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Figure 1: Overview of augmented foot interfaces previously developed by the authors [8, 10, 11, 14, 17, 20–25, 33, 37].

Abstract
The human foot plays still remains underexplored for interactive
system design despite its continuous engagement with physical
surfaces and movement. Foot-worn interfaces, often integrating
sensing and actuation, offer a promising but challenging interaction
channel for embodied and in-the-wild experiences, as many of their
interaction qualities only emerge through use. This work presents
an interactive demonstration of four prototypes that consolidates
over a decade of research on smart insole–based augmented foot
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interfaces into a coherent, experience-driven showcase, enabling
attendees to experience and compare different smart footwear.
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1 Introduction
The human foot plays a central role in locomotion and bodily aware-
ness, yet remains an underexplored site for interactive system de-
sign. While hands and eyes dominate most human computer in-
teraction paradigms, the feet continuously engage with physical
surfaces, support balance, and mediate rich sensory input during
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everyday movement. This makes foot worn interfaces a promis-
ing but challenging interaction channel, particularly for embodied,
mobile, and in the wild experiences. Designing foot based inter-
faces has been a long-lasting challenge with unique difficulties.
Throughout centuries, footwear evolved from simple sandals up to
complex user-case specific interfaces, such as a skiing boot. In HCI,
we also denote footwear as so called "Augmented Foot Interfaces"
[9]. Meanwhile smart foot interfaces often incorporate both, sen-
sors and actuators. On the one hand, it makes increasingly sense to
understand human activity, such as timing, ground contact, terrain
context, and physical engagement. On the other hand, embedding
actuators into a foot interfaces allows us to transmit information to
the user, such as providing a feedback from a virtual environment.

We present an interactive demonstration at CHI’26 that consoli-
dates prototypes from over 10 years of research on foot worn smart
insole interfaces. The demo brings together a family of compact,
lightweight, and fully untethered prototypes that span a design
space from multimodal sensing to embodied actuation.

2 Background

Figure 2: An early foot augmentation - the first football boot,
weighting 436g, developed in 1953 by Adidas and debuted
by Fritz Walter in 1954 at the FIFA world cup in switzerland
[7]. Back then, and to some extent still today, fabricating
footwear was a hand craft. The picture on the right shows
Adi Dassler, the creator and innovator of Adidas [36].

The design of augmented footwear begins long before any mate-
rial is cut or printed, as shoe design requires considering complex
negotiations [29]. The ideation process is a critical stage in which
possibilities are explored, constraints are surfaced, and early con-
cepts are shaped through collaborative creativity. In the context
of foot augmentation, this phase benefits from the integration of
diverse perspectives: from HCI researchers envisioning interaction
possibilities, to footwear designers balancing ergonomics with aes-
thetics, to material scientists creating entanglements, to athletes
and rehabilitation specialists articulating functional demands, such
as a functional football boot with spikes (see Figure 2). Speculative
design scenarios, low-fidelity mockups, and cross-domain inspira-
tion allow this stage to challenge conventional assumptions about
what shoes can do, and for whom. Key to the ideation process is
practical making and embodied wearing explorations as shoe and
foot-based interfaces often require resilient, flexible materials and
user personalization for optimum response [26]. We consider a
soccer player who needs a stiff upper for protection and integrated
outsole spikes for traction. In contrast, a runner aiming to improve
performance raises questions of injury prevention and durability,
inspiring designs such as shoes that dynamically adjust stiffness
to foot strike to reduce injury while enhancing performance. As

scenario-driven ideation makes people ideate for concrete situa-
tions, designers also consider social, aesthetic, and ethical aspects.

Wearable art and fashion design provide another rich domain of
inspiration for foot augmentation, transforming shoes from merely
functional objects into expressive, interactive platforms. The inter-
section of technology and artistic expression has led to innovative
approaches where footwear becomes a canvas for personal creativ-
ity and technological integration as seen in the work of Bitonti [3].
Artistic approaches are particularly evident in the development of
wearable bio-HCI systems that challenge traditional boundaries
between technology and biological materials, opening new possi-
bilities for foot-based interfaces that respond dynamically to user
input and environmental conditions [39].

2.1 Fabrication of Augmented Footwear
Moving from concept to physical form requires fabrication work-
flows that can seamlessly integrate the demands of wearable com-
fort and rapid mass manufacturing with the precision (see Figure
3). Traditional shoemaking techniques offer proven durability and
fit, yet must be reinterpreted to accommodate modern fabrication
tools such as multi-material 3D printing, laser cutting, and smart
textile weaving. The selection of materials, which are ranging from
breathable, flexible fabrics to rigid support structures, must balance
competing needs for comfort, mechanical performance, and com-
patibility with electronics. Further, embedding sensors, actuators,
and wiring during fabrication, rather than as afterthoughts, can
produce footwear that feels and functions as a coherent whole,
rather than a shoe with “add-ons”.

Figure 3: In the fabrication workflow, materials are carefully
selected and patches prepared before sewing. What was once
handcraft became automated with machines such as sewing,
lasting, sole stitching, cementing, heel attaching, edge trim-
ming and buffing, and patching and repair machines. The
photo shows Adi Dassler in the Adidas factory in Herzoge-
naurach, Germany [36], where performance shoe production
became increasingly automated.

2.2 Material
The selection of materials for foot augmentation requires careful
design consideration and negotiation of flexibility, breathability,
durability, and thermal compatibility for comfort [30] especially
with embedded technology, embedded in the shoe structure so that
the human and the technology do not harm each other. Take, for
example, recent research in digital manufacturing with silicone-
based inks containing cellulose nanocrystals and carbon black fillers
can be used for direct ink writing of shoe insoles with embedded
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