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ABSTRACT
The present paper describes a set of experiments in childrobot interaction that will be conducted within the EASEL
project. Our proposed experimental setup is an inquirylearning task based on the Piagetian Balance Beam.
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1.

INTRODUCTION

Children nowadays are using interactive technology such
as smart phones or tablets on a regular basis. Even from the
age of 4, they are able to operate smart devices without any
help [10] for both entertainment and educational purposes.
Introducing technology in classrooms has gained great interest as it provides access to a much wider set of learning
resources and allows for individualized learning [2]. Numerous technologies have been developed and employed in an
attempt to make learning environments more engaging and
empower the learning experiences for all learners; the effectiveness of these new technological resources has been tested
in the context of a class, where they have been shown to improve learning speed, engagement and attention without a
complex process of adaptation [23].
As robots gain popularity, it is only natural to explore
their potential impact in educational scenarios [14]. In deed,
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robots’ social abilities and skills make them relevant for
peer-to-peer interaction [6] as they may influence children’s
knowledge acquisition. For example, the role assumed by
the robot (peer or tutor) has been examined in [3, 26]. The
presence of a robot (compared to a screen) may account for
higher learning gains [13, 11]. Similarly, dynamic adaptation and personalization of the robot’s behaviour to children between 3-5 years-old suggested that children are able
to learn new words and show significant increase in valence
[7]. Positive impact and higher learning gain in long-term
interactions seem to also be affected by the robots’ social
components [18] and affective responses [12]. Despite the
fact that not all studies were able to show significant results
in knowledge acquisition, most of them highlight increased
engagement and positive attitude, making them suitable for
effective tutors or peers, as they seem to promote interest
and pedagogical achievement [8].
Along these guidelines, and within the context of the EU
FP7 project Expressive Agents for Symbiotic Education and
Learning (EASEL), we aim to find new solutions that would
enhance learning through a system promoting adaptation to
the children’s needs. The EASEL project aims at exploring
and developing a theoretical understanding of Human-Robot
Symbiotic Interactions (HRSI), capitalized in the domain of
tutoring. The main goal of EASEL is to deliver a Synthetic
Tutor Assistant (STA) that guides learners through interactive science-based learning paradigms. The theoretical approach and expected impact of the project is described in
[17] whereas the underlying architecture is presented in [24].
Adjusting to the skills and progress of individual students
helps to maintain the process of learning acquisition. It is
essential that a task remains challenging enough, as too easy
or too difficult tasks may lead to loss of interest and motivation or the development of learned helplessness [1]. The
latter refers to the creation of maladaptive passivity shown
in people and animals who experienced a series of randomly
assorted, negative events and who accepted that reinforcers

Figure 1: Example of an interaction. The robot
(a) interacts with a child in the balance beam educational task. The child places various weights on
the Smart Balance Beam (b) and predicts where the
scale will fall using the easelscope (c). (Image has
been edited to represent the new setup.)
cannot be controlled. In order to prevent such feeling of
helplessness, we need to ensure that students believe that
they can be effective in controlling the relevant events within
the learning process [19].
Regulating the difficulty of a task is what we call shaping the landscape of success and it is similar to scaffolding,
a technique based on helping the learner cross Vygotsky’s
Zone of Proximal Development (ZPD) which indicates the
difference between what a learner can do with and without
external help [25].
This approach can be paired with Constructivism techniques, which see the teacher as someone who does not provide the learner with the correct solutions, but through the
usage of hints and directions helps the learner arrive at the
conclusion himself. It defends the idea of learning through
making and the use of technology-enhanced environments
[15], instead of learning via direct instruction. The role of a
constructivist teacher is closer to a guide than to the classical
teacher [22], what enhances the importance of engagement
during the class.
Here, the robot will assume a role similar to that of a constructivist teacher in a science-based educational task. We
plan to adjust the parameters of the learning scenario and
the robot’s strategies on the basis of an online analysis of
learner’s cognitive and emotional state (Learner Model) and
assess if such adaptive strategies facilitate learning, compared to predefined ones.

2.

METHODOLOGY

We designed an interaction scenario based on an inquiry–
learning task that allows students to ask questions, make
discoveries and investigate solutions. Usually, discoveries are
guided through the help of a facilitator ; here, the humanoid
robot Nao will be guiding the interaction. The task aims at
teaching children about the multiplicative relation between
weights and distance (i.e., the “torque rule”), based on the
Piagetian Balance Beam [9] and the principles proposed by
Siegler [20, 21]. Children will interact with the Nao, using
the Smart Balance Beam (SBB) and the EASELscope, as
shown in Figure 1. The interaction will take place at two
schools in Barcelona (Spain), where approximately 80 eight
year-old children will participate.

2.1

The Balance Beam physics task

Figure 2: Schematic illustration of the four rules assessed by Siegler [20]. At each developmental stage
one or both dimensions (i.e., weight and distance)
are considered. For instance, Rule I exclusively considers the weight, whereas Rule IV considers both
weights and distance from the fulcrum.

Children will be asked to place different weights on the
two sides of the Smart Balance Beam (SBB). They are then
asked to predict the behaviour of the beam: will it stay
in equilibrium, tip to the left, or tip to the right followed
by an estimation of their level of confidence regarding their
answer (previous results on confidence be found in [4]). The
role of the robot is to encourage the students, help them
get through a series of puzzle tasks and provide feedback.
The puzzles provided have four levels of difficulty, matching
Siegler’s rules (Figure 2):
• Level I: different weights are placed at the same distance from the centre of the balance.
• Level II: same weights are placed at different distances
from the centre of the balance.
• Level III: different weights are placed at different distances from the centre of the balance.
• Level IV: follows the principles of Level III, however
now the number of weights at each side varies.
The usage of the balance beam task in the present work
constitutes a simple inquiry learning task where children’s
performance can be fully described in terms of the application of a hierarchy of rules of increasing complexity that can
be operationally controlled.
We propose two experimental conditions in which the behavior of the robot is modulated: in the Fixed/Reactive condition, the robot behaves in a predefined way, employing
fixed strategies of content presentation. In the Adaptive condition, the learner’s current cognitive and emotional state
define the strategies (for example level adaptation) that will
be employed by the robot. The experimental protocol will
consist of three sections: a pre- assessment phase, the intervention phase (the balance beam task with the Fixed or
Adaptive conditions) and a post-assessment.

2.2

Data Collection

Prior to the intervention (pre-assessment phase), children
will be asked to predict the outcome of a predefined configuration of the scale without providing feedback about their
answer. This questionnaire will allow us to understand each
child’s initial level of understanding regarding the task and
the weight-distance relations.
During the interaction, information about the emotional
state of the child will be assessed through the Scene Analyzer

[27], a module that allows for the automatic classification
of facial expressions and speech probability. Possible mistakes in reproducing a given configuration will be acquired
by the smart balance beam, followed by the child’s performance, confidence level and reaction times acquired by the
EASELscope. Video analysis will allow us to perform an
offline evaluation of the overall interaction.
After the intervention, and similar to the pre-assessment
phase, children will be asked to predict the outcome of a
predefined configuration of the scale. This part will allow
us to evaluate any possible improvement compared to the
pre-assessment questionnaire. Additionally, following the
methodological approaches suggested in [5], we will evaluate the task itself and the interaction between the child and
the robot using validated questionnaires, such as the Fun
Toolkit [16] combined with semi-structured interviews.

3.

DISCUSSION AND CONCLUSION

The focus of this study is to explore the effect of adaptation of a robot’s strategies in an educational task. We
propose two conditions, one in which the robot adapts its
strategies and educational content to the child based on its
cognitive and emotional state, versus one in which information is provided in a predefined/fixed way. We expect that
children in the adaptive condition will perform better compared to the fixed one.
One of the main problems we may face is novelty effect,
as the kids could focus more on the robot’s movements and
behaviour than the content of the task. In the future, a
long-term study would allow us to overcome this issue.
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