
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
How turn-timing can inform about becoming familiar with a task and its changes: a study 
of shy and less shy four-year-old children

Permalink
https://escholarship.org/uc/item/26b984sz

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 46(0)

Authors
Tykhonenko, Valeriia
Tolksdorf, Nils F
Rohlfing, Katharina

Publication Date
2024
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/26b984sz
https://escholarship.org
http://www.cdlib.org/


How Turn-Timing Can Inform about Becoming Familiar with a Task and Its 

Changes: A Study of Shy and Less Shy Four-Year-Old Children 
 

Valeriia V. Tykhonenko (valeriia.tykhonenko@uni-paderborn.de)  
Psycholinguistics, Paderborn University  

 

Nils F. Tolksdorf (nils.tolksdorf@upb.de)  
Psycholinguistics, Paderborn University   

 

Katharina J. Rohlfing (katharina.rohlfing@upb.de)  
Psycholinguistics, Paderborn University  

  

 

Abstract 

In novel situations, the productive communicative behavior of 
shy children can require more time than that of their less shy 
peers. Investigating 14 preschoolers, we asked which 
situational demands and changes contribute to the individual 
processing. Whereas children’s shyness was measured by a 
standardized questionnaire given to caregivers, their 
processing of situational demands was measured by their 
nonverbal turn-timing over two sessions with a social robot. 
We focused on how children respond to their partner when the 
situation changes in comparison to a familiar one. Our results, 
based on grouping children by shyness level, indicate that 
while differences in turn-timing were not significant, shy 
children’s turn-timing was consistently characterized by higher 
latencies compared to the less shy children across sessions and 
tasks, particularly when introduced to a new task. Correlational 
analysis, accounting for the full shyness spectrum, confirmed 
this trend. Findings clarify how children perceive a situation 
and situational changes.  

Keywords: multimodal turn-taking; turn-timing; shyness; 
child–robot interaction; task changes; action latency 

Introduction 

Turn-taking is a fundamental skill for studying the principles 

of successful communication in any context. It reflects the 

human skill to respond contingently to each other in a 

meaningful way. Much attention has been paid to study of 

both the phenomenon in general and its particular features 

(Casillas, Bobb, & Clark, 2016; Kaye, 1977; Levinson, 2015; 

Riest, Jorschick, & de Ruiter, 2015; Schegloff, 2020; Stivers 

et al., 2009). Previous research analyzing a turn-taking 

processes, has often emphasized its complexity, meaning that 

understanding of the seemingly simple idea of “whose turn it 

is and when it should start” involves numerous “subtasks”. 

Examples of “subtasks” include the rapid comprehension of 

the received information, its processing, and decision on the 

appropriate response in the form of an utterance or action, 

asking for additional information for the effective turn, etc. 

(Riest et al., 2015; Wilson & Wilson, 2005).  

It is natural that the turn-taking process is not always 

smooth, as it can be affected due to different reasons, 

resulting in variations of turn-timing. Longer processing of 

the received information may be one of the possible reasons 

for this. It may also reflect a particular processing that could 

be typical for a group of people who are dealing with specific 

situational demands. One such group may include people 

who can be characterized by a shy temperament.  

Shyness and Its Effect on Turn-Taking 

Shyness can be broadly defined as the presence of anxiety or 

inhibition in novel social situations, typically involving 

several components: global feelings of emotional arousal, 

acute public self-consciousness, and distress about being 

negatively evaluated by others, as well as observable 

behaviors such as quietness, gaze aversion, and social 

withdrawal (APA Dictionary of Psychology, 2018). The 

study of temperamental traits, such as shyness, is of particular 

interest because it is highly prevalent and informs us about 

individual differences. Typically concentrated on the (verbal 

or nonverbal) communicative behaviors of shy children, 

developmental research has extensively demonstrated that 

shyness can lead to a tendency for individuals to engage in 

reduced verbal interactions in unfamiliar social situations 

(Crozier & Badawood, 2009). In addition, children have been 

shown to express their shyness by using nonverbal signals 

such as coy smiles or by avoiding eye contact (Colonnesi et 

al., 2017; Reddy, 2005). What is apparent in these studies is 

that children’s communicative behaviors are frequently 

studied in isolation from their partners’ behaviors. Turn-

taking, in contrast, appears to be a phenomenon that requires 

analysis in relation to the partner. How shy versus less shy 

children may differ in their fundamental turn-taking behavior 

has received little attention so far.  

Turn-taking is based on responsivity to the partner and is 

also reflecting humans’ ability to adapt to each other and to a 

situation (Van de Pol et al., 2023). Importantly, recently, 

multimodal turn-taking has been studied to do justice to the 

fact that nonverbal responses can follow upon verbal requests 

and vice versa (Rohlfing et al., 2019). With regard to how shy 

children respond to requests, recent research has emphasized 

a positive and socially adaptive function (Colonnesi, Nikolić, 

& Bögels, 2020; Reddy, 2005). For example, it has been 

suggested that in stressful social situations, shy children may 

exhibit high levels of attentional control, being able to 

appropriately regulate and shift their attentional focus in 

response to situational demands.  
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Along these lines, emerging interest has turned to the 

effects of shyness on children’s unfolding interactional 

behavior as they become more familiar with contextual 

conditions to shed light on the adaptive processes connected 

to children’s shyness. Tolksdorf and colleagues (2021a) 

examined the behavior of preschool children in relation to 

their temperamental shyness, looking at children’s 

expressions of pleasure (e.g., smiling) and discomfort (e.g., 

frowning) over the course of four consecutive sessions 

involving multiple learning and testing situations of novel 

words. This was a child–robot interaction study to control for 

the effect of the partner. Interestingly, whereas the authors 

found that the shyer children generally remained less 

expressive in their positive reactions over time, analysis of 

the children’s expressions of discomfort revealed that when 

the shy children had the opportunity to familiarize themselves 

with a particular contextual environment (e.g., the first 

learning or testing situation), their reactions of discomfort 

were significantly lower than those of the less shy children. 

The authors argued that this faster decrease in negative 

reactions may indicate a familiarization effect, which was 

particularly pronounced in the shy children and reflected that 

the children became accustomed to the associated demands 

within the specific situation. These findings suggest that, 

depending on contextual conditions, shy children may adapt 

differently to the demands of a particular task. 

As mentioned above, one of the informative ways to assess 

the communicative behavior of partners in relation to each 

other is to analyze their turn-taking behavior, which has been 

barely studied so far in relation to children’s shyness. To 

reveal how shy children might differ from their less shy peers 

in dynamically reacting to novel or changing situations, we 

analyzed data from an existing child–robot study. With this 

investigation, we aimed to shed more light on the question of 

how children perceive a situation and how their coping with 

situational changes affects their turn-taking processes.  

Relevant Work on Becoming Familiar with a 

Task and Coping with Task Changes 

The topic of how people become familiar with a task or cope 

with task changes and how this relates to their communicative 

behavior promises to provide insights into how situational 

models interplay with communicative abilities and behaviors. 

For children, this interplay may have important implications, 

as a novel task or changes in the task may impose a higher 

cognitive load, which may reduce children’s communicative 

abilities in this context. One of the first studies demonstrating 

familiarization effects with a task was conducted by Farrar 

and colleagues (1993). In this study, familiarization with a 

toy set was used to expand children’s action knowledge. It 

was assumed that action knowledge captures cognitive 

resources that are becoming available for language 

processing when children familiarize with a task. The results 

show that the children produced more event-specific verbs in 

familiar compared to unfamiliar event situations. 

In addition, familiarization can affect not only children’s 

but also caregivers’ behaviors. As shown in a study by 

Marcos (1991), familiarization for caregivers allows them to 

start from a shared knowledge base and refer to shared 

experiences; they provide information in their reactions to the 

child’s behavior, which in turn can lead to deepening and 

broadening of the child’s knowledge. Moreover, Reder et al. 

(2015) highlight that less familiar stimuli are more difficult 

to combine to create new knowledge as they require more 

working memory resources. In general, familiarization can be 

considered in the context of learning or teaching something 

new and helping to understand and recognize it in future. 

Consequently, some new details added to the already familiar 

issues can interplay with recognition and adequate reaction to 

the already known situation. In other words, becoming 

familiar with something means being able to cope with the 

specific task quite successfully and not losing the 

understanding of the learned concept or task, even if the 

general setting undergoes certain changes.  

In the context of our study, we understand a “task” as a set 

of actions that a child has to perform in order to complete the 

instructions proposed by the partner, in this case a social 

robot, and achieve the joint goal. However, a task can be 

solved in a very individual manner.  

Considering shyness as a crucial dimension of individual 

differences that affects the way children engage in tasks and 

interactions, there is surprisingly little known about how turn-

taking behavior in shy children interplays with small changes 

in the task and how it might differ from the behavior of their 

less shy peers. This question is important to clarify as it 

provides insights into the dynamics of how a situational 

model is updated individually.  

For our investigation, driven by findings from the literature 

revealing the impact of temperamental characteristics on 

children’s productive behavior, we hypothesized that shy 

children’s nonverbal turn-taking will differ from their less 

shy peers. However, we found support in the literature for two 

possible differences that we aimed to explore: since shy 

children have been described as having a less reactive and 

more observant temperament, it may well be that they are 

more sensitive to the task changes (Mink, Henning, & 

Aschersleben, 2014). Therefore, on the one hand, it is 

possible that shy children will respond in a similar manner to 

novel settings, i.e., with longer latency when compared to 

their less shy peers. On the other hand, once shy children 

become familiar with the overall setting, small changes may 

be easier for them to cope with because they may benefit from 

their increased social understanding and abilities in observing 

others, which facilitate their social information processing. 

As a result, they may respond more quickly in comparison to 

their less shy peers.  

Method  

For the present work, we drew on data collected as part of a 
previous investigation examining how children learn a 

particular linguistic structure cross-situationally within 

recurrent and varying interactions with a social robot 

(Tolksdorf, 2024). All data were collected in accordance with 

university ethics procedures, with permission to use the data 
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in further analyses. These longitudinal data include high-

quality video recordings of four sessions over a two-week 

period capturing interactions between a preschool child and a 

social robot, each session lasting approximately 20–35 

minutes, providing a solid foundation for our analysis.  

Each of the video recorded sessions contained several 

requests from the robotic partner to perform an action (e.g., 

to uncover an object), which were presented to the child in a 

consistent and controlled manner. This allowed us to 

precisely measure the time between the robot’s request and 

the child’s onset of action during the interaction.  

Since the focus of our analysis was to examine the effect 

of shyness on children’s turn-timing as a function of 

changing interactional demands, we deliberately chose the 

second and third sessions out of a total of four sessions for 

our analysis. The rationale for selecting these two sessions 

was that a subset of the total sample of children were 

presented with a change in task across these sessions, that is, 

whereas in the first two sessions, the demands remained the 

same, in the third session, these children encountered an 

altered setting. It was precisely this change in the task and its 

effects on the timing of the children’s turns, in light of their 

shyness, that we were interested in.  

Participants 

The sample we included in our study comprised 14 

preschoolers, typically developing and German-speaking 

children (6 female, 8 male) aged 4.25–5.83 years (M = 5.19, 

SD = 0.39). The children in the sample were recruited from 

the greater Paderborn area (North Rhine-Westphalia, 

Germany) through local kindergartens, libraries, and 

newspapers. A caregiver was present during all interactions 

but did not actively participate in the interaction. In 

accordance with university ethics procedures for research 

with children, caregivers provided written consent prior to 

their children’s participation. Children verbally agreed to the 

participation in the interaction, and they were told that the 

interaction can be discontinued without any disadvantage to 

them.  

Experimental Procedure and Operationalization of 

Task Changes 

The design of the overall learning situation was guided by 

existing theoretical concepts of learning, emphasizing that 

communication is jointly organized by the interaction 

partners in a multimodal way and towards a goal (Rohlfing et 

al., 2019). Such a way of interaction is highlighted as we 

study the children’s nonverbal responses (verbal reaction was 

not required from the participants, their nonverbal reaction is 

in focus, i.e., uncovering the items) to the robot’s requests, 

expressed both verbally (explaining the task) and nonverbally 

(pointing at the item). Specifically, within the developed 

setting, the children were engaged in a storytelling activity 

with the robotic partner. The story told by the robot to the 

children included the plot of the robot’s journey to the 

university and the things it saw along the way. This narrative 

plot served as an overarching contextual framing in which six 

novel color words were provided as input over the course of 

the long-term interaction over four consecutive sessions. 

Importantly, in these sessions, the children actively 

contributed to the goal of the interaction, and the robot asked 

them to perform specific actions in each session, such as 

uncovering or manipulating an object (the dialogue design 

developed for the child–robot interaction can be found on the 

OSF: https://osf.io/fc6uw/). As mentioned earlier, in the 

present study we focused only on the second and third 

sessions for our analysis, as children were confronted with 

changing interactional demands raised by the robot across 

these sessions. Table 1 and Figure 1 provide an overview of 

the characteristics of the settings that the children 

experienced during the long-term interaction and in which 

sessions they were implemented. 

 

Table 1: Characteristics of the situational changes. 

 

Term Elaboration 

General  

set-up 

Children engaged with a robot in a joint 

storytelling activity in which they learned 

new color words; caregivers were present 

but were not actively involved. 

Recurring 

setting 

(occurred in 

session 1 and 

recurred in 

session 2) 

The target referents were objects in 

pictures. These were hanging on a wall 

(see Figure 1a). They were covered, and 

the robot asked the children to uncover 

them. 

 

Alternating 

setting 

(implemented 

in session 3) 

The target referents were objects in 

pictures, but there was a changed spatial 

arrangement of the target referents (s. 

Fig. 1b) as well as a changed goal of the 

joint interaction from purely sharing the 

new words and uncovering the object to 

the task of helping the robot to put the 

pictures to a different location (s. Fig. 1c). 

 

In the recurring setting, which was presented to the 

children repeatedly in the first two sessions, the referents of 

six target words were presented as pictures hanging on the 

wall. They were covered by a small cloth, and the robot 

requested the child to uncover each one to reveal the target 

referent of the novel word. Thus, exactly 6 requests were 

presented to the child during this setting. In addition, the 

interactional characteristics of this setting involved 

establishing a specific dialogical role for the child and the 

robot with related tasks that involved specific actions. That 

is, whereas the robot acted as the narrator of the story and 

asked the child for help in uncovering the objects at certain 

stages of the story, the child fulfilled the role of a listener and 

helped the robot to uncover the objects.   

In the alternating setting implemented in the third session, 

we drew on work on introducing contextual changes in a 

learning task (Twomey, Ma, & Westermann, 2018) and 

changed the interactional characteristics and task demands 

that children encountered compared to the previously 
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experienced setting. The purpose of the change was to 

introduce two novel tasks, while keeping the general set-up 

the same (see Table 1, Figure 1). Specifically, the first change 

in task involved a different spatial arrangement of the six 

target referents (see Figure 1b). This altered task was a slight 

modification of the task that the children had already 

performed in the two previous sessions, that is, the items were 

now placed on the floor, requiring a contrasting localization 

of the referents by the children. Then, the children were 

involved in a completely novel task, and the interactional 

demands changed clearly. In this case, after an object was 

uncovered and the robot told the child the appropriate target 

word for the referent, the child was now requested to put the 

picture into the robot’s suitcase that was placed next to the 

robot in that session. Apart from this task framing, the other 

parameters of the interaction remained the same. 

Stimuli 

The robot employed in the present study was the NAO robot 

from Softbank Robotics. Being affordable and well-

established, this humanoid robot has been widely used in 

child–robot interaction studies (e.g., Amirova et al., 2021). It 

is 58 cm tall and has 25 degrees of freedom. Teleoperation 

was used to allow the robot to act contingently. We 

implemented the behaviors in the NAO robot using 

Choregraphe and used the robot’s integrated text-to-speech 

production, with German language. The referents of the six 

novel words (noun-adjective compounds such as “coral red 

[korallenrot]”) were presented in pictures each measuring 

14.8 × 21.0 cm. 

 

 
 

Figure 1: Characteristics of the recurring task of uncovering 

(a) and the alternating setting introduced in the third session 

with familiar task but in a changed spatial arrangement (b) 

and manipulating an object for a novel goal (c). 

Coding of Children’s Behavior 

To analyze children’s timing of all turns within the 

interaction with the robot, we used ELAN and imported the 

recorded videos. Specifically, the analysis required the 

development of a coding scheme to cover two key elements: 

the timing of robot’s request and the action latencies of the 

children, i.e., the time they needed to act properly according 

to the formulated task. In our developed approach, coders 

blind to the hypotheses measured the time from the end of 

each request to the beginning of the child’s action in 

milliseconds. The endings of the robot’s requests were 

marked after the robot had finished its verbal utterance. The 

onset of the child’s action was immediately marked by the 

child initiating the action, i.e., beginning to reach out to 

uncover the object. We considered the action only when it 

coincided with the robot’s instruction, though there were very 

few cases when children were acting independently, 

uncovering the items without the robot’s request. We did not 

take those cases into consideration. Therefore, the coding 

provided the latency of the child’s action; the timing of the 

child’s actions could have a negative latency if the child 

initiated the action before the robot had completed the 

request. Alternatively, there could be a positive latency if the 

child initiated the action after the robot had completed the 

request.  

Assessment of Children’s Shyness 

To measure children’s shyness, we utilized the Inventory on 

Integrative Assessment of Child Temperament (IKT, 

Zentner, 2011), a standardized questionnaire designed for 2- 

to 8-year-olds. It has been validated with over 4,400 children 

and aligns well with similar English-language temperament 

diagnostics, like the CBQ by Rothbart et al. (2001). Based on 

the integrative approach of Zentner and Bates (2008), the IKT 

assesses temperament across five dimensions, such as 

sensory sensitivity, frustration tolerance, or shyness. For each 

dimension of temperament, the IKT provides a unique score 

obtained from a questionnaire given to the child’s caregiver, 

who evaluates their child’s behavior related to everyday 

situations (e.g., behavior toward strangers) on a 6-point 

Likert scale. Since we are interested in the influence of 

shyness on children’s turn-taking behavior, our analysis 

focuses on this score. Based on the raw scores obtained from 

the responses to the questions, the predefined scoring 

procedure of the IKT requires a conversion into percentile 

ranks in order to allow an adequate interpretation of the 

child’s temperament according to age and gender in relation 

to the normative sample of the test. The higher the percentile 

rank value, the shyer the child, with the minimum and 

maximum values being 0 and 100, respectively. According to 

the IKT, children scoring above 75 were considered to be 

markedly shy. Based on these scores, we grouped our sample 

into less shy (n = 8, mean shyness score = 33.33, SD = 20.14) 

and shy (n = 6, mean shyness score = 91.67, SD = 4.71). 

Results 

In the analysis of the data, we were interested in investigating 

how children’s turn-taking behavior toward the robotic 

partner unfolded depending on children’s level of shyness 

and changing tasks over the course of the sessions. Drawing 
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on previous work, we assumed that shy children would either 

be very adaptive to the changing tasks in an overarching 

familiar environment and display comparable timing in their 

actions, or that they would display longer timing than their 

less shy peers owing to the novelty of the situational 

conditions. Due to the violation of the assumption of 

sphericity, we used a nonparametric equivalent to mixed 

ANOVA: the ANOVA type statistic (ATS) (Akritas, Arnold, 

& Brunner, 1997; Noguchi et al., 2012). The test statistic is 

similar to ANOVA’s F-tests and exactly meets the α level 

while being conservative. A key advantage of this approach 

is that the ATS is robust to skewed, small, and even unequal 

sample sizes, while still being appropriate for longitudinal 

data. In addition, ATS provides a relative treatment effect 

(RTE) which is a measure of effect size based on the actual 

sample (Noguchi et al., 2012). The value of the relative effect 

RTE ranges between 0 and 1, whereby the occurrence of 0 

and 1 means completely different conditions (e.g., for the shy 

and less shy children); 0.5 indicates that the conditions do not 

differ at all (Brunner, Bathke, & Konietschke, 2018; Noguchi 

et al., 2012). Moreover, the statistical approach of ATS has 

proven effective for application in developmental studies. 

(Tolksdorf, Crawshaw, & Rohlfing, 2021b; Viertel, 2019).  

 

 
 

Figure 2: Average latency of the children’s turn-taking in 

response to the robot’s request depending on their shyness 

level, task type, and session. Note: negative values indicate 

an overlap of turns, while positive values indicate a gap 

between turns (*p < 0.05, **p < 0.001). 

 

The ATS revealed a highly significant main effect of time, 

F(1.84, ∞) = 15.58, p < .001. The children’s actions in 

response to the robot’s request clearly overlapped with the 

robot’s instruction during the already familiar task (Session 

2, familiar action, Mdn = –3.574, IQR = 2.359, RTE = 0.49).  

In the third session, the overlap even increased with respect 

to the modified task, and children showed an increased 

negative latency when confronted with the slightly altered 

parameters within the previously known object uncovering 

task (Session 3, modified action: Mdn = –3.765, IQR = 1.845, 

RTE = 0.36). Multiple post-hoc comparisons showed that 

children’s actions became significantly faster from Session 2 

to Session 3, F(1, ∞) = 9.34, p < .05, even though a slight 

modification of the task required an adapted action.  

Interestingly, we found no significant effect for the shyness 

group, F(1, 11.25) = 1.60, p = .20, suggesting that subjects 

did not differ in the temporal coordination of their actions in 

response to the robot’s turn in terms of their shyness. In 

particular, the shy children showed a relatively stable level of 

overlap in their actions during the familiar task in the second 

session, Mdn = -3.179, IQR = 1.139, RTE = 0.51, and the 

slightly modified task in the third session, Mdn = -3.324,   

IQR = 1.888, RTE = 0.45 (s. Fig. 2). With the new task in the 

third session, Mdn = -0.582, IQR = 1.413, RTE = 0.80, the 

action latencies of shy children were longer on average by 

more than 2.7 seconds compared to the previous action, 

whereas the less shy children demonstrated clearly 

overlapping actions in response to the robot’s requests in the 

second session during the familiar task, Mdn = –3.671,        

IQR = 3.103, RTE = 0.47, and also in the third session during 

the modified task, Mdn = –3.808, IQR = 1.282, RTE = 0.28. 

In addition, there was also a reduction in overlap in the group 

of less shy children in relation to the new task in the third 

session, Mdn = –2.694, IQR = 2.590, RTE = 0.53, although 

the overlap of actions remained at a higher level than for the 

shy children. 

Overall, summarizing the children’s action latencies over 

the course of the sessions and considering the changing tasks, 

we found that on the one hand, independent of the shyness 

groups, there was an increase in overlap when an already 

familiar task was slightly modified. However, when a novel 

task was presented to the children, this had a significant effect 

on children’s turn-timing, making it longer. On the other 

hand, although the difference between the shyness groups did 

not reach significance, shy children were consistently slower 

to perform the requested actions compared to the less shy 

group across all sessions and tasks. This was particularly 

pronounced when the shy children were confronted with a 

novel task and performed their action on average more than 

two seconds later than their less shy counterparts. 

In a second step, we aimed to go beyond the dichotomous 

group comparison and explore how the full range of the 

shyness spectrum influences children’s turn-timing with 

regard to their action latencies. Informed by theory (Coplan 

& Weeks, 2009; Farrar, Friend, & Forbes, 1993) and in light 

of our group comparison findings, we were particularly 

interested in the relationship between children’s degree of 

shyness and the temporal coordination of their turns when the 

demands of the interaction were changed in a way that 

involved introduction of a novel task. We therefore focused 

on children’s action latencies during the third session, when 

children were confronted with the novel task presented by the 

robotic partner. The relationship between children’s action 

latencies and their shyness scores (as measured by the IKT) 

was examined using Pearson product-moment correlation 

coefficients. This analysis revealed that children’s shyness 
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was positively correlated with the time they needed to 

perform the requested action, r = .41, p = .07. This positive 

relationship indicates that the higher the level of children’s 

shyness, the longer the action latencies; conversely, children 

with lower levels of shyness demonstrated shorter action 

latencies. In addition, this finding provides support that 

children with higher levels of shyness adapt differently to 

changing interactional demands, such as when confronted 

with a novel task, as reflected in their turn-timing.  

Discussion 

The advantage of using a robot as an interaction partner is 

that it provides controlled behavior (Fischer, 2016). In this 

way, we were able to analyze the effects of changes 

(alternating setting) that were made to the setting and how 

they influenced shy versus less shy children’s multimodal 

turn-timing. Our study contributes to the investigation of 

children’s turn-taking in the context of its multimodal nature. 

In particular, although multimodal turn-taking behavior has 

been studied in previous works (Kendrick, Holler, & 

Levinson, 2023; Rohlfing et al., 2019), children’s turn-taking 

with artificial interaction partners have remained relatively 

unexplored—even less is known about their individual 

differences influencing the temporal coordination. In this 

respect, our analysis revealed that during the repeated session 

with a familiar task, for both shy and less shy children a 

similar turn-timing in response to the robot’s request could 

be observed. The action time latency was mostly negative, 

indicating substantial overlap, meaning that the children 

started their actions before the robot finished its utterance.   

In a consecutive session, the setting was altered by 

introducing a change in the spatial arrangement of the objects 

(Fig. 2b). Interestingly, children’s turn-timing appeared to 

maintain a similar level of action latencies, independent of 

the children’s temperamental shyness. In fact, we found that 

participants’ overall mean action latency was significantly 

faster when performing the familiar task, even when some 

changes in the task occurred. In contrast, the turn-timing 

changed and was slower when children were presented with 

a novel task, as it was the case for the last part (Fig. 2c) of the 

third session. Here, it was not only a different spatial 

arrangement of the objects encountered, but also the modified 

request of the robot for a new goal. While there was still an 

overall overlap between request and action in the novel task, 

the responses of the shy children in particular had on average 

2.7 seconds higher latency compared to the previous task. In 

contrast, the actions of the less shy children were 

considerably faster, although the difference between the 

groups did not reach statistical significance. Further analysis 

of this trend revealed a positive correlation between 

children’s levels of shyness and their action latencies when 

considering the entire spectrum of shyness in our sample. 
This correlation supports previous findings suggesting that 

shy children can be more inhibited in their productive 

behavior than less shy children (Cameron, 2009) when facing 

a novel situation. 

Overall, although the findings did not reach significance, 

our results indicate the possibility that shy children might 

make use of their finely developed observational skills 

(Wellman et al., 2011), which allow them to be more 

sensitive to changes in the situation. Following this line of 

research, shy children may have a richer analysis of an 

ongoing situation and more nuanced awareness of its 

changes. Since in our study, shy children reacted differently 

to changes in the spatial arrangement of the objects than to 

changes that also included robot’s request and thus changed 

the task’s goal, we suggest that future studies differentiate 

between situational aspects that are critical to the task and 

vary them more systematically.  

There are some limitations to our approach: Whereas we 

decided to measure the action of the child as a response / turn, 

another possibility is to consider the reaction to the robot’s 

request in form of children’s eye/head movements toward a 

speaker, change in body position, as a preparation for the 

requested action and to relate the subsequent action to it. This 

would allow us to address individual differences in 

performing an action in a faster or slower way. Another 

limitation concerns control of the child’s physical location: 

Children’s position was set by the cushions, on which 

children sit to be close enough to the items (for equal 

conditions for all the participants), and in the second half of 

the experiment NAO asked the children to move to the two 

items that were located farther. However, there were cases 

when (some active) children were sitting closer/farther to the 

items they were asked to uncover.  
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