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What if Social Robots look for Productive Engagement?

Automated assessment of goal-centric engagement in learning applications
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Abstract In educational HRI, it is generally believed that
a robots behavior has a direct effect on the engagement of
a user with the robot, the task at hand and also their part-
ner in case of a collaborative activity. Increasing this en-
gagement is then held responsible for increased learning and
productivity. The state of the art usually investigates the re-
lationship between the behaviors of the robot and the en-
gagement state of the user while assuming a linear relation-
ship between engagement and the end goal: learning. How-
ever, is it correct to assume that to maximise learning, one
needs to maximise engagement? Furthermore, conventional
supervised models of engagement require human annotators
to get labels. This is not only laborious but also introduces
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further subjectivity in an already subjective construct of en-
gagement. Can we have machine-learning models for en-
gagement detection where annotations do not rely on human
annotators? Looking deeper at the behavioral patterns and
the learning outcomes and a performance metric in a multi-
modal data set collected in an educational human-human-
robot setup with 68 students, we observe a hidden link that
we term as Productive Engagement. We theorize a robot in-
corporating this knowledge will 1) distinguish teams based
on engagement that is conducive of learning; and 2) adopt
behaviors that eventually lead the users to increased learn-
ing by means of being productively engaged. Furthermore,
this seminal link paves way for machine-learning models in
educational HRI with automatic labelling based on the data.
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1 Introduction

Engagement is a concept widely investigated in Human-
Robot Interaction (HRI) and yet still elusive [52]. Com-
monly adopted definitions include the one of Sidner et al.
[68], defining engagement as “the process by which two
(or more) participants establish, maintain and end their per-
ceived connection during interactions they jointly under-
take”, or the one of Poggi et al. [58], defining engagement
as “the value that a participant in an interaction attributes to
the goal of being together with the other participant(s) and
continuing interaction”. Castellano et al., investigating pre-
dictors and components of engagement, regard engagement
as characterised by both an affect and an attention compo-
nent [17]. Conversely, Salam et al., postulate that “engage-
ment is not restricted to one or two mental or emotional
states (enjoyment or attention). During the interaction, as the






