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Figure 1: Model wearing FloraWear with sustainable materials

Abstract
FloraWear is a wearable living interface where people can expe-
rience close relationships with plants by caring for and wearing
them. While plants can have positive effects on both mental and
physical well-being, we are increasingly losing our connection to
plants due to industrialization and urbanization. To build a stronger
relationship with plants, we present FloraWear–a DIY, wearable
living interface that facilitates an intimate connection with plants.
We discuss how the design of this living interface evolved through
an iterative process based on feedback from users. By interacting
with FloraWear, people can practice cohabitation with plants and
experience becoming a more-than-human assemblage.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).
CHI EA ’25, Yokohama, Japan
© 2025 Copyright held by the owner/author(s).
ACM ISBN 979-8-4007-1395-8/25/04
https://doi.org/10.1145/3706599.3721188

CCS Concepts
• Social and professional topics→ Sustainability.

Keywords
Biodesign, biopolymer, human-plant interaction, living interface
ACM Reference Format:
Hye Yeon Nam, JaNiece Campbell, Huan Guo, Brendan Harmon, and An-
drew MWebb. 2025. FloraWear: Crafting Living Wearables with Sustainable
Materials. In Extended Abstracts of the CHI Conference on Human Factors in
Computing Systems (CHI EA ’25), April 26–May 01, 2025, Yokohama, Japan.
ACM, New York, NY, USA, 6 pages. https://doi.org/10.1145/3706599.3721188

1 Introduction
Urbanization is a major driver of biodiversity loss [24] and has accel-
erated the separation between humans and nature [33]. According
to the United Nations’ World Population Prospects, urbanization is
projected to double by 2050, with almost two-thirds of the popu-
lation living in urban areas [36]. Urbanization can undermine the
benefits of living with nature, such as rapid recovery [34], produc-
tivity [23], stress reduction [22, 35, 37], and mindfulness [16, 38].
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To overcome these challenges, living interfaces have been de-
veloped to maintain close relationships with plants and nurture an
ethos of care for nature. We designed a wearable living interface
called FloraWear to address this growing separation by fostering
interactions between humans and plants [27]. This wearable in-
terface was computationally designed and fabricated in order to
support plant life and build empathy for non-humans. It was de-
signed to inspire an ethics of care for non-humans. By wearing
and caring for these living interfaces, users can regain the physical
and emotional benefits of living closely with nature despite their
busy urban lifestyles. In prior studies of FloraWear, participants
developed emotional connections to plants and experienced mind-
fulness [27]. This experience influenced their lifestyle and that of
their family and friends. However, the material composition of the
original interface—thermoplastic polyurethane (TPU) filament—
may undermine the goal of the project, making the wearable look
and feel too artificial, thus distancing users from nature. To ad-
dress these shortcomings, we conducted a design probe and then
redesigned FloraWear. Based on this research, we identify issues
with and present design and material considerations for living inter-
faces. We find that employing bio-friendly materials in the design
of human-plant interfaces can contribute to sustainability in HCI.

This work aims to build empathy for nature through the design
of living interfaces. We scope our investigation based on expert
interviews, experiments with biopolymers and biodegradable ma-
terials for growing media, and digitally designed and fabricated
bioinspired forms. Then, we discuss lessons and limitations.

2 Background
The ongoing ecological and climate crises threaten the diversity
of life [10] and endanger human health and well-being [1, 2]. In
response to these crises, there is growing concern for sustainability
and a more-than-human ethos in the computing community. HCI
researchers are exploring how decentering humans and computing
and instead recentering on the body and vibrant matter can foster
a paradigm of care for nature in which non-humans are partners.
Within HCI, a new field—Human-Plant Interaction—is emerging
that studies the entanglement of technology and nature.

2.1 Sustainable HCI
Sustainable Human-Computer Interaction (SHCI) has been mapped
and discussed [4, 8, 20]. Blevis identified two key principles for
Sustainable Interaction Design (SID): “linking invention & disposal”
and “promoting renewal & reuse” [4]. Linking invention and dis-
posal requires considering how new objects will displace or obsolete
existing objects. Promoting renewal and reuse emphasizes using
materials that support recycling or re-manufacturing. In an effort
to promote renewal and reuse, designers have been experimenting
with sustainable and biodegradable materials as an alternative so-
lution to finite natural resources and environmental crises [7, 17].
Designer Klarenbeek created a mushroom chair with a bioplastic
shell and printed powdered straw [19]. While materials in fashion
are often more consumption-focused, designers are identifying sus-
tainable approaches to fashion design [28]. Fletcher argues that
material diversity in textiles—which employ limited types of fibers—
is essential for sustainable fashion design [11]. Material diversity

is analogous to biodiversity—an essential characteristic of sustain-
ability within ecosystems. Fashion designer Campos kitted fabric
as a substrate for growing plants on a wearable garment [5]. Ar-
chitects use sustainable substrates for building structures. Scelsa
et al. created a ceramic column for plant habitat [31] and Scott et
al. developed mycelium and yarn hybrid biofabrication in the built
environment [32]. This work investigates new forms of FloraWear
through the lens of sustainability and biodiversity, conducting a ma-
terial experiment of biocompatible substrates. Over the last decade,
the goals of sustainable HCI have evolved [15]. One of the major
shifts is repositioning materiality in ways that decenter humans and
computing [29]. For example, Bell et al. developed a bio-digital cal-
endar that engages with temporalities of a nonhuman organism [3].
While the earlier FloraWear prototype used TPU filament due to
functional benefits for humans and computing, this work shifts
focus to materials and design more suitable for plant well-being.

2.2 Embodiment
Embodiment in HCI can help build empathy and nurture an ethos of
care. Phenomenologist Merleau-Ponty emphasizes the body in the
central position as “a nexus of livingmeanings” [25]. Merleau-Ponty
claims the meaning is “caught up in the context of my body” [26],
which conveys meaning is not an abstract perception in an indi-
vidual’s mind but is already placed in the physical world. When an
individual moves in the physical world, meaning can be found in
these actions and interactions. As Merleau-Ponty claims, the body
is tied to the world, unlike Cartesian dualism, which separates mind
and body. Embodied interaction can provide unique qualities of
physical and emotional transitions for wearers as it shifts their role
from viewer to performer [18]. In this transition, as HCI theorist
Dourish notes, “Action both produces and draws upon meaning;
meaning both gives rise to and arises from action”; individuals
can find meaningful experience by engaging in embodied experi-
ences [9]. FloraWear is a living wearable interface that provides
close embodied experiences and those embodied interactions and
connections can intimately influence wearers’ emotions. Wearing
and caring for plants can provide a unique and meaningful relation-
ship between wearers and plants since body and mind, motion and
emotion, and action and meaning are tightly interconnected [9, 25].
Through mutual care, the wearer and the worn—the human and
the vegetal—sustain each other.

2.3 Human-Plant Interaction
Chang et al. surveyed prior HCI work on Human-Plant Interac-
tion (HPI) [6]. They developed an HPI System Architecture, which
describes varied ways that HPI prototypes integrate the physical
world, technological systems, and plants. Indirect integration entails
mediating interactions with plant species without a direct interface
component to plants. FloraWear is a form of indirect integration
where HPIs are not directly mediated through computing tech-
nology. Rather, computing technologies facilitate the design and
manufacture of the wearable substrate. Proxy integration involves
evoking natural responses in plants through the manipulation of
environmental factors. Embedded direct integration employs sen-
sors within plant membranes to assess inherent biological data.
An example of embedded direct integration is pheB [30], a novel
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Figure 2: Initial FloraWear design process

biofeedback methodology to foster human connections with nature
by embodying plants’ internal states through the movement of a
soft robotic surface. Augmented direct integration uses micro-scale
technologies (e.g., nanotechnology) to enhance the interface be-
tween plants and humans. Central to the HPI SystemArchitecture is
how input and output to plant systems are coupled with human and
environmental interactions. This perspective contrasts with Loh
et al., who argue that HCI researchers should “fundamentally re-
conceptualize plants fromutilitarian objects to living co-inhabitants”
[21]. Hansen and Rolighed explored non-utilitarian forms of HPI
and identified three different sensibilities that arise in HPI trans-
forming human relationships with plants: hermeneutic, existential,
and social-cultural [14]. Hermeneutic sensibility relates to how hu-
mans make sense of an interactive system. Existential sensibility
involves “[acknowledging] plants as active living beings and [plac-
ing] ourselves in a wider ontological entanglement.” Social-cultural
sensibility considers interpersonal relationships between humans
and plants. FloraWear inspired human-plant partnerships where
reciprocal relationships between human and plant influenced be-
haviors [27]. These partnerships emerged due to intimate physical
proximity between humans and plants as they shared experiences
interacting with the world.

3 Methodology
To identify design challenges and opportunities for living interfaces,
we designed prototypes, conducted expert interviews, experimented
with biomaterials, and redesigned our prototypes in an iterative
process. After designing a prototype, we invited six designers to
try FloraWear and interviewed them about their interactions with
the prototype. The designers followed FloraWear’s published in-
structions [27] to model, fabricate, and plant their own wearable
interfaces, using the project’s website (http://florawear.netlify.app)
to model their design variants. So that the designers could expe-
rience and critique fully grown living interfaces, we gave them
prefabricated, pre-grown interfaces for a 30-minute trial. After
wearing and interacting with living interfaces for 30 minutes, the
designers gave feedback during 30-minute semi-structured inter-
views (Fig. 3). Based on their feedback, we experimented with the
use of biopolymers for wearable planting media and then designed
another iteration of living interfaces.

3.1 Initial Prototype
The first version of FloraWear [27] was an interface composed
of a flexible substrate, a layer of growing media, and a layer of
plants. This version was a do-it-yourself (DIY) project that could be
designed, fabricated, and grown by users. The substrate could be
designed through an online platform (florawear.netlify.app) and 3D
printed on a low-cost Fused DepositionModeling printer using TPU
filament. Users would then insert a coir mat as a growing medium
into the substrate and plant seeds on the mat (Fig. 2). Then they
would wear and care for their interfaces, nurturing their wearable
plants for up to thirty days.

3.2 Interviews
To evaluate the initial prototype of FloraWear, we conducted inter-
views with design experts. We recruited six designers by email and
word of mouth. Their disciplines included fashion design, digital de-
sign, architecture, and landscape architecture. Designers were aged
from thirty-one to thirty-nine (with a mean age of 35.5) and had
between eight and fifteen years of experience in their fields (with a

Figure 3: Experts interacting with FloraWear

Figure 4: Demographic information of interviewed experts

http://florawear.netlify.app
florawear.netlify.app
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Figure 5: Material experiment with biopolymers

mean of 10.5) (Fig. 4). The interviews were recorded, transcribed,
and coded by the first and second authors. During the interviews,
we asked these experts about potential target audiences, their de-
sign preferences, and their advice on materials for FloraWear to
improve the first version of the interface. Proposed target audiences
included children for education, elderly people for emotional sup-
port, and even non-humans. The general audience range included
those who enjoy gardening, the outdoors, or nature. In contrast to
the other human-centered proposals, participant E5 suggested com-
panion species as a potential audience. There was diverse feedback
regarding design and materials. Some of the experts appreciated
the lightweight, flexible materials and the DIY approach to fabri-
cation with FDM 3D printing using TPU filament. Some, however,
found that the synthetic material and form distanced wearers from
nature. For these designers, the synthetic style and materials of
the wearable were in too stark contrast to the plants conceptually,
experientially, and formally. They suggested using natural, biocom-
patible materials that would help sustain plants while enhancing
the aesthetics of the design. Material suggestions included ceramics,
mycelium, wood, and biopolymers. The designers also proposed
mesh structures, transparent materials, and hydroponics as ways
to integrate plants and roots more integrally into the design. Par-
ticipant E6 suggested using natural polymers for substrates that
would hold water more effectively.

3.3 Material Experiment
Expert interview responses highlighted a key design need for bio-
friendly materials to sustain plants’ health and avoid distancing
wearers from nature. To develop bio-friendly materials for the sub-
strates, diverse biopolymers were tested in the lab (Fig. 5). We tried
two different versions with and without biochar to differentiate
nutrients. We selected accessible biopolymers such as carrageenan,
sodium alginate, and agar that can easily be found in the market.
Carrageenan comes from red seaweed, and sodium alginate is from
kelp or sargassum of brown algae. Agar is derived from red algae.
All three are natural ingredients and can be mixed with food as
thickening agents. We combined biopolymer powders and water at
a ratio of 1 to 20 to make a gel. Then we mixed 15g of the mixed
biopolymers, 1g of arugula seeds, and 2g of biochar when needed.
When we worked with agar, the water needed to be warm, so we
microwaved the water for 1 minute. We also used nanocellulose
manufactured from sugarcane bagasse fibers as a sustainable way
to reuse agricultural waste. During the experiment in the lab en-
vironment, we regularly watered all test samples, and all of the
samples were fully exposed to UV lights. We observed the daily
growth of plants and archived that progress with photos every day.
Fig. 6 presents the progressive plant growth on necklaces over the
course of ten days. Carrageenan was a healthy growing medium for
plants. Its color was relatively transparent so it was aesthetically
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Figure 6: Ceramic FloraWear with biopolymers from day 1 to day 10

integrated into the FloraWear interface. Sodium alginate and agar
both dried quickly and thus proved unsuitable as media for living
interfaces.While nanocellulose supported healthy plant growth and
could be a promising medium for living interfaces, it is expensive
as it is not yet produced at an industrial scale. Including biochar
as an additive did not significantly improve seed vigor during this
trial.

3.4 Design Development
In the original design of FloraWear, participants modeled their wear-
able interfaces in an online application (http://florawear.netlify.app)
and downloaded them for 3D printing. Given the do-it-yourself
approach, FDM was used since it is the most ubiquitous, accessible
3D printing technology. FloraWear was printed with TPU filament
so that the wearables would be flexible and durable. The synthetic
look and feel of the TPU wearables, however, may conflict with
the project’s goals of empathy and care for nature. Based on de-
sign suggestions from the interviewed experts, we developed more
organic designs inspired by nature and printed them in ceramics.
To fabricate these delicate organic designs, we used a FormLab
stereolithography (SLA) 3D printer with ceramic resin. According
to the material description from Formlab [12], the ceramic resin
consists of a silica-filled photopolymer. After firing at a certain
temperature, the photopolymer materials were sintered to form
a ceramic element. Since Formlab’s original ceramic resin was an
experimental material, the prints were at risk of cracking, slumping,
dunting, shrinkage, and bubble formation during firing. Success-
fully firing these 3D printed ceramics requires ramp up, burnout,
ramp up, sintering, and cool down phases accurately in the kiln
[12]. After multiple design iterations to account for shrinkage and
to experiment with wall thicknesses and firing times, we finalized

Figure 7: Finalized designs of necklace and ring

designs for necklaces and rings (Fig. 7). For the final design, we
used carrageenan gel as a growing medium for FloraWear for nutri-
tion, cost-effectiveness, appealing color, and easy navigation (Fig. 6).
Clear carrageenan gel without biochar was integrated into the ce-
ramic substrate, highlighting the organic form of the substrate and
providing growing media for plants. Due to plants’ heliocentric
growth, only the upper half of the substrate was filled with grow-
ing media and seeds. For the sake of ergonomics, the back of the
pendants was smooth so that they would lay flat against the chest,
and thus plants would not directly touch the wearer’s body (Fig. 1).

4 Discussion & Conclusions
We identified material and design challenges for the development
of living interfaces. This work adds to our limited understanding
of how to design biocompatible textiles [13], specifically focus-
ing on material substrates that will benefit both plants and hu-
mans. Through design expert interviews, material experiments, and
posthumanist perspectives, we designed new forms of FloraWear
that highlight key characteristics of living interfaces. Living inter-
faces should be fabricated from biocompatible materials that retain
water while supporting seed vigor. We noted contrasting perspec-
tives in our interviews between functional benefits of 3D printing
and experiential drawbacks of inorganic substrates. Through amate-
rial experiment, we found that biopolymers including carrageenan
and nanocellulose hold water effectively and support seed vigor
from the daily experiment.

We used a computational design approach to algorithmically
generate bioinspired forms for wearables. The petal-like ruffles of
the organic forms created cellular cavities that could effectively
hold biopolymer planting media and keep moisture for a longer
period of time. We used ceramic SLA 3D printing to fabricate these
complex organic forms in an aesthetic, sustainable, and water-proof
material. Despite the promise of this approach, we identified lim-
itations including material and fabrication costs. Nanocellulose
was relatively expensive for a DIY approach in spite of its promise
as a planting medium. While SLA 3D printing can produce high-
resolution ceramic prints, this technology is more expensive than
FDM and it can require time-intensive post-production. In the fu-
ture, we plan to develop heliocentric form-finding algorithms to
create better-growing conditions for seedlings. We also plan to
research and adapt other promising biopolymers. Our users found
that while wearing and caring for FloraWear, they refigured their
relationship with nature and began to think of themselves as be-
ing part of an interconnected ecosystem. FloraWear can transform
the concept of nature in HCI from a hierarchical relationship to a
mutual companionship.

http://florawear.netlify.app
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