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The study of children’s gestures from a cross-cultural perspective has attracted 

considerable interest in recent years. At the same time, it poses methodological 

challenges, such as ensuring cross-cultural comparability and culturally sensitive 

elicitation procedures. In this methods paper, we address the methodological 

challenges of eliciting gestures from children in structured yet naturalistic 

interactions by proposing a set of theory-informed design principles for using 

social robots as interactive partners in standardized, task-oriented interactions 

across cultural contexts. Building on an interactionist perspective grounded in 

theoretical considerations from pragmatic frames that integrate task, partner, 

and interaction models, we present a scripted, role-based paradigm to which 

the design principles were applied. In this paradigm, a humanoid robot adopts 

the role of a novice learner and engages preschool-aged children in dialogue 

to explain familiar, everyday actions, including prompting corrective behavior 

from children when the robot systematically makes errors in recalling 

previously demonstrated actions. We propose procedures intended to support 

cultural adaptability while maintaining comparable interactional contingencies 

across cultural environments. A pilot deployment in two locations (Germany 

and Japan) is reported to demonstrate feasibility of the developed methodical 

approach. Descriptive observations indicate that the paradigm can be 

implemented across cultural groups and can elicit representational gestures 

during children’s explanations. We discuss how social robots may further 

contribute to research on children’s multimodal communicative behavior in 

interaction, along with methodical refinements needed for future studies. 

Overall, the developed design demonstrates high experimental control and 

applicability, offering promising principles for future research on children’s 

gestures in interaction with social robots.

KEYWORDS

children’s communication, cross-cultural comparison, dialogue design, gesture 

elicitation, gesture production, social robots

1 Introduction

Research on communicative development has increasingly highlighted its multimodal 
nature, broadening the scope beyond vocal behaviors to encompass nonverbal modalities 
such as eye gaze, facial expressions, and co-speech gestures (e.g., Rohlfing et al., 2019 for 
an overview). Within this line of research, gestures have been shown to be temporally and 
semantically synchronized with language production and comprehension serving multiple 
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interpersonal and intrapersonal functions in communicative 
practices (Kendon, 2004; McNeill, 1992; Wagner et al., 2014). In 
addition, it has been pointed out that young children represent 
events gesturally in different ways than adults (Sekine et al., 
2018). This finding highlights the importance of considering 
gestures when interpreting children’s communicative behaviors, 
particularly as they are still developing the ability to express 
events in more decontextualized and linguistically explicit ways.

Recognizing communication as a multimodal process, some 
studies highlight potential universal patterns in early gesture 
development, such as early pointing behavior across diverse 
cultural groups (Liszkowski et al., 2012). At the same time, a 
growing body of evidence suggests that cultural differences in 
children’s gesture use emerge early, affecting both how often 
children gesture (Marentette et al., 2016; Salomo and 
Liszkowski, 2013) and how their gestures are formed (Iverson 
et al., 2008; Pettenati et al., 2012). These studies recognize 
communication as an inherently social act and deeply embedded 
in cultural practices. Consequently, cultural conventions are 
re7ected in gestural behaviors (Kita, 2009, Kita and Özyürek, 
2003).

Notably, empirically exploring gestures across cultures entails 
methodological challenges. These primarily concern the 
representativeness, controllability, and comparability of the 
procedures used to elicit gestures in children. While we will 
return to these challenges in more detail in Section 3, it is 
important to note that creating similar interactional settings for 
participants from different cultures is complex because 
interpersonal interaction is inherently contingent: How an 
interaction unfolds depends not only on the task but also on 
partner-related and situational factors, such as moment-to- 
moment responsiveness, relationship dynamics, and culturally 
formed expectations. Consequently, human interaction partners, 
including experimenters, have difficulty reproducing identical 
behaviors (e.g., timing, feedback, gaze, or subtle backchannels) 
across participants, even when following the same script 
(Fischer and Prondzinska, 2020). As a consequence, although 
instructions and stimuli remain constant, the same task in 
different cultural settings can alter the opportunities and 
demands for producing gestures. To control for such confounds, 
procedures aimed at eliciting children’s communicative behavior 
often rely on highly constrained elicitation paradigms, such as 
video-based or cartoon-based tasks, in which dialogical 
interaction is deliberately limited (Gullberg, 2008; Holler, 2013). 
Yet this methodological control comes at a cost, because the 
degree of dialogical engagement itself, such as whether the task 
involves dialogue or monologue, can affect children’s gestural 
and communicative behaviors independently of the intended 
manipulations (in adults: Bavelas, 1994; Beattie and Aboudan, 
1994; Wray and Norbury, 2018; proposed for children: Sparaci 
and Volterra, 2025), and materials such as cartoons are not only 
semantically different from natural settings, but may also be 
interpreted differently depending on the cultural setting.

Against the background with the challenges, there is a need for 
methodological approaches that support systematic, culturally 
sensitive comparisons of children’s communicative behavior in 
dialogical settings. In this work, we propose a set of design 
principles grounded in an interactionist perspective (presented 
in Section 4.1) to guide the use of social robots as standardized 

interaction partners in cross-cultural research on children’s 
gesture and speech production. Specifically, our goals are to 
contribute (i) a theory-informed approach to designing 
interactions that elicit children’s gestural behaviors within 
structured, repeatable sequences and (ii) concrete principles for 
implementing this approach with a social robot while preserving 
key interactional contingencies. In the following section, we 
discuss potential methodological advantages of social robots, 
which make them useful research tools—their capacity for 
reproducible multimodal behavior (Breazeal, 2003; Rohlfing 
et al., 2024; Skantze et al., 2019; Tolksdorf, 2024), their 
7exibility in taking on different dialogical roles (Ligthart et al., 
2020; Rohlfing et al., 2022a), and their acceptance by children as 
embodied social actors and trustworthy informants (Oranç and 
Küntay, 2020). While social robots do not fully replicate the 
authenticity of human-to-human communication, these 
affordances allow researchers to study children’s behavior across 
a wide range of interaction scenarios that can be difficult to 
achieve with human partners. On this basis, we present a robot- 
based elicitation paradigm for studying preschoolers’ gestural 
behavior across cultural environments.

2 Social robots as interaction partners 
and methodical tool

In recent years, a growing body of research has provided 
evidence for the use of social robots in supporting children’s 
learning across various domains—including education, healthcare, 
and entertainment (Peter and van Straten, 2024; Rohlfing et al., 
2024). Compared to other digital technologies, such as tablets, 
social robots offer unique capabilities for enriching interaction 
through multimodal communicative signals, including gaze, 
gesture, and body posture (Konijn et al., 2020; Vogt et al., 2017; 
Vulchanova et al., 2017). Thus, social robots provide an embodied 
interactive platform that enables dialogical, socially embedded 
interactions (Tolksdorf and Schaffrath, 2026; Vollmer et al., 2016). 
In line with this, studies have shown that children tend to 
conform to social robots and view them as trustworthy sources of 
information (Belpaeme et al., 2018). Current applications of social 
robots are diverse, ranging from promoting language development 
(Conti et al., 2019; Kory Westlund et al., 2017; Vogt et al., 2019) 
and computational thinking (Ioannou and Makridou, 2018) to 
supporting socio-emotional communication skills (Chen et al., 
2020; Leite et al., 2017).

Due to their embodiment and the ability to communicate 
through multiple modalities, social robots can involve children 
in interactions that simulate human-like interactions (Kory 
Westlund et al., 2017). In fact, a large body of research suggests 
that social signals produced by robots are interpreted in similar 
ways to those produced by humans (Ham et al., 2015). Building 
on this, emerging research has begun to explore a dual purpose 
of social robots: not only as potential social learning partners, 
but also as a methodical tool for studying language learning 
processes and interactive behavior in children (Rohlfing et al., 
2022a; Tolksdorf, 2024; Tolksdorf et al., 2022).

Social robots may be particularly valuable for studying 
children’s communicative behavior across cultures. Unlike 
human experimenters, robots can reproduce identical sequences 
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of multimodal behavior across participants and experimental trials 
( Jouen et al., 2025). This high level of control and replicability can 
be especially advantageous in cross-cultural research, where 
applying comparable elicitation procedures is crucial. In 
particular, social robots can be programmed to deliver similar, 
yet linguistically and culturally appropriate, verbal prompts, 
accompanied by comparable gestural movements, to different 
cultural groups, thereby reducing variability in elicitation 
procedures (Fischer and Prondzinska, 2020; Hanulíková et al., 
2026). As a result, social robots allow researchers to standardize 
interaction parameters and enhance the replicability and internal 
validity of cross-cultural comparisons (Gunes et al., 2022).

Beyond enhancing controllability and replicability, social 
robots allow for systematic manipulation of interactional 
variables such as their appearance, gender, and a range of 
multimodal behaviors, including gestures, the timing of 
backchannel signals, as well as gaze shifts—which are difficult 
for human experimenters to standardize across participants. 
This level of control bears potential to novel experimental 
designs aimed at investigating how specific multimodal features 
of an interaction partner in7uence communicative behavior 
across cultures. In a similar vein, an underexplored potential lies 
in the robot’s ability to adopt diverse dialogical and social roles 
during interaction. Along these lines, social robots can be 
programmed not only to take on the role of a tutor or peer, but 
also as a novice or a learner, adapting the role configurations to 
the tasks and content of a given educational or experimental 
setting (Rohlfing et al., 2022a). This is particularly promising in 
light of the fact that many studies on cross-cultural differences 
in gestural behavior rely on asymmetrical interaction structures: 
Typically, one participant takes a more active role in managing 
the task or has privileged access to task-relevant information, 
whereas the other assumes a complementary role, coordinating 
with and responding to the partner’s contributions. Such setups 
often result in interactions that focus on one individual’s 
performance and are characterized by limited dialogical 
exchange, even when there are no explicit interactional 
restrictions (Holler, 2013). The possibility of programming 
social robots to fulfill different social and dialogical roles thus 
offers a unique opportunity to manipulate interactional 
demands systematically and study how children adapt their 
communicative behavior in response. By varying the robot’s role 
within the interaction, researchers can further investigate how 
different interactional configurations may in7uence gesture use 
and other communicative strategies across cultures.

Yet, it is important to acknowledge the current technical 
limitations of social robots, which lack the temporal and 
semantic contingencies that characterize natural human 
interaction (Rohlfing et al., 2024). In fact, the way robots’ 
interaction with children is currently implemented is limited 
with respect to smoothness of turn-timing (Tykhonenko et al., 
2026). Crucially, however, evidence from human–robot 
interaction suggests that both children and adults tend to 
evaluate robots less normatively than other humans and are less 
likely to sanction or negatively interpret their behavioral 
peculiarities (Beraldo et al., 2019). This difference in social 
judgment holds methodical relevance because it can potentially 
buffer experimental interactions against confounding factors that 
commonly arise when responsiveness is necessarily constrained. 

More specifically, in tightly controlled paradigms—where the 
partner may withhold clarification, provide limited emotional 
feedback, or refrain from interrupting—such restrictions can be 
experienced as interactional violations with human partners and 
may elicit irritation or disengagement in culturally specific ways 
(Lieven and Stoll, 2013). With a robotic partner, however, 
limited responsiveness can be attributed to the technological 
nature of the agent rather than to deviations from social 
interactional norms (Leite et al., 2013). In cross-cultural 
comparisons, this attribution shift may increase the likelihood 
that participants across cultural groups interpret the partner’s 
constrained behavior in more similar terms, thereby reducing a 
risk that culturally variable expectations about interpersonal 
behavior confound observed multimodal behavior. In this way, 
social robots can be particularly compatible with controlled 
experimental designs. They can therefore provide a form of 
interaction in which the constrains required for standardization 
may be more readily tolerated by children, while still allowing 
for dialogical engagement. In sum, social robots therefore 
provide a promising methodical tool for investigating children’s 
multimodal communicative behavior under conditions that 
require high experimental control, including in cross-cultural 
developmental research.

3 Methodical challenges in cross- 
cultural gesture research

An illustrative example of a typical methodical approach to 
investigate cross-cultural differences in children’s gestural behavior 
is provided by Colletta et al. (2015), who employ a storytelling 
paradigm that is widely used in gesture research. In their study, 
children aged 5 and 10 from France, the United States, and Italy 
watched a wordless cartoon and were then asked to retell the story 
to an experimenter acting as an adult listener. The findings revealed 
that Italian children used more gestures during their narration than 
their French counterparts, who in turn gestured more than the U.S. 
children. While these results provide valuable insights into cross- 
cultural differences in children’s gestural behavior, the study does 
not report further details about how the experimenter’s 
multimodal behavior was controlled during the task. For example, 
it remains unclear whether the specific instructions given to the 
children, the extent and nature of the experimenter’s contingent 
verbal and nonverbal responses, or the absence of such responses 
were consistently implemented across cultural contexts. Similar 
methods have also been used in other cross-cultural studies of 
gesture (e.g., Gullberg, 1998; Iverson et al., 2008; Sekine and 
Furuyama, 2010). Such limited reporting of experimenter behavior 
leaves open the possibility that variability in the interactional 
setting may have in7uenced the children’s use of gestures, 
highlighting the broader challenge of ensuring consistency in 
experimenter behavior across cultural environments.

Methodical comparable challenges arise in cross-cultural 
gesture research with adult participants, where the similar 
paradigms are widely used. We brie7y consider one such study 
to illustrate that the issues of standardization discussed above 
are not specific to children but extend to the broader use of 
narrative-based elicitation across cultures. Nicoladis et al. (2018), 
for example, employed a similar paradigm in a study comparing 
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participants across four cultural populations (Mandarin, Hindi, 
French, Spanish). Here, participants narrated a Pink Panther 
cartoon after watching the clip. Supporting the notion that 
gestural behavior can differ across cultures (see also Graziano 
and Gullberg, 2024), Nicoladis et al. (2018) found that Chinese 
and Hindi speakers gestured less frequently than French and 
Spanish speakers. The authors attributed this difference to 
group-related differences in storytelling style. Participants from 
Asian cultures were more likely to tell evaluative stories, whereas 
the participants who spoke Romance languages tended to use a 
chronicle style, which was associated with more gestures. 
Although using standardized video stimuli such as cartoons can 
provide a high degree of control over the visual content 
presented across cultures, the interpretation and familiarity of 
the depicted events may still vary between participants from 
different backgrounds (Serafini, 2017). Furthermore, these 
paradigms rest on the assumption that the broader social and 
interactional context is comparably experienced across 
cultural groups.

A particularly complex methodical issue in such approaches 
concerns the role of the human experimenter who typically acts 
as the participant’s interaction partner during the task. 
Achieving control over this variable across cultures is inherently 
difficult, as even subtle variations in an experimenter’s verbal or 
nonverbal behavior, or even their appearance or gender (e.g., 
Charlesworth et al., 2019), can in7uence both the frequency and 
forms of participants’ communicative behaviors. This limitation 
is particularly salient given that co-speech gestures are highly 
context-dependent and multifunctional (Wagner et al., 2014), 
being shaped by the moment-to-moment dynamics of the 
interaction (Holler et al., 2018). While certain experimenter 
behaviors, such as scripted questions or instructions, can be 
reliably standardized across trials, other behaviors, such as facial 
expressions, gaze, intonation, or timing of feedback, are much 
more difficult to control and may be interpreted differently 
depending on cultural norms. Alongside story retelling tasks, 
picture-naming tasks are among the most widely employed 
paradigms in the cross-cultural study of children’s gesture uses, 
re7ecting a prevailing emphasis on structured elicitation formats 
and pointing to the potential value of expanding the range of 
interactional contexts used in this field. For example, Marentette 
et al. (2016) compared spontaneous representational gesture use 
in 2-year-old Italian and English-speaking Canadian children in 
a picture-naming task with 40 standardized images. They found 
higher co-speech gesture frequency in Italian children compared 
to English-speaking children. Similarly, Cattani et al. (2019)
compared two-year-olds from Italy, the UK, and Australia and 
found that Italian children used more representational gestures 
than the other cultural groups, while pointing gestures were 
more frequent among Australian and Italian children than 
among British children. Moreover, several cross-cultural studies 
on gesture use have relied on the same task and report 
differences between cultural groups (e.g., Huttunen et al., 2013; 
So, 2010). By contrast, other studies did not find differences 
between different cultural groups: For example, Pettenati et al. 
(2012) found no significant differences in co-speech gesture 
frequency between Italian and Japanese toddlers. Such 
inconsistencies may, in part, re7ect subtle variation in how 
experimenters interact with children or deliver prompts—factors 

that are difficult to standardize fully across cultures, even with 
carefully controlled procedures. Thus, achieving comparable 
interactional settings across cultures is complicated by natural 
intra- and interpersonal variability. In this regard, social robots 
offer a clear methodical advantage, because their multimodal 
behavior, including timing, gaze, verbal feedback, can be 
precisely specified and replicated. This enables a more controlled 
and consistent interactional frame across participants 
and cultures.

In addition to the role of the human experimenter, another 
issue is the task. In this vein, much of the existing empirical 
evidence on cross-cultural and cross-linguistic multimodal 
behavior is based on methodical approaches and elicitation 
procedures that rely on a limited number of interactive settings, 
primarily focused on tasks such as picture-naming or narrative 
retelling. While these paradigms have contributed valuable 
insights, this scope of elicitation procedures may also affect the 
range of gesture types that can be observed. In this vein, it can 
be argued that referential gestures, for example, are more likely 
to be elicited in naming tasks (Samuelsson et al., 2025), whereas 
more conversational settings may give rise to a broader 
spectrum of gestures, including pragmatic gestures, that is, those 
involved in discourse marking, interaction management, or 
emphasis (Rohrer et al., 2020; Ter Bekke et al., 2024a, b). In 
fact, as Efron (1972) demonstrated, some cultural groups, such 
as Italian speakers, may tend to use more referential gestures to 
illustrate the content of their speech, while others, such as 
Yiddish speakers, may rely more on pragmatic gestures to 
structure the discourse. This underscores that gesture use is 
crucially shaped by the communicative demands of 
the interaction.

Taken together, existing cross-cultural work on children’s co- 
speech gestures faces the recurring methodological challenges of 
achieving controllability of the experimenter’s behavior across 
cultural environments and maintaining comparability of the 
interactional setting participants experience. In this way, we 
argued that the programmable and embodied nature of social 
robots addresses these challenges offering a promising, 
innovative methodical tool that supports repeatable, multimodal 
behavior across participants and cultural settings. At the same 
time, integrating social robots into a broader repertoire of 
experimental paradigms—including interactive, task-oriented 
designs—may enable researchers to gain deeper insights into the 
cultural, cognitive, and linguistic processes that shape 
multimodal communication in childhood.

In what follows, we outline developed design principles for 
how social robots can be employed to advance methodical 
practices in cross-cultural gesture research and potentially 
contribute to observing patterns of children’s gestural behavior 
that are difficult to elicit using conventional approaches.

4 Design principles

Below, we describe our design principles for using a social 
robot to explore children’s multimodal behavior in different 
cultural environments (Germany and Japan). We particularly 
focus on the task design for child–robot interaction with 
preschoolers to elicit their co-speech gestures in different cultures.
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4.1 The interaction design: models guiding 
the methodology

For the interaction design, we adopted an interactionist view 
as the theoretical foundation for the principles. According to 
this view, a dialogue unfolds between participants acting jointly 
toward a goal (Rohlfing et al., 2016). We consider three aspects 
of the design that need to be examined in more detail: 

• Task Model: The pragmatic circumstances that guide the 
sequences of actions toward a goal.

• Partner Model: The conception of the partner and whether 
they can contribute to the joint goal.

• Interaction Model: The meaningful way of exchange that 
both partners agree on.

For the interaction design, we first conceptualized these aspects in 
separation before considering their intertwinement:

The idea of a Task Model is based on the assumption that in a 
dialogue, partners act jointly toward a goal. The concept of a goal 
is basic to human actions in the sense that actions are organized 
toward it (Csibra and Gergely, 2007, p. 60) and already young 
infants are sensitive to such a structure. A Task Model, thus, 
requires a mental representation of desired states, “where states 
are broadly construed as outcomes, events, or processes” (Austin 
and Vancouver, 1996, p. 338). This representation seems 
especially important in an asymmetric interaction, in which one 
less and one more knowledgeable partner acts jointly. In such a 
case, Wood et al. (1976) assign more responsibility for the joint 
goal to the more knowledgeable partner. They require the 
“expert” to have a model of the “task or problem and how it 
may be completed” (ibid., p. 97). Clearly, a Task Model 
intersects with a Partner Model because to recognize the role of 
an expert, the knowledge about what the partner can do (as a 
part of a concrete Partner Model) is necessary. In this regard, by 
informing about whether a partner can contribute to the joint 
goal to arrive at it, a Partner Model yields responsibilities in an 
interaction (Rohlfing et al., 2022b). In addition, the knowledge 
about what and how a partner can contribute to the joint goal is 
also informative for the Interaction Model. In talking to 
children, caregivers modify their interactive behaviors in a 
manifold way (see, e.g., Rohlfing et al., 2022b). These 
modifications result in a complex task being broken down into 
smaller units (e.g., Rohlfing et al., 2006) or gestural behaviors 
specifying parts of difficult tasks (Grimminger et al., 2010; Wray 
and Norbury, 2018). It is widely assumed that learners benefit 
from such modifications in their learning (Rohlfing et al., 2022b). 
In this sense, the Partner Model intersects with the Interaction 
Model, giving rise to such modifications. The latter informs about 
successful means of interaction which the partners use and on 
which they continue to agree as the interaction unfolds in order 
to arrive at the joint goal. Thus, it is possible that the interaction 
starts with means (e.g., verbal behaviors) that the partners need to 
adjust during the process (e.g., use more pointing gestures to 
specify crucial contents). This adjustment is important to 
emphasize because an ongoing interaction allows all Models to be 
adjusted driving their adaptive nature.

Although the models are considered separately in the design 
phase, they in7uence each other when applied in dialogue. In 

our case, we decided that the goal of the designed interaction 
between the child and the robot is to convey knowledge about 
everyday actions to the robot, that is, to explain how to perform 
them correctly. Hereby, the Partner Model was crucial: With a 
cover story (see dialogue script available as Supplementary 
Material), the robot was introduced as a less knowledgeable 
partner, who wants to learn more about human actions. As 
suggested in Rohlfing et al. (2022b), the Partner Model is crucial 
to determine the dialogical role driving dialogical behaviors of a 
person. For example, it makes a difference whether a child is 
supposed to act as a learner or an expert. In our task, the robot 
asked for help revealing itself as a novice learner. At the same 
time, it made the children the informed “experts” in this task. 
Rohlfing et al. (2022a) emphasize that the design of the 
dialogical roles is crucial for children’s productive behaviors 
consisting of perceptual, cognitive, and dialogical capabilities 
that are applied in a dialogue. Despite a clear conception of the 
roles and the goal, i.e., what needs to be achieved in an 
interaction, the nature of the goal can in7uence the interaction 
itself. Overall, with the interaction, we aimed to elicit co-speech 
gestures in children’s interactional behaviors. From the 
literature, we derived some criteria about the stimulus: 
Participants gesture more when they have to recall sensorimotor 
knowledge (e.g., Hostetter and Alibali, 2008; Kita et al., 2017), 
after watching a video (Hostetter and Hopkins, 2002), and as a 
repair (Boden et al., 2024). Accordingly, for the Task Model, we 
designed a task that first allowed the children to perceive actions 
and generate sensorimotor knowledge from watching a video. 
Then, they recalled this knowledge when interacting with a 
communicative partner. Due to their role, the children were 
motivated to carefully observe the presented actions so that they 
could inform their interaction partner about them. Because of 
their adaptive nature, the intertwining of the Models, once 
applied in a dialogue, can give rise to specific dynamics. 
Therefore, it is necessary to simulate and critically re7ect on the 
partner’s specific behavior in terms of collaboration. For 
instance, if the robot misinterprets actions repeatedly, children 
may deem the explanation insufficient and may discontinue 
providing it (Interaction Model).

4.2 Overview of the study design

4.2.1 Cross-cultural experimental design and 
operationalization of key interactional strategies

Building on the interactionist framework and the three 
intertwined Models introduced in the previous section—the 
Task Model, Partner Model, and Interaction Model—this study 
was designed to translate these conceptual principles into a 
structured yet ecologically valid experimental paradigm across 
cultural settings. The experimental paradigm involved preschool- 
aged children engaging in task-oriented dialogue with an 
interactive partner. Specifically, the Partner Model was 
operationalized by introducing a programmable humanoid robot 
as a novice learner. By doing so, the child was positioned as the 
teacher or expert. The approach of reversing the “classical” roles 
assigned to children in (language) learning studies and its 
application in child–robot-interaction is inspired by the work of 
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Tanaka and colleagues (Tanaka and Kimura, 2010, Tanaka and 
Matsuzoe, 2012) who introduced a learning-by-teaching 
paradigm for preschool-aged children. They argue that this not 
only serves as “indirect practice […] for the children” (Tanaka 
and Matsuzoe, 2012, p. 80) but is also highly motivating for 
them. In our experimental design, the social robot introduced 
itself by initiating a dialogue with the child. After a short warm- 
up phase, during which the child guessed which animal the 
robot was imitating through its gestures, the robot asked the 
child to teach it new things, providing the following 
background: “I was just built, and I want to learn from you. 
I want to know about things that aren’t animals. Can you tell 
me a little more about them? [pause for child to answer] Ok 
then, I would like you to teach me how to [action]” (the full 
dialogue script is available as Supplementary Material). Thus, 
the robot acts as a willing learner of new actions who needs the 
child’s explanations.

In line with the Task Model, the interaction was centered 
around a shared pragmatic goal: enabling the child to convey 
knowledge about six everyday actions (e.g., making a paper 
airplane), thereby creating opportunities for spontaneous 
explanatory speech and gesture production. Each of the six trials 
followed a consistent interactional sequence illustrated in 
Figure 1. After the child explained an action, the robot displays 
of partial understanding on an external monitor (a kind of a 
“thinking monitor”). For example, it was crumpling the paper 
instead of folding it when making a paper airplane (see 
Figure 2, step 6). In this way, the child was convincingly given 
the role of a more knowledgeable partner, in line with the 
intended asymmetrical instructional roles.

The choice of this sequence was motivated by prior findings: 
A previous study with preschool-aged children by Boden et al. 
(2024) investigated a similar task, in which children reacted to a 
hand puppet acting in a noncanonical manner. For example, the 
puppet was eating with a spoon but holding the spoon on the 
wrong end. When describing these actions to their caregivers, 
children often shared their judgments about the actions. The 

authors report that in comparison to a narration or an 
explanation, this task elicited co-speech gestures more frequently 
(Boden et al., 2024). In our design, the partial-understanding 
displayed on the thinking monitor adds an element of surprise 
around the robot’s understanding and supports the Partner Model 
of the robot being a learner who does not fully memorize the 
action explanation. To ensure that the child understood the 
thinking monitor as a representation of the robot’s understanding, 
it was visually framed by a thought bubble pointing toward the 
robot. After the child’s further explanation, the robot thanked 
them and proceeded to the next trial.

In this way, the design followed an interactionist perspective 
on a joint task construction (Rohlfing et al., 2016), emphasizing 
both the pragmatic framing of the interaction (the goal) and the 
sequential structure of actions. Importantly, this role assignment 
was critical in shaping the child’s expectations of the interaction 
and aligning their dialogical behaviors with the communicative 
goals of the task. The robot’s behavior was carefully scripted 
and timed (operated by a second experimenter, see Section 
4.2.3) to ensure consistent interactional contingencies across 
children and cultures. This repetition of structured yet dynamic 
exchanges provided a high degree of experimental control while 
preserving key features of spontaneous communication. This 
allowed us to observe gesture use not only as part of initial 
explanations but also as a means of clarification or repair.

4.2.2 Cultural sensitivity in materials and 
procedures

In designing a paradigm that is deployable across cultural 
settings, particular attention was paid to the development of 
the task content, materials, and the communicative roles 
assigned within the interaction. The core instructional 
task—explaining how to do familiar everyday actions (e.g., 
making a paper airplane)—was selected for its cultural 
neutrality and accessibility to preschool children in both 
Germany and Japan (see Figure 2). Similarly, the specific 

FIGURE 1 

Sequential structure of the developed interaction design: (1) robot is introduced, (2) robot asks child to explain the action, (3) experimenter shows 

where to watch the action, (4) experimenter accompanies the child to the monitor presenting the action (only in the first two trials), (5) child is 

returned and explains the action, (6) robot displays partial understanding, (7) child corrects and re-explains, (8) robot thanks the child and 

proceeds to the next task/trial.
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everyday actions were extensively discussed and carefully chosen 
to allow for cross-cultural applicability.

Vocabulary and linguistic framing of the dialogue was similar for 
both cultures; however, small adjustments were made in each 
language version to ensure age-appropriate comprehension without 
introducing culturally loaded terms. Moreover, the decision to 
frame the child as the informed expert and the robot as the novice 
learner was based on prior research demonstrating children’s 
readiness to take on their role as an explainer across cultures 
(Jurkat et al., 2022). This asymmetry was designed to elicit a 
natural pedagogical motivation from children without relying on 
culturally specific classroom conventions. Finally, in order to ensure 
comparability across cultural environments, care was taken to avoid 
interactional norms that might favor one cultural group over 
another (e.g., high-context indirectness vs. explicit correction styles).

4.2.3 Employed social robot

To ensure methodical consistency, we utilized the same 
robotic platform across cultural groups: the humanoid Nao 
robot, developed by SoftBank Robotics (see Figure 1). This type 
of social robot is the most widely used robotic platform in the 
field of child–robot interaction (Belpaeme et al., 2018). It has 
also proven to be an accepted interaction partner in various 
cultural settings (Belpaeme et al., 2018). The 58-cm-tall robot 
has 25 degrees of freedom and is capable of executing a variety 
of expressive behaviors. All behaviors were implemented using 
Choregraphe, a visual programming environment developed for 
the Nao platform. Drawing on prior work (Rohlfing et al., 
2022a; Tolksdorf, 2024; Tolksdorf et al., 2024), we designed the 
robot’s dialogical behavior to be both multimodal and context- 
sensitive. To maintain a physical presence throughout the 
interaction, the robot continuously displayed its built-in 
“breathing” animation—subtle, periodic movements of the arms, 
legs, and neck joints that prevent the robot from appearing 
static and enhance its embodied naturalness (Tolksdorf, 2024).

In addition to this passive animation, we programmed the social 
robot to produce specific multimodal behaviors during key moments 
of the interaction sequence described in Section 4.2.1 and illustrated 
in Figure 1. At the partial-understanding slot, the robot produced the 
utterance “OK! This is what I understood how to [e.g., make a paper 

airplane]” accompanied by a reduced iconic gesture of the target 
action, followed by “Is that correct?” with a pointing gesture and a 
head turn toward the thinking monitor, which simultaneously 
displayed the incorrect version of the action. The iconic gesture 
was adjusted to re7ect the action being explained; the full dialogue 
is provided in the Supplementary Material.

To enhance the naturalness while preserving standardization, we 
implemented a semi-autonomous control approach (Maure and 
Bruno, 2025) in which the robot’s behavior was initiated at 
predefined points in the interaction via teleoperation by a human 
operator. This enabled consistent presentation of scripted dialogue 
while allowing for contingent timing and smooth turn-taking 
across participants (Vogt et al., 2017). Specifically, the robot’s 
multimodal actions followed a fixed dialogue script and pre- 
specified gestures (see Supplementary Material). To minimize 
variability within and across cultural environments, the operator’s 
role was limited to selecting from a set of scripted behaviors that 
advanced the interaction along the same sequence in every trial, 
maintaining the core contingencies (request to explain → child 
explanation → display of partial misunderstanding → opportunity 
for repair). In this way, teleoperation was used to ensure that 
designed behaviors occurred at the appropriate times, not to 
modify what the robot expressed. Operators from both cultural 
environments were trained by practicing cues and responses in 
interactions with other lab members to further ensure consistent 
robot behavior.

4.2.4 Pilot sample and conditions

To assess the feasibility of the designed interaction paradigm, 
we conducted a small pilot deployment in both cultural settings. 
Participants included nine preschoolers. The German sample 
included five children (Mage = 5.13 years, SD = 0.25; 2 girls, 3 
boys) and the Japanese sample included four children 
(Mage = 5.15 years, SD = 0.70; 1 girl, 3 boys); overall Mage was 
5.14 years (SD = 0.50). All participants were monolingual speakers 
of the local language, and no children had prior experience 
interacting with social robots. The pilot study was conducted in 
accordance with institutional guidelines and local ethical and legal 
regulations. Given its focus on methodical development and 
feasibility, the pilot work was covered by the general child–robot 

FIGURE 2 

Example frames from the video demonstrating the action “making a paper plane” (left), and frames used to display the interaction partner’s partial 

understanding during the interaction (e.g., crumpling the paper instead of folding it when making a paper airplane) (right). Complete videos are 

available as Supplementary Material.
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study procedures reviewed and approved by the Ethical Committee 
of Paderborn University (05/2025). Prior to participation, written 
informed consent was obtained from all legal guardians, and 
children provided age-appropriate assent.

The pilot was designed to evaluate procedural aspects (e.g., 
children’s comprehension of the task, completion of trials, and 
whether the interaction reliably created opportunities for gesture 
production), not to support inferential tests of cross- 
cultural differences.

Each child completed six trials and was assigned to one of two 
counterbalanced orders to include a non-robot comparison 
partner within the same task structure: (i) Robot-first: three 
trials with the humanoid robot as novice partner, followed by 
three trials with a hand puppet; (ii) Puppet-first: the reverse 
order. The puppet condition was included to support future 
work on partner effects under otherwise matched interactional 
contingencies. However, given the scope of this methods paper, 
we do not analyze or interpret this condition further, as our 
focus is on specifying and documenting the robot-based 
elicitation approach for cross-cultural gesture research, as well as 
illustrating its feasibility and implementation across sites.

4.2.5 Developed experimental setup

The experimental setup was designed to be child-oriented and 
culturally adaptable, with a clear spatial arrangement to support 
face-to-face interaction between the child and the interactive 
partner. As illustrated in Figure 3, the child was seated in front of 
the robot. Additionally, an experimenter was positioned at a 
90-degree angle to the right of the child. Before the child interacted 
with the robot, the experimenter greeted the child and their 
caregiver, accompanied them to their seats, brie7y introduced the 

robot as well as the thinking monitor (next to the NAO robot) 
displaying the robot’s understanding, and explained that the robot 
needed the child’s help. During the first two trials, the experimenter 
showed and encouraged the child to do the following: when the 
robot asked if the child could teach an action, such as making a 
paper airplane, the child could first watch the corresponding action 
on the monitor on the right side of the experimental room and 
then return to the robot. High-definition video and audio 
recordings captured the child’s multimodal responses. A second 
experimenter, acting as the robot operator responsible for the 
teleoperation of the robot, remained in the background and ensured 
that the videos were displayed on the monitors.

5 Pilot observations and feasibility of 
the developed methodical approach

The interactive design principles guiding our methodical 
approach were developed to elicit children’s multimodal 
communication behavior, particularly their gestural behavior, in 
structured yet naturalistic interactions. In our pilot deployment, 
our goal was to assess feasibility of cross-site implementation 
and to illustrate the types of behaviors the paradigm can yield. 
Accordingly, all pilot results are reported descriptively and are 
interpreted as indicators of feasibility (e.g., whether children 
produced spontaneous co-speech gestures during intended 
elicitation at instructional slots and whether the robot’s 
displayed partial understanding created observable opportunities 
for a repair, i.e., modified second explanation). Below, we report 
on two main observations: (a) a descriptive overview of the 
distribution of representational gestures produced by children 
across cultures and action contexts when acting as experts and 

FIGURE 3 

Schematic representation of the developed design aiming to elicit the child’s gestural communicative behavior during interaction.
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explaining the presented actions to a partner; and (b) observations 
of corrective gestural behavior in response to a partner’s perceived 
partial understanding.

5.1 Distribution of iconic gestures across 
cultures and task contexts

Descriptive results suggest that the developed method 
successfully elicited iconic gestures across both cultural groups 
and while explaining different everyday actions, as illustrated in 
Figure 4. Mean frequencies of iconic gestures are further 
represented in Table 1.

Importantly, although there was noticeable variability in the 
children’s gestural behavior depending on the action being 
explained, all of the children at both sites produced representational 
gestures during their explanations. This indicates that the developed 
interaction successfully elicited gestural behaviors. Due to the 
limited scope of the pilot study, we do not further interpret 
differences in descriptive means across single actions or countries. 
Instead, we consider these observations to be preliminary 
illustrations of behavioral patterns and task-dependent variability 
that may be examined in future, adequately powered studies.

5.2 Corrective gestural behavior in 
response to displayed partial understanding

A further feasibility consideration was whether the robot’s 
scripted partial understanding created opportunities for children 

to repair or clarify their explanations. In line with the developed 
interaction design, these partial-understanding displays were 
intentionally implemented to provide opportunities for children 
to modify previously explained actions. We defined repair 
initiation as any verbal clarification or re-explanation of a sub- 
step of an action and/or the addition of a gesture, that occurred 
after the display of a partial or incorrect understanding (e.g., re- 
enacting a fold in the paper airplane task). Overall, in the pilot, 
we observed that all children could recognize their interaction 
partner’s incorrect understanding, and most children used 
gestures to address it. However, their responses were often 
focused on a specific sub-action (e.g., re-explaining just one fold 
in the paper airplane action) rather than reiterating the entire 

FIGURE 4 

Overview of the distribution of children’s iconic gestures across cultures and action settings. Bar length represents the mean number of gestures 

produced for each action, shown separately for the Japanese (dark grey) and German (light grey) samples. Values in brackets indicate the 

observed range (minimum–maximum) across children within each cell.

TABLE 1 Descriptive data of mean occurrences of iconic gestures across cultural groups (JP, 

Japan; GER, Germany) and actions.

Action JP GER

M (SD) M (SD)

Read a book 2.0 2.8 2.0 1.0

Prepare pickles 1.0 2.0 1.6 1.5

Pour water in a glass 1.3 1.5 1.6 3.0

Make a juice 1.3 1.0 1.4 1.5

Making a paper airplane 2.8 2.5 3.4 3.4

Cut out shape with scissors 2.3 2.6 1.0 1.4

Total per participant 10.5 8.3 11.0 10.7

The bottom row reports the mean (and SD) of total gestures produced per participant across 

all six actions.
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action sequence. This suggests that their corrective behavior was 
targeted and sensitive to what the robot should already know. 
We also noted that children’s corrective behavior diminished 
over the course of the interaction. In some cases, children 
initially attempted to clarify incorrectly understood actions but 
later discontinued doing so. This may align with the adaptive 
nature of the established Interaction Model: repeated 
unsuccessful attempts to clarify may have caused children to 
question the efficacy of their explanations, leading them to 
withhold further corrections. We will elaborate on possible 
interpretation of this behavior in the Discussion.

In addition to these action-related behaviors, the pilot 
recordings illustrate that our method can also shed light on 
some details on gestural behaviors. For example, children 
frequently used a small gesture space, often keeping their 
gestures close to the body (see Figure 5).

Self-adapters, such as touching the face or clothing, were also 
noted, which may indicate information processing and speech 
production and tend to appear in the presence of novel 
environmental factors, for example an unknown interaction 
partner (Allen and Honeycutt, 1997; Ekman and Friesen, 1969). 
Although not explicitly intended as part of the design, a small 
number of children also used deictic gestures—such as pointing 
to the monitor where the incorrect understanding was displayed 
—to guide the partner’s attention during corrections. These 
instances seem to re7ect how some children 7exibly employed 
available resources when they explicated their reference.

Taken together, the pilot observations indicate that the 
proposed method elicits various gestural behaviors within a 
structured dialogical sequence. In addition, beyond 
demonstrating feasibility, the design also allows to examine 
children’s multimodal behavior when an interaction partner 
signals partial understanding.

6 Discussion

In this work, we proposed and piloted a theory-informed 
methodical approach for eliciting preschool-aged children’s 
multimodal communicative behaviors, particularly their co- 
speech gestures, using a social robot as a standardized 
interaction partner in Japan and Germany–countries that differ 
largely in their culture. Guided by an interactionist theoretical 
perspective, the approach specifies a structured dialogical 

paradigm in which children adopt an expert role and the robot 
fulfills a novice-learner role, creating repeatable opportunities 
for explanation and repair under conditions of high degree of 
experimental control and cultural comparability. Our pilot study 
demonstrated the feasibility of implementing the procedure and 
provided preliminary observations of children’s behaviors that 
the paradigm can yield. The cross-cultural applicability of the 
proposed approach is supported by the initial findings that all 
participating children in both cultural groups produced co- 
speech gestures during their explanations and engaged in the 
designed interaction, although the frequency of gestures varied 
across actions and children.

A key strength of the presented approach lies in its capacity to 
initiate a dialogue and interaction with children while ensuring a 
high degree of experimental control. By scripting the robot’s 
multimodal behavior and maintaining consistent interactional 
conditions across trials (i.e., the different actions), we were able 
to standardize the child’s dialogical experience and to elicit 
spontaneous communicative behaviors at the same time. This 
level of control bears potential in cross-cultural gesture research 
where consistent elicitation procedures are essential to minimize 
confounds and enhance data comparability. The robot’s ability 
to maintain repeatable yet dynamic interactional patterns created 
an interactional setting that would be difficult to achieve with a 
human partner. By assigning the child the role of an expert 
responsible for teaching the robot, we established a dialogical 
structure that has been shown to promote rich communicative 
behavior in children (Boden et al., 2024). Specifically, the 
applied role configuration operationalized all three aspects of 
our design principles (Section 4.1): the Partner Model framed 
the robot as a less knowledgeable learner in pragmatic need of 
the child’s expertise. The Task Model embedded a clear, goal- 
directed instructional sequence designed to support knowledge 
transfer and mutual understanding. The Interaction Model 
shaped the exchange around cooperative turn-taking and 
appropriate communicative means. The systematically embedded 
instances in which the robot displayed partially understanding 
further strengthened these intertwined Models.

Further, our study was insightful for future methodical 
refinement of the here proposed approach. In this respect, we 
noted that the partial understanding that the robot demonstrated 
as a fixed response strategy can lead to crucial changes in the 
Partner Model that children hold about the robot: If the robot 
barely demonstrates an understanding, children might consider it 

FIGURE 5 

Example of the gestural behavior of a child explaining the sequence of actions involved in making a paper airplane.
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as less capable of learning and reduce their effort in explaining and 
the use of corrective gestures. Our initial observation suggests that 
the repeated lack of acknowledgment or improvement in the robot’s 
understanding may have disrupted the expected interactive 
dynamics. This observation stresses the importance of aligning 
the robot’s behavior with both the child’s role expectations and 
the perceived progression of mutual understanding. To address 
this issue, we propose refining the current dialogue design by 
introducing variations in the robot’s responses that would re7ect 
a learner’s progress. For instance, if a child provides a successful 
correction, the robot could subsequently demonstrate the correct 
action on the monitor and provide verbal feedback indicating 
improved understanding (e.g., “Oh, now I see how to do it!”). 
Such behavior might allow children to recognize how their 
explanations affect the unfolding interaction. This could 
potentially increase their engagement by confirming their role as 
competent explainers. In addition, this adaptation would also 
enable the investigation of how children monitor and respond to 
their partner’s learning trajectory, a dimension closely tied to the 
Partner Model and relevant for understanding how 
communicative behavior unfolds in asymmetric instructional 
settings (Agrawal et al., 2023).

One limitation to this approach is that children did not perform 
actions together with the robot. Thus, the current paradigm does 
not capture situations in which dialogue is directly coordinated 
with ongoing joint action. Future work that includes such joint 
action may require an additional Situation Model to link what is 
said to what is being done at each point in the interaction. This 
would require a tight coordination between the dialogue and 
actions, as illustrated by Singh et al. (2025).

Another limitation pertains to the technical realization of the 
design principles. In the current implementation, the robot’s 
behavior was controlled via a semi-autonomous teleoperation 
setup. Although the multimodal behaviors of the robot followed a 
fixed script, and the operator’s role was limited to triggering 
predefined actions at specific points in the sequence of the 
interaction, teleoperation can introduce variability related to the 
experimenter (e.g., response timing) and, in cross-cultural 
deployments, the possibility of cultural-specific operator effects 
(Gamboa et al., 2025). Future iterations therefore could benefit 
from increased levels of automation. For example, automated 
detection of relevant child behaviors could trigger the next 
scripted robot action in a more uniform manner across settings. 
Currently, however, fully automated solutions are not feasible. 
Despite rapid progress in child speech recognition and vision– 
language models (Janssens et al., 2025), the real-time 
interpretation of children’s variable speech and spontaneous 
gestures remains limited. For this reason, a semi-autonomous 
approach offers a reliable compromise, supporting contingency 
while maintaining control over the dialogical structure and content.

Thus, whereas the here proposed interactional dynamics 
appeared to be effective in prompting children to revise or 
clarify their explanations, further research needs to be 
conducted to clarify what behaviors of the partner engage 
children in interaction and when they disengage. For this, a 
delicate balance between the partner demonstrating 
understanding and misunderstanding is required to keep 
children engaged. The achieved results and the open questions 
make the paradigm suitable as a methodical tool for not only 

eliciting representational gestures during a child’s explanations, 
but also for examining how children 7exibly adapt their 
multimodal communicative means in response to incorrect 
understandings, in line with the adaptive dynamics postulated 
by the interactionist framework.

In addition, beyond cross-cultural applications, the presented 
standardized elicitation paradigm may also be useful in 
distinguishing potential sources of variability in children’s 
multimodal behavior. For instance, when studying gesture 
production in heterogeneous developmental groups, an established 
comparable task structure and interactional contingencies can help 
distinguish effects attributable to the elicitation context from those 
related to developmental differences. Thus, the present robot- 
based paradigm could serve as a methodological baseline for 
future work explicitly examining different, heterogeneous 
developmental groups under matched interactional conditions.

Moreover, a promising direction for future work involves 
manipulating children’s prior knowledge of the actions. Informal 
feedback from caregivers during the pilot study revealed that 
some children were already familiar with specific actions, such as 
making a paper airplane, and showed an increased use of gestures 
when explaining these actions. This suggests that action-specific 
familiarity could be related to children’s multimodal explanations. 
In future iterations of the method, we plan to introduce a pre-lab 
practice phase in which children prepare selected actions at home 
with their caregivers. This could allow investigating the effects of 
prior action experience contributing to strengthening children’s 
role as an expert, their better understanding of the actions, and, 
thus, promoting more elaborate explanations during subsequent 
laboratory interactions. In this vein, previous studies have shown 
that children’s gesture use increases when they have opportunities 
to encode and re7ect on actions before communicating them 
(Hostetter and Alibali, 2008; Wakefield et al., 2018).

7 Conclusion and future directions

In conclusion, the method presented here provides a new 
methodological approach for using social robots across cultural 
groups to elicit and investigate children’s multimodal behavior. 
It also has broader implications for research with social robots 
in educational settings and the design of future child–robot 
interactions. While the presented pilot study was limited in 
scope and sample, it illustrates the potential of the proposed 
theory-informed, structured interaction design that can be 
implemented across two cultural environments and elicits 
spontaneous co-speech gestures during children’s explanations 
within structured elicitation slots. Importantly, the presented 
method provides a level of control, repeatability, and 
adaptability that can address core methodological challenges in 
the field. At the same time, our initial observations point to the 
importance of refining the robot’s behavior so that it aligns 
more closely with the child’s expectations and the dynamics of 
the interaction, rather than providing a fixed response strategy. 
Future research will need to systematically investigate how such 
adjustments, e.g., displaying a progress in understanding, affect 
children’s behavior.

In sum, we see the developed methodological approach not as 
a replacement for existing paradigms, but as a complementary tool 
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that can expand the experimental repertoire available to 
researchers studying children’s communicative development 
across cultures. By enabling dynamic yet controlled interactions, 
social robots may contribute to a more nuanced understanding 
of how multimodal behaviors emerge and adapt within social 
and cultural interactional settings.
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