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Supporting interpersonal connectedness and playful activities between users of different ages offers many well-being benefits. Novel
interactive artifacts such as smart toys can help to foster connectedness and encourage play even when being geographically apart.
Playing, both with peers and older individuals constitutes the most important activity for children’s development. It supports social
and emotional development and provides scaffolding opportunities. Yet, due to the current pandemic situation, the opportunities to
facilitate play and social interactions have been limited. In this position paper, we envision how smart tangibles could contribute to
fostering connectedness and play. We explore how to augment popular children’s toys such as bricks and modeling clay and present a
preliminary discussion of opportunities and challenges related to our approach. Finally, we outline next steps for future research that
supports engaging, playful interactions beyond geographic boundaries.
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1 INTRODUCTION & BACKGROUND

Developmental psychology research demonstrated the benefits of manipulating tangible objects [20] and the importance
of play for learning, cultivating children’s imagination and building social skills and relationships [2, 11, 17, 28]. While
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the importance of children’s interaction with each other during playful activities is apparent, the COVID-19 pandemic
and the resulting social isolation have forced a change in children’s social lives, affecting their interaction with other
people in real-life settings. We envision that smart tangibles can help mitigate such challenges and open new avenues for
promoting social connectedness, thereby enabling more interactive remote playing and learning experiences. However,
it remains a challenge how to effectively design interactions for such tangibles for remote play, so that they optimally
benefit children and families.

Fuchsberger et al. [6] noted the ongoing interest in the HCI community to design for discourse and connectedness.
Several tangibles and interactive artifacts have been designed to connect family members [10, 37], couples [14, 19, 25]
and friends [36]. For instance, Ryokai et al. [22] explored technologies for capturing naturally occurring laughter and
different ways of representing laughter in tangible forms. Their study showed that participants enjoyed preserving
and interacting with laughter, and that the tangibility created the opportunity for a shared re-experience of precious
moments. Another example comes from a study by Heshmat et al. [10], who designed three artifacts called Spark, Kinetic
and Timeknot, aiming to support family members connecting across different time zones. The artifacts enabled users to
share their daily experiences in an asynchronous manner with a loved one. Participants reported that interacting with
the artifacts felt like receiving gifts, and that they supported connection, despite the physical distance. StoryBox [33]
is a tangible storytelling system focused on fostering intergenerational connectedness, enabling grandparents and
grandchildren to share daily stories over a distance. It allows sharing photos, tangible artifacts, and audio recordings of
everyday life in an asynchronous manner, thereby bridging the intergenerational technological gap.

These examples illustrate that tangibles offer an opportunity for enhancing discourse and connection between users
of different age groups. Inspired by the aforementioned examples, we envision how specific materials can foster play
and connectedness, even when the playmates are not physically together. To that end, Smart Tangibles could be used as
a mix of physical materials and virtual feedback and data.

2 EXPLORING TANGIBLES

Tangibles have been used in various domains and for different purposes. They can be made of different materials and
include a range of material properties (e.g. size, shape, texture, temperature, weight) that can be associated with digital
representations to convey information [16]. Children associate different materials with meanings through “material
essences”, feel, and tactile preference (e.g. wood is often associated with musical instruments, and felt with clothing) [23].
Materials discussed in previous work on tangibles for children include, inter alia: wood [23, 40], plastic [23], felt [23],
silicone [23], and sand [7]. For instance, George et al. [7] performed a study with children aged 4-5 using the AR
Sandbox, a conventional sandbox with depth colored representations projected onto the sand’s surface, to investigate
how it’s used to enhance their spatial skills. They found that children’s active and dynamic manipulation of the space
of the AR Sandbox, along with a range of socio-cultural contexts and tools, assisted in enhancing their spatial abilities.
In this position paper we focus on malleable materials such as modeling clay [12, 35], and bricks [34, 38].

2.1 Bricks

Playing with bricks brings many advantages such as learning to recognize shapes and colors and developing manual
skills [21]. Furthermore, while playing together, children develop cooperation and communication skills [29]. Along
with the development of technologies contained in the brick elements, systems for learning to programmobile structures
made out of bricks have emerged, such as vehicles or robots [13, 27]. Nonetheless, most people still want to use bricks
as building blocks to construct and arrange fantasy structures of their liking. In response to this demand, a market has
Manuscript submitted to ACM
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emerged that offers applications for virtually designing custom buildings and shapes (e.g. [26]), offering a selection
of customizable elements (e.g. changing colors, shape). These systems facilitate the design of fantasy structures and
development of instructions, making it possible to transfer the virtual world to actual real bricks [15, 18, 32].

However, there is still no technology to convert the model or even the position of individual bricks on the build plate
to a digital form. We are currently developing an intelligent build plate that detects the position of elements in 2D and
3D planes, using customized 3D-printed elements. The system uses specialized materials and a set of sensors connected
to micro-controllers. Users can build creations of large dimensions and the base has a modular structure. This allows
effectively and playfully recording and recreating the process of assembling a particular structure. The resulting system
can facilitate cooperation when constructing structures for people who are not physically together. Analyzing the
position of bricks on the build plate will allow to remotely and smoothly transfer and mirror information about the
progress made, and error-checking will be possible by proofing the steps taken during the brick-building. Specifically
for children, the system would facilitate scaffolding, as parents/grandparents can help children in the building process.

2.2 Modeling Clay

Modeling clay, often known under the commercial brand Play-Doh, and other malleable materials are very familiar
and appealing to children [35]. modeling clay can help children improve their fine motor and spatial skills and logical-
mathematical intelligence [4, 9, 30], as well develop their imagination, creativity, expression and literacy skills [9, 31].
Moreover, playing with modeling clay can be rewarding for children, as they feel competent [31], thereby increasing
their self-efficacy.Modeling clay also fosters social and emotional development, from developing self-concept and
self-control, to relationships and interaction with peers, e.g. cooperation, sharing, taking turns, negotiating [9, 31].
Previous work has mainly focused on (i) mixed-reality games using materials such as modeling clay and cardboard [1],
or clay [35] to create characters or objects, which are then reflected in the virtual world, (ii) circuitry learning with
electronics and modeling clay [12], and (iii) "remixing toys" by imprinting them into a clay-covered surface, to digitize,
edit them, and produce new 3D-printed objects [5]. We are currently developing a platform which will allow children
to create figures and objects with modeling clay to use in stories they create and share with their friends in the virtual
world, using AR. Storytelling has many known benefits for children, such as fostering communication, collaboration,
creativity, and retention skills [39] and is an effective tool to introduce matters on values and emotions to children [8].
We aim for this to be a collaborative storytelling experience that allows children to feel connected to their playmates
via shared story characters and narratives.

3 FOSTERING CONNECTEDNESS

We explore how bricks and malleable materials can be transformed into Smart Tangibles. We expect those to enable
children who play together to experience a sense of connectedness even when they are not physically together, aided by
the tangible nature of the materials and the aforementioned benefits they procure. In addition to connectedness among
peers, we believe that intergenerational connectedness can be fostered. In particular, the two materials we discuss are a
good fit to support this: modeling clay and bricks have been available on the market for more than 70 years, making
them well known by the majority of adults. Also, the psychological benefits for adults to interact with clay are well
established [24] and an increasing number of adults has started using LEGO bricks to foster mindfulness [3].

Preliminary scenarios, which we have ideated include (i) multi-sensory collaborative storytelling over a distance,
where children create characters, objects, and stories, and share them with peers who receive virtual representations,
(ii) real-time feedback during structure constructions with bricks, where children can see and make changes in a
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synchronous manner, and (iii) children learning programming together using interactive bricks over a distance. In
particular regarding the second scenario, it could promote intergenerational play and collaboration, as a more skilled
parent or grandparent demonstrates how to create a complex structure, thus supporting scaffolding and socialization
between different user groups at the same time.

We conducted informal interviews with parents of young schoolchildren, regarding the impact that the confinement
due to the COVID-19 pandemic has had on their engagement and motivation, and found consistent results pointing
to difficulties caused by social isolation; all parents reported that their children had troubles staying engaged during
remote learning, due to losing the direct contact with their friends and teachers. We thus believe that supporting
tangible, playful interactions for children across geographic boundaries is more timely than ever. Challenges involved
in this endeavor include (i) planning of co-design sessions to elicit correct and sound user-requirements (ii) ethics
concerns and data privacy issues, especially given the involvement of children and (iii) assessing the effectiveness of
the system(s) after implementation, as social connectedness is not a quantitative measure.

4 CONCLUSION

In this position paper, we shared our vision of how interactive bricks and modeling clay can facilitate social interaction
by enabling playing and learning together while being physically apart. We introduced the first steps of developing
our interactive bricks and preliminary insights from initial, informal interviews. We discussed how materials such as
modeling clay and bricks could foster social connectedness between remote users of different age groups and illustrated
our vision with starting points such as providing real-time feedback during remote structure construction using bricks.
Finally, we identified challenges for future IDC research in this area.
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