that fall under this category include speech together with co-speech gestures. The first type 
of description in this category consists of descriptions that are informative in speech (i.e., left or right) coupled with spatial gestures 
of either form. Thus, for this category, spatial gesture use was redundant, as speech already provides information concerning the 
spatial relations between items (See Fig. 3b.) The other type of descriptions in this category consists of descriptions that are under- 
informative in speech (i.e., side) coupled with spatial gestures of either from, which disambiguate the missing information in 
speech. Thus, for this category, spatial gesture use was complementary to speech (See Fig. 3a)

3. Missing and Incorrect Descriptions: Descriptions that fall under this category are either unimodal or multimodal and consist of 
descriptions that include specific spatial terms like front, as well as descriptions where the spatial relationship was not specified, 
and participants only identified the objects without explaining their spatial relationship between them. Even when gestures were 
considered alongside speech, these descriptions remained under-informative. In other words, gestures did not provide additional 
information beyond what was already conveyed through speech.

10. Results

Data were analyzed using generalized binomial linear mixed-effects modeling regression (glmer) with random intercepts for 
Subjects and Items. This mixed-effects approach enabled us to account for the random variability resulting from the inclusion of 
different participants and items. All models were fitted using the lme4 package (version 1.1.17; Bates et al., 2014) in R (R Core Team, 
2018) with the optimizer bobyqa (Powell, 2009). The analysis script and the data can be found on OSF: https://osf.io/fpxm7/ 
overview?view_only=dc410df42bee4403b97226ac3d37ac92

First, we investigated whether children provide less spatial information in speech compared to adults. Children produced infor
mative speech in 32% of their descriptions and under-informative speech in 66%, whereas adults produced informative speech in 86% 
of their descriptions and under-informative speech in 12% (see Table 1). To statistically test this difference, we focused on all de
scriptions irrespective of gesture use, and examined the fixed effect of age group dummy-coded with children as the reference group 
(0 = children, 1 = adults) on binary values for the presence of informative spatial terms (1 = informative spatial term use; 0 = under- 
informative spatial term use) at the item level as the dependent measure. Because of dummy coding, the Intercept indicates if there is a 
reliable difference in the distribution of informative and under-informative speech for children. The fixed effect of age group then 
indicates whether and how this distribution differs for adults compared to children. The model revealed a significant negative intercept 
(β = − 3.31, SE = 1.16, p = .004), indicating that children were less likely to produce informative speech than under-informative 
speech. The model also revealed a significant positive fixed effect for age group (β = 7.66, SE = 1.72, p < .001), indicating that 
this pattern was reversed for adults, and they were more likely to produce informative speech compared to children.

Next, we tested whether children provide more spatial information in their gestures compared to adults. Children used gestures in 
64% of their descriptions, whereas adults used gestures in 32% of their descriptions (see Table 1). To statistically test this difference, 

Table 1 
Mean proportions (Standard deviations) and frequencies for all descriptions as a function of age group and type of description.

Adults Children

Mean (SD) N Mean (SD) N

Unimodal Descriptions ​ ​ ​ ​
Informative Speech-Only 0.62 (0.49) 400 0.15 (0.36) 96
Under-Informative Speech-Only 0.04 (0.19) 25 0.19 (0.39) 121
​ ​ ​ ​ ​
Multimodal Descriptions ​ ​ ​ ​
Informative Speech with Redundant Gesture 0.24 (0.43) 153 0.17 (0.37) 107
└─ Directional Single Location 0.11 (0.31) 69 0.05 (0.22) 34
└─ Iconic Relative Location 0.13 (0.34) 84 0.11 (0.32) 73
​ ​ ​ ​ ​
Under-Informative Speech with Complementary Gesture 0.08 (0.28) 53 0.47 (0.50) 302
└─ Directional Single Location 0.03 (0.18) 21 0.14 (0.35) 90
└─ Iconic Relative Location 0.05 (0.22) 32 0.33 (0.47) 212
​ ​ ​ ​ ​
Missing or Incorrect Descriptions 0.02 (0.03) 13 0.02 (0.04) 20

Notes. Proportions were calculated separately for adults and children. N indicates the total number of descriptions observed in each category.

D.Z. Karadöller et al.                                                                                                                                                                                                 Cognitive Development 78 (2026) 101694 

7 

https://osf.io/fpxm7/overview?view_only=dc410df42bee4403b97226ac3d37ac92
https://osf.io/fpxm7/overview?view_only=dc410df42bee4403b97226ac3d37ac92


we focused on all descriptions regardless of the type of speech, and examined the fixed effect of age group dummy-coded with children 
as the reference group (0 = children, 1 = adults) on the binary values for the presence of gesture use (1 = present; 0 = absent) at the 
item level as the dependent measure. Because of dummy coding, the Intercept indicates if there is a reliable difference in the distri
bution of gesture presence and absence for children. The fixed effect of age group then indicates whether and how this distribution 
differs for adults compared to children. The model revealed a significant positive intercept (β = 1.12, SE = 0.50, p = .025), indicating 
that children were more likely to produce gestures than not. The model revealed a significant negative fixed effect for age group (β =
− 2.60, SE = 0.72, p < .001), indicating that this pattern was reversed for adults, and they were less likely than children to produce 
gestures.

Then, we investigated the differing functions of gestures (complementary or redundant) across adults and children. Children used 
gestures complementarily in 47% of their descriptions and redundantly in 17%, whereas adults used gestures complementarily in 8% 
of their descriptions and redundantly in 24% (see Table 1). To statistically test this difference, we focused only on the multimodal 
descriptions and examined the fixed effect of age group dummy-coded with children as the reference group (0 = children, 1 = adults) 
on the binary dependent measure (1 = informative speech with redundant gesture, 0 = under-informative speech with complementary 
gesture) at the item level. Because of dummy coding, the Intercept indicates if there is a reliable difference in the distribution of 
redundant and complementary gestures for children. The fixed effect of age group then indicates whether and how this distribution 
differs for adults compared to children. The model revealed a significant negative intercept (β = − 4.02, SE = 1.78, p = .024), indi
cating that children were less likely to produce gestures redundantly than complementarily. The model revealed a significant positive 
fixed effect for age group (β = 8.14, SE = 2.88, p < .01), indicating that this pattern was reversed for adults, and they were more likely 
to produce gestures redundantly compared to children.

Finally, we investigated whether and how the semantic information conveyed in gestures varies in relation to speech across adults 
and children. Children produced iconic relative location gestures complementarily in 33% of their descriptions and redundantly in 
11%, and they produced directional single location gestures complementarily in 14% of their descriptions and redundantly in 5%. On 
the other hand, adults produced iconic relative location gestures complementarily in 5% of their descriptions and redundantly in 13%, 
and they produced directional single location gestures complementarily in 3% and redundantly in 13% of their descriptions.

Because these descriptive patterns show substantial age-related differences in the frequency distribution of gesture types, we 
conducted separate statistical analyses for children and adults. Specifically, we focused only on the multimodal descriptions and 
conducted separate binomial mixed-effects models for children and adults on the binary dependent variable (1 = Iconic Relative 
Location Gesture, 0 = Directional Single Location Gesture) at the item level. The model also included the fixed effect of gesture 
function, dummy coded with complementary gestures as the reference level (0 = complementary, 1 = redundant). Because of dummy 
coding, the Intercept, indicates if there is a reliable difference in the distribution of iconic relative location and directional single 
location gestures when these gestures were complementary to speech. The fixed effect of gesture function then indicates how this 
distribution differs for redundant gestures compared to complementary gestures.

The model for children revealed a significant positive intercept (β = 1.05, SE = 0.53, p = .047), indicating that children were more 
likely to produce iconic relative location gestures than directional single location gestures when these gestures were complementary to 
speech. The model also had a negative parameter estimate for the fixed effect of gesture function (β = − 0.37, SE = 0.48, p = 0.440), 
suggesting that iconic relative location gestures tended to be used less frequently when gestures were redundant to speech compared to 
when they were complementary; nevertheless, this difference did not reach significance.

The model for adults revealed that neither the intercept (β = 0.33, SE = 0.63, p = .601) nor the fixed effect of gesture function (β =
− 0.25, SE = 0.59, p = .667) was statistically significant. This indicates that there was no statistically significant evidence that adults 
preferentially produce iconic relative location compared to directional single location gestures when these gestures were comple
mentary to speech. Moreover, the distribution of iconic relative location and directional single location gestures did not differ sta
tistically between when they were redundant or complementary.

11. Discussion

In this study, we investigated the potential role of co-speech gestures at the interface between the development of spatial language 
and cognition. To do so, we focused on how monolingual Turkish-speaking 8-year-old children and adults describe cognitively 
complex left-right relations and examined (1) the differing functions of gestures (complementary or redundant) among children and 
adults; (2) the change in the semantic information conveyed through gestures in relation to speech in childhood and adulthood. Our 
results demonstrated that when describing left-right relations between objects, children provide more under-informative descriptions 
in speech but use complementary gestures to convey missing information multimodally. This pattern was reversed for adults, who 
already used informative spatial terms frequently in their descriptions, and when they produced gestures, they mostly did so 
redundantly. Moreover, our findings reveal an age-related difference in the use of gesture types. Children produced iconic relative 
location gestures more frequently when these gestures complemented their speech. Although the frequency of iconic relative location 
gestures appeared to decrease in redundant contexts compared to complementary contexts, this difference was not statistically sig
nificant. Adults, however, showed no consistent preference for one gesture type over another, and their patterns remained stable 
regardless of whether these gestures were complementary or redundant. This suggests that children’s gesture choices are more sen
sitive to the semantic contribution that gestures make to under-informative speech, unlike adults’ choices, as these types of gestures 
tend to diminish in adulthood when speech becomes more informative. This shift in gestural representations is accompanied by a 
corresponding shift in speech. Moreover, iconic gestures seem to ground information about the spatial relation observed when speech 
is less informative and specific, possibly scaffolding conceptual mastery and playing a role in driving the alignment of cognitive and 
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linguistic systems.

11.1. The challenge of left-right in spatial language development

First of all, our findings substantiate the broader empirical consensus that children experience fundamental challenges in acquiring 
left-right distinctions conceptually and linguistically (Abarbanell & Li, 2021; Clark, 1973; Karadöller et al., 2021, 2024; Ünal et al., 
2025, 2026; Rigal, 1994, 1996; Sümer, 2015; Sümer et al., 2014). Notably, even at age 8, children used left-right terms in significantly 
lower frequencies. Previous work showed that this difficulty persists even among deaf children acquiring sign languages (Karadöller 
et al., 2024), despite the body-anchored and visual-spatial nature of these descriptions in sign languages and their relatively earlier 
acquisition of linguistic forms to describe left-right spatial relations between objects (Sümer, 2015; Sümer et al., 2014). Collectively, 
these results highlight that the cognitive challenges of left-right distinctions surpass the modality of communication, pointing to 
domain-general complexity rather than modality-specific constraints.

11.2. Differing functions of gestures (complementary and redundant)

Our result about children’s tendency to disambiguate under-informative spatial terms through the use of gestures confirms the 
previous evidence demonstrating that gestures complement children’s speech for conceptually challenging domains, especially those 
that rely on visual-spatial reasoning (e.g., Alibali & Goldin-Meadow, 1993; Alibali & Kita, 2010; Austin & Sweller, 2018; Capone & 
McGregor, 2004; Church & Goldin-Meadow, 1986; Calero et al., 2019; Furman et al., 2014; Göksun et al., 2010; Karadöller et al., 2021, 
2024; Miller et al., 2020; Ünal et al., 2025, 2026; Sauter et al., 2012; Sekine et al., 2009).

This prior work on the role and function of gestures during childhood primarily focuses on cases where gestures are used to 
complement missing spatial information in speech (e.g., Karadöller et al., 2024; Ünal et al., 2025, 2026). In fact, gestures can convey 
the same information already expressed in speech, and thus, can be used redundantly by adults as well as by children (see Karadöller 
et al., 2025a, b and Özer & Göksun, 2020 for reviews). Here, we contribute to the existing literature by demonstrating that the use of 
redundant gestures for left-right relations is present in both children and adults, even after they have mastered the use of spatial terms 
in speech, confirming that gestures are inherent components of the language system (Kendon, 2004; McNeill, 1992). Rather than 
disappearing with linguistic mastery, gestures provide continuous embodied grounding of spatial concepts.

Building on theories of embodiment (e.g., Chu & Kita, 2008; Goldin-Meadow, 2016), it is possible that variability in gesture use 
may reflect individual differences in the recruitment of sensorimotor experiences during spatial encoding (see also Özer & Göksun, 
2020). For instance, individuals who rely more strongly on embodied representations might produce more gestures to ground abstract 
spatial concepts (e.g., left-right) in physical experience (e.g., using body-anchored pointing to leverage proprioceptive awareness). 
Additionally, the cognitive demands of the task might predict gesture production, with higher demands prompting increased gesture 
use to offload processing (also see Hostetter and Alibali, 2008). Thus, embodiment frameworks help explain why gestures persist even 
when speech is adequate by providing a multimodal foundation for conceptualizing and communicating spatial relations.

Overall, our findings add to previous accounts (e.g., Goldin-Meadow, 2016 and Hostetter & Alibali, 2008) by demonstrating that 
gestures persist in relation to their deep integration with spatial language and cognition. They constitute the multimodal foundation of 
language (see Hagoort & Özyürek, 2024; Karadöller et al., 2025a, b), operating from early scaffolding to adult-like usage, with 
redundancy also serving as a resource throughout the lifespan.

11.3. Semantic information conveyed through gestures in relation to speech differs in childhood and adulthood

Our findings also reveal age-related differences in the types of gestures used. Children tended to produce iconic gestures depicting 
the relative locations of objects primarily when these gestures complemented their speech. Although the use of such gestures appeared 
to decline in redundant contexts, this decrease was not statistically significant. By contrast, adults showed no reliable preference for 
one gesture type over another, and their gesture use remained stable across complementary and redundant contexts—although they 
produced fewer gestures overall than children. Building on the prior work on the types of changes in speech and gesture during 
development (e.g., Alibali & Goldin-Meadow, 1993; Alibali & Kita, 2010; Austin & Sweller, 2018; Calero et al., 2019; Capone & 
McGregor, 2004; Church & Goldin-Meadow, 1986; Furman et al., 2014; Goldin-Meadow, 2015; Göksun et al., 2010; Karadöller et al., 
2021, 2024; Miller et al., 2020; Ünal et al., 2025, 2026; Sauter et al., 2012; Sekine et al., 2009), our findings also suggest a devel
opmental shift in the semantic information encoded in gestures when expressing left-right relations. Specifically, children appeared to 
rely more on two-handed placement gestures that convey relative locations in an analog and grounded manner. This reliance seems to 
diminish in adulthood. One possibility is that such gestures reflect children’s spatial conceptualizations, which may initially be more 
grounded in real space analog mappings and gradually become more abstract and directional as speech becomes more specific and 
informative with age. Because two-handed iconic gestures directly represent spatial relations in physical space, they are well-suited to 
compensating for missing spatial information in speech (e.g., Austin & Sweller, 2018; Calero et al., 2019; Furman et al., 2014; Göksun 
et al., 2010; Karadöller et al., 2021, 2024; Miller et al., 2020; Sauter et al., 2012; Sekine et al., 2009). By contrast, directional gestures 
that merely point to left-right space may be less informative in under-informative speech contexts, as they do not specify which object 
occupies the left or right position. Directional pointing gestures indicating single locations may therefore be more effective when 
speech itself explicitly encodes left-right information.

Children’s reliance on grounded and iconic gestures to express spatial concepts (e.g., object locations) suggests that gestures serve 
as a cognitive and communicative bridge, helping them to externalize sensorimotor experiences when they are confronted with 
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abstract linguistic categories (e.g., Clark, 2006; Glenberg & Kaschak, 2002; Perniss & Vigliocco, 2014; Volterra et al., 2017), such as 
left-right. This reliance aligns well with theories of embodied cognition, where physical actions scaffold the internalization of complex 
spatial language (Clark, 2006; Glenberg & Kashcak, 2002; Hostetter & Alibali, 2008; Perniss & Vigliocco, 2014). Thus, the prevalence 
of grounded iconic gestures in children’s descriptions supports the idea that language development progresses from concrete and 
embodied representations to abstract symbolic systems. In this abstraction process, gestures may act as a "stepping stone" 
(Goldin-Meadow, 2015), helping children to anchor challenging spatial concepts in physical experience before fully integrating them 
into speech (Perniss & Vigliocco, 2014).

From a communicative perspective, children’s reliance on more grounded and iconic gestures when describing object locations 
resonates well with the work on child-directed communication (Campisi & Özyürek, 2013; Kandemir et al., 2024; Motamedi et al., 
2024; Perniss et al., 2010). It seems that children not only themselves produce these grounded and iconic representations when 
communicating conceptually challenging concepts, but they are also exposed more to iconic descriptions of events or objects when 
their parents (Perniss et al., 2010) or other adults (Campisi & Özyürek, 2013; Kandemir et al., 2024) communicate with them (see also 
Motamedi et al., 2024 for a review). The fact that children are both exposed to (via caregivers’ and adults’ child-directed commu
nication) and produce iconic representations may imply a feedback loop in early communication. That is, while adults use iconic 
gestures/descriptions (Campisi & Özyürek, 2013; Kandemir et al., 2024; Perniss et al., 2010; Motamedi et al., 2024) when commu
nicating with children, children in turn, may use ways to simplify abstract concepts into perceptually accessible forms. This way, adults 
may be modeling how to map bodily experiences onto linguistic labels and/or reinforcing children’s own multimodal strategies for 
conceptual mastery. In sum, these findings position gesture as a dynamic interface between embodied experience and linguistic 
abstraction, offering insights into how children bootstrap complex spatial descriptions through multimodal interactions.

11.4. Limitations and future directions

Our findings reflect participants' multimodal encoding patterns when describing spatial relations to an adult interlocutor. However, 
prior research indicates that adults adjust their gesture production based on perceived listener knowledge, particularly by simplifying 
and increasing the use of iconic gestures with children (e.g., Campisi & Özyürek, 2013; Kandemir et al., 2024; Perniss et al., 2010). 
Critically, in our study, child participants also had an adult listener, raising important questions: Would children exhibit different 
spatial encoding strategies (e.g., reduced gesture complexity, simplified speech) when communicating with peer addressees? This 
bidirectional flexibility, where both adults and children can recalibrate multimodal strategies based on partner expectations, may shed 
light on whether and how communicative context influences spatial encoding. Future studies should manipulate interlocutor char
acteristics to examine whether adults amplify the informativeness of gestures for left-right relations with child listeners, and whether 
children adjust their speech and gestures when addressing peers versus adults, potentially revealing developmental milestones in 
adapting communication patterns according to partner characteristics.

This study provides insights into multimodal encoding of conceptually challenging spatial relations, but is constrained by a couple 
of limitations. First, our focus on 8-year-old children and adults restricts understanding of developmental trajectories, as the absence of 
younger children (e.g., 4–6 years) or adolescents leaves gaps in how spatial strategies emerge and consolidate across critical stages. 
Second, we did not directly assess children's comprehension of left-right, which prevented us from determining whether the observed 
shift from gesture reliance to speech is related to conceptual understanding and/or broader changes in integrating gestures into 
language structures. Future research should: (1) systematically investigate age-related changes across expanded cohorts to map the 
development of left-right use; (2) incorporate standardized measures of left-right comprehension (e.g., Rigal, 1994; Gilligan-Lee et al., 
2021) to test if mastery of this specific spatial concept predicts the timing of the transition; and (3) employ longitudinal designs 
tracking gesture-speech mismatches (e.g., Church & Goldin-Meadow, 1986), particularly for left/right concepts, alongside linguistic 
and conceptual proficiency. Such approaches could clarify whether mismatches signal learning readiness while disentangling con
ceptual maturation in spatial understanding.

Another limitation of the present work was that measures of children’s spatial skills or linguistic proficiency were not included. 
Consequently, we were unable to investigate how variability in these abilities influences gesture strategies in encoding cognitively 
challenging left-right spatial relations between objects. Future research should systematically examine whether and how individual 
differences in spatial reasoning (e.g., mental rotation, perspective-taking) and language skills (e.g., vocabulary, syntactic complexity) 
predict gesture production patterns in describing spatial relations (see Özer & Göksun, 2020). Understanding these links would offer 
critical insights into the cognitive prerequisites for multimodal communication and potentially expand our understanding of language 
acquisition from a multimodal lens (Karadöller et al., 2025a, b).

12. Conclusions

This study explores how co-speech gestures mediate the interplay between spatial language and cognitive development by 
analyzing how monolingual Turkish-speaking 8-year-olds and adults verbally and gesturally encode cognitively demanding left-right 
spatial configurations between objects. We specifically found (1) the differing functions of gestures (complementary vs. redundant) in 
relation to speech among children and adults and (2) the change in the semantic information conveyed in gestures in childhood to 
adulthood. Findings revealed that children, unlike adults, produced less informative descriptions of left-right relations in their speech; 
however, they compensated for this missing information by using complementary gestures. Children showed a preference for iconic 
gestures indicating the relative location of objects over directional pointing gestures, especially when these gestures complemented 
speech. In contrast, adults showed no reliable preference for either gesture type. Our results add to the literature on gestures preceding 
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language development in children (Alibali & Goldin-Meadow, 1993; Austin & Sweller, 2018; Calero et al., 2019; Ehrlich et al., 2006; 
Furman et al., 2014; Göksun et al., 2010; Hurst et al., 2022; Karadöller et al., 2021, 2024; Miller et al., 2020; Sauter et al., 2012; Sekine, 
2009). We extend this body of research by demonstrating how gestures complement speech and what functions they may serve in 
scaffolding conceptual mastery of spatial concepts and spatial language development. Furthermore, our study highlights the signifi
cance of gestures as mechanisms of change (Goldin-Meadow, 2015), illustrating how they progress from being more to less grounded in 
childhood to adulthood (Emmorey, 2014; Imai & Kita, 2014; Motamedi et al., 2021, 2024; Perniss et al., 2010; Perniss & Vigliocco, 
2014), accompanied by changes in speech, particularly in the context of describing cognitively complex left-right spatial relations 
between objects (Karadöller et al., 2024).
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D.Z. Karadöller et al.                                                                                                                                                                                                 Cognitive Development 78 (2026) 101694 

12 

http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref28
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref29
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref30
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref31
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref32
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref33
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref34
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref34
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref35
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref36
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref36
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref37
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref38
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref38
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref39
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref39
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref40
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref40
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref41
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref41
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref42
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref42
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref43
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref43
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref43
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref44
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref45
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref46
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref46
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref47
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref47
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref48
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref48
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref49
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref50
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref50
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref51
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref52
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref53
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref53
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref54
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref54
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref55
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref55
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref56
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref57
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref58
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref58
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref59
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref59
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref60
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref60
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref61
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref62
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref62
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref63
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref63
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref64
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref65
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref65
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref66
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref66
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref67
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref67
https://www.R-project.org/
https://www.R-project.org/
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref68
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref69
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref69
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref70
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref70
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref71
http://refhub.elsevier.com/S0885-2014(26)00025-0/sbref71


Sekine, K. (2020). Changes in frame of reference use across the preschool years: A longitudinal study of the gestures and speech produced during route descriptions. 
Speech Accompanying-Gesture (pp. 218–238). Psychology Press.
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