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Abstract. As social robots enter educational and public settings, un-
derstanding how children perceive and engage with them becomes cru-
cial. This study introduces the Social Bench Tool, an interdisciplinary
measure adapted from social psychology to assess children’s implicit at-
titudes toward robots. In the task, children choose where to sit on a
bench next to a humanoid robot, revealing interpersonal orientation to-
ward it. We tested a digital version in a pilot study with adolescents
and implemented a physical version during a public event with children.
Preliminary results from the digital study suggest participants sat closer
to the robot after interacting with it. Observations from the physical
setup support the tool’s potential as a behavioral measure in more nat-
uralistic contexts. The Social Bench Tool offers a simple, intuitive way
to complement self-reports in Child-Robot Interaction research.
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1 Introduction

Research on Child-Robot Interaction (CRI) is gaining traction within the broader
field of social robotics, especially considering its applications in the educational
field [2]. Consequently, the development of appropriate tools to interpret chil-
dren’s perceptions and behaviors toward robots is increasingly necessary. Con-
ventional self-report measures, while informative, often rely on verbal and metacog-
nitive abilities that vary widely across developmental stages. Younger partici-
pants may struggle to articulate their attitudes explicitly, which can limit data
interpretability and comparability [3]. To address this issue, researchers have
advocated for more accessible and developmentally appropriate techniques, such
as graphic or spatial representations of constructs [12].

In this context, we propose an innovative measure: the Social Bench Tool
(SBT), specifically designed for CRI. This tool draws inspiration from the So-
cial Exclusion Bench Tool [8], a social psychology self-report method, where
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participants indicate where they would sit on a bench already partially occupied
by a member of a stigmatized group (e.g., an immigrant). This allows researchers
to assess implicit prejudice through physical distance. Inspired by this, the SBT
presents a bench with the humanoid robot iCub [9] seated on one side, allow-
ing us to gather indirect indications of children’s attitudes toward the robot.
Participants are asked to choose where they would sit, providing a non-verbal
indication of attitudes toward the robot. To validate the SBT, we ran one pilot
studies during school’s Open Day at the Italian Institute of Technology, in which
adolescents completed the digital SBT before and after interacting with iCub.
Moreover, at another Open Day, elementary kids met iCub and chose seats on
a real bench, letting us observe their natural seating behavior.

2 Background

Research has consistently shown that social interactions are crucial for support-
ing human learning, enhancing both cognitive and emotional outcomes [7]. Re-
cently, evidence has emerged suggesting that some of these benefits can extend to
interactions between children and social robots [6]. This is largely attributed to
the physical embodiment of robots [15], which sets them apart from traditional
learning technologies like tablets or computers [2]. Compared to virtual agents,
physically embodied robots have been found to foster greater engagement and
creativity [1], potentially leading to improved learning outcomes [7]. Despite this
potential, the precise impact of robot behaviors on children remains unclear [13].
Some studies indicate that social behaviors in robots support learning [10], while
others suggest they may distract young users [14].

To design effective educational applications, it is crucial to consider children’s
expectations and how their perceptions of robots change through interaction. In
a previous study [5], we showed that children’s acceptance of the robot NAO
before interaction predicted how pleasing they found the experience. This high-
lights the value of self-reports in understanding CRI in educational settings.
Furthermore, Sciutti et al. [11] found that younger children initially focus on a
robot’s appearance, but interacting with iCub shifts their attention to its func-
tions, while older children already prioritize functionality. This demonstrates
that direct experience can reshape children’s perception of robots. The field of
CRI, however, still lacks standardized tools to measure how children implic-
itly evaluate robots, especially in naturalistic and long-term settings [4]. Most
studies use self-reports or behavioral observations, which may miss children’s
spontaneous attitudes—especially when verbal skills are limited. To overcome
this, researchers advocate for intuitive, engaging methods to assess children’s
perceptions and social preferences.

3 Social Bench Tool implementation

To address the limitations outlined above, we conducted a pilot study during the
School Open Days at the Italian Institute of Technology to test the digital version
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of the SBT. We then implemented the physical version in a similar setting. In
the following sections, we first describe the testing of the digital version, followed

by the implementation of the physical one.

3.1 Experimental Study: Digital Bench Tool

Fig. 1. Digital version of the Social Bench Tool

The study was approved by the Liguria Regional Ethics Committee. Parents
or legal guardians gave informed consent. Forty-five Italian teenagers (Age: p
= 17.3, 0 = 1.14; gender: M = 33, F = 12) were invited to visit the experi-
mental lab hosting the humanoid robot iCub. Before the interaction with the
robot, they were asked to sit in front of a laptop displaying the SBT, with the
robot iCub seated, as shown in Fig. 1. The program was implemented in HTML
and displayed a static image (size: 1280x635 pixels), replicating the format and
dimensions used in the original version of the tool. Participants were asked to
respond to the following prompt: "Imagine you are in a park. The robot iCub is
seated on this bench. Please indicate where you would like to sit in the scene by
clicking with the mouse.". Afterward, they attend a 5 minute self-introduction
by the robot iCub, which in the Lab explained briefly its functional capabilities
and how it can interact socially with the environment. Finally, they completed
the bench again.

Similarly as what was done in the previous version of the tool [8] we iden-
tified iCub’s centroid (Zicub, Yicub) as a reference point to measure the distance
from participants’ positions (Zpart, Ypart). Distances were calculated using the
Euclidean distance formula (Eq. 1):

d= \/(micub - xpart)z + (yicub - ypart)2 (1)

By calculating the distance between each participant’s chosen position and
the robot’s position, we obtained a measure of physical proximity in pixels. We
conducted a series of Wilcoxon Paired Sample tests over this data to test a differ-
ence between the pre- and post-interaction positions. Analyses were conducted

on the open source software Jamovi °.
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Results demonstrated a significant shift in participants’ behavior following the
interaction with the robot (Wilcoxon Signed-Rank test, p = .0003), with an av-
erage reduction in distance of approximately 9.08%. Participants’ attitudes were
categorized into five classes based on their horizontal distance from the robot,
using an ordinal classification inspired by a Likert-scale structure. The observed
distance ranged from 166 to 1117 pixels and was divided into five equal inter-
vals. The distance-based categories were thus defined as follows: Distant (1):
1117-927 pixels; Far (2): 926-736 pixels; Intermediate (3): 735-545 pixels; Near
(4): 544-354 pixels; Close (5): 353-166 pixels. The mean of class distribution
was 4.29 4+ 0.86 before the interaction and 4.42 4+ 0.90 after the interaction. On
average, participants tended to be positioned in the near-to-close range, with a
slight shift toward closer proximity after the interaction.

3.2 Physical Implementation: the Real Bench Tool

Fig. 2. Wooden version of the Social Bench Tool implemented in the lab

A physical version of the bench was built using wood, measuring 2 meters in
length, 90 cm in height, and 38 cm in depth, replicating the appearance and
proportions of the digital version used in the SBT. The humanoid robot iCub
was positioned on the bench using a lifting device, as shown in Figure 2.

This physical setup was placed in our laboratory and made available during a
public and Open Day event, which included a visit from local elementary schools
(authorized by parents or legal guardians). Due to the nature of the event, no
formal data collection was conducted, and we were not able to record detailed
demographic information. However, we estimate that approximately N = 140
children aged between 7 and 10 visited the lab in small groups of about 15, each
accompanied by teachers.

Although this initial implementation did not follow a structured observational
protocol, the first author made informal observations during the school visit to
explore how children spontaneously engaged with the physical bench and robot.
The aim was to assess the ecological validity and potential of the tool for future
studies in CRI. The following patterns were noted:
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— Children generally responded with enthusiasm toward the robot: some chose
to sit very close to it, while others preferred to keep a greater distance or
sat on alternative chairs available in the room.

— Teachers occasionally expressed concern about the robot being touched or
damaged and instructed children to avoid close proximity. This suggests
that adult presence and norms may influence children’s choices and should
be carefully considered in future implementations.

— Differently from the digital version, children entered the room in groups,
and not all could sit on the bench at once. This introduced group dynamics
and spatial constraints, which may have affected behavior and should be
accounted for in future designs.

While preliminary and anecdotal, these observations indicate that the phys-
ical version of the bench is a promising tool to evoke meaningful approach be-
haviors toward social robots. Based on this experience, we plan to design and
conduct structured studies using the real bench, with appropriate methodologi-
cal controls and ethical approval.

3.3 Conclusions

We presented a preliminary study showcasing the potential of a new research
method. The SBT offers a simple and adaptable way to explore young users’
perceptions of social robots. With both digital and physical versions, it can be
used in various settings and is compatible with any robot that can (physically or
graphically) sit on the bench. We used the digital SBT in two different contexts:
a pilot study with teenagers and an exploratory implementation with younger
children. These age groups were based on participants who spontaneously took
part during Open Day events, where we had limited control over recruitment.
In future studies, the SBT will be implemented with a more homogeneous age
sample. We plan to validate the digital version by examining its correlation with
established self-report measures in CRI, to strengthen its reliability. Future work
will also explore different types of interactions with the robot, both in controlled
laboratory settings and in more ecologically valid contexts such as schools, us-
ing video-based stimuli. Additionally, we will develop an experimental protocol
for the physical bench, including systematic coding of children’s behavior and
measurement of their physical proximity to the robot. Overall, the SBT shows
promise as a scalable and easily deployable method for assessing social distance
and affinity toward robots, contributing to both research and design in CRI.

References

1. Alves-Oliveira, P., Arriaga, P., Paiva, A., Hoffman, G.: Yolo, a robot for creativ-
ity: A co-design study with children. In: Proceedings of the 2017 Conference on
Interaction Design and Children. pp. 423-429 (2017)

2. Belpaeme, T., Kennedy, J., Ramachandran, A., Scassellati, B., Tanaka, F.: Social
robots for education: A review. Science robotics 3(21), eaat5954 (2018)



10.

11.

12.

13.

14.

15.

Cocchella et al.

Borgers, N., Hox, J., Sikkel, D.: Response quality in survey research with chil-
dren and adolescents: The effect of labeled response options and vague quantifiers.
International Journal of Public Opinion Research 15(1), 83-94 (2003)

Charisi, V., Davison, D., Reidsma, D., Evers, V.: Evaluation methods for user-
centered child-robot interaction. In: 2016 25th IEEE International Symposium on
Robot and Human Interactive Communication (RO-MAN). pp. 545-550. IEEE
(2016)

Cocchella, F., Pusceddu, G., Belgiovine, G., Bogliolo, M., Lastrico, L., Casadio, M.,
Rea, F., Sciutti, A.: At school with a robot: Italian students’ perception of robotics
during an educational program. In: 2023 32nd IEEE International Conference on
Robot and Human Interactive Communication (RO-MAN). pp. 1413-1419. IEEE
(2023)

Kennedy, J., Baxter, P., Senft, E., Belpaeme, T.: Higher nonverbal immediacy leads
to greater learning gains in child-robot tutoring interactions. In: Social Robotics:
7th International Conference, ICSR, 2015, Paris, France, October 26-30, 2015, Pro-
ceedings 7. pp. 327-336. Springer (2015)

Konijn, E.A., Jansen, B., Mondaca Bustos, V., Hobbelink, V.L., Preciado Vane-
gas, D.: Social robots for (second) language learning in (migrant) primary school
children. International Journal of Social Robotics 14(3), 827-843 (2022)
Mazzoni, D., Marinucci, M., Monzani, D., Pravettoni, G.: The social exclusion
bench tool (sebt): A visual way of assessing interpersonal social exclusion. Meth-
odsX 8, 101495 (2021)

Metta, G., Natale, L., Nori, F., Sandini, G., Vernon, D., Fadiga, L., Von Hofsten,
C., Rosander, K., Lopes, M., Santos-Victor, J., et al.: The icub humanoid robot:
An open-systems platform for research in cognitive development. Neural networks
23(8-9), 1125-1134 (2010)

Mubin, O., Stevens, C.J., Shahid, S., Al Mahmud, A., Dong, J.J.: A review of
the applicability of robots in education. Journal of Technology in Education and
Learning 1(209-0015), 13 (2013)

Sciutti, A., Rea, F., Sandini, G.: When you are young,(robot’s) looks matter. de-
velopmental changes in the desired properties of a robot friend. In: The 23rd IEEE
international symposium on robot and human interactive communication. pp. 567—
573. IEEE (2014)

Severson, R.L., Lemm, K.M.: Kids see human too: Adapting an individual differ-
ences measure of anthropomorphism for a child sample. Journal of Cognition and
Development 17(1), 122-141 (2016)

Stower, R.: The role of trust and social behaviours in children’s learning from
social robots. In: 2019 8th International Conference on Affective Computing and
Intelligent Interaction Workshops and Demos (ACIIW). pp. 1-5. IEEE (2019)
Vogt, P., Van Den Berghe, R., De Haas, M., Hoffman, L., Kanero, J., Mamus,
E., Montanier, J.M., Orang, C., Oudgenoeg-Paz, O., Garcia, D.H., et al.: Second
language tutoring using social robots: a large-scale study. In: 2019 14th ACM/IEEE
International Conference on Human-Robot Interaction (HRI). pp. 497-505. Iece
(2019)

Wainer, J., Feil-Seifer, D.J., Shell, D.A., Mataric, M.J.: The role of physical embod-
iment in human-robot interaction. In: ROMAN 2006-The 15th IEEE International
Symposium on Robot and Human Interactive Communication. pp. 117-122. IEEE
(2006)



