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Abstract. Cyber-Physical Systems are the next generation of embedded ICT
systems, interconnected through the Internet of Things and endowed with data
gathering functions and able to provide some output to users. Thanks to their
features, if opportunely designed, they can affect user behavior on two levels: by
means of the data gathered, promoting self-awareness to motivate change in the
long term, and by means of direct physical cues, inviting users to perform some
action in real time. The concept of affordance becomes crucial to the latter
aspect: it is necessary to design novel, intuitive object affordances that foster a
particular behavior.
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1 Introduction

Cyber-Physical Systems (CPS) are the next generation of embedded ICT systems,
interconnected through the Internet of Things and endowed with data gathering and
communication functions. These systems are not technological devices as PC or
smartphone, but everyday objects ad hoc enhanced with some reasoning capabilities.
Due to their integration in the user environment and/or in the user body, they can track
a variety of user data: physiological states (such as blood glucose level), psychological
states (such as mood), behaviors (such as movements), and habits (such as food, sleep);
but also environmental parameters (such as CO;) and contextual information (such as
places). All these data, related to different aspects of people daily lives, can provide the
user with a “mirror” of herself, a complex representation of interests, habits, activities,
etc. in her life [1]. This can support new forms of self-awareness and self-knowledge,
which can foster behavior change, promoting more sustainable or healthier behaviors,
discouraging bad habits, sustaining therapeutic compliance, managing chronic diseases
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[2, 3]. Self-monitoring is an effective strategy to increase a person’s awareness of a
targeted behavior and its level of achievement [4]. Cadmus Bertram et al. [5] have
proved the efficacy of electronic self-monitoring in adopting healthier life styles.

Thus, CPSs have the potentiality to promote some degree of change in users’
behaviors, and several CPSs have been developed in order to try to modify a behavior
by means of self-monitoring, such as [6, 7]. This may happen at two levels:

e an immediate behavioral activation by means of cues from the object, i.e., physical
output such as light, vibrations, heat, etc., which may invite the user to reflect on her
current situation, thus possibly triggering a corrective action. For example, a
vibration can notify the user about a wrong sitting posture;

e a long-term behavioral change, by affecting the user self-awareness via the data
gathered. For example, having data about my food practice might make me aware of
my bad habits and thus motivate me to change them.

As regards the former level, affordances [8] can play a crucial role. According to
Gibson, objects naturally offer a set of functionalities to the external world: the nature
of the activities that they afford depends on how a specific individual or type of
individuals (like all the members of a species, or those that belong to a certain sub-
group, characterized e.g. by a certain culture) can conceive of the interaction with them.
Affordances thus are at the interface between the individual(s) and the world. In the
case of CPSs, how to design the affordances that they offer in such a way that users
may be motivated change some of their behaviors, leveraging the potentialities of the
CPSs, is still an open issue in the literature. In this paper we aim at (i) presenting a
complex CPS capable of promoting behavior change at the two levels mentioned
above, (ii) pointing out reflections for the design of affordances in CPSs.

2 A CPS for Impacting User Behavior

To design a CPS that may promote some kind of behavioral change we need three
elements:

e a smart object integrated in the everyday life of people, able to gather user data in a
transparent way, and to provide some intuitive feedback to users

e a complex data structure that integrates the gathered data

e a reasoning engine able to correlate different data and to provide meaningful data
visualizations and complex recommendations.

In the following, we will present a use case for showing how a CPS with the above
features may promote a particular behavior, in particular decrease sedentary habits.
A sedentary lifestyle is one of the most devious features of life in affluent societies
since it causes a relapse of disease of varying severity in the population with high costs
for health care services. Despite the many attempts to overcome this problem, with or
without the use of ICT ad hoc solutions, sedentary habits still are a major issue in
contemporary society [9]. To tackle this problem, we want to design a novel CPS
exploiting e-textile, i.e., materials that enable digital components and electronics to be
embedded in fabrics (e.g., clothes, covers, ...), which represents the new frontier for
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integrating CPS in everyday life. E-textile allows to continuously and transparently
gather a wealth of user behavioral data, not only about user’s movements, but also
about the physical environments by means of sensors embedded in the fabrics. The
CPS should also have a knowledge structure to integrate these data, and advanced
forms of reasoning about them so to correlate different aspects of the user’s behavior
from day to day (for example, to correlate mood with physical activities). To foster the
behavior, CPS should provide two types of feedback: (i) on the physical level, simple
feedback from the object as affordance to do a specific action: this might be a vibration
or a change in the color of the object aimed at inviting the user to stand up; (ii) on the
virtual level, more complex feedbacks for triggering long-term behavior change: such
as recommendations and data visualization.

An open issue in this scenario is the role of affordance, as discussed in the next
section.

3 Affordances in CPSs

Digital interactive systems rely on dematerialized affordances like icons, pointers,
textual messages, etc., often based on metaphors from everyday activities like sitting at
a desktop, watching through a window, etc. Affordances offered by CPSs, on the other
hand, actually do belong to the physical world of everyday life. This opens a variety of
new possibilities and issues in the design of interactive systems.

Alan Cooper in an affordance sees a stronger correlation between user and action
[10]. In his view, affordances may be designed to provide users with information about
the actions or activities that can or should be performed on, or with, the artifact.
Everyday objects can now be endowed with computational capabilities enhancing not
only their “reasoning” skills, but also their “communication” skills, their ability to
invite users to perform certain actions in specific ways. The question then is how
designers can integrate the physical affordances of everyday objects with some kind of
new affordances that can communicate more information to the user. Can these addi-
tional information invite users to act towards specific directions, so to improve their
lifestyles and wellbeing?

Part of the problem is that an individual’s activities and the actions that she per-
forms within them, and therefore her preparedness and will to perceive and act upon a
specific (type of) affordance, are in turn circularly interwoven with her cultural back-
ground and her narrative situation, so that each term of these dynamics mutually
defines and shapes the others [11-13]. That an artifacts like a CPS is designed from
scratch is both its strength (because of the freedom that is thus granted to both the
designer and the user) and its weakness (because there may exist only a thin layer of
already established habits relevant to it).

One way to imagine how these novel kinds of affordances could be integrated in
physical objects is provided by the notion of phatic cue. This may be envisaged as an
affordance that communicates continuously a state and its change in time to the user.
It leaves the communication channel open, establishing a continuous “phatic com-
munication” [14] between the user and the object. Such affordance would not use
“atomic messages”’, such as texts, to urge users to perform specific behaviors. Instead,
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they would use physical communication channels, such as lights, sounds, vibrations,
heat, to constantly be in touch with the user. Leaving this communication channel
always open can leverage the object physical features, e.g. varying its color, temper-
ature, sound emission, to communicate a variation of its internal status or a change in
the user’s state.

In the use case presented, an e-fextile can use modulations of colors or temperature
of its surface to constantly keep in touch with the user. In this way, it can suggest a
certain behaviors or change of behaviors to the user not through imperative linguistic
messages, but via evocative, indirect and continuous affordances. For example, the e-
textile in the form of a cover or a pillow, placed on the user’s chair, might change its
colors to communicate how much the user has been sedentary that day.

Designers and researchers should investigate how to leverage the physical char-
acteristics of everyday objects to create these new kinds of affordances, to give life to
new CPSs that, fully integrated in the user’s everyday context, are constantly in touch
with her.
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