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Abstract—In this paper, we explore the use of behavior trees
to control the behavior of culturally sensitivity social robots.
Behavior trees offer a structured and modular approach to
managing complex robot behaviors, enabling dynamic adaptation
to different cultural contexts. We present a framework for
incorporating cultural sensitivity into behavior trees, detailing the
process of identifying cultural norms, modeling behaviors, and
implementing dynamic adaptation mechanisms. Our approach is
demonstrated through a case study in a multicultural university
located in an African country setting, where the robot’s inter-
actions are tailored to respect and respond appropriately to the
cultural norm of the Rwandan culture.

Index Terms—Behavior tree, social robotics, cultural sensitivity

I. INTRODUCTION

As social robots become more prevalent in various societal
roles, from personal assistants to healthcare, their ability
to interact respectfully and efficiently with individuals from
diverse cultural backgrounds has become crucial [1]. Cultural
sensitivity in social robots interaction is essential for fostering
trust, ensuring respectful interactions, and enhancing user
experiences. However, developing robots that can dynamically
adapt to different cultural norms presents significant challenges
[2].

Behavior trees, a decision-making framework which has
recently been used extensively in robotics and artificial in-
telligence, offer a promising solution to this challenge. By
organizing robot behaviors in a hierarchical, modular, and
flexible structure, behavior trees facilitate the creation of com-
plex, adaptable behavior models [3]. This paper investigates
the application of behavior trees to the cultural sensitivity of
social robots.

II. CULTURAL SENSITIVITY

Cultural sensitivity is critical in social robotics for foster-
ing positive user experiences and acceptance. When robots
demonstrate an understanding and respect for cultural norms
and values, they are more likely to be accepted and trusted
by users [4]. This acceptance is essential for the effective
deployment and integration of social robots into everyday
life. Furthermore, cultural sensitivity helps to build trust and
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comfort between humans and robots, which is particularly
important in settings like healthcare, where patients may
need to rely on robots for assistance and companionship [5].
From an ethical standpoint, ensuring that robots are culturally
sensitive is part of broader efforts to respect human diversity
and promote inclusivity [6]. By being culturally aware, robots
can contribute positively to social dynamics and uphold ethical
standards in their interactions.

Current approaches to social robotics involve pre-
programmed behaviors that do not dynamically adapt to the
cultural context of interaction, or often relying on broad
generalizations that can lead to stereotyping and oversimpli-
fication. Other approaches are limited by the availability and
comprehensiveness of cultural databases [7]. Developing more
advanced frameworks for cultural sensitivity is crucial, and be-
havior trees offer a promising approach due to their modularity
and flexibility. By developing a comprehensive and up-to-
date cultural knowledge database and integrating these cultural
norms into behavior trees and enabling dynamic adaptation,
robots can achieve a higher level of cultural competence [7]
[8].

III. FRAMEWORK

Our proposed framework leverages behavior trees to in-
tegrate cultural norms into robot behaviors, allowing robots
to dynamically adapt their actions based on cultural con-
texts. This framework consists of several key components:
cultural norm identification, behavior tree modeling, dynamic
adaptation mechanisms, and Robot Operating System (ROS)
integration.

A. Cultural Norm Identification

Cultural knowledge base is currently under development,
and is the subject of a separate article [submitted to the IROS
2024 Robotics in Africa Forum].

B. Behavior Tree Modelling

The behavior tree consists of nodes arranged in hierarchical
tree structure with key components including root nodes,
control flow nodes (sequence, selector, and decorator), con-
ditional nodes, and action nodes [9]. Root node is the starting
point of the behavior tree. The execution begins here and
traverses through the tree. The control flow nodes determine
the flow of execution. Selectors (fallbacks) which execute



child nodes from left to right, returning success when one
child succeeds. It is used for ”try until success” behaviors.
Sequences execute child nodes from left to right, returning
success only if all children succeed. It is used for ”do all
tasks in order” behaviors. Decorators modify the behavior of
their child nodes (e.g., repeat, invert, limit execution).

Leaf nodes are the actionable and evaluative endpoints of the
tree and can be action nodes which perform specific tasks (e.g.,
move to a location, pick up an object) or condition nodes that
check certain conditions or states (e.g., battery level, obstacle
detection).

The behavior tree was designed with Groot2, a compatible
IDE with BehaviorTree.CPP library for creating and editing
behavior trees and converting the tree into XML compatible
with the BehaviorTree.CPP library [9].

C. Dynamic Adaptation Mechanisms

Sensors, cameras, and microphones help us to gather real-
time data about the environment and user interactions. Dy-
namic selectors and sequences allow choosing actions based
on the current cultural context. For instance, selecting an
appropriate and respectful verbal greeting or gesture during
interactions.

D. ROS Integration

ROS is a flexible framework for writing robot software
which provides a collection of tools, libraries, and conventions
designed to simplify the task of creating complex and robust
robot behavior [10]. ROS provides a robust communication
infrastructure, enabling smooth data exchange between the
behavior tree nodes and robot subsystems. We integrate each
behavior tree action node to a ROS action (either subscribing
to a topic and/or calling a service) [11]. Each action node
has a callback function implemented in C++ that calls on a
ROS action that implements the appropriate task associated
with that action node. The BehaviorTree.CPP library is utilized
because it contains the necessary framework for executing
behavior tree nodes [9] [12] [13] [14].

IV. CASE STUDY

In this case study, we explore a multicultural university envi-
ronment where the behavior tree is designed to accommodate
the cultural norms of Rwandan culture, reflecting the local
context of the university. We examine two scenarios: a lab
tour guide and a receptionist robot agent. For both scenarios,
we utilize the Pepper humanoid robot as the robotic agent.

The lab tour guide robot uses its attention system to gauge
visitor interest and tailor its interactions accordingly. It navi-
gates through areas of interest, provides educational content,
and adjusts its behavior based on visitor engagement. In the
receptionist scenario, the receptionist robot manages visitor
interactions with a focus on directing visitors to the room or
office they want to visit.

Fig. 1. Groot2 visualization of designed behavior tree for the lab tour guide
scenario.

Fig. 2. Groot2 visualization of designed behavior tree for the receptionist
scenario.

V. PRELIMINARY RESULT

No tests have been conducted as yet; however, the planned
tests in simulated environments are expected to demonstrate
the adaptability and effectiveness of the robots in managing
interactive tasks. The logical design of the system, inte-
grating attention systems, speech recognition and synthesis,
and gesture systems, suggests that these robots will perform
effectively. The integration of a cultural knowledge base is
anticipated to be pivotal in refining the robots’ responses and
interactions, ensuring that they are not only technically profi-
cient but also culturally attuned. These tests, once conducted,
will provide critical insights into the practical implications
of our theoretical design and help identify areas for further
refinement.

VI. DISCUSSION

While actual tests are yet to be conducted, it is anticipated
based on the system’s design that behavior trees will be highly
effective in managing complex, culturally nuanced interactions
in robotic systems. The theoretical framework suggests a
strong potential for success; however, anticipated challenges
include optimizing module integration and ensuring seamless
real-time response to human inputs. These challenges highlight



Fig. 3. XML representation of behavior tree for the lab tour guide scenario.

the need for thorough testing and refinement to achieve the
desired operational fluency in dynamic environments.

VII. FUTURE WORK

Our initial implementation includes the development of
general-purpose tour guide and receptionist robot agents.
While the development of a cultural knowledge base is cur-
rently under progress, the full integration of this cultural
knowledge base within the behavior tree framework is still in
progress. Future developments will concentrate on embedding
these cultural norms more deeply into the decision-making
processes of these behavior trees. This enhancement aims to
ensure that the robots can dynamically adjust their behaviors
based on the cultural context of Rwanda as case study and

Fig. 4. XML representation of behavior tree for the receptionist scenario.

user interactions, allowing for more nuanced and appropriate
responses.

VIII. CONCLUSION

This project illustrates the potential of behavior trees in
developing culturally sensitive robot agents. The ongoing
development and future testing will further contribute to the
practical and theoretical advancements in human-robot inter-
action.
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