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Communicating emotions and spending quality time with parents is an essential component of childrens’ well-being. This need
has been highlighted and amplified due to the elevated mental health issues during the COVID-19 pandemic. Existing technology
found in our homes, such as smartphones, often replaces quality time or creates distractions that take away from communication and
connection within families. Tangible interactive technologies, on the other hand, can be integrated into the home environment and can
support ambient awareness. Thus, we present a prototype using touch-sensitive fabrics and augmented reality (AR) visuals to create
an interactive environment for co-located parent-child communication that encourages emotional awareness, co-play and bonding.

1 INTRODUCTION

The COVID-19 pandemic has affected the mental well-being of families deeply, with negative effects including isolation,
conflicts due to communication problems, boredom, and stress due to absence of child-care. Several studies have reported
a rise in mental health issues in children and strains in parent-child relationships during the pandemic [3, 8, 21–23].
Our goal is to promote the well-being of children by building technologies that encourage co-play and communication
between parents and children in the post-pandemic future, using tangible soft knitted sensors and augmented reality.
We are inspired by tangible objects that children use in their daily life for emotional support and expression, as well as
practices for social-emotional learning that are used in schools. For example, in schools, teachers use tangible objects
such as feeling sticks to encourage children to talk about conflicts in a calm manner. At home, children often use security
blankets or toys as tools for emotional self-regulation. We are interested in investigating how tangible technology
can support well-being in children by encouraging co-play and helping parents and children have emotional check-in
conversations. Specifically, we explore the use of tangible soft knitted sensors for supporting touch and warmth during
these interactions, and augmented reality for promoting self-expression through visualization. Informed by prior work,
we design for pleasure, social well-being and self-expression aspects of mental well-being[25]. We target interactions
with children aged 9-12 due to their ability to understand, label and predict their mixed and subtle emotions[18]. In this
paper, we describe our design work thus far, including our initial proof of concept design and formative user studies.
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Fig. 1. Parents and child interacting with a prototype integrated into different home contexts: a) Dinner table b) Couch c) Blanket

2 BACKGROUND AND RELATEDWORK

Social-Emotional Learning: Social-Emotional Learning (SEL) curricula such as CASEL (Collaborative for Academic,
Social, and Emotional Learning)1, and the RULER (Recognizing, Understanding, Labeling, Expressing, Regulating)2

[10] research focuses on teaching skills that foster better emotional skills in children. These skills can lead to overall
better mental health and well-being. They use mood meters to teach children about recognizing and labeling their own
emotions, and surveys to analyze children’s wellness and feelings about school and class environments [5]. Emotional
awareness, or the ability to recognize and describe self and others’ emotions, is one such skill taught to children as
a part of the SEL curriculum. Children can greatly benefit from practice and demonstrations on how to apply these
skills outside school, at home and in real life with parent involvement [17]. Slovak et al. [24] summarize the current
challenges in SEL, especially challenges regarding parent involvement that relate to time, interest and perceived value
largely rooted in unfamiliarity. They outline how these could be addressed by digital technology, thus providing a basis
for a strong HCI research agenda in this space. In our work, we hope to create tangible interfaces that encourage parent
involvement by reducing time/location related challenges and increasing parent interest and awareness, while also
enriching childrens’ socio-emotional learning through transfer to a home environment.

Soft Machine Knitted Fabric Touch Sensors: Capacitive machine knitted fabric sensors are easy to manufacture,
scalable, and have design variability [15, 26, 27]. Currently, fabric-based touch and pressure sensors are being explored for
use in many different settings, such as smart homes [30], healthcare [1, 2, 12], wearable devices [29, 31], and accessibility
[6, 28]. One of the main benefits of using touch-sensitive fabrics is their potential to be seamlessly integrated into
various environments in intuitive and non-intrusive ways. Recent work investigates user perceptions and everyday
use when interacting with touch-sensitive knitted fabrics [14]. User perceptions demonstrate that they are ideal for
children due to their soft, flexible and portable nature. While prior researchers have explored their use in free play,
specific games, and storytelling with children [6, 16, 28], we study how knitted touch sensitive fabrics can support
children’s well-being through emotional expression and their communication with parents.

Augmented Reality Environments for Children: Augmented Reality (AR) provides an opportunity for creating
playful, immersive and interactive environments for children [9, 19]. For example, EmoFindAR [13] is a Mobile AR
game, shown to increase children’s emotional awareness, played in collaborative and competitive modes with friends to
find emoticons and interact with them in a room. Additionally, there is evidence that adding tangibility to AR (“Tangible
AR") satisfies user need for direct manipulation. For example, Hutchins et al. [11] show that such tangibility can help
users focus on the goal rather than the process, and has been applied in education and learning settings [4, 7, 20]. We
are exploring if a tangible AR environment can similarly improve focus on emotions, increasing emotional awareness.
1CASEL: https://casel.org/
2RULER:https://www.rulerapproach.org/



Concept Design for Family Well-being with Knitted Touch Sensors and Augmented Reality 3

Fig. 2. Storyboards: (a and b): These show a parent and child using the system for breathing exercises to help the child calm down. (c):
Shows a parent and child using the system to create a schedule for the child.

Fig. 3. Paper Prototypes (a): This paper prototype contains several movable components depicting animated objects that will be a
part of the AR (b): The emoticons represent different emotions user can chose from. These will be displayed through AR. (c): The
emoticons represent different places that user can chose from. These will be displayed through AR.

3 COZYCHAT CONCEPT DESIGN

To explore the potential for tangible AR to support parent-child communication and, subsequently, children’s well-being,
we created CozyChat. CozyChat is a tangible embodied interactive environment with a smart cozy fabric and SnapChat
augmented reality lens with animations depicting objects/places/emotions (Fig 5). CozyChat consists of machine knitted
fabric sensors (see samples in Fig 4), created at the Drexel University’s Pennsylvania Fabric Discovery Center at the
Center for Functional Fabrics, and a Snapchat Lens that detects and displays AR visualizations on top of the fabric.
As a knitted sensor, this system can be integrated into various fabric items, such as children’s clothes, blankets, table
placemats, or other furniture. We aim to explore the potential of this technology in different home contexts (Fig 1).

To envision how CozyChat could integrate into parent-child communication, we created several storyboards (Fig.
2) and paper prototypes (Fig. 3) that explored different usage scenarios and visualization options. We also created
low-fidelity prototypes to test user interactions with the fabric (Fig 4). Based on this design work, we imagine an
interaction where a parent and child view the fabric together through their phones or tablets. The AR view will contain
interactive elements such as animated objects and filters. Parents and children can use these elements and interact with
them through the fabric to have emotional check-in conversations about their day, talk through problems they might
be facing, make mundane scheduling and to-do list tasks more interactive, as well as encourage activities to express
themselves such as breathing exercises or playing Whack-a-Mole (Fig. 5).

4 INITIAL PILOT USER STUDY

We conducted a semi-structured pilot interview to get initial feedback from a participant aged 11. The participant
interacted with the sensor and watched a demonstration video of our low-fidelity prototype (Fig 4). We asked the
participant their perceptions on potentially using such a system to communicate with their parent.
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Fig. 4. Low Fidelity Prototypes were created using an interactive video editing software. Emoticons and movie characters are used
to prompt the child about how they are feeling. The child here answers "Excited" and can express how excited they are feeling by
controlling the visuals with a swipe across the touch sensitive areas

Fig. 5. High fidelity prototypes of SnapChat augmented reality lens and knitted blanket with black touch-sensitive areas (a): AR
characters to help children label their emotion (b): Whack-a-mole game

The participant provided several suggestions to make the system more engaging and interactive for emotional
communication between parents and children. They suggested having the AR elements change on or around the users
to make the face-to-face interaction more fun than a regular conversation. They also suggested that certain phrases
such as “How are you?” or sounds such as laughing could be detected to trigger appropriate activities to enhance the
conversation. Moreover, they said that adding color filters to depict current mood may create a more immersive setting
and enable users to keep focus. Additionally, the participant suggested adding virtual pets that users can chase and pet
during conversations for comfort. Lastly, the participant stressed that the emotional conversation should not be forced
on them, indicating a need to consider how and when children want to talk about their feelings. They suggested that
end-user customization could support this by making the topics and locations more relevant to the users.

5 DISCUSSION AND FUTUREWORK

This work-in-progress explores how the use of knitted touch sensors and AR has the potential to support co-located
parent-child well-being. Building this technology presents several challenges. One challenge is finding ways to build
personalized technology that accommodates the differences in communication and expression styles in children. While
the combination of AR and knitted sensors has the potential to create engaging new experiences integrated into the home
environment, careful consideration must be given to keep the focus on the users, their feelings and conversations, and
not on the technology. In the future, we hope to involve parents, children and child psychology experts in participatory
design to address these challenges and create a portable environment that helps foster parent and children emotional
well-being and relationships. We hope that such technologies can encourage parents and children to communicate and
promote their emotional well-being in the post pandemic future.
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