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Figure 1: A collection of interactive paper samples showcasing various crafted textures and properties.

Abstract
Papermaking is an ancient yet evolving craft, with changes in tech-
niques and materials giving paper contemporary qualities that keep
it relevant for everyday use. This adaptability makes papermaking
an ideal process for crafting computational composites for tangible
interactions. We began by studying ancient Chinese papermaking,
replicating it by hand and simplifying the practice into five key
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steps and tools accessible to novices. We then adapted these steps
to imbue the paper with interactive and computational properties,
such as integrating conductive materials during pulp preparation,
modifying fiber properties through soaking, and customizing sheet
texture through watermarking, multi-layering, and coating. We
detail our exploration in this paper, as well as demonstrate our
findings through four interactive systems focusing on expressive
applications made with the computational paper from our adapted
process. We also document our exploration in a detailed workbook
that captures recipes, failures, and key moments of discovery.
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1 Introduction
Papermaking is a living practice that has continuously evolved over
centuries, shaping human civilization by playing a pivotal role in
communication, art, and commerce. This adaptability, rooted in the
material’s ability to blend fibers, properties, and the openness of its
craft processes, positions paper as an ideal foundation for crafting
computational composites [90]. In this research, we investigated
and adapted ancient papermaking for crafting computational com-
posites by shifting the perspective from treating paper as a substrate
to exploring it as a structural material for tangible interaction. We
use the term “ancient” rather than “traditional” as traditional craft
typically refers to techniques that adhere closely to long-established
methods. The term “ancient” underscores the deep historical roots
of a craft while highlighting its potential for continued evolution,
notably, incorporating new materials and methods into the craft to
adapt to changes in the state of materials and tools [37, 88].

Paper is a versatile and welcome material in HCI, offering po-
tential for “weaving technology into everyday life” [100]. While
it has been used mostly as a substrate in interactive systems [13,
72, 74, 106], we saw untapped opportunity: investigate paper at a
structural level for computational composites, particularly through
the lens of its ancient crafting processes. Historically, papermaking
process and materials have been modified to serve a wide range of
functions, from art and writing to packaging and architecture [5].
Paper’s composition, formed with natural materials that shape its
fiber properties and network structures, allows it to achieve diverse
properties like texture, strength, and flexibility. Material science
further supports this understanding, showing how these structural
properties can be tailored for new properties (Section 2.1). There-
fore, this composite makes paper an ideal material for investigating
computational composites in HCI.

In this research, we adopted a Research through Design (RtD)
approach to explore ancient papermaking processes and adapted it
to imbue paper with computational and interactive capabilities. We
began by studying historical resources to understand how ancient
paper was made. We then applied hands-on explorations to sensi-
tize ourselves to this ancient craft, simplifying the tools, materials,
and conditions involved in the process to facilitate experimentation
as contemporary HCI and design practitioners. Next, we systemati-
cally modified papermaking across five key steps—pulp preparation,
soaking, sheet formation, pressing, and finishing—to imbue paper
with new properties such as conductivity, color-changing abilities,
and control over transparency. We made use of these modifications
and demonstrate four expressive interactive artifacts that showcase
the potential for real-world use.

Through this research, we contribute an approach to craft inter-
active paper-based composites by simplifying and adapting ancient

papermaking techniques. We document our explorations and pro-
vide the materials, recipes, and processes used for others to learn
from. With these details, we open up papermaking for other HCI
researchers working in the areas of tangible computing and inter-
active materials.

2 Background and Related Work
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Figure 2: Microscopic views of cellulose fibers in handmade paper composites. (A) Receipt
paper fibers (left) and bark tree fibers (right) at 150× magnification, showing the fiber
network structure. (B) Cellulose fibers at 500× magnification, blue coloration indicate
anthocyanin from red cabbage. (C) A cohesive fiber network formed by mixed fibers after
pressing.

2.1 Introducing Ancient Papermaking
2.1.1 Paper is a Composition Formed from Ancient Practices. Com-
posites are materials that combine different materials to enhance or
introduce specific properties, such as improving material strength
through a matrix of different fibers [90]. While the individual prop-
erties of the constituent materials can give hints as to the properties
of the composite; the structure itself, and the ways that different
materials come together, contribute a large part to the emerging
qualities of the composite [90]. We can view interactive systems
today as a form of computational composites [90]. This extends
the concept of composites to include immaterial properties such as
electrical logic or chemical behavior—properties that are supported
by physical substance and that are woven together into coherent
systems that support the translation of input to output.

For designers, framing interactive systems as computational
composites emphasizes their materiality and making [75, 102]. On
one hand, this involves investigating computation as a material
that can be incorporated with physical materials into compositions
with a coherent physical-digital texture [102]. On the other hand, it
also inspires a broad research agenda into expanding the potential
of computational and interaction to new physical materials and the
making cultures associated with them [6, 30, 101].

HCI researchers have investigated various traditional material
cultures and how they might contribute to designing interactive
systems for different contexts [30]. This treats materials as both a
technical solution for achieving desired properties [33, 90] as well
as a medium for creative exploration, where “composing” material
involves making aesthetic judgments about balance, symmetry, and
the relationships between details and the whole [52, 102]. Notably,
researchers have investigated textiles as a platform for computation
[21], as well as a craft process that HCI can learn from [32]—a sig-
nificant body of work collectively known as e-textiles. This includes
a specialized microcontroller developed to work with textiles and

https://doi.org/10.1145/3706598.3714152


Crafting Interactive Paper Composites through Ancient Papermaking Techniques CHI ’25, April 26–May 01, 2025, Yokohama, Japan

Figure 3: Illustrations from the ancient publication Tiangong Kaiwu, depicting the five main steps in traditional bamboo papermaking [116].

textiles crafts [12], sensors and actuators that balance functional in-
teractive properties with the native materiality of textures [62, 66],
and computer-aided design software that enables craftspeople and
researchers to plan and fabricate circuits into woven textiles [27].

In this research, we delve into paper, an everyday composite
material that we have been using for a long time. Paper is fun-
damentally made from a network of cellulose fibers1 [86]. This
underlying structure has remained largely unchanged for hundreds
of years—from handmade paper in ancient China, to contemporary
mass-produced printing paper [36, 89].

Traditionally, the fibers used in papermaking were sourced from
a variety of plant-based raw materials, including hemp, mulberry
bark, bamboo, rattan, and other bast fibers [1, 89]. Paper’s cohesive
structure is derived from the interwoven combination of different
fibers (Figure 2), where long fibers form stable, interlocked networks
that provide tensile strength and structural integrity [44, 79], while
short fibers fill gaps and compact the structure by reducing voids
(Figure 2C) [44, 79]. This mix-fiber strategy [1, 3, 25, 36] not offers
mechanical benefits but is also efficient in terms of material use [25,
91]. Notably, xuan paper (宣纸) [1, 38, 89] is a celebrated material
for Chinese watercolor painting. It makes use of the combination
of long and short fibers to give a material that is highly absorbent—
creating the signature blending effect with ink and water. Applying
pressure further enhances fiber bonding through hydrogen bonds
and alignment, transforming loose fiber web into robust composite
structures [86].

Recent material science studies rationalizes the significance of
paper’s structure of fibers in terms of achieving a composite that is
thin and strong for daily use. These studies also demonstrate how
paper’s structure is amenable to other materials and chemicals that
modifies the properties of paper. For example, herbs and flowers
have been traditionally integrated into paper not only as decorative
elements, but also as a pesticide to imbue paper with insect-resistant
properties (狼毒纸 [11, 14]).

This versatility of paper presents a promising opportunity for cre-
ating interactive computational composite. Although a few works,
such as Pulp-Based Computing [18] and Felted Paper Circuits [42],
provide initial explorations into paper’s potential as a composite in
HCI, we see an opportunity to dive deeper into paper’s structure

1we simply refer to this specific material as “paper” for the rest of this article.

and how this composite material can be adapted for interactivity.
Specifically, paper’s structure is rooted in the way that it is made.
In this research, we explore ancient papermaking craft, and used it
as a practical framework for exploring paper composite materials
that can be made with simple tools. We elaborate on the history of
traditional papermaking in the following section.

2.1.2 Ancient Papermaking and Evolution. Papermaking originated
during the Han Dynasty (206 BCE–220 CE) in China and gradually
spread across Asia, including Japan and Korea, before reaching
Europe through the Islamic world [36]. The process of papermaking,
essential for the formation of a paper composition, are detailed in
the encyclopedia “Tiangong Kaiwu” (天工开物) [84, 117], published
in 1637. This encyclopedia details many craft techniques for making
daily necessities, including paper, porcelain, dyes, and gunpowder.
The comprehensive publication highlights the ingenuity of ancient
craft [50] and its role in understanding the natural world to unlock
new technology [97]. The knowledge in “Tiangong Kaiwu” has been
globally studied [80] and validated through archaeological findings,
and researchers have used these findings to restore the historical
practices documented [54], including using contemporary media
such as virtual reality [108].

As shown in the original illustrations (Figure 3), the main five
steps of Chinese papermaking include: (1) Pulp preparation: chop
bamboo and float it in a basin; (2) Soaking: cook thoroughly over a
strong fire; (3) Sheet formation: rinse and spread the material onto
a bamboo screen; (4) Pressing: cover the sheet and press to squeeze
out excess water; (5) Finishing: heat and bake the sheet dry on a
hot wall.

The ancient craft has evolved to integrate advancements in ma-
terial research and automation for modern paper industries. New
materials like wood fibers, rags, recycled waste, and chemical addi-
tives have been added to enhance properties for applications such
as printing and packaging [3, 24]. Automation technologies, such
as fourdrinier machines, enable continuous sheet production to
increase scale and efficiency [36, 38]. Nevertheless, these papermak-
ing today still follows the general process laid out in “Tiangong
Kaiwu”. In addition, manual papermaking provides opportunities
for crafters to intervene in the process, introducing adaptions that
lead to different outcomes. For instance, interventions during sheet
formation can reshape the arrangement of fibers to create unique
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visual and structural effects. This is demonstrated through water-
marking techniques in Europe and Japan that selectively remove
fibers through high-pressure water sprays, creating patterns and
textures within paper’s structure [36, 99].

Papermaking is adaptable, and the traditional process offers a
systematic yet flexible framework for developing new paper com-
posites. With this in mind, we first simplified the ancient process in
this research through DIY tools that we can build today (Section 4).
Then, we explored how these simplified steps can be extended and
adapted to create composites that expand the paper’s interactive
potential (Section 5).

2.2 Learning from Craft for Designing
Interactive Systems

Craft embodies “the desire to do a job well for its own sake” [83].
It involves thinking through the act of manipulating a material by
hand [26, 41, 60] and uncovering the maker’s formation of thoughts
during creative processes [53]. Many HCI researchers have drawn
inspiration from craft for designing interactive systems [63, 114].
In these works, the key approach is not only to extract value from
craft practice for computational technology, but to align technology
development to the values of craft; broadening the contexts and
communities included in defining and building interactive systems.

HCI work in this area include combining sand-blasting with
handcrafting to create interactive ceramic objects [110], or learning
from traditional stained glass techniques to create interactive dis-
plays [28]. As mentioned earlier, there is also a significant body of
work in e-textiles that demonstrate the value of learning from and
adapting traditional textile practices. Researchers in e-textiles have
developed wearable sensors and actuators embedded within woven
textiles [21, 62, 68, 69, 112], knits [49, 103, 104], and embroidered
fabrics [31, 67, 98], even incorporating traditional dyeing methods
like batik [34].

Papermaking as a craft practice provides us, as designer-makers,
with intimate opportunities for hands-on engagement to explore
paper-based interactive systems. We first sensitized ourselves to the
steps within the ancient practice, before probing these traditional
steps for opportunities to incorporate interactive capabilities.

2.3 Paper for Interactive Computing
Paper as a versatile substrate that is still widely used today, of-
fers potential for “weaving technology into everyday life” [100].
HCI researchers and designers have used this ubiquity of paper
by combining it with computational components for paper-based
interactive systems.

One area of work is hybrid interfaces that integrate paper with
off-the-shelf electronics and devices. Researchers have demon-
strated blending paper and touchscreen devices for tangible in-
terfaces that leverages the materiality of paper to enhance inter-
actions with mobile devices (e.g., [16, 106]). Paper has also been
paired with computer vision for tangible interfaces that can be
easily deployed with a camera (e.g., [109]), and even large scale
interactive environments mediated by paper and projected visuals
(e.g., [85]).

Paper is also a versatile substrate for circuits and electronics.
Circuits can be embedded using methods like inkjet printing of con-
ductive ink [56], applying copper tape traces [73], and conductive
coatings [107]. These circuits can be further integrated with other
electronic components for physical computing. Researchers have
also embedded shape-memory alloys [72] and polymers [96], as
well as ferromagnetic elements [55] into paper to create interfaces
with delicate shape-changing interfaces or actuation. [105].

Researchers have also used the composite nature of paper’s struc-
ture for building interactive systems. For example, HCI researchers
have used commercially available paper composites, such as swell
paper with built-in heating elements for tactile interfaces [16], or
carbon infused paper for sensors that can detect deformation [111].
In our research, we approach the development of interactive paper
bymaking our own composites that infuse different functional prop-
erties into paper through modifying the traditional papermaking
process.

3 Design Methods
We adopted a Research through Design (RtD) approach [113], lever-
aging the reflective process of designing artifacts [81] to generate
knowledge. RtD surfaces knowledge through the creative explo-
ration, critical reflection, and pattern synthesis [19] that occurs
during design. In this research, we used RtD to probe the potential
of paper and papermaking for developing computational compos-
ites that support tangible interaction.

More specifically, we employed a combination of material tin-
kering, systematic documentation, and prototyping applications as
part of our RtD approach:

      Reflection on Challenges

Areas for Improvement

Recipe and Conditions

Material Samples

Insights and Takeaways

Next Step

A

B

C

D

E

F

G

An (unsuccessful) Attempt

Figure 4: A page from the papermaking workbook, featuring physical samples (A,E) and
color-coded annotations. The annotations document the process, challenges (B), and areas
for improvement (C), reflection on material exploration (B,F) and design decisions (G).

3.1 Material Tinkering
Designers explore materials through hands-on interaction and ex-
perimentation. This method—material tinkering [60] emphasizes an
experiential approach to exploring and understanding the proper-
ties and qualities of materials, and directing this reflective practice
with materials towards creative and innovative outcomes. It is par-
ticularly relevant for Do-It-Yourself (DIY) materials [76]. In our
research, we used the steps laid out in ancient papermaking (Fig-
ure 3) as an initial framework to guide our material exploration.
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Figure 5: (A) Preparation of bark tree fibers through hammering. (B) Blending recycled paper to create pulp. (C) (Top) Cutting blade and (Bottom) rubber blade used for mixing. (D) (Top)
3D-printed screening frame and (Bottom) wooden frame with 2mm nylon mesh. (E) Laser-cut frame for customizable sizes. (F) A pressing machine.

This revealed both planned and serendipitous insights in two as-
pects: (1) New materials that might be incorporated into traditional
making to develop paper’s interactive potential [6]. (2) Adapta-
tions to the traditional paper making process to incorporate new
structures for interactive paper composites.

3.2 Systematic Documentation
Material tinkering is a nonlinear process and knowledge generated
from it is often messy and tacit, challenging conventional academic
documentation to capture transient material insights and nuanced
properties emerging during the making process [64]. We captured
and organized the emerging insights from our material exploration
through systematic documentation of our findings. Various formats
have been used for documenting processes in material exploration
research in HCI, such as swatch books [39], annotated figures [110],
and bookkeeping with notes for design processes [48]. In this re-
search, we adopted a mixed strategy to document and organize
findings, focusing on surfacing tacit insights and learning from
failures [48, 57]. We combined physical samples (Figure 4A,E) and
reflective logs of design challenges and decisions in a workbook [77]
(Figure 4B,C,E,G). We also used digital scans and photographs of the
materials we made to capture both macro- and micro-level details of
our exploration outcomes2. Alongside these qualitative documents,
we also empirically tested certain properties of the materials we
made in the laboratory when appropriate, including mechanical
strength and electrical conductivity. This documentation strategy
ensures transparency, and aims to improve the replicability of our
research from both a process and outcome standpoint.

3.3 Prototyping Applications
In design practice, prototypes externalize design concepts [22] into
tangible manifestation, bridging design inquiry with real-world
context. We developed our prototypes with two things in mind in
this research: (1) Prototypes focused our exploration by and filtering
[45, 113] what we built based on specific processes we developed
on top of ancient papermaking that led to unique interactive paper
composites. (2) Prototypes manifested [45] our exploration find-
ings into a specific real world contexts that focused on expressive

2further details in supplementary material

applications, connecting our abstract material insights with other
practical considerations (Section 6).

4 Simplification of Ancient Papermaking
In considering how we might adapt papermaking techniques for
HCI, we started by sensitizing ourselves as novices to the practices
documented in “Tiangong Kaiwu” [117]. This section outlines our
hands-on exploration of replicating the ancient papermaking pro-
cess through simplified materials and tools that were available to
us as contemporary makers. To inform this exploration, we also
conducted secondary research, as well as laboratory measurements
to understand the structure and fiber composition of paper as a
composite material (Section 4.1).

4.1 Understanding Paper Structure through
Fiber Composition

Paper is a composite material formed from randomly deposited cel-
lulose fibers, typically 1–2 mm in length [86]. Structural integrity is
determined by the arrangement of this intricate fiber network [36].
Traditionally, handmade paper employ mix-fiber strategy (long and
short fibers) to achieve desired texture and mechanical outcomes
[1, 89, 117]. The choice of fibers are influenced by local availability,
cost-effectiveness, and specific performance requirements. Recent
material science studies further validates (Section 2.1) the structural
integrity of a sheet achieved by the composition of fibers formed
from traditional papermaking [36, 89].

With this in mind, we adopted a combination of long and short
fibers in our attempts to replicate ancient papermaking. We used
long fibers (exceeding 2 mm) from bark tree fibers sourced locally
from a supplier. This class of fibers are valued in both traditional
papermaking and contemporary paper industry for their strength,
durability, and compatibility with diverse materials [3, 36, 89]. We
used short fibers (under 2 mm) sourced from recycled receipt paper.
The receipt paper we used was in fact waste from another design
project that we repurposed for papermaking.

4.2 Simplification of Ancient Papermaking
Processes
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Figure 6: An overview of the transition from the original five ancient papermaking steps to our simplified processes (Section 4.1) and interventions (Section 5).

Building on our selection of paper fibers, we adapted and simpli-
fied the five ancient papermaking steps (Figure 6A).
4.2.1 Step 1: Pulp Preparation. To process bark tree fibers (long
fibers), we used a wooden hammer to break down the fibers. The
fibers are then soaked in water (Figure 5A). Recycled receipt pa-
per (short fiber, Figure 5B) is processed separately using a blade-
equipped blender (Figure 5C top), which slices and shreds the fibers
to create a homogeneous mixture suitable for integration with long
fibers. Once the two fiber types were prepared, they are combined
following a ratio by weight Section 4.3.1 by blending in water with
a rubber blade (Figure 5C bottom). This ensures a uniform mixture
while preserving the integrity of the long fibers.

4.2.2 Step 2: Soaking. In ancient papermaking, fibers were soaked
for weeks or months to facilitate the natural enzymatic or microbial
breakdown of lignin, softening the fibers for subsequent manual
processing [4, 9, 36, 95]. This process occurred in the absence of
mechanical or chemical intervention [92, 95]. Modern papermaking,
however, employs mechanical refining to disrupt fiber structures,
increase surface area, and expedite lignin breakdown—thereby
accelerating fiber preparation [43, 47, 93].

Drawing on these principles, we simplified the soaking process
through mechanical fiber preparation. By pre-processing the fibers
with a blender (as outlined in Step 1), we reduced soaking time
from months to a one day. This approach also allows for greater
control over fiber hydration and integration with other materials in
subsequent steps. Beyond process acceleration, this step enhances
the fibers’ capacity to absorb desired chemicals, thereby modifying
their internal characteristics and improving their interaction with
other materials.

4.2.3 Step 3: Sheet Formation. Sheet formation is the signature step
of ancient papermaking where everything comes together. This is

carried out by drawing a finely meshed screen through paper fibers
dispersed in a water bath. Screening relies on the dynamic interplay
between fiber distribution driven by the force of water, and the
movement of the screen to achieve a unified, cohesive sheet. The
damp sheet formed after screening is bonded yet still loose, offer-
ing a critical window for adjustments to be made before the fibers
fully dry and interlock. This flexibility enables structural modifica-
tions and the incorporation of additional features prior to the sheet
reaching its final bonded state. Ancient papermaking employs
bamboo or wooden screening frames (Figure 5D, bottom) to shape
the paper. To simplify this step, we utilized commercially available
2mm spaced nylon mesh screens and customized frames fabricated
through laser cutting (Figure 5E) and 3D printing (Figure 5D, top).
This approach allowed us to experiment with frame sizes, provid-
ing greater flexibility to create sheets tailored to different design
requirements.

4.2.4 Step 4: Pressing. Pressing serves to remove excess water and
improve the mechanical properties of paper by compacting the fiber
network. By applying mechanical force, pressing increases fiber
contact points, facilitating hydrogen bonding, which strengthens
the cellulose network and enhances the paper’s tensile strength
[15, 65, 71]. We used a pressing machine (Figure 5F) to ensure
consistent force application.With this machine, we could also adjust
the pressure applied; reducing the applied pressure allows the paper
to retain a looser, sponge-like fiber texture which we used in a
subsequent application (Section 6.4).

4.2.5 Step 5: Finishing. Environmental conditions during paper
drying are a fundamental factor in achieving specific paper qualities
tailored to particular applications. For instance, the production of
handmade paper from Guizhou (丹寨构皮纸) [2] relies on the
natural regulation of humidity, temperature, and water pH found in
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caves, which create optimal conditions for the papermaking process.
Drawing on this, we employed contemporary equipment including
air conditioners, humidifiers, and UV meters, to precisely regulate
drying conditions. Such control is essential for controlling and
replicating outcomes, as well as fabricating paper with specialized
features such as color-changing properties (Section 5.2) that require
stable environmental conditions to maintain the stability of the
embedded chemicals.

4.3 Testing Fiber Ratios and Strength
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Figure 7: (A) Paper composite samples with three fiber ratios. (B) Photographs capturing
the surface texture of paper outcomes for each ratio. (C) Microscopic images revealing the
fiber network structure. (D) Examining fibers under a microscope. (E) Tensile strength test
results.

4.3.1 Fiber Ratio Characterization. To quantify the ingredients
used in our papermaking recipe, we conducted experiments to de-
termine the optimal ratio of bark tree fibers (long fibers) to recycled
receipts paper (short fibers). Three different ratios were prepared
and analyzed (Figure 7A): (1) a 4:1 long-fiber to short-fiber ratio, (2)
an equal ratio, and (3) a 1:4 long-short to short-fiber ratio.

Microscopic observation (Figure 7C, D) revealed distinct struc-
tural characteristics for each configuration. A higher proportion
of high fibers (4:1) facilitated enhanced fiber interweaving but in-
troduced larger voids and gaps between fibers. A higher propor-
tion of short fibers (1:4) produced a denser structure with reduced
inter-fiber bonding. These results align with prior studies on fiber
properties and structural cohesion (Section 2.1). Variations in tex-
ture were also observed across the different fiber ratios (Figure 7B).
The high long-fiber ratio produced a visibly fibrous texture, char-
acterised by a smoother surface, while the high short-fiber ratio
yielded a comparatively rougher texture. Tensile strength testing
(Figure 7E) showed that the 1:1 ratio exhibited the highest tensile

strength, providing the most balanced combination of strength and
flexibility.

These findings inform two key considerations: (1) A balanced
mixed-fiber ratio (1:1) or a higher long-fiber ratio is recommended
for applications requiring strength and durability, such as folding
or cutting. (2) A higher short-fiber ratio may be advantageous for
contexts prioritising smoother pulp blending or adaptability to addi-
tional treatments. This configuration also facilitates the production
of customized dampened sheets (e.g., watermarking in Section 5.3),
where reduced inter-fiber bonding is desirable.
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Figure 8: (A) Setup for tensile strength testing. (B) Side view showing the thickness varia-
tions in paper outcomes for each pulp type. (C) Raw material fibers for four pulp types
(37.5g, 75g, 150g, 200g) mixed with 3L of water at a 1:1 fiber ratio. (D) Range of achievable
GSM (grams per square meter) for the four types, alongside tensile strength test results.

4.3.2 GSM Characterization. We quantified the influence of pulp-
to-water ratio on paper’s weight, measured in terms of GSM (grams
per square meter). We control for the paper’s weight through the
density of fibers in water. We tested four different quantities of
a 1:1 long-short fiber pulp mixture in a fixed volume of 3 liters
of water: 37.5, 75,150, and 200 grams. As shown in Figure 8B, a
higher GSM produces thicker paper. Tensile strength increased
with higher GSM (Figure 8D). For reference, we included tensile
strength measurements for standard 80 GSM A4 printing paper3.

5 Adapting Ancient Papermaking
Papermaking is an inherently open process, shaped by numerous pa-
rameters that can significantly influence the final outcome. Through
our exploration of simplifying the ancient Chinese papermaking
process, we identified opportunities for in-situ modifications to
guide the production of computational paper composites. These
3PaperOne Copier Paper

https://www.paperone.com/office-paper/paperone-copier
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5%

Smooth surface; can be 
written on, folded, and bent 
without damage.

Fibrous texture; 
resistant to 
cracking but not 
easy to bend.

Similar to kraft paper; slightly 
rough and irritating to the touch, 
with visible cracks when bent.

Brittle, with a sea-
weed-like texture; 
extremely fragile and 
lacking flexibility.
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Figure 9: Carbon fiber pulp mixture and its impact on paper properties at varying ratio. (A) Raw carbon fiber samples mixed with pulp in different ratios (B) Surface texture of paper samples
at each ratio. (C) Microscopic views (50x magnification) showing fiber bonding and distribution within the paper network at each ratio. (D) Descriptive documentation of the texture
properties.

interventions occur across five key steps (Figure 6B): pulp prepa-
ration, soaking, sheet formation, pressing, and finishing. While
each step operates independently, they can also be combined with
interventions from other stages to achieve more complex outcomes,
as demonstrated as demonstrated in Section 6.

5.1 Pulp Preparation: Formulating a Carbon
Fiber Pulp Mixture

Building on our earlier trials, where we established the a founda-
tional pulp fiber composition and ratio (Section 4.1), we explored
modifying the fibers used to make paper electrically conductive.

To introduce conductivity into the paper composite, we incorpo-
rated 2mm chopped carbon fiber4 into the pulp mixture. Carbon
fiber, is an organic polymer [17, 61] distinct from the cellulose fibers
traditionally used in papermaking. At 2mm length, carbon fiber
can function as a long fiber, replacing some bark tree fibers in the
pulp mixture. However, compared to cellulose fiber (e.g. bark tree),
it is less flexible, leading to a more brittle and crease-prone paper.
Its coarse texture, particularly at higher concentrations, may also
cause skin irritation [87, 115].

5.1.1 Conductivity Characterization. To optimize conductivitywhile
preserving the texture of handmade paper, we adjusted the 1:1
mixed-pulp ratio to 1:3 ratio of long to short fibers, and incorpo-
rated varying proportions of carbon fiber— 5%, 10%, 20%, 30%, 40%,
50% (Figure 9A). At a 20% carbon fiber ratio, the paper exhibited for
sufficient structural integrity, with carbon fibers effectively bonding
within the network.

Microscopic observations (Figure 9C) revealed that lower carbon
fiber ratios (5% and 10%) resulted in weak bonding and limited
fiber entanglement. At the highest carbon fiber ratio (50%), the

42mm chopped carbon fiber
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Figure 10: (A) Resistance measurement setup. (B) Microscopic views (100× magnification)
of folding creases in 30% and 40% carbon fiber ratios. (C) Resistance changes with distance
across different fiber ratios (20%, 30%, 40%, and 50%).

paper texture became rougher, more prone to creases and tearing,
resembling Kraft paper.

We further evaluated the relationship between electrical resis-
tance and the length of conductive paper (Figure 10A). As shown
in Figure 10C, resistance increased with distance across all samples.
We plotted a a line of best fit through the data from each condition
and calculated the R value. The R values indicated that conductivity

https://www.fiberglassyn.com/Carbon-fiber-chopped-strands-pd6706745.html
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Condition While Drying After Drying

UV index: 0 
Radiation: 0uw/cm2 
Temperature: 25 ± 2°C
Humidity: 50 ± 5%

UV index: 04 
UV Radiation: 406uw/cm2 
Temperature: 30 ± 5°C
Humidity: 40 ± 5%

UV index: 15 
UV Radiation: 1500uw/cm2 
Temperature: 40 ± 5°C
Humidity: 35 ± 5%

Indoors

Original Sample Original SampleAfter Two Days After Two Days

pH3  pH8  pH13 pH3  pH8  pH13

Partially Shaded

Outdoors

A B C

Figure 11: (A) Three drying conditions with varying UV index, radiation levels, temperature, and humidity. (B) Comparison of the original sample with samples dried under each condition
for two days. (C) Comparison of the original sample with samples stored for five days under the same conditions.

for the materials was most consistent with 50% of carbon-fiber.
Microscope observation (Figure 10B) of the 30% and 40% samples
revealed never fiber arrangement, which likely contributed to less
consistent electrical conductivity.

Based on these findings, we empirically conclude that carbon
fiber ratios exceeding 30% are more suitable for conductive struc-
tures that do not require direct human contact. A 20% ratio is rec-
ommended for applications involving direct touch provide, provide
the interaction remains static, without folding or bending of the
paper surface.

5.2 Soaking: Red Cabbage Extract
Rather than relying solely on specific fibers (Section 5.1), the hy-
drophilic nature of cellulose-based fibers allows them to absorb
chemicals, enabling the integration of additional functional prop-
erties [10, 40]. Building on this principle, we adapted the soaking
step to introduce pH-responsive, color-changing capabilities using
red cabbage extract, which is notably rich in stable anthocyanins, a
chemical that changes color at different pH levels [29]. However,
anthocyanin stability is sensitive to high temperatures, prolonged
heating, and elevated pH levels [20, 23], presenting challenges for
juice extraction, soaking, and environmental control.

To address these challenges, the paper pulp was thoroughly
blended and washed to ensure a neutral pH. Red cabbage juice was
extracted at room temperature and maintained below 35°C, as
recommended for anthocyanin stability [20, 23]. The paper pulp
was soaked in the red cabbage extract (Figure 12A) for more than
24 hours at an indoors temperature of 24°C (Figure 11A). A total
of 1.5 liters of freshly prepared extract and 1.5 liters of distilled
water were used to screen the soaked pulp (Figure 12B). pH testing
was conducted using substances with varying pH levels to evaluate
the paper’s color change response, in comparison to a commercial

pH indicator 5. The resulting paper exhibited a distinct color gra-
dient corresponding to pH levels, shifting from pink, purple-red,
and blue to green and lime green, as illustrated in the test sample
(Figure 12D).

pH 2 pH 4 pH 8 pH 10 pH >14

BA

D

C

Figure 12: (A) Soaking pulp in red cabbage extract under indoor conditions. (B) Screening
the soaked pulp using a 3-liter mixture of extract and distilled water. (C) Extracted juice in
a bottle alongside a dried paper sheet after one day of soaking. (D) Gradient of colors on
the paper corresponding to varying pH levels.

5.2.1 Condition Characterization . The efficacy of the paper’s color-
changing property depends on the stability of anthocyanin, which
degrade under high temperatures and UV exposure. To evaluate
the effect of this degradation, we conducted experiments under
different drying and storage conditions in real-world scenarios.
5pH indicator

https://www.johnsontestpapers.com/products/ph-tests/ph-paper/Universal-Indicator-Paper
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These conditions were categorized as Indoors, Partially shaded,
and Outdoors, with UV radiation6, temperature, and humidity7
monitored (Figure 11A).

As shown in Figure 11B, higher UV exposure, temperature, and
low humidity led to greater chemical degradation, resulting in less
vibrant reactive colors after drying. For storage testing (Figure 11C),
fully dried samples (prepared and dried indoors) were stored in the
same three conditions for five days. The results mirrored the drying
process, with UV exposure, temperature, and humidity significantly
affecting color vibrancy and chemical stability. These findings sug-
gest that to preserve the color-changing efficacy, the papermaking
process and storage conditions should minimize UV exposure and
maintain room temperature.

5.3 Sheet formation: Watermarking
Screening is the step that controls fiber distribution using the force
of water and relies heavily on the maker’s skill to create a cohe-
sive, unified sheet. Once the sheet is formed, the fibers are bonded
but remain loose, allowing opportunities for customization. By
applying a design stencil mask to the sheet and employing a water-
marking technique, patterns can be embedded as the sheet dries.
Adjusting the spray pressure and frequency during this process de-
termines the amount of fiber washed away, influencing the sheet’s
thickness—less fiber retention results in a thinner sheet.

> 10 sprays  7 sprays  2 sprays 

Stencil

A

B C

Figure 13: (A) Opacity change based on varying spray times; (B) High-pressure water bottle
spraying on a damp sheet with a stencil mask; (C) Laser-cut stencil masks for customized
designs.

5.3.1 Opacity Characterization. For the watermark technique, we
used a high-pressure spray bottle (Figure 13B), directed perpen-
dicular towards the stencil mask placed a few centimeters above
the damp sheet. The spray bottle was held 30 cm away from the
stencil mask (Figure 13C). We conducted tests with different times
of sprays to observe how fiber residue affects light transmission.
The Figure 13A illustrates that spraying two times retains enough
6Qinlorgo B085TKPN2R UV tester
7Xiaomi Temperature and Humidity Monitor Clock

fiber to keep the sheet intact while allowing slight light penetration.
Seven sprays achieve a semi-transparent effect, though some fibers
begin to separate. Spraying more than ten times effectively washes
away the fibers, creating distinct sections within the sheet.

5.4 Pressing: Layering
Layering is a technique for combining different features into a sin-
gle sheet. This process involves fusing multiple damp (pre-dried)
sheets (Figure 14A) by stacking and applying pressure on them
(Figure 5F). For instance, a conductive layer can be fused with a
non-conductive layer while still wet, resulting in a single sheet with
one side that is conductive and one side that is non-conductive.
Additionally, layering can be combined with watermarking, where
specific areas of a sheet are selectively exposed and then layered
with another sheet to achieve patterned or functional effects, al-
lowing for selective interaction (as demonstrated in Section 6.2)
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Figure 14: (A) Layering multiple damp sheets to fuse them into a single sheet. (B) Compari-
son of paper surfaces before and after applying an agar-based coating. (C) Graph showing
tensile strength improvements after coating across four GSM samples.

5.5 Finishing: Coating
In the finishing stage, the paper can also be coated to enhance sur-
face protection, increase GSM, or improve texture. We applied an
agar-based coating using formulations from Alganyl [7] to damp
(pre-dried) paper, which not only increased its GSM but also en-
hanced its tensile strength, as shown in (Figure 14C). Additionally,
the coating imparts a leather-like texture (Figure 14B Top), pro-
vides water resistance and aids in bonding multiple layers together
after drying, thereby improving the structural integrity of the final
product (as demonstrated in Section 6.4).

https://www.amazon.com/dp/B085TKPN2R
https://www.mi.com/global/product/xiaomi-temperature-and-humidity-monitor-clock/
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Figure 15: Overview of the four applications created through our adapted papermaking processes.

off on

 After spraying  Before spraying
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C

Figure 16: A: Interactive paper-wall light; B: Comparison of fiber density before and after two sprays; C: Paper surface touch interaction to light up; D: Watermarking process used to create
delicate patterns and texture.

6 Applications
We crafted four interactive applications that demonstrate how our
papermaking interventions might be woven together for paper
composites relevant to a variety of design contexts (Figure 15). In
directing our applications toward expressive interfaces, we sought
to emphasize paper’s historical and cultural significance not just
as a functional material but as a medium of human expression.
Paper has long played an important role in various cultures, such
as Chinese landscape painting, calligraphy, and its use in religious
or festive decorations. While modern mass production has replaced
many of the traditional uses of handmade paper, it has also made it
unnecessary for handmade paper to compete in terms of utilitar-
ian performance. Instead, handmade paper offers the potential to
achieve effects that are less commonly seen in industrial processes.

Therefore, in our applications, we aimed to: (1) Demonstrate the
unique effects made possible by our papermaking interventions
(Table 1), which are difficult to achieve through conventional indus-
trial papermaking. (2) Present paper itself as an artifact outcome of
the application, rather than its more conventional role in design as

a material for further construction. (3) Highlight paper’s role as an
expressive [45] medium in daily life.

6.1 Paper-Wall Light
We designed a Paper-Wall light that activates with a gentle touch
on its surface. The paper that covers the light measures 420mm
by 594mm (A2 size) and we made a custom screen to fabricate it
as a single sheet. Touching the paper surface turns the light on,
revealing a translucent floral pattern, as shown in Figure 16A.

We built this artifact using carbon fiber pulp (Section 5.1) and
watermarking techniques (Section 5.3). By connecting these two
interventions, we discovered that we could create delicate patterns
that combine light diffusion with interactive touch. Touch sensing
is achieved through capacitive sensing with the entire sheet as a
single conductive electrode. The carbon fiber pulp recipe used in
this application followed the material ratios and recipes outlined in
(Section 5.1). This formulation facilitates the smooth blending of
carbon fibers with other paper fibers, resulting in a less textured
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final surface while also improving the effectiveness of the water-
mark technique used during screening, as shown in Figure 16B,D.
To maintain pattern integrity and ensure effective conductivity, the
fiber sheet was sprayed twice, preserving the pattern’s connectivity
and ensuring visibility when backlit, as illustrated in Figure 16C.
These modifications enable the paper to function as both a sensitive
input device and an aesthetically appealing lampshade.

2

1

4

3

5
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B

C D

Figure 17: A: The cave art interface featuring five individual touch inputs that trigger
corresponding sounds: 1-duel, 2-tribe, 3-dancing, 4-fire, 5-roar. B: Sound generated using
Max/MSP software. C: A backlit view through two layers of the paper composite. D: Bot-
tom conductive layer, created by fully washing away fibers in specific zones using the
watermarking technique, to separate the inputs.

6.2 Cave Art
Cave Art is a tactile and visual display that triggers specific sounds
when different graphical elements are touched (Figure 17B). The ap-
plication combines our interventions of watermarking (Section 5.3),
layering conductive and non-conductive layers (Section 5.4). Touch
sensing is facilitated by placing a non-conductive paper with de-
signed patterns over a conductive paper layer, which is divided into
five separate touch zones. Both conductive and non-conductive

layers went through an extended watermarking process to fully
remove fibers (Figure 17D) that were exposed by the stencil. Af-
ter watermarking, we manually sprayed the conductive layer at
targeted regions to remove conductive connections and separate
the areas to create independent input zones (Figure 17A). After
watermarking, the damp conductive and non-conductive sheets
are pressed together immediately, resulting in a single sheet that
is selectively conductive on one side and non-conductive on the
other (Figure 17C). For visual effect, we used coffee grounds to dye
the paper to create a rock wall-like texture.

After Three MonthsDB

C

A

Figure 18: (A) Sample drawing of a grape using the pH-responsive drawing kit. (B) Designed
a set of five liquid pen brushes, each filled with different pH liquids, displayed on a pen
holder. (C) Food-safe ingredients used for the color-changing liquids: red cabbage extract,
fresh lemon juice extract, baking soda, calcium hydroxide, white vinegar, and distilled
water. (D) The drawing was preserved after three months of storage in indoor conditions
(Section 5.2)

6.3 Drawing Kit
This drawing kit (Figure 18A) demonstrates how modifying the
soaking step can create paper with color-changing properties that
responds to different pH levels. We soaked paper pulp in red cab-
bage extract as described in Section 5.2. This transforms the kit
into a bio-safe, food-grade painting tool. The kit includes brush
pens (Figure 18B) filled with common, kitchen-safe ingredients (Fig-
ure 18C) that remain colorless within the pen but reveal a range of
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Figure 19: A: A pressure-sensitive trivet detects the weight of a cup to monitor a person’s hydration. B: A close-up of the trivet’s structure. C: The coating used to seal the sandwich structure.
D: A view of the three layers of the trivet under backlighting.

colors across the hue spectrum when applied to the color-changing
paper. We prepared a variety of substances with distinct pH levels:
lemon juice (pH≈ 3), white vinegar (pH≈ 4), baking soda solution
(pH≈ 8), alkaline water (pH≈ 10), and calcium hydroxide (pH
≈ 12). When applied to the paper, these substances trigger color
changes ranging from pink, purple-red, blue, green, to yellow, as
demonstrated in the sample drawing (Figure 18D).

6.4 Trivet
This application demonstrates pressure-sensitive trivets designed
to detect the weight of a cup to monitor a person’s hydration (Fig-
ure 19A). Through our exploration of the layering technique (Sec-
tion 5.4) and agar coating (Section 5.5), we discovered that sealing
multiple layers together with agar coating creates an air gap in
between the layers (Figure 19C). This could be used to as an ap-
proximate sensor for pressure, as the electrical resistance of the
conductive paper will decrease as more gaps are closed with in-
creasing weight or pressure [51]; which is analagous to the crafted
pressure sensors demonstrated in [62].

We designed a trivet (Figure 19B), with a sandwich structure
featuring a non-conductive, porous middle layer between two con-
ductive layers. Our process involved several material and structural
adjustments to enhance the functionality and responsiveness of the
trivet. The bottom layer was segmented into two independent sec-
tions to create a gap in a conductive trace, which is bridged by the
conductive top layer when pressed. To improve the responsiveness
of this sensor, we adjusted the ratio of bark fiber to recycled paper
in the middle layer from 1:1 to 2:1. This created a thicker, more
sponge-like texture that was better suited to responding to pres-
sure changes. The middle layer was watermarked and thoroughly
sprayed to remove excess fibers, ensuring effective contact points
when pressure is applied. After screening, the bottom and middle
layers were combined while still damp (Figure 19D1), and the top
layer was coated with an agar solution (Figure 19D2) to seal the
structure.

7 Discussion
7.1 Limitations and Opportunities in

Craft-based Research
Our research adopted a Research through Design (RtD) approach,
widely embraced in HCI craft research, as outlined in Section 3.

Specifically, we employed material tinkering, systematic documen-
tation, and prototyping to explore ancient papermaking as a frame-
work for developing interactive composites. While this method-
ology enabled hands-on engagement with craft to generate new
knowledge [113], it presented inherent challenges and limitations.
For instance, the craft ethos of “doing things well for its own sake”
can sometimes lead to prioritizing the artifact over broader research
goals [26]. With this in mind, we balanced open-ended exploration
with focused research experimentation. Material tinkering, struc-
tured by our simplified papermaking processes, served as both a
framework and a boundary, encouraging unexpected outcomes
while keeping our efforts aligned with the research objectives. Sim-
ilarly, the “filtering” and “expressive” approaches in application
prototyping helped us remain grounded in our goals while retain-
ing flexibility for creative exploration. Another challenge lies in
the specialized skills required for craft-based research, which may
hinder accessibility for others in the HCI community. Simplifica-
tion and systematic documentation were therefore integral to this
research. By breaking down ancient techniques into reproducible
steps and tools, we aimed to make this approach approachable and
traceable.

Our craft-driven approach to making computational compos-
ites stands in contrast to approaches in scientific fields (such as
material sciences). Rather than defining goals based on achieving
specific material properties and performance, we were led by the
opportunities that emerged from immersing ourselves in the ac-
tions, tools, and materials along the ancient papermaking process.
However, this craft-driven exploration, and our manual approach
to papermaking, inherently introduced variability in the process
and outcomes that we developed. We discuss the limitations of our
findings in this section, as well as our strategies we adopted to
address these limitations.

7.1.1 Variability in the Manual Approach.

Inconsistent ConductivityWhile the carbon fiber papers we
built demonstrated conductive properties, the conductivity varied
across different samples of the same type (Section 5.1), indicating
inconsistencies in fiber bonding and alignment.

Other research have demonstrated the feasibility of fabricat-
ing conductive paper with a greater consistency through mass-
production processes [35]. Our approach, while lacking the same
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level of consistency, enabled us to manipulate other features of pa-
per alongside its conductive properties. For example, in the paper-
wall lamp (Section 6.1), we demonstrate how conductive paper can
be combined with watermarking to define the shape of conductive
regions within a paper sheet, therefore creating localized areas for
capacitive sensing. We also demonstrate how conductive and non-
conductive sheets can be fused together in one single sheet through
pressing them together during the drying process, enabling us to
define a sheet with both conductive and non-conductive regions
(Section 6.2). In these applications, we also chose to use capacitive
touch sensing to detect interactions as it is not significantly affected
by the conductive consistency of the material.

Moreover, our exploration of integrating carbon fibers into pa-
per’s structure highlights further possibilities for introducing other
fiber types. For example, we see potential in incorporating trans-
parent cellulose fibers [59] for visual interactivity or ferrous fibers
[46] that can be magnetized for actuated paper applications. These
directions are of interest for future work.

Inconsistent Dyeing Similarly, the red cabbage extract we used
for color-changing paper presented challenges in achieving consis-
tent dyeing outcomes. Environmental factors such as UV exposure
and storage conditions vary the paper’s color degradation over
time (Section 5.2). While other researchers have addressed this by
affixing the dye with chemicals like aluminum sulfate [112], we
deliberately avoided this in our research as we wanted to make
paper from natural ingredients as much as possible. To this end, we
focused on expressive applications that made used of the variable
color of this specific material (Section 6.3), rather than use the color-
changing paper we made as an accurate pH indicator. For example,
as shown in Figure 20C, a lighter colored substrate (made from
shorter soaking time) better highlights blue and green tones, while
the darker colored substrate (longer soaking time) better highlights
pink and yellow tones.

7.1.1 Variability in the Manual Approach. Our manual approach
made it difficult to produce large sheets of paper (larger than A2
size, Section 6.1) or achieve high volumes of production. This lim-
itation reflects not only the constraints of our setup, but also our
skills as novices who are learning this craft. As such, we took a
different approach where we instead focused on making specialized
paper that caters to the design and construction of high-quality out-
puts [45]. This approach is inspired by Japanese washi paper [78],
which endures because of the labor and ingenuity embedded in its
small-batch production. The contemporary washi paper industry
demonstrates how small-batch, high-quality outputs can comple-
ment large-scale industrial practices, especially when tailored for
specific design needs.

7.1.3 Durability of Handmade Paper.
While studies have shown that traditional handmade paper is
durable and can last for hundreds of years [1, 11, 14], the longevity
of handmade paper depends on factors such as specific material
composition and environmental conditions. We are not able to
make claims for the durability of the paper we made throughout the
course of this research given the limited timeframe of the project so
far (less than one year). We will continue to monitor the quality of
our handmade paper, including testing its conductivity and tensile
strength periodically over a long duration.

A B C

Figure 20: (A) A failed screening attempt that can be rehydrated and re-screened. (B)
Leftover pulp in the water can be collected with a sieve and recycled for further use. (C)
Two color variations of red cabbage paper, influenced by soaking duration and drying
conditions.

7.2 Composing Paper
Humans have a long history of transforming raw materials into
functional and expressive artifacts through diverse craft practices,
both in ancient times and in contemporary practices. The craft
community in HCI designs computational systems by rethinking
how materials are formed and how we interact with them. In this
research, our journey to papermaking was a process of composing,
requiring observation of material responses, iterative adjustments,
and recombination of elements to shape its structure and properties.
We treated the papermaking process as a systemically reflective
conversation. Much like a jazz musician improvising and adapting
to feedback within a “schema” [82], we composed paper by work-
ing within the “bounds” of its traditional process which gives it is
fundamental structure. This process provided both a framework
for exploration, as well as opportunities for intervention. Within
this schema, we made continuous adjustments, such as tinkering
with fiber compositions, designing DIY tools, hacking traditional
techniques like screening, and integrating computational materi-
als. It is an open-ended process, making it ideal for intervention
and exploration. We were also inspired by Benabdallah & Peek’s
reflection of technical mentality [8] that encourages researchers
and designers to intervene in fabrication processes, treating such
conventionally opaque processes as an open system that can be
explored and modified. Our approach to papermaking aligns with
the call to dive into these fabrication black boxes.

Papermaking was initially an unfamiliar process to us, and as
designers, we saw paper as a starting material to be constructed into
other things. We demonstrated how papermaking can be “hacked”
to change into interactive composite that can be conductive, color-
reactive, and varying in opacity. By composing our own paper,
we also became more sensitive to how this materials comes to
be, and were more aware of the concerns around development
more sustainable relationships between human makers and the
materials that we are designing-with [58, 94]. For example, strategies
like rehydrating leftover pulp (Figure 20A,B) for subsequent trials
allowed us to minimize waste and maximize resource use. Through
this journey, we begin to open pathways towards how we might
be able to craft paper for interactive systems with greater respect
for the preciousness [70] of material at play and the ways that they
come together.

By treating paper as a composite with adaptable fibers and un-
derstanding the processes of paper formation, we influence both
its physical and computational properties, eventually shaping its
texture [102]. In this work, we developed recipes and interventions
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that shaped the physical and computational texture of interactive
paper composites. As researchers who are broadly interested in the
materiality of tangible interactions, this project served as a lens
that revealed new potentials [6] of materials that we were already
familiar with.

8 Conclusion
In this research, we revisited and adapted ancient papermaking
techniques to explore new possibilities for interactive and com-
putational applications in HCI. By modifying five key steps—pulp
preparation, soaking, sheet formation, pressing, and finishing—we
demonstrated how paper, a material with deep historical signifi-
cance, can be transformed into an interactive medium. The expres-
sive applications developed through this process showcase unique
features like diverse texture, conductivity, and color-changing abil-
ities, which are only achievable through our adapted methods. Our
contributions include demonstrating how ancient papermaking can
be adapted to create computational composites, and providing a
detailed material database for future exploration. We hope this re-
search opens new possibilities for both craft practitioners and HCI
researchers, encouraging further integration of ancient techniques
into interactive materials.
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A Experimental Setup and Details
A.1 Fiber Ratio Preparation and Testing
To explore the impact of different fiber ratios on paper properties,
we prepared batches with a total weight of 60 grams of fibers (long
and short fibers combined). Each batch was mixed with 3 liters of
water for screening. Three paper samples of 215mm by 155mmwere
made for each fiber ratio (4:1, 1:1, 1:4) and then cut into smaller
pieces for subsequent analysis. The tensile strength of each fiber
ratio was tested by cutting the samples into 70mm by 10mm strips,
with a total of 9 samples tested per ratio using an Instron 34SC-05
machine.

A.2 GSM and Tensile Strength Testing
The GSM (grams per square meter) and tensile strength of the
paper samples were evaluated based on the fiber density and pulp-
to-water ratio. Four different densities were tested: 37.5g, 75g, 150g,
and 200g of fiber pulp mixed with a fixed 3 liters of water. Three
215mm by 155mm samples were made for each density. The samples
were then cut into 70mm by 10mm strips, with a total 12 samples
per density for tensile strength testing.

A.3 Conductivity Testing
The fiber ratio was set at 1:3 (long to short fibers), with varying
proportions of carbon fiber (5%, 10%, 20%, 30%, 40%, and 50%). A
total of 75 grams of the pulp mixture was combined with 3 liters
of water and screened to maintain a consistent GSM. Conductive
paper samples of 140mm by 30mm were prepared for each carbon
fiber ratio.

A.4 Environmental Testing
The color-changing paper samples were soaked in red cabbage ex-
tract for three days and then subjected to different environmental
conditions during the drying process. These conditions were cate-
gorized as: Indoors: Fully shielded from sunlight, with room tem-
perature (25 ± 2°C) and moderate humidity (50 ± 5%). Partially
shaded: A balcony environment with medium UV levels, higher
temperatures (30 ± 5°C), and lower humidity (40 ± 5%). Out-
doors: Fully exposed to sunlight, with high UV levels, elevated
temperatures (40 ± 5°C), and low humidity (35 ± 5%). After
soaking, the samples were subjected to these conditions, with all
samples drying within two days. UV exposure, temperature, and
humidity were monitored to assess the effect on the color-changing
properties and chemical stability of the paper.

A.5 Recipes of Applications
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Table 1: Table of formulations and specifications

6.1-Paper-Wall Light

Carbon fiber(20%) Bark Tree
fiber(long) Receipt paper(short) Water Watermarking Spray Frame Size

64g 64g 192g 24L 2× A2

6.2-Cave Art

Carbon fiber(20%) Bark Tree
fiber(long) Receipt paper(short) Water Watermarking Spray Frame Size

19.2g 76.8g 6L 10× A4 Top
19.2g 28.8g 48g 6L 10× A4 Bottom

6.3-Drawing Kit

Bark Tree
Fiber(long) Receipt paper(short) Distilled Water Frame Size

37.5g 37.5g 1.5L A5
Red Cabbage

Extract
1.5L

6.4-Trivet

Carbon Fiber(30%) Bark tree fiber(long) Receipt paper(short) Water Watermarking Spray Frame Size
22.5g 15g 37.5g 3L 5× A5 Top

32 16g 3L 10× A5 Middle
22.5g 15g 37.5g 3L 5× A5 Bottom
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