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Abstract

This research explores how bio-based materials might support everyday intimate care in non-
medicalized ways. During the transition tomotherhood, reproductive bodies undergo profound
changes that disrupt bodily environments including the vaginal microbiome, skin barrier and
urinary tract. To surface these fluctuations, we explored pH-sensing materials from agar,
carboxymethyl cellulose and anthocyanin that indicate the pH of vaginal discharge, sweat and
urine via color change. Through co-creation with design researchers, we identified three
dimensions for designing maternal care artifacts: ambiguity, visibility and lenience. Combining
material qualities, microbiology and feminist design approaches, we created three design
provocations that integrate these materials into everyday care scenarios. Our work contributes
to the social dimension of biodesign by nuancing bio-based material exploration for diverse
human experiences and foregrounding bodily materials as integral to biodesign processes and
outcomes and further highlighting human–microbiome sensibilities, resistingmedicalization of
bodies and materializing feminist critique of self-tracking.

Impact statement

This paper contributes to the social dimension of biodesign by offering nuanced bio-based
material exploration and design provocations for diverse human experiences in intimate settings
(everyday maternity care). Through this exploration, we also foreground human bodily
materials as an integral part of biodesign processes and outcomes.

Introduction

Maternal care is a complex, sensitive and emotionally charged space of human experience
(Yurman et al. 2025). As Lucy Jones describes, “during pregnancy, childbirth, and early
motherhood, women undergo a far-reaching physiological, psychological, and social meta-
morphosis” (Jones 2023). Many experience pain and discomfort alongside feelings of frustration,
isolation or anxiety triggered by bodily and everyday transformations. Using Adrienne Rich’s
words: “The body has beenmade so problematic for women that it has often seemed easier to shrug
it off and travel as a disembodied spirit” (Rich 2021). These bodily experiences expose tensions in
how maternal bodies are known and cared for. In this paper, we use “matrescence” – a term
introduced by Lucy Jones in her book Matrescence: On the Metamorphosis of Pregnancy,
Childbirth, and Motherhood (Jones 2023) to describe the time of a person becoming a mother,
which include time of preparing to be pregnant, pregnancy and postpartum in each individual’s
subjective temporality.

While new sensing and tracking technologies promise insight into bodily processes (Costa
Figueiredo et al. 2018; Jaeger et al. 2025; Sawalha and Karnowski 2022), they may also reinscribe
medicalization of the body (Ciolfi Felice et al. 2021) and reduce lived experienced into mea-
surements and optimization. In this research, we draw on feminist reclamation of the body as
lived experiences (Ciolfi Felice et al. 2021; Neimanis 2017) and care as materially and eco-
logically entangled (Puig de La Bellacasa 2017) to resist medicalization ofmaternal bodies, that is
reducing bodies tomedical problems (Conrad and Schneider 1980). Specifically, we explore how
bio-based pH-sensing materials can facilitate noticing and caring for the changing bodily fluids
and microbiomes during matrescence. We focus on bio-based materials made of agar, car-
boxymethyl cellulose (CMC) and red cabbage anthocyanins due to their safety, accessible
resources, low-tech making process, expertise and experiences within our team.

We conducted iterative material exploration and design speculation involving the follow-
ing steps:
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• Three iterative material-making sessions examining agar,
CMC and their combination as substrates for anthocyanin-
based pH-sensing materials.

• A co-creation session exploring how these materials might be
integrated into intimate care artifacts for matrescence
(before, during and after pregnancy).

• Iterative design speculation grounded in lived experience,
transferring insights from material exploration and co-cre-
ation into design provocations.

Gaps and contributions

Prior work has established bio-based materials as biodegradable
and interactive design media and demonstrated the technical
viability of various bio-based colourimetric pH-sensing materials
(Bates et al. 2026; Woytuk and Søndergaard 2024). We explore
how bio-based materials might further enable non-medicalized
forms of care in everyday contexts, especially in intimate settings.
We offer nuanced insights into the material qualities of agar, CMC
and their combination as substrates for sensing the pH of various
bodily fluids. We summarize the dimensions of the design space in
which bio-based pH-sensing materials might cultivate sensibilities
towards the dynamics of bodily fluids and microbiomes during
matrescence. We also speculate and materialize concrete design
provocations and specific scenarios based on distinctive qualities
and dimensions. This work enhances the social dimension of
biodesign by emphasizing the importance of diverse human
experiences and highlighting humans’ bodily materials in biode-
sign processes and outcomes. Additionally, we explore the
implications for human-microbiome sensibilities, the challenges
posed to medicalized norms surrounding maternity and feminist
viewpoints on self-tracking technologies.

Research positionality

This research was conducted by a multidisciplinary team with
expertise in biodesign, human–computer interaction (HCI),
material experimentation and microbiome research. Several team
members have extensive experience in feminist HCI, soma design,
care-oriented HCI and social theory, bringing critical perspectives
on care labor and socio-technological criticism. Several of us have
been researching and making with bio-based media, including
food waste, plant-derived polymers and living microbes, for
interest in cultural practice and sustainability. Several of us bring
scientific rigor, designerly sensibilities and artistic expression to
challenge stigma and deepen body literacy towards the human
microbiome. Several of us actively engage with bodily awareness
and movement through yoga and dance practices.

Our team comprises individuals who identify as women or
queer women. Based in Sweden and Finland, our team reflects a
wide range of socio-cultural and geographical backgrounds from
East Asia, Europe, North America and South America. Five of us
are mothers. Although having diverse motherhood journeys (some
more painful, some felt smooth), we resonate with a desire to resist
Western social norms that medicalize maternal bodies. For
instance, the first author is an East Asian who has lived in Europe
for more than 8 years, became pregnant and gave birth there. She
was struck by the stark differences in how pregnant people and new
mothers are cared for between the two countries. In her home
country, society generally recognizes the postpartum period as
particularly vulnerable and traditionally advocates six weeks of
diligent care from the family. Yet in the birth-giving country, she
felt a lack of support and attention. Her discomfort and

vulnerability were often dismissed bymedical workers, who usually
offered a one-size-fits-all prescription to quickly “fix” the issue “on
the surface.” Consequently, she developed a general distrust of
doctors whenever she needed medical support. Our work aims to
promote a non-medicalized approach to care during matrescence.

We wish to clarify that the design provocations presented,
though informed by material exploration and medical facts, are
imaginary explorations, not real products. They are intended to
provoke discussion, rather than to propose deployable solutions.
We also acknowledge that not everyone who gives birth to a baby
will resonate with the idea of motherhood, mothering or being a
mother. Therefore, the use and description of these terms do not
intend to provide a neutral definition, but rather to speak from the
researchers’ standpoints.

Related work

Bio-based materials in design and interaction

Biodesign is an emerging design practice that integrates biological
materials and processes (Kim et al. 2022) as material substitutes
(Gough et al. 2024; Karana et al. 2018), interactive media (Barati
et al. 2021; Kim et al. 2018; Ofer et al. 2021; Zhou et al. 2023) and
facilitators of critical discourse (Ginsberg et al. 2014; Myers 2012;
Williams and Collet 2021). “Biodesign” widely engages with living
materials (such as living microalgae (ecologicStudio 2021)), once-
living (such as mycelium (Karana et al. 2018; Vasquez and Vega
2019) and bacteria celluloce (Nicolae et al. 2023)) and bio-based
materials (such as plant-derived polymers (Bell et al. 2022; Guridi
2025). Amongst all, bio-based material exploration has gained
momentum in recent years, with new material cases and recipes
continuously shared by practitioners through online platforms
such as Materiom (Materiom n.d.) and Material District
(MaterialDistrict n.d.).

Biodesign goes beyond existing principles of biomimicry and
sustainability in design by incorporating living and once-living
materials not only as sustainable alternatives in technologies (Bell
et al. 2026) but also as active design media shaping everyday
interactions and practice (Giaccardi and Karana 2015). In parallel,
human-computer interaction (HCI) has incorporated bio-based
materials into interactive systems. Rather than treating fragility
and impermanence as problems, prior work embraces aging and
transformation as intrinsic aesthetics (Rognoli and Karana 2014;
Rosner et al. 2013). Bell et al. (2024), for example, reframe bio-
degradation as a generative process that redistributes agency across
humans and environments. In this work, we focus on bio-based
pH-sensing materials prepared according to the recipes used by
Bell et al. (2022) and Guridi et al. (2022), incorporating a pH-
sensitive ingredient, anthocyanin from red cabbage. Aligned with
the above-mentioned approaches, we examine the transformation
and ephemerality of bio-based materials that shape everyday
human practice.

Colorimetric pH-sensing materials

Colorimetric sensing renders chemical change visible as color,
which has been a crucial diagnostic tool for centuries (Jin et al.
2024). Traditionally, color changes in urine, eyes, skin and blood
can indicate various diseases, but their sensitivity is limited (Jin
et al. 2024). More advanced colorimetric sensing techniques have
been developed involving sensitive colorimetric reagents, par-
ticularly in diagnostics where immediacy is valued (Jin et al. 2024).
Nowadays, colorimetric sensing tools are used in wearable sensing
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to monitor pH (Patra, Shunmugam, et al. 2023) and other bio-
markers, typically prioritizing accuracy and continuous tracking
(e.g., Liu et al. 2023; Wu et al. 2025). In pH sensing, plant-based
indicators such as red cabbage anthocyanins have been widely used
for food freshness monitoring, leveraging their non-toxicity and
compatibility with bio-based carriers such as agar, starch and
cellulose films (e.g., Wu et al. 2022). Design and interaction
projects have also incorporated colorimetric pH-sensing into
everyday objects, including nail polish (Sun et al. 2025), intimate
textiles (Zhu et al. 2024) and menstrual pads (Woytuk and
Søndergaard 2024). Using bio-based materials, project
Biomenstrual explored Do-It-Yourself pH-sensing menstrual pads
incorporating red cabbage pigment for noticing vaginal pH
changes across the menstrual cycle (Woytuk and Søndergaard
2024); and project pHigment explored biodegradable single-use
cosmetics for on-body chemical sensing (Bates et al. 2026). These
works show the technical promise of bio-based pH indicators in
health and environment monitoring, opening up for future work to
iterate on. In this paper, we deepen these explorations by exam-
ining how interacting with these materials might further enable
non-medicalized forms of care in everyday contexts, especially in
intimate settings.

Care in biodesign

Care has become a key theme in biodesign, especially in work
drawing on feminist care ethics (Puig de La Bellacasa 2017) that
emphasized the material, temporal and ecological perspectives.
Researchers foreground care as an inherent practice in designing
with living systems, which is central to sustaining socio-ecological
relationships among humans, living materials and environments
(Oktay et al. 2024; Zhou et al. 2024).Within this framing, everyday
life is a crucial site of inquiry, where material transformation
unfolds alongside messy and situated meaning-making. Bringing
care into biodesign also makes visible the diverse actors involved:
who cares for whom, how and with what tensions between humans
and other species (Zhou et al. 2024). Care in biodesign is thus
inherently more-than-human, yet it depends on humans who
perform and seek care. In recent years, interaction design and
feminist HCI scholars have drawn attention to the human
microbiome at the intersection of biology, design and care (Bell
et al. 2023; CampoWoytuk et al. 2024). Especially, CampoWoytuk
et al. (2024) speculate on humans’ active engagement with the
vaginal microbiome through everyday practices such as yogurt-
making, providing a feminist approach to bodily care ecologies
(Campo Woytuk et al. 2023; Søndergaard and Campo Woytuk
2023). Building on their work, we seek to explore the potential of
bio-based materials to facilitate intimate care in everyday contexts
by engaging with feminist and socio-ecological understandings of
the body.

Feminist HCI and critique of intimate care technology

Feminist HCI (Bardzell 2010) has developed a strong tradition of
critique and design experimentation around how technologies
configure reproductive life. A significant body of work within this
field has critiqued that technological systems tend to quantify the
body (Ciolfi Felice et al. 2021), while overlooking the labor,
emotional intensity and uneven distributions of care (D’Ignazio
et al. 2016; Fox 2018). Such systems often reinforce social norms
including stigmas and taboos around bodily processes and sub-
stances (Helms 2019; Salarica and Diehl 2020; Tuli et al. 2018). In
response to these tendencies, researchers have advocated for

approaches that restore self-knowledge and sensibilities to one’s
body: allowing people to decide what is sensed, how it is interpreted
and what is shared (Grimme et al. 2024). One such example is
“tactful sensing” (Campo Woytuk et al. 2023), which proposes a
fingertip-worn vaginal fluid conductivity sensor designed to
encourage direct, embodied engagement with bodily fluids –
positioning this knowledge as complementary to, rather than
reducible to, numerical data. Visibility, too, has emerged as a
critical concern. Park et al. (2024) critiqued that menstrual pain
technologies typically frame pain as a problem to be hidden rather
than a lived experience to be acknowledged and negotiated with.
Similarly, certain bodily fluids have long been subject to taboo,
regarded as waste and filth (Helms 2019; Tuli et al. 2018).

Our work deliberately challenges what dominant technologies
tend to suppress or distort in relation to reproductive bodies:
quantification, concealment and the imposition of normative
pressures. Instead, we open space for sensibilities of the body’s
substances and their dynamics, visibility of embodied experiences
and tabooed bodily substances and lenience of one’s lived expe-
riences from the socially constructed normality. We choose
“matrescence” – the becoming of mothers – as a design context, as
it is a journey marked by bodily changes and heightened senses,
along with the juggling and negotiation of embodied knowledge
and social norms, as well as digital and non-digital technologies.
Our work fosters a material-oriented approach that help to notice
and attune to bodily fluid dynamics and situated care practices
through pH-sensing, bio-degradable materials.

Methodology

First, three iterative material exploration sessions were done by
three authors in material-driven design, biodesign/bio-HCI,
feminist HCI and bio-based e-textiles. Drawing onmaterial-driven
design (Karana et al. 2015) and material tinkering (Parisi et al.
2017), we tested variations of agar, CMC and their combinations as
pH-sensing substrates and documented the sensorial and inter-
pretive qualities (Karana et al. 2015) we perceived. Intermediate
material samples were used for a co-creation session with design
researchers.

Second, a two-hour co-creation session (Sanders and Stappers
2008) was led by the first and second authors and involved three
external researchers in biodesign, interaction design and feminist
HCI. We touched, sketched and speculated with material samples.
We developed around 20 design ideas based on our design research
and personal experiences. Each sketch was displayed on a large
whiteboard for collective viewing and discussion. The first and
second authors analyzed the sketches and accompanying con-
versations, identified recurring patterns and conceptual themes.

Third, we generated three “design dimensions” with two
authors in material-driven design, biodesign/bio-HCI and feminist
HCI. By design dimensions, we mean qualities of design to be
considered within a given design space (Halskov and Lundqvist
2021). Previous design research has used “dimensions” to describe
thematerial qualities of living artifacts (Zhou et al. 2024) and “axis”
to position specific concepts along a spectrum, such as proximity to
the body (Campo Woytuk et al. 2023). In our work, we opted for
“design dimensions” because we believe they may better describe
an underexplored design space holistically – the design space in
which pH-sensitive bio-based material composites facilitate inti-
mate maternal care in everyday practice. The conceptual themes
generated from the co-creation session informed the articulation of
these dimensions.
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Finally, all authors jointly generated design provocations based
on our knowledge and lived experiences. Design provocations are
common in feminist HCI to envision plausible futures (Dunne and
Raby 2024) and spark discussion on specific topics (as in Park et al.
2024 and Campo Woytuk et al. 2024). The first author created
three initial design provocations featuring fictional characters with
care artifacts, each with a distinctive bio-based pH-sensing
material recipe and state. Then, all co-authors iteratively refined
the provocations to enhance their scientific validity, design
articulation and conceptual depth, and finally, the first and second
authors materialized them through three visual digital collages.
Note that we focused on specific scenarios and individuals to
situate provocations in practice rather than covering a broad
spectrum of individual preferences. These design provocations are
meant to offer a glimpse into and materialize feminist care ethics,
foster discussion and raise critical questions.

Results and findings

Material recipes, states and forms

We experimented with three material recipes (Table 1). The details
of these recipes and states are summarized in the tables below. The
agar-based material was made by mixing agar and glycerol into
boiling red cabbage juice (Bell et al. 2022a). The CMC-based
material wasmade bymixing CMC and cold red cabbage juice. The
agar/CMC-based material was prepared by mixing the two
materials at liquid phase at a 1:1 ratio. All materials were dried at 40
degrees in a dehydrator.

We chose casting method to make materials because of fab-
rication feasibility: the materials are easy to cast, patterns can be
easily adapted and cut, and the casted films allow re-utilization and
re-castings of leftovers. Casting resulted in material films of dif-
ferent thickness in various states, including hydrogel, semi-dry and
dry states, depending on the water content.

Material qualities

The resulting film-formed materials were assessed through direct
handling and observation rather than laboratory analysis; this
process was intended to inform the project’s design development
stages and to highlight particular qualities (Figure 1). Thematerials
can be generally described based on the framework of physical
material properties (White 2018) from the following aspects:

(1) Mechanical properties: they are flexible and soft to the
touch, capable of bending and pleating without fracturing; (2)
Optical properties: they are translucent and can be pigmented in
liquid state, resulting in an even color across the surface; (3)
Thermal properties: dry films are dimensionally stable under
ambient conditions; structural changes may occur near or above
100°C, primarily due to the glycerol plasticizer; CMC and glycerol

dissolve readily in room-temperature water, while agar requires
hot water (above 85°C) to dissolve and re-solidifies upon cooling;
(4) Electrical properties: they are electrically insulating in their
dry state.

In the overview (Figure 1), we selectively describe material
qualities emerging from our exploration of a wide variety of
material samples that are most relevant to our intended design
space. These samples span material states of dry, semi-dry and
hydrogel as annotated in the overview. The material qualities
include visual and tactile qualities, interactive qualities, funtional
qualities and life-cycle qualities. We annotated samples from each
material recipe with their relevant qualities and material states.

Design dimensions

Our co-creation session developed around 20 design ideas (see
appendix). The first and second authors collaboratively analyzed
the sketches and accompanying conversations, identified recurring
patterns and conceptual themes that informed the articulation of
three design dimensions of the design space in which pH-sensitive
bio-based material composites facilitate intimate maternal care in
everyday practice. Below, we introduce three design dimensions
emerging from mapping out the sketches: ambiguity, visibility and
lenience, three distinct spectra closely linked to material qualities.

Ambiguity: from monitoring to sensitizing
Many sketches explored a continuum between monitoring and
sensitizing. The materials’ vivid color changes were presented to
individuals as prompts for interpretation – inviting curiosity,
reflection or personal meaning-making. The monitoring aspect
became more pronounced in sketches that introduced structured
forms such as calendars or journals to record changes over time.
Conversely, sketches that emphasized the materials’ amorphous
patterns, bright hues and potential for creative engagement – such
as painting directly with bodily fluids onmaterial surfaces – tended
toward sensitizing interactions. Interestingly, sketches by different
co-creators concurrently envisioned “kits” for hands-on engage-
ment. We therefore interpret acts of documenting as leaning
towards monitoring, while expressive and creative engagements
with the materials lean towards sensitizing.

As many cases explored in previous literature (e.g., in Sun et al.
2025), monitoring requires accurate color references to provide a
clear, high-contrast indication.Monitoringmay be necessary when
an infection is suspected or when under clinical observation. Here,
the materials might need to be tuned for fast, step-wise color
manifestation. Sensitizing, in contrast, emphasizes bodily aware-
ness without alerting the individual and is used in situations where
temporary pH fluctuation is acceptable. This allows the materials
to be more ambiguous, slow and interpretive and fosters awareness
towards bodily fluid dynamics.

Table 1. Three explored recipes

Recipe 1: agar-based Recipe 2: CMC-based Recipe 3: agar/CMC-based

Ingredients Amount Ingredients Amount Ingredients Amount

Water 1000 mL Water 1000 mL Water 1000 mL

Agar 40 g CMC 10 g Agar 20 g

Glycerol 60 g Glycerol 3 g CMC 5 g

Red Cabbage Approx. 250 g Red cabbage Approx. 250 g Glycerol 30 g

Red cabbage Approx. 250 g
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Visibility: from disclosing to hidden
A second dimension is visibility. Some sketches envisioned arti-
facts that were intentionally visible or even decorative. For
example, one sketch suggested projecting light through used
materials into ambient illumination. We interpret this as
emphasizing the material’s aesthetic presence, leaning toward
disclosing. Other sketches imagined flushing the used material
down the toilet and a locket containing a used piece, worn close to
the body as a meaningful object. These ideas imply privacy and
discretion.

In summary, disclosing encourages openly displaying the
sensing results to oneself or others as a form of communication or
expression. This dimension becomes relevant when individuals
wish to share and discuss bodily states and feelings with others or
when visual cues serve as reminders to support behavioral change.
Disclosingmight require materials to reveal and retain traces of use
and meaning. Hidden refers to sensing processes that occur pri-
vately, in which information about bodily fluids is revealed only to
the individual or to selected people and can be discarded
immediately after use. Materials can be tuned to be soft and flexible
to support discrete, near-body integration while also being
ephemeral.

Lenience: from enacting to forgiving
A third dimension, lenience, describes a spectrum between
enacting and forgiving. Several sketches portrayed artifacts that

encourage individuals to remember results and act upon them. For
instance, one design featured a documentation calendar with space
for personal notes and a piece of material. We interpret this as
enacting because they link material feedback to behavioral change.
In contrast, some sketches envisioned flushing away, burning and
burying the used materials. Some include reflective and self-
acceptance moments, regardless of the results. We interpret this as
forgiving. Enacting is particularly relevant when lifestyle adjust-
ments are crucial, such as preventing complications, such as
preterm birth, or supporting the management of conditions that
cause discomfort. Forgiving suggests that bodily fluctuation is
temporary and need not provoke self-blame. Material properties
such as dissolvability and color-fading embody such forgivingness.

Design provocations

Drawing on both material qualities and design dimensions, we
jointly developed three design provocations to explore how bio-
based pH-sensing materials can facilitate non-medicalized forms
of everyday maternal care. Each provocation is based on one
material recipe and state. Each provocation senses one bodily fluid
facilitated by the materiality of the materials, including the vaginal
discharge, sweat and urine. In each provocation, we create a fic-
tional character who interacts with the designed artifact and
narrates in the first person. The specificity of each provocation
helps to situate and materialize our discussion in practice.

Figure 1. Overview of three exploredmaterial recipes: states and qualities of material samples including visual and tactile qualities, interactive qualities, functional qualities and
life-cycle qualities.
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Provocation 1 vaginal trace pieces

Design rationale
The vaginal microbiota plays a key role in defending against
pathogens, maintaining mucosal immunity and supporting
reproductive health. Dominance by Lactobacillus species, espe-
cially L. crispatus, maintains a low pH and inhibits pathogenic
colonization (Wu et al. 2022). Dysbiosis – defined by a loss of
Lactobacilli and overgrowth of anaerobic species such as
Gardnerella or Prevotella – is associated with increased risk of
bacterial vaginosis (BV), preterm birth (Gudnadottir et al. 2022),
infertility (Haahr et al. 2016), sexually transmitted infections, HPV
infections and gynecological cancers (Tamarelle et al. 2019).
Previous studies have shown that hormonal changes, menstruation
and sexual intercourse can influence the composition of the vaginal
microbiome (Krog et al. 2022).

During pregnancy, an imbalance in the microbiome can lead to
bacterial or yeast infections that may increase the risk of preterm
birth (Gudnadottir et al. 2022), endangering both mother and
fetus. Vaginal fluid pH values can provide clues to microbial
composition. In clinical standards, a pH between 3.8 and 4.5 is
considered “healthy,” signaling a predominance of Lactobacillus
species – though species composition varies by individual on a
daily basis (Figure 3) (Hugerth et al. 2024). However, values
outside this range do not necessarily indicate immediate illness:
even among people who think they are “healthy,” dominant species
in their vaginal environments vary, with or without Lactobacillus
bacteria (Hugerth et al. 2024).

In our experiences of pregnancies, vaginal pH had never been
measured, and its relevance to understanding one’s inner envi-
ronment was largely unknown. Additionally, we noticed a sharply
increased amount of vaginal discharge that required extra
absorbent layers. The discharges had various colors and consist-
encies at different times. While searching online, it was fascinating
to see how people shared pictures of all their mucus on forums for
discussion about theirmeaning. The varying color, consistency and
abundance of the pregnant body fluids prompted us to wonder
how we could develop a better understanding of them and their
unique microbial environments. Drawing on these experiences, we
developed a design provocation (Figure 2) that encouraged people
to “curiously” notice changes in vaginal microbiomes without
diagnostic or clinical interpretation.

Material recipe, form and state
For this provocation, we used an agar/CMC-based recipe and
casted into thin, dry films. We chose this material because it’s
flexible, adaptable, soft, lightweight and has a skin-like feeling,
making it suitable for relatively more intimate use although not
directly touching the skin. Functionally, the films are semi-
transparent, allowing color changes to show clearly. They also react
directly to the skin/liquids, without the need for other mediating
materials. Considering interactions, the strips remain stickable and
stackable with one another, can be reused for crafting purposes and
can be water-dissolved quickly (Figure 4).

Figure 2. Vaginal Trace Pieces: a kit consisting of pH-sensing biomaterial strips with absorbent pads.
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Account from a “curious” fictional individual
I start using the Vaginal Trace Pieces when I prepared to get
pregnant. Now I am in my third trimester, and I am continuing to
use them. It is a kit of “peel-and-insert” pH-sensing pieces
accompanied by reusable absorbent pads where I insert the pieces.
The pad can hold excess vaginal discharge while transporting a
portion onto the pH-sensing piece. Each piece reacts to the pH of
my vaginal discharge with a visible color change and clear traces of
contact. The color reference card in the kit roughly indicates that
pinkish colors indicate an acidic environment, whilst blue-greenish
colors indicate a basic environment. Most of the time, my “colours”
were in the pink-purple-ish range. I guess that means my vaginal
environment is acidic. Once I noticed a blue-ish trace, but it

reverted to purple a day or two later. Now, every time I feel those
moments of “overflow,” I know a new colorful trace will be
imprinted, and I am curious to see it.

I don’t use the pieces every day, especially when the discharges
are constantly acidic; however, I can imagine some people prefer to
use them regularly, even daily. When using the toilet, I briefly
glance at the trace piece on my underwear. After that, I sometimes
flush it away if nothing special or I bury it in my compost if the
color looks healthy. I keep a piece from time to time to remember
my microbial composition during this special time. So I tuck it
under a UV sterilizing lamp to dry. When I do this, I feel a bit
heartbroken for the microbes because I know they are dying under
the UV light, but I also know this is a moment that I truly see and

Figure 3. Vaginal community dynamics during the menstrual cycle can be classified into categories describing the stability of Lactobacillus bacteria: In healthy individuals, the
vaginal microbiome can vary, with some exhibiting Lactobacillus dominance and others not (Hugerth et al., 2024).

Figure 4. Developed material samples for Vaginal Trace Pieces.
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acknowledge them. While the UV light is on and the piece is
drying, I reflect on the care I have taken with my body recently that
may have contributed to its color change.

What I really like about the Vaginal Trace Pieces is that it does
not prescribe me to do anything. The pieces appear to invite me to
experiment and craft them into various objects. It’s kind of delicate,
vivid and multi-situated. I have many ideas! I sometimes weave
with pieces collected over a week (which encourages me to collect
more pieces). I also insert pieces in my diary when something
meaningful happened that day. I hang them on my wind chime if
the colors look pretty against the sunlight; I frame and display them
onmy desk during my fragmentary time between dinner and sleep.
A slightly adventurous thing I do is that I once burned a piece with
a really bright pink color, which indicates my microbiome is super
“healthy,” and made a wish!

Bymaking sense of the dried pieces and taking them seriously as
part of my everyday life, I care for myself with the material’s
presence. Over time, my microbial traces scatter across my home,
reflecting periods of heightened bodily attention and neglect. They
subtly disclose my otherwise hidden bodily ecology. The pieces I
weave into a coaster sit quietly on my dining table; I talk about
them with my partner and explain the colors. The pieces woven
into a tapestry hang above the toilet, reminding me to notice new
traces. I placed some pieces in a collection box; who knows what I
will do with them later.

Provocation summary
To summarize, in this provocation, care thus emerges as a situated
performance shaped jointly by the material qualities and personal
practices in the matrescent life. Vaginal care is reimagined as an
ongoing process of joyful noticing and curiosity. While this
provocation does not eliminate the potential for anxiety, mis-
interpretation or cultural discomfort, it makes these conditions
visible rather than suppressing them. Regarding design dimen-
sions, sensitizing is expressed through the artifact’s non-diagnostic
nature, flexible frequency of use and gentle invitation to notice
bodily changes without immediate judgment. Disclosing occurs
through personally defined visibility within everyday domestic
settings, while hidden remains easily achievable, as each piece can
dissolve and biodegrade after use. Enacting is reflected in the
material’s performative, multi-situated qualities, which support
repurposing through mindful crafting with bodily materials.

Provocation 2: Acid mantle journal

Design rationale
Eczema (atopic dermatitis or “AD”) is the most common der-
matosis of pregnancy, accounting for between a third and a half of
all cases in several scientific studies (Ambros-Rudolph et al. 2006;
Vaughan Jones et al. 1999). It is a skin condition exacerbated by
hormonal shifts that temporarily alter immune priorities, thus
increasing susceptibility (Weatherhead et al. 2007). Research also
shows that eczema sufferers tend to have a more alkaline skin
environment that promotes the proliferation of flare-up-triggering
microbes such as Staphylococcus aureus (Hülpüsch et al. 2020).
Clinically, AD is difficult to treat with a short-term medical
suppression (Weatherhead et al. 2007). It is especially difficult to
treat when one is pregnant or breastfeeding due to it being an extra
stressful and chaotic time and restrictions on typical medications
(Weatherhead et al. 2007). Care requires ongoing adjustments
across lifestyle, stress management, diet and hygiene practices
(Lam and Agrawal 2025).

One of the authors experienced severe symptoms on and
around the lips, which made eating painful and created emotional
strain by disrupting moments of intimacy with her baby – she
described feeling “afraid” to kiss her child. It was intensely
uncomfortable – the itchiness and flare-ups affect her life all
around at a time when emotional stability is especially critical.
Initial topical treatment failed, and the condition persisted for a
year, contributing to prolonged anxiety and low self-esteem. Her
body was oscillating between periods with and without flare-ups.
Through carefully managing stress and diet and taking traditional
eastern herbal therapy, she could finally “live with it” so that the
flare-ups reduced in frequency.

Recommended by many eczema sufferer influencers, she used
journaling to track associations between diet and flare-ups in a
spreadsheet. She documented eczema-inducing food consumed
each day and the overall severity of itchiness and oozing that day.
Journaling helps to prevent certain food and provides a sense of
grounding amidst anxiety and frustration.

Drawing on these experiences, we developed a design provo-
cation (Figure 5) to enhance positive experiences through regular
journaling among individuals with pregnancy-induced eczema.
The provocation foregrounds the “acid mantle” of human skin –
the mildly acidic conditions of skin that defends against infections.
In particular, skin pH maintains at 4.0–5.5, while sweat pH
maintains at 5.7–6.5 (Sasaki et al. 2023). The population of bacteria
(e.g., Staphylococcus aureus) and their activity increases depending
on the shifts of skin pH to basic conditions (Sasaki et al. 2023).
Inspired by the design of a flare-up detecting and treating on-skin
living artifact (Raphael Kim et al. 2024), this design provocation
explores how bio-based pH-sensing materials can be used as
wearable colorimetric biosensors (Sun et al. 2024).

Material recipe, form and state
We chose agar-based recipe and casted into a dry film for this design
because of it’s flexible, semi-transparent, adaptable, soft, yet with
better integrity after soaking in water compared to other explored
material recipes. After contacting with water for a half to a few
minutes, the film swells into a semi-dry state that has good adherence
to the skin. The semi-dry film also presents a cooling effect when
contacting the skin that might help with soothing the sweated or
flared-up skin (Figure 6). The dry film can be cut easily, allowing
people to customize their own shapes to place into their journal.

Account from a “diligent” fictional individual
Acid Mantle Journal complements common diet journaling with
sensory and visual elements of pH-sensing patches. I use the
sensing material to monitor my sweat pH every day after my
exercise during the first and second trimesters and postpartum.
After 30 seconds of soaking, the patches swell and become a jelly-
like material. I use the soaked patches to cool and soothe my skin
while sensing my sweat pH. I like to place the patches on my lower
arms, back of my neck and my forehead, just like using those
pimple patches.

After a few minutes on my skin, the patches gradually change
color. They usually become pink-purple-ish, sometimes leaning
towards light blue. Afterwards, I shower while leaving the patches
to dry. I sterilize them under a UV lamp. When they are dry, I cut
them into fun shapes and tape them onto the designated area in my
journal. The vivid colors and the crafty journaling make the
process quite enjoyable. By comparing this color to the reference
bookmark, I can recognize when my skin becomes more alkaline
and thus more prone to irritation. This usually won’t make me
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panic, though, because it helps me to identify potential factors (like
food) that caused it.

I like it when I can only notice my skin’s pH when I sweat. This
encourages me to exercise more when I want to monitor my skin
health. I feel that through this practice, I set my body into a positive
cycle that nourishes and monitors its wellbeing constantly.
Journaling supports me in mindfully managing my eczema flare-
ups. I know this does not treat my symptoms, but it definitely
makes me feel autonomous. I feel important in this journey. I love
the grounding, sensory, joyful effect this might bring, but avoid an
overly positive attitude.

Provocation summary
To summarize, this provocation does not aim to diagnose and treat
atopic dermatitis. Instead, it explores how bio-based sensing
materials can support soothing the skin and raising embodied
awareness of the vulnerable skin barrier in pregnancy-induced
eczema sufferers in the extremely messy everyday life. It offers a

joyful example of self-monitoring that counters negative narratives
of self-surveillance and the optimization of the body. It proposes a
way to bridge physical conditions with the emotional experiences
in and beyond motherhood.

In terms of design dimensions in relation to material qualities,
monitoring manifests as diligent, direct self-tracking, although a
degree of sensitizing is evident in the qualitative nature of such
tracking. Disclosing is expressed through day-to-day documenta-
tion, and the journal is open for review, revision and reflection.
Enacting emerges through arranging the pieces in the journal, an
essential practice in journaling that keeps journalers materially
grounded.

Provocation 3: urine glance

Design rationale
Urine is a bodily fluid that reveals subtle shifts in internal balance
in everyday life. As a continuously renewing “body of water”

Figure 5. Acid Mantle Journal: an after-exercise skin-soothing pH-sensing patch to complement eczema journaling.

Figure 6. Developed material samples for Acid Mantle Journal.
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(Neimanis 2017) with waste products and electrolytes, urine varies
naturally in color, concentration and pH depending on diet,
hydration and physiological adjustments. Clinically, urine pH
typically ranges from 5.5 to 7.5, though temporary fluctuations
between 4.5 and 8.0 are common and usually benign (Nall 2024).
Urine color can change between light yellow and dark amber
according to hydration level (Sissons 2025). Before, during and
after pregnancy, however, vulnerability to urinary tract infections
(UTIs) increases (Matuszkiewicz-Rowińska et al. 2015), making
these variations more consequential and therefore more mean-
ingful to address.

Urine Glance (Figure 7) encourages individuals to observe urine
as a dynamic indicator of physiological responses to internal and
external environments. First, we address the universal hydration
advice for pregnant and lactating people. The authors recalled
midwives’ advice to drink 2.5 liters of water during pregnancy and
lactation. One of us mentioned that she felt “pressured” to drink
water regardless of whether she felt thirsty. Striving to meet such a
standard target despite different bodily situations created signifi-
cant tension. Second, the pH value of urine may indicate UTIs,
being either too acidic or too alkaline, yet no diagnosis can bemade
based on the pH alone (Nall 2024). Urine Glance offers a tool for
individuals to actively observe and attune to what their bodies feel
and communicate from day to day.

Material recipe, form and state
The hydrogel state of agar/CMC-basedmaterial was chosen for this
design because, at its hydrogel state, the material can leak pigment

into water and slowly dissolves its CMC component, allowing color
changes in the toilet to be visible whilst remaining a semi-stable
form in water over time until fully disintegrated. The hydrogel can
be also made by users through simple steps using agar, CMC, water
and cabbage juice, encouraging them to reflect and engage directly
with the material’s life cycle (Figure 8).

Account from a “meticulous” fictional individual
Urine Glance is a kit of materials and tools with which I can make a
pH-sensing hydrogel disc to attach to the inner wall of the toilet.
I began observingmy urine using theUrine Glance, noting both the
urine’s natural color and the hydrogel’s pH response. The hydrogel
shifts color from pink to light blue, indicating acidic and basic
changes. Together, these cues indicate my urinary status, which is
often ignored by me or associated with waste and filth.

ThroughUrine Glance, I realize that urine is highly dynamic. Its
color and pH fluctuate multiple times a day. Sometimes it reveals
things that don’t match my expectations. For example, I feel
hydrated after drinking tea, yet the dark yellow color indicates
otherwise, reminding me to balance caffeine with water.
By glancing at and pondering upon my urine color and the
hydrogel’s color shift, I learn to connect my felt senses, hydration
level, with my diet and stress levels. A few days of slightly more
acidic color prompt me to consider: perhaps I have been eating too
many sweets? When I work too hard and forget to drink water, I
immediately realize it by noticing the darker color of my urine
when I go to the toilet. I know the answer is never certain, but I try

Figure 7. Urine Glance: a DIY pH-sensing hydrogel attached to the inner wall of the toilet for noticing urine states.
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to experiment with my diet and pay attention to my bodily sen-
sations to see what my urine responds to.

I appreciate the subtle line of privacy-sharing that the design
affords.My partner and I both use the hydrogel. Although the urine
color is still kept to ourselves, both of us can see residual traces of
the gel reacting with the other’s urine. Ultimately, it becomes a new
ritual between us to discuss the colors we notice while wemake new
materials together.We interpret the colors we noticed, linking them
to what each of us ate or how active we were that day, to make
collective decisions on changing our diet habits (e.g., eating less
sugar). I imagine using it inmy daughter’s potty one day to help her
learn about her bodily fluids. Each day, the hydrogel dissolves
gradually with flushing; we then DIY a new piece. I like how much
this interaction reminds me of starting a cycle anew.

Provocation summary
In summary, attending to bodily metabolism is embodied through
brief, everyday glances. Urine Glance encourages learning to live
with bodily fluctuations and to adjust to them actively. Sensitizing
is evident as light form of noticing the qualities of urine without
deliberate interpretation or judgment. Disclosing emerges through
shared use and decision-making among cohabitants. Forgiving is
embodied in the material’s gradual excretion and dissolution with
each flush, allowing letting go of each observation and returning
attention to the present.

Discussion

This work explored how bio-based materials’ transformation,
degradability and feminist non-medicalization of the body inter-
sect to reframe intimate maternal care as lived, materially and
ecologically connected – with microbiome, diet, hydration and
more. We have contributed nuanced exploration of material
qualities, design dimensions and provocations specifically for such
design context. Below, we discuss implications for the social
dimension of biodesign and broader feminist design discourse.

Biodesign for diverse humans

Our perspective aligns with recent biodesign research that views
materiality as transformative to everyday care practices (Helms
2023; Lu and Lopes 2022; Zhou et al. 2023, 2024). Yet how this
supports the life ofmarginalized and vulnerable groups has not been
widely explored, like those with visual impairments (Kim and Zhou
2025). We argue that biodesign should acknowledge individual
differences and the evolving needs of diverse humans, as we
operationalized through diverse design dimensions. This requires
designers to deliberately consider who is included and excluded
from certain design decisions. In Vaginal Trace Pieces, for example,

disclosing bodily fluids in shared spaces can be desirable for some;
the issue of privacy nonetheless arose in our discussion when a
researcher in the co-creation remarked that the flushing gesture was
meaningful precisely because “the intimate data could disappear
completely.” The design thus also suggests options of “slippery
data,” data that slips away and not be stored (CampoWoytuk, Tuli,
et al. 2025) through flushing away the used materials. This obser-
vation highlights that diversity itself can become a site of design
reflection on the ethics of interaction. This consideration may also
apply to other biodesign projects, urging designers to consider who
will live with the design and who will be excluded from it.

Humans’ bodily materials in biodesign

Biodesign has primarily focused on the biology of nonhuman
entities, whilst creative engagement with human bodily matters are
mainly explored through bio-art practices (Hunter n.d.; Tomasello
n.d.). In this work, we encourage biodesigners to also regard
human bodily materials – such as fluids and microbes – not as
taboo, filth, shame or waste (Helms 2019; Tuli et al. 2018) but as
active design materials that shape processes and outcomes of
biodesign. By engaging with these materials, we emphasize the
material and ecological entanglements of the body (Puig de La
Bellacasa 2017): our biological processes are shaped by microbial
communities, diet, environments, hygiene infrastructures and
cultural norms of care. Through pH-reactive, bio-based materials,
microbial activity becomes perceptible without reducing it to
numerical data. Participants who handled, kept or disposed of the
artifacts engaged with their bodily materials (and microbes) in
creative and subjective ways. In Vaginal Trace Pieces, for example,
the sterilization of materials in contact with vaginal discharge
becomes a moment for reflection, where the death of living matters
becomes meaningful for living better. Whilst much ongoing bio-
design research focuses on keeping things alive, we also invite
biodesigners to reconsider acts of killing (autoclaving, disinfecting
or sanitizing) and death as a generative resource for design, rather
than something to avoid. This perspective complements bioethics
discussions of laboratory processes, such as sterilization (Chen and
Pschetz 2024; Kim et al. 2024), by embedding reflection into biolab
practice. Ultimately, treating bodily materials as gestures of gen-
erosity (Helms et al. 2021; Helms 2024) reframes bodily overflow as
a resource – nourishing both self-care and ecological cycles
through ephemerality (Guridi 2025).

Unstable states of bio-based materials as generative
resource for design

We deliberately explored various material states to generate design
provocations. In addition to the commonly observed fully dried

Figure 8. Developed material samples for Urine Glance.
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material states, in Urine Glance, we used the hydrogel form of the
CMC/agar-based material composite – a relatively unstable state
with higher water solubility for its specific application. We have
illustrated how these materials enable noticing of ambiguous and
transforming colors and traces (Rosner et al. 2013) of bodily fluids
and reveal lived experiences to prioritize sensibilities over opti-
mization. We have seen many conventional practices in bio-based
materials experimentation favor stable, defined and driedmaterials
as “finished” outcomes. Yet in recent biodesign endeavors
involving experimentation with non-living and living materials,
much more attention is given to the transformation (Bell et al.
2024), ephemerality (Guridi 2025), biodegradability (Bates et al.
2026) and co-evolution with these materials (Karana et al. 2023),
typically in (semi-)wet culture and in everyday contexts. Habitats
of living materials perpetuate continuous change and involve
human cohabitants (Zhou et al. 2022). Habitats are also kept more
open, with ecological interactions occurring both within and
outside the artifacts (Groutars et al. 2024; Kim et al. 2023). Aligned
with this “unfinished” and never-ending state, Urine Glance
demonstrates how intermediate material states can open new
technical and sensory avenues for design. Rather than being often
overlooked or dismissed as temporary, we encourage designers to
pay more attention to semi-finished material states to expand on
diverse technical and experiential material qualities (Giaccardi and
Karana 2015), especially as biodesign moves beyond industrial
drop-in replacement agendas (Ginsberg and Chieza 2018).

Enacting feminist critiques via bio-based materials

Our work examines the potential of bio-based materials for
designing care artifacts for maternity, yet we go beyond offering a
merely bio-based alternative to existing pH-test strips. Rather, we
pursue “other biological futures” (Ginsberg and Chieza 2018) by
using these materials as vehicles to question social norms around
the quantified, hidden and socially expected bodies. We see the
potential of bio-based materials for enacting feminist critiques due
to their unique qualities. Drawing on care as socio-ecological and
unfolding in biodesign (Zhou et al. 2024) and Annemarie Mol’s
The Logic of Care (Mol 2008), care is actively enacted by people,
with technologies, in practice; technologies are enacted rather than
chosen.

We first call attention to designing these material towards
“sensitizing” within the dimension of ambiguity. We envision that
the performative qualities of the bio-based pH-sensing materials
can facilitate open-ended, creative unfolding of everyday care
interactions (Zhou et al. 2024) with bodily living materials rooted
in highly plural matrescence experiences. The stickability, softness
and flexibility of the agar/CMC-based films enable expressive,
embodied, dynamic engagement with the materials that cannot be
reduced to prescriptions or instructions. The dimension of vis-
ibility engages in a debate about whether care responsibilities
should be shared among cohabitants rather than borne solely by
maternal bodies. This point responds to feminist HCI’s demand for
a return to shared and public modes of care (Park et al. 2024). Our
design does it by encouraging conversations among partners,
friends and family members about the hidden labor and taboos
surrounding bodily fluids in Vaginal Trace Pieces and Urine
Glance. The Urine Glance involves non-pregnant partner(s) and
other cohabitants and is supposed to reduce some of the burden on
the socially-expected “mother” or helps make collective health
decisions, such as “let’s try to eat less sugar together.” Finally, we

call attention to “forgiving”within the dimension of lenience, amid
pregnancy’s self-criticism and the “perfect mother” pressures
imposed by unrealistically-rendered celebrity births and social
media influencers. We envision that the ephemeral qualities of the
materials – bio-degradable, water-soluble and re-makable – can
facilitate individuals to forget what was once sensed over time.
Letting inidividuals deliberately engage with degrading, dissolving
and remaking processes could convey a message that bodily fluids
are always in flux and no need to stably meet clinical standards.
Our proposed design dimensions for bio-based materials may
extend to contexts of chronic pain, aging and disability, which
might require a conscious and continuous mutual attunement with
care technologies for long-term well-being (Vallgårda 2025). We
call for further explorations of these three design dimensions in
other contexts.

Ethical considerations of designing with bio-based materials
for maternal care

Several ethical concerns emerged as we imagined bio-based
materials as sensing and tracing apparatus for the human body.
First, questions arose during our creative co-creation sessions
about whether placing a bio-based material strip near intimate
parts of the body – specifically the vagina – would be desirable. In
prior design experiments on bio-basedmaterials for sensing the pH
of vaginal fluids related to project Biomenstural (Woytuk and
Søndergaard 2024), one of the authors encountered resistance
from people to testing the material on the body for a prolonged
time, stemming from slight mental discomfort. The slight sticki-
ness of our developed biofilm might compound this discomfort by
having possibly unwanted sensations, and the material’s potential
to become jelly-like in contact with liquid introduced further
discomfort and hygiene concerns. In response, to avoid direct
contact, we opted to encase the material within a pad, separated
from the skin by a textile layer. Second, it is important to recognize
that bodily fluids harbor microbes that are highly complex, par-
tially understood and unique to each individual. In contexts
involving anyone beyond the self, bodily fluids are considered
infectious materials, requiring strict microbial deactivation pro-
tocols. We therefore incorporated a deactivation step into our
speculative design process, using this moment as a reflective pause
on the “livingness” of bodily fluids (see Vaginal Trace Pieces
provocation). We strongly urge future designers and researchers
working in this space to develop a grounded scientific under-
standing of bodily fluids – their composition, their livingness and
the risks they carry. Finally, we have actively worked against
medicalization and diagnostic framings throughout our material
development and design speculation, particularly by embracing
ambiguous color range, normalizing dynamic changes and sug-
gesting creative and visible mode of engaging with used materials;
still, we recognize a delicate tension between resisting medicali-
zation and ensuring that users seek timely medical help when
needed. This tension operates on two levels: the design itself cannot
guarantee that users will avoid diagnostic interpretations of the
material’s outputs; and conversely, users may be unable to make
sense of certain sensed outcomes despite having adjusted their diet,
physical activity, hydration and other relevant factors. To address
this, we recommend that designers provide clear, engaging use
guidelines that explicitly communicate this tension – including
guidance that prolonged or concerning symptoms warrant con-
sultation with a health professional. Beyond guidelines, we also
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recommend to engage directly with target communities through
workshops, storytelling, gatherings and similar physical formats.
In our experience, this effectively brings ethical awareness and
contextual knowledge among different individual experiences to be
shared in more meaningful and participatory ways (Campo
Woytuk et al. 2025).

Reflection, limitation and future work

Material exploration complemented by sensibilities

Our exploration relied on the team’s long-term familiarity with
bio-based materials like agar, CMC and anthocyanins from red
cabbage. Our goal was to assess their potential within our design
space, rather than to optimize materials or their manufacturing.
Guided by material sensibilities, intuition and tacit knowledge,
hands-on expertise fueled our design ideation with embodied
experiences. For example, disliking the “plasticky” feel of CMC
film, we mixed agar and CMC to create a softer, more flexible
material. Once a 1:1 ratio created the desired flexibility, we didn’t
systematically test other ratios, prioritizing provocations over
formulation studies. Nonetheless, systematic testing is needed to
understand these bio-based materials fully. With more time, we
aim to explore more material properties, understand when and
how color change occurs and investigate other pH-sensing agents.
Color change doesn’t need to appear immediately. By letting
biofilms absorb fluids and then spraying with red cabbage extract,
further material test may allow the pH to be revealed at chosen
times and places, giving users control over when and where to see
the result. This is useful for private or sensitive settings. We
selected red cabbage extract for its vivid color change and acces-
sibility, making it suitable for home experiments. Future studies
might test alternatives like cranberry extract or berries with dif-
ferent color responses.

Bias and ambiguity of colorimetric interface

Color can be an effective medium for coding, structuring and
emphasizing visual information and, as such, is used in many
computer applications. However, this tool is less effective or even
counterproductive, for people with impaired color vision (Geddes
et al. 2025). Although the colors observed in our exploration
largely align with those used in widely used online colorblind
image tests (Bioapps n.d.; Colblis n.d.), this research does not
specifically investigate whether the materials will be accessible to
people with all types of colorblindness or visual impairments. Our
design provocations, which center on colors, might exclude certain
groups of people. We also observed that color perception is sub-
jective among non-colorblind individuals, with reduced overall
color sensitivity. For example, even when using standard litmus
pH-test paper, the first author struggled to distinguish the color
indicators of neighboring pH values, such as between pH 3 and pH
4. This subjectivity and ambiguity might have inherently made
some parts of our tests less rigorous.

Reflections on positionality and partial speculation

The design provocations were jointly developed with six co-
authors: for some of us, we have been doing scientific research and
design works on the intimate body for years; for some of us, the
process of initiating this research is part of healing from an intense
“matrescence.” The designs are therefore embedded in our

personal experiences and professional knowledge, which have
influenced the designs we chose to explore. For example, the
Vaginal Trace Pieces provocation conveys a curious and hands-on
attitude toward bodily sensing that is rooted in a few of our per-
sonal experiences and engagement with our bodily fluids. In Acid
Mantle Journal, the character diligently exercises and documents
sensing results, originating from one of our personal experiences of
eczema during pregnancy and postpartum and further reflecting
how she envisioned care could have been back then. Although we
do not claim these experiences to be universal, as designers and
researchers in the field, we see our work as a way to bring attention
and critically discuss the experience of motherhood and imagine
how it can be framed otherwise by technologies. We argue that this
partial speculation does not diminish the validity of the designs; it
rather offers concrete ideas of what – and how – the design space
might look like otherwise. We are grateful for being based in open
and safe research environments that, with support from colleagues
of all genders, enable discussions on topics that can be sensitive in
many social and cultural contexts. We invite researchers and
design practitioners to explore future work on broader provoca-
tions, engage with a broader range of participants through par-
ticipatory design methods and deploy material prototypes in
longitudinal studies to examine how people integrate them into
real-life care contexts.

Conclusion

This research bridges biodesign material experimentation and
feminist intimate care design. It draws on feminist understandings
of the body as lived experience and on care as materially and
ecologically entangled across matters and species. Working with
bio-based pH-sensing materials – agar, carboxymethyl cellulose
(CMC) and red cabbage anthocyanins –we explore how design can
support noticing, interpreting and living with the dynamics of
bodily fluids and the microbiome during matrescence. Through
these materials, we articulate nuanced material qualities and states
that, in turn, inform new design dimensions. We propose three
speculative scenarios that integrate these materials into intimate
care practice. In doing so, we challenge the universal approaches to
biodesign by prioritizing the diverse needs of individuals, par-
ticularly the unique requirements experienced during the tran-
sition into motherhood. We encourage designers to incorporate
body fluids into their design processes and outcomes, arguing that
the biology and ecology of the human body should not be over-
looked. Furthermore, this research advances material-driven
approaches in biodesign by highlighting the generative exploration
of often-overlooked material states, such as the hydrogel form. The
broader implications include promoting design sensibilities of
human-microbiome, as well as materializing feminist critiques of
self-tracking and shared care responsibilities.

Data availability statement. Tangible material samples and on-paper
sketches can be found at KTH Royal Institute of Technology, School of Electric
Engineering and Computer Science, Department of Media Technology and
Interaction Design.

Acknowledgements.We are grateful for the co-creative session contributors:
Andreas Lindegren, Qiaoqiao Ren and Laura McHugh. Thanks Alejandra
Gomez Ortega for joining our discussion in the session.

Author contributions. Conceptualization: all authors. Methodology: J.Z,
N.CW, S.GS; Validation: J.D, I.S; Visualization: J.Z, N.CW; Resources: D.T;

Biotechnology Design 13

https://doi.org/10.1017/S2977905726100249 Published online by Cambridge University Press

https://doi.org/10.1017/S2977905726100249


Writing original draft: J.Z;Writing – review and editing: N.CW, S.GS,M.B, C.R,
J.D, I.S; Supervision: C.R, M.B. All authors approved the final submitted draft.

Financial support. This research was supported by grants from the Digital
Futures/KTH, Sweden.

Competing interests. None.

Ethical standards. The research meets all ethical guidelines, including
adherence to the legal requirements in Sweden. AI-powered writing tool
(Grammarly) has been used in correcting spelling and improving grammar.

References

Ambros-Rudolph CM, Müllegger RR, Vaughan-Jones SA, Kerl H and
Black MM (2006) The specific dermatoses of pregnancy revisited and
reclassified: Results of a retrospective two-center study on 505 pregnant
patients. Journal of the American Academy of Dermatology 54(3), 395–404.

Barati B, Karana E, Pont S and VanDortmont T (2021) Living light interfaces
—an exploration of bioluminescence aesthetics. In Designing Interactive
Systems Conference 2021, 1215–1229. DIS ’21. Virtual Event, USA:
Association for Computing Machinery. ISBN: 9781450384766. https://
doi.org/10.1145/3461778.3462038.

Bardzell S (2010) Feminist HCI: Taking stock and outlining an agenda for
design. In Proceedings of the Sigchi Conference on Human Factors in
Computing Systems, 1301–1310.

Bates O, Yee A, Gough P,Withana A and Vega K (2026) Phigment: Designing
biodegradable single-use cosmetics for on-body chemical sensing. In
Companion of the 2025 ACM International Joint Conference on Pervasive and
Ubiquitous Computing, 568–572. UbiComp Companion ’25. Finland:
Association for Computing Machinery. ISBN: 9798400714771. https://
doi.org/10.1145/3714394.3750716.

Bell F, Al Naimi L, McQuaid E and Alistar M (2022a) Designing with alganyl.
In Proceedings of the Sixteenth International Conference on Tangible,
Embedded, and Embodied Interaction. TEI ’22. Daejeon, Republic of Korea:
Association for Computing Machinery. ISBN: 9781450391474. https://
doi.org/10.1145/3490149.3501308.

Bell F, Alistar M and Buechley L (2026) Integrating biomaterials and inter-
active technologies: Practice-based perspectives on the growth of biodesign
within human-computer interaction. Biotechnology Design 4, e3. https://
doi.org/10.1017/S2977905725100036.

Bell F, Campo Woytuk N, Søndergaard ML and Alistar M (2024)
Biodegradation as More-Than-Human Unmaking. Just Accepted, ACM
Trans. Comput.-Hum. Interact. (August). ISSN: 1073-0516. Available at
https://doi.org/10.1145/3685526. https://dl.acm.org/doi/10.1145/3685526
(accessed 18 September 2024)

Bell F, Ofer N, Frier E,McQuaid E, Choi H andAlistarM (2022b) Biomaterial
playground: Engaging with bio-based materiality. In Extended Abstracts of
the 2022 Chi Conference on Human Factors in Computing Systems. CHI EA
’22. New Orleans, LA, USA: Association for Computing Machinery. ISBN:
9781450391566. https://doi.org/10.1145/3491101.3519875.

Bell F, Ramsahoye M, Coffie J, Tung J and Alistar M (2023) μme: Exploring
the human microbiome as an intimate material for living interfaces. In
Proceedings of the 2023ACMDesigning Interactive Systems Conference, 2019–
2033. DIS ’23. Pittsburgh, PA, USA: Association for Computing Machinery.
ISBN: 9781450398930. https://doi.org/10.1145/3563657.3596133.

Bioapps (n.d.) https://bioapps.byu.edu/colorblind_image_tester.
Campo Woytuk N, Bell F, Park JY, Alistar M and Balaam MA (2024) A

plurality of more-than-humanness: Feminist speculations for designing with
the vaginal microbiome. In Proceedings of the Halfway to the Future
Symposium. HttF ’24. Santa Cruz, CA, USA: Association for Computing
Machinery. ISBN: 9798400710421. https://doi.org/10.1145/3686169.3686170.
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