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Figure 1: Comparison of Wearable, Skin Interface, and Colorimetric Biosensor

ABSTRACT

Colorimetric biosensors offer significant potential for real-time
health monitoring through wearable technologies. However, the
design and implementation of these sensors require careful consid-
eration of various wearability factors that are commonly overseen
in more scientific and technical approaches. This paper introduces
20 wearability factors specific to body-worn colorimetric biosen-
sors. We compare these factors with skin interfaces and wearable
technologies to highlight the unique challenges and considerations
when designing colorimetric biosensors. The paper discusses these
factors in the context of two applications: a lipstick for salivary
analysis and a permanent tattoo that interacts with interstitial fluid.
We also introduce the concept of the "Biocosmetic Interface,” which
combines aesthetic appeal with health monitoring, demonstrating
new possibilities for non-invasive, visually appealing biosensors in

daily life.

CCS CONCEPTS

« Human-centered computing — Human computer interac-
tion (HCI); Ubiquitous computing.
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1 INTRODUCTION

Chemical biosensors are widely used for measuring chemical reac-
tions in fluids through various applications, including medical diag-
nostics, environmental monitoring, and food safety. They convert
biochemical responses into measurable signals and are categorized
into colorimetric, fluorescent, and electrochemical types. Colori-
metric biosensors provide visual feedback through color changes,
making them simple and cost-effective. Fluorescent biosensors use
fluorophores for changes in light emission, visible under UV light.
Electrochemical biosensors measure electrical signals from inter-
actions with electrode surfaces, offering high sensitivity. Among
these, colorimetric biosensors are notable for their ease of use and
interpretation without being connected to an electronic device.
Colorimetric biosensors have been developed for detecting ana-
lytes in biofluids such as saliva, blood, and sweat [24, 40], essential
for monitoring various health conditions[55]. Traditionally used in
medical devices, test strips and laboratories, colorimetric biosen-
sors, although not a new concept, have garnered renewed interest
among HCI researchers who are exploring various form factors for
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their integration into wearable technology. For instance, diabetic
patches and permanent biosensors [52] are designed to interact
with interstitial fluid. Jewelry sensors primarily focus on sweat
analysis [45], while temporary tattoos [15, 27, 29, 53], also inter-
act with sweat. Fabric-based sensors [40, 65], available in forms
like headbands, shirts, and socks, are adept at monitoring sweat as
well. BracelO [48] created dental ligatures for orthodontics with
colorimetric biosensors that interact with saliva. These diverse
applications highlight the adaptability and non-invasive nature
of colorimetric biosensors in wearable technology for continuous
analyte monitoring.

Various factors affecting wearability have been identified, includ-
ing placement, form language, human movement, proxemics, sizing,
attachment, containment, weight, accessibility, thermal aspects, in-
teraction, aesthetics, and long-term use [12]. Dunne identified that
‘wearability’ in wearable technology lies at the intersection between
ubiquitous computing and functional clothing design, including
thermal comfort, moisture management, mobility, flexibility, dura-
bility, sizing and fit, and garment care [10]. Wearability factors for
skin interfaces differentiate between on-the-body and technical
factors [30]. Our study provides a new set of 20 wearability factors
specifically tailored for colorimetric wearable biosensors, drawing
from insights on skin interface factors outlined by Liu et al [31].
These factors include functionality, usability, implementation, and
ethical use, as detailed in Table 1. Table 2 provides a comprehen-
sive comparison of wearability factors across different types of
wearable technologies, including colorimetric biosensors, wearable
computing devices, and skin interfaces.

The main contributions of this paper are:

Wearability Factors Specific to Colorimetric Biosensors: A
new set of 20 wearability factors tailored specifically for colorimet-
ric wearable biosensors is introduced. These factors are: Interaction,
Actuators, Input Data, Safety of Materials, Response Time, Location,
Body Movements, Body Features, Weight, Attachment Methods,
Aesthetics, Conductors, Insulation, Device Care, Connection, Com-
munication, Durability, End of Life, Privacy, Social Acceptance.

Comparison with Other Wearable Technologies: The pa-
per provides a comprehensive comparison of wearability factors
between colorimetric biosensors, wearable computing devices, and
skin interfaces. This comparison highlights the unique aspects and
challenges of colorimetric biosensors in terms of functionality, us-
ability, and user experience.

Applications: Lipstick Biosensor and Permanent Tattoo
Biosensor: The paper represents this wearability factors into
detailed case studies of two applications: a lipstick equipped with
colorimetric biosensors for salivary analysis and a permanent tattoo
equipped with colorimetric biosensors. These applications demon-
strate the practical implementation and user considerations of col-
orimetric biosensors in biocosmetic interfaces.

Introduction of "Biocosmetic Interface” Concept: We in-
troduce the concept of "Biocosmetic Interface,” which integrate
biosensing capabilities into cosmetic products. This novel approach
combines aesthetics with health monitoring, opening new possibil-
ities for non-invasive, visually appealing biosensors embedded in
everyday cosmetic items.
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2 WEARABILITY FACTORS FOR BODY-WORN
COLORIMENTRIC BIOSENSORS
To ensure the effective design and application of body-worn col-

orimetric biosensors, we propose 20 wearability factors that are
classified into four main themes as shown in Table 1.

Theme Factors

Functionality Interaction, Actuators, Input Data, Re-
sponse Time

Usability Weight, Attachment Methods, Aesthetics,
Location, Body Movements, Body Features,
Device Care

Implementation| Connection, Communication, Insulation,

& Maintenance | Conductors, Durability

Ethical Use Safety of Materials, Environmental Impact,
Social Acceptance, Privacy of Information

Table 1: Classification of Wearability Factors

This section examines these factors in detail, highlighting how
they differ from those relevant to traditional skin interfaces and
wearable technologies. Table 2 summarizes these factors and the
associated comparisons.

1. Interaction: Wearable technologies typically involve elec-
tronic sensors and actuators, providing immediate feedback through
various modalities such as visual, auditory, or kinesthetic [57]. Skin
interfaces also use electronic sensors and actuators but can include
direct interactions with the skin. In contrast, colorimetric biosen-
sors rely on chemical reactions when in contact with body fluids
such as saliva, tears, interstitial fluids, sweat, urine and blood. These
reactions are targeted toward specific analytes, providing visual
feedback through color changes [47].

2. Actuators: Wearable technologies provide feedback through
visual, tactile, auditory, olfactory or kinesthetic means, often inte-
grated into the garment or accessory. Skin interfaces offer similar
feedback but can also include actuators placed directly on or under
the skin [36, 52, 56]. Colorimetric biosensors rely on visible color
changes, observable through naked eye or mobile apps and devices
for interpretation. The color range and intensity must be noticeable
and quantifiable to ensure usability and effectiveness.

3. Input Data: Wearable technologies and skin interfaces mostly
use physiological inputs such as heart rate, movement, and blend,
or gesture-based inputs like touch, press, and swipe. Colorimetric
biosensors, however, use metabolic changes as an input. The biosen-
sor requires direct contact with the fluid to sense data through
chemical reactions, making the definition of the analyte or analytes
crucial for accurate sensing [6]. In addition to deciding the ana-
lyte, the biosensor device must define illness or health benefits to
monitor [64], amount of fluid in the location, frequency of read-
outs, sampling time, and composition of analyte in body fluid that
interacts.

4. Response time: Wearable technologies typically offer fast
response times through electronic sensors, providing immediate
feedback. Skin interfaces also offer quick responses via electronic
sensors [39, 60]. On the other hand, colorimetric biosensors often
exhibit slower response times as they reflect changes in body fluids
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Table 2: Wearability Factors Comparison: Wearable Technologies, Skin Interfaces, and Colorimetric Biosensors

based inputs

based inputs

WEARABILITY | WEARABLE COMPUTING SKIN INTERFACES COLORIMETRIC BIOSENSORS

FACTORS

Interaction Electronics as sensors and actuators | Electronics as sensors and actuators | Chemical reactions when contact body fluids work-
ing as sensors and actuators; targeted to the analyte
to sense; materials must be non-reactive and safe

Actuators Visual, tactile, auditory or kines- | plus underneath the clothing, acces- | Visible color changes through observation, mobile

thetic access on the garment sories, on-skin or surgical apps or devices for interpretation; range and inten-

sity must be noticeable and quantifiable

Input Data Physiological inputs or gesture- | Physiological inputs or gesture- | Analytes such as pH, glucose, sodium that are in

contact with body fluids

Safety of Materi-
als

Generally safe materials or encap-
sulated

Generally safe materials or encap-
sulated

Use of non-toxic, biocompatible chemicals to ensure
user safety; microfluidics to avoid non biocompati-
ble materials to interact with the body

Response Time

Usually fast response through elec-
tronic sensor

Usually fast response through elec-
tronic sensor

Slow response on body fluids reflecting metabolisms
changes; target analytes and color change

Location

Clothing and accessories

Skin and its appendages (i.e., hair
and nails)

on-skin, within the skin and in the body interacting
with body fluids

Body Movements

Micro and macro movements

plus skin movements (stretch, shear,
bounce)

Micro and macro, skin movements, plus body fluid
drag force

ics directly on skin; body shielding
or grounding the body

Body Features Size, shape, muscle strength, con- | Skin features: moisturizing, types, | Skin features: moisturizing, types, wrinkles, skin
stantly evolving wrinkles, skin hair, skin tone, in- | hair, skin tone, injuries or skin conditions
juries or skin conditions
Weight Heavy devices may be uncomfort- | Heavy devices may cause uncom- | Lightweight interfaces with just few layers
able to wear fort, irritation, injury on skin or falls
Attachment Garments, accessories, clips Skin glue, hair accessories, piercing, | skin glue, microneedles, integration into daily prod-
Methods bands, clothing and accessories ucts on or tightly attached to the body
Aesthetics Electronics could be hidden or visi- | Electronics could be hidden or vis- | Biosensors can be discreet (tattoos, patches, jewelry,
ble; shapes, materials, textures and | ible; tattoo, cosmetics, prosthetics, | clothing)
colors artificial nails and hair
Conductors rigid and flexible PCB, cables; con- | Conductive ink, conductive cosmet- | Not applicable
ductive fabric, yarns for clothing ap- | ics, epidermal electronics systems,
plications fluid metal
Insulation Soft materials and rigid materials Skin-friendly materials; no electron- | Skin-friendly products in contact with the skin; en-

capsulation from fluids with microfluidics, biosen-
sors could be not safe to be in contact with the skin

Device Care

Washability, removing and reattach-
ing; encapsulation, protection from
fluids and environmental factors

protection from fluids and environ-
mental factors that can contaminate
readaouts

short lifespan; reapplication is expected

Discreet when hidden in accessories
or using e-textiles techniques.

Discreet if conforming to skin or
connected to accessory.

Connection e-textiles; PCB; wires, solders, con- | PCB; wires, solders, conductive ad- | Most do not present connections, or biosensors con-
ductive adhesives, pressure contact | hesives, pressure contact nected through microfluidics channels

Communication | Wiring; wireless communication: | Wiring; wireless communication: | Integration with devices for real-time data transmis-
Bluetooth, Wi-Fi, radio Bluetooth, Wi-Fi, radio sion

Durability Rechargeable commercial batteries, | Rechargeable commercial batteries, | short lifespan and reusability, some biosensors al-
energy harvesting, long-term use energy harvesting, long-term use | lows reversibility, reusability must maintain accu-

with some single use componennts | racy and hygiene

End of Life Energy consumption, e-waste Energy consumption, e-waste Non sustainable materials can generate waste

Privacy Data protection; usage and privacy | Data protection; usage and privacy | Data protection; usage and privacy terms; colors
terms terms can be decoded by observer

Social Acceptance | Hardware can make it noticeable. | Hardware can make it noticeable. | Discreet like makeup or tattoos, but microfluidics

may add bulk.

directly to the skin and its appendages [32, 38, 46, 49]. Colorimetric
biosensors can be applied on the skin, within the skin, or inside the
body, interacting with various body fluids. This flexibility allows
for diverse application possibilities, such as tattoos [17], patches,
or integration into oral devices and accessories.

and metabolic processes [1]. The biosensors must target an spe-
cific analyte to ensure non-reaction with other analytes interfere,
and display prompt color changes, although the speed may vary
depending on the analyte and environmental conditions.

5. Location: Wearable technologies are typically integrated into
clothing and accessories [11, 18, 62]. Skin interfaces are applied
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6. Body Movements: Wearable technologies must accommo-
date micro and macro movements of the body. Skin interfaces must
handle extra skin movements such as stretching, shearing, and
bouncing in addition to body movements [11]. Colorimetric biosen-
sors must handle both micro and macro movements, skin move-
ments, and body fluid drag forces [1, 7]. Flexible and stretchable
materials are essential to ensure functionality and comfort[35].

7. Body Characteristics: Wearable technologies must consider
size, shape, muscle strength, and the evolving nature of the body.
Skin interfaces additionally must account for skin characteristics
such as type, wrinkles, pimples, hair, color, moisture, and conditions
like eczema [11]. Colorimetric biosensors must also consider these
skin characteristics, ensuring the biosensors’ effectiveness across
different users and scenarios [35].

8. Weight: Wearable technologies can be uncomfortable if the
devices are too heavy. Skin interfaces also face issues with heavy
devices, which can cause discomfort, irritation, injury, or falls [41,
54]. Colorimetric biosensors benefit from being lightweight [31],
consisting of just a few layers such as in bandages or temporary
tattoos, or conforming within the body such as in permanent tattoos
or makeup.

9. Attachment Methods: Wearable technologies use garments,
accessories, and clips for attachment. Skin interfaces utilize skin
glue, hair accessories, piercings, bands, and can be placed under-
neath clothing and accessories [32, 38, 46, 49]. Colorimetric biosen-
sors can use skin glue, microneedles, or be integrated into daily
products such as jewelry or clothing [7]. These methods must en-
sure secure attachment while being skin-friendly and easy to use.

10. Aesthetics: Wearable technologies can be either hidden or
visible, offering various shapes, materials, textures, and colors. Skin
interfaces can also be hidden or visible, resembling tattoos, cos-
metics, prosthetics, artificial nails and hair. Colorimetric biosensors
can be discreetly integrated into tattoos, patches, jewelry [7, 45],
or clothing, balancing functionality and aesthetics to suit user pref-
erences.

11. Device Care: Wearable technologies require washability,
methods for removing and reattaching, and encapsulation to pro-
tect from fluids and environmental factors [43, 45, 58]. Skin inter-
faces have a short lifespan and require protection from fluids and
environmental factors. Colorimetric biosensors also have a shorter
lifespan, with reapplication expected or frequent maintenance ex-
pected [28]. They need protection from environmental factors to
maintain sensor integrity and performance.

12. Conductors: Wearable technologies utilize rigid and flexible
PCBs, cables, and conductive fabrics or yarns for clothing appli-
cations [43]. Skin interfaces employ conductive ink, conductive
cosmetics, epidermal electronics systems, and fluid metal. Colori-
metric biosensors generally do not require conductors, as they rely
on chemical reactions rather than electronic circuitry.

13. Insulation: Wearable technologies use both soft and rigid
materials. Skin interfaces prefer skin-friendly materials, avoiding
direct electronic contact with the skin and providing body shielding
or grounding [59]. Colorimetric biosensors use skin-friendly prod-
ucts for contact with the skin and encapsulate the biosensors from
fluids with microfluidics, ensuring non-biocompatible elements do
not touch the skin.
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14. Connection: Wearable technologies use e-textiles and rigid
components adapted to common PCB fabrication processes. Skin in-
terfaces utilize low-temperature solders, conductive adhesives, and
direct contact with pressure [57]. Colorimetric biosensors typically
do not require traditional electronic connections, often utilizing
microfluidic channels to manage fluid redirection.

15. Communication: Wearable technologies use wiring and
wireless communication methods like Bluetooth, Wi-Fi, and radio
[13, 20]. Skin interfaces employ similar communication methods.
Colorimetric biosensors can integrate with mobile devices, often
by using computer vision or machine learning for color detection
[33].

16. Durability: Wearable technologies are typically designed
for long-term use [37]; however, they use short-term electronics
such as rechargeable commercial batteries and energy harvesting
methods [31]. Similary, skin interfaces can be designed for long-
term use with some replacement of components, but some of their
components that are in contact with the skin and some attachement
methods required a single use such as temporal tattoos, bandages,
eyelashes [3]. Colorimetric biosensors generally do not require
batteries, relying instead on chemical reactions for functionality
[23, 25]. They have a short lifespan due to the interaction with
fluids and require re-application of the products on the body and
re-filling of the biosensor. Some colorimetric biosensors allow for
reversibility and reusability, provided that accuracy and hygiene are
maintained [3, 4]. Reusability depends on the specific application
and the durability of the analytes.

17. Safety of materials: Wearable technologies generally use
safe materials or encapsulate components to prevent harm [63].
Skin interfaces also use safe or encapsulated materials to avoid ad-
verse reactions. Colorimetric biosensors must utilize non-toxic and
biocompatible chemicals for sensing reactions to ensure user safety
[2, 22]. However, some projects used microfluidics to encapsulate
biosensors with irritant materials to not directly interact with the
body, adding an extra layer of safety [26].

18. Environment Impact: Usage and End of Life: Wearable
technologies and skin interfaces often face sustainability challenges
due to electronic and energy waste [18, 19]. Colorimetric biosen-
sors, particularly those designed for single use, must consider eco-
friendly materials and disposal methods to reduce environmental
impact [34].

19. Social Acceptance: Wearables and electronic skins can be
noticeable because of their electronic components and batteries
[43, 62]. Colorimetric biosensors, which use microfluidics, can also
appear more prominent due to this added bulk. However, when
designed to look like makeup [21], tattoos [56], or dental braces
[48], colorimetric biosensors can blend seamlessly with the body.
The main issue with these biosensors is that their color changes
can reveal personal health information if observers understand
their function. This visibility poses a challenge for social accep-
tance, highlighting the need to balance functionality, aesthetics,
and privacy in biosensor design.

20. Privacy of Information: Wearable technologies, skin inter-
faces, and colorimetric biosensors often include concerns about data
privacy, especially when collecting sensitive health information
and data usage [14, 16, 61]. Colorimetric biosensors also present
those challenges when storing data, and, additionally, they present
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Figure 2: Lip-based products as Colorimetric biosensors[44]

unique challenges as the visible color changes can reveal biodata to
observers. Ensuring data privacy through considering the visibility
of biosensor output or using other chemicals to encrypt those data
is crucial to protect user information.

3 APPLICATION:LIPSTICK BIOSENSOR

3.1 Lipstick as a Biosensor

BioCosMe [44] is a biocosmetic interface in the form of a lipstick
equipped with colorimetric biosensors for salivary analysis (Fig-
ure 1). We define biocosmetic interfaces as body-worn chemi-
cal biosensors that integrate biosensing capabilities into cosmetic
products, combining aesthetics with health monitoring. This novel
approach allows users to engage in non-invasive health monitoring
while maintaining their regular cosmetic routines. Lip products are
formulated using skin-safe, food-grade and cosmetic-grade materi-
als. Fabrication process, software and dataset are available at our
repository 1.

Interaction occurs through the lip-product changing color in
reaction to pH levels. Levels of pH is more alkaline in chronic gin-
givitis patients and more acidic in chronic periodontitis patients
[5], it can provide metabolic, hormonal, and immunological as-
pects [8], has a relationship with stress levels [9], and changes
on pH have been observerd in diabetic patients [42]. It facilitated
through user-friendly application methods, ensuring ease of use
for consumers who apply and reapply lipstick, lip gloss or lip tint.
Actuators such as colorimetric biosensors are fused into lipstick
materials to detect pH levels (pH 5 to 8) in saliva. Safety of chem-
icals is ensured through the use of cosmetic-grade and skin-safe
materials, validated in user study and following the ethics approval
from research institution. Response Time and lifespan in colori-
metric response to pH variations in saliva are optimized for rapid
detection, enhancing real-time usability considering user’s eating
schedules. Location-based usability considerations account for
application areas on the lips, interaction with saliva, and food and
drinks and are customized for pH detection. Body movements
are considered in the formulation of the product to maintain the in-
tegrity of the biosensor during application, re-application and wear.

Ihttps://github.com/InteractiveOrganismsLab/ChromaLipSense
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Body characteristics and attachment methods like lip shape
and size did not influence as process follows traditional lipstick
design and fabrication processes. Aesthetics are prioritized with
formulations that balance cosmetic appeal and biosensing efficacy,
maintaining consistent colorimetric properties across different lip
products. Device care and Durability includes reapplication after
long period of usage or contact with food and drinks. Reusability
was evaluated to ensure that the biosensor provides reversibility;
however, reapplication of the lip product is recommended. Con-
nection and communication aspects include integration with
a mobile app for pH level detection, enhancing user convenience
and data accessibility. Weight and conductors follow commercial
product consistency, matching the light weight of other lip products.
Insulation materials can create a soft layer of insulation due to
the cosmetic products such as waxes. Sustainability is promoted
through the use of biocompatible materials. Social acceptance
User study results presented that participants found the lipstick
biosensor comparable with commercial products. Privacy of infor-
mation is ensured by using a similar range of colors as traditional
lipsticks, however, other chemicals or combinations with other col-
ors could be considered. Users did not express privacy concerns on
using a visible colorimetric biosensor.

3.2 Permanent Tattoo as a Biosensor

We analyze Dermal Abyss [52], a permanent tattoo equipped with
colorimetric biosensors to detect pH, sodium, and glucose levels in
interstitial fluid. The interstitial fluid, a medium surrounding cells,
enables the delivery of biomolecules and intercellular communi-
cation. Electrolytes such as sodium ions (Na+), chloride ions (Cl-),
bicarbonate (HCO3-), potassium (K+), calcium (Ca2+), and magne-
sium (Mg2+) are present in the interstitial fluid. Monitoring these
analytes can provide crucial information about human metabolism.

Interaction is achieved through color changes that react directly
with the interstitial fluid. Needle from the tattoo gun deposits the
biosensor in the dermis. Actuators are the colorimetric and flu-
orescence biosensors that provide visual feedback readable with
a smartphone. Biosensors for pH, sodium ions, and glucose were
selected due to their medical importance. The fundamental metabo-
lite, pH, regulates acid-base homeostasis, with deviations indicating
acidosis or alkalosis. Sodium regulates blood volume and pressure,
with deviations potentially fatal. Glucose monitoring is vital for
diabetes management. For this proof of concept, the Safety of Ma-
terials was ensured by using an ex-vivo model instead of tattooing
human subjects. The Response Time depends on the changes
in the metabolism occurring in the interstitial fluid, providing a
faster response than fluids such as saliva or sweat [40]. Location is
typically on thin-skin areas like the forearm, though it could be any
body part. The tattoo’s liquid form ensures functionality during
various Body Movements. Body Characteristics considerations
include the effectiveness of the ink on different body types, skin
types and tones, which should be further evaluated. Some users pre-
sented allergies and reactions to traditional tattoo, thus a living cell
test must be considered. The tattoo is Weightless, consisting only
of ink in the dermis. Attachment Methods involve traditional
tattooing techniques, with cross-section tests confirming the ink’s
location within the dermis. Aesthetics blend visually appealing
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Figure 3: Permanent Tattoo as colorimetric biosensors (The
Dermal Abyss demonstration [52])

designs with subtle color changes. Device Care is minimal, with
the tattoo enduring daily activities, sunlight, and water, though its
long-term durability was not evaluated. Communication occurs
through visual color changes, with a smartphone app providing
detailed analysis. The tattoo’s Durability allows for continuous
monitoring with reversible color changes, but further evaluation
is required for permanent use. Sustainability (End of Life) is
addressed as no materials are discarded after use. Social accep-
tance was not evaluated but biosensor inks have similar colors as
traditional inks. To increase its discreet aspect, several inks with dif-
ferent biosensors could be applied to the same tattoo, expanding the
possibilities of tattoo designing, similar to traditional ones. Privacy
of Information is maintained through discreet color changes, with
app data kept secure, though encryption is necessary to protect
it from observers. Conductors, Connection, Battery Life, and
Insulation are not needed.

4 DISCUSSION

The integration of colorimetric biosensors into wearable technolo-
gies introduces unique considerations for HCI researchers, span-
ning design, material science, chemical engineering, and biotechnol-
ogy. The application of these biosensors in everyday items such as
cosmetics and tattoos offers promising opportunities for enhancing
user engagement and compliance, providing insights into bodily flu-
ids through chemical interactions. However, achieving a seamless
integration of these biosensors without compromising functionality
or aesthetics remains a significant challenge.

Health Monitoring Opportunities. Colorimetric biosensors
present an innovative approach to health monitoring, moving be-
yond traditional lab-based methods. By capturing biochemical in-
formation from body fluids, these biosensors enable the develop-
ment of interactive devices that respond to metabolic cues. Unlike
conventional wearables that depend on electronics and batteries,
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colorimetric biosensors function through chemical reactions, offer-
ing a more integrated and discreet solution that aligns closely with
human physiology.

Interaction and Actuation: Wearable technologies and skin
interfaces can provide feedback through various sensory modalities.
In contrast, colorimetric biosensors rely on chemical reactions with
body fluids to produce visual feedback, often interpreted through
mobile apps. This method enhances accessibility but introduces
challenges such as ensuring accurate color detection under varying
conditions (lighting, skin tone, body movements) and expanding
the limited color range of current biosensors. Selecting the right
biosensor involves balancing factors like target illness, accuracy,
color range, analyte concentration, and commercial availability.

Data and Communication: While wearable and skin interfaces
rely on physiological or gesture-based inputs with data transmit-
ted via wired or wireless methods, colorimetric biosensors detect
analytes in body fluids and transmit data through integrated de-
vices. The response time needs to be in consideration as the color
response will be affected on readout. This approach, though slower
in response, provides valuable insights into the body’s internal data
and offers unique advantages to have access to the inner self.

Material Safety and Privacy: The safety and biocompatibility
of materials used in colorimetric biosensors are critical due to their
prolonged skin contact. Researchers must ensure that materials
are safe and transparent about their use to maintain usability and
replicability, as well as following current regulations and standards
such as MDR 2017/745, IVDR 2017/746, FDA, ISO 13485, ISO 14971,
among others. Privacy concerns also play a significant role, as colori-
metric biosensors can reveal sensitive health information. Ensuring
that data collection and usage are ethical and secure is essential for
building user trust. Discreet design is crucial, but microfluidics or
visible color changes may still pose privacy challenges if the color
codes are understood by observers.

Future Works. Future research should explore wearability fac-
tors for other types of biosensors, such as fluorescence and elec-
trochemical sensors. While the current list of wearability factors
is based on initial experiences, user studies will be necessary to
validate and refine these criteria. Collaborations across disciplines,
including fashion, jewelry, and beauty product design, will help
co-create innovative user experiences. Addressing issues related to
durability, comfort, and aesthetics will be essential for increasing
the adoption and effectiveness of interactive biosensors.

Biocosmetic Interface. Previous research has explored Beauty
Technology [50, 51] that merges cosmetics with electronics. With
this project, we introduce a novel subfield in Human-Computer
Interaction (HCI) known as Biocosmetic Interface, which integrates
cosmetics with biotechnology for health monitoring. This approach
transforms the body surface into a dynamic display of biochemical
reactions. It aims to enable the development of new biocosmetic
interfaces that, by using beauty products, will provide access to
typically unexplored bodily compartments, such as bodily fluids.
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