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Figure 1: Process overview of our co-creative project from bees’ natural building style to what they sculpted from our starter
objects.

Abstract
Centuries of beekeeping restricted the honeybees’ role to a producer
of raw material, such as honey or wax, which is then harvested and
processed, resulting in all artistic value being added by humans. In
this project, we regard honeybees (Apis mellifera) as co-creators
and explore the joint creations of our two species. During our first
season, we scoped the co-creative space over the course of four
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months. We present image material of sculptures that exceed bees’
natural building behavior and contribute preliminary insights on
artifacts originating from human-bee co-creation. We reflect on
how human-introduced wax shapes made the bees deviate from
their regular comb forms and discuss future paths of multi-species
co-creation, temporality, material as well as ethical aspects. Our
preliminary insights raise questions to be developed in discussions
with the TEI community and answered in future work during the
upcoming bee seasons.
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1 Introduction
“In nature, nothing exists alone”, biologist Rachel Carson noted
in her great work Silent Spring [11]. The world we live in is in-
herently shared between diverse species and biosystems. Thus,
it is unsurprising that the HCI community, more generally, and
the TEI community specifically shows an increasing interest in
expanding their areas of interest towards multispecies concerns
(e.g., [3, 4, 19, 27, 32]). Previous work in this realm has (1) designed
technologies to observe and track other species (e.g., [18, 33]), (2)
designed for and with other species (e.g., animal-computer inter-
action (e.g., [23, 25])), (3) integrated other species in the design
of interactive installations (e.g., algae, kombucha scoby, microbe;
[4, 10, 12, 28]), or (4) reflected on what it might mean to design with
another species (e.g., [18, 32, 39, 40]). While these reflections are of-
ten speculative, our ongoing research through design (RtD) project
[43] aims to explore hands-on what it might mean to co-design
with another species, specifically honeybees (Apis mellifera).

Our project is thus similar to projects in the context of animal-
computer interaction which focus on realizing participatory en-
gagement of animals in the design process (e.g., [26, 41]), but there
are also significant differences. While studies in animal-computer
interaction focus on designing interactive technologies for animals,
our project takes a broader perspective following Light et al.’s call
to look “at the balance and impact of our digital next steps, for all,
with all” [22, p. 8]. Similarly to Søndergaard and Campo Woytuk,
our goal with this project is not necessarily to design a concrete
digital technology, but to contribute to the growing conversation
on incorporating non-digital, biological materials like beeswax in
HCI research and to explore the (technologically mediated) process
of co-designing with bees as a non-human species with its related
design space [34].

At the intersection of technology design and honeybees, research
so far has focused on facilitating the management and scheduling
of beekeeping activities or optimizing gear for surveying bee popu-
lations, e.g., [7, 9]. An interesting perspective is that bees can serve
as biosensors [8], helping map floral biodiversity through their
pollen collection activities within the apiary’s perimeter. Within
HCI, research with and about bees is often similar: Researchers
take inspiration from the bees’ example, e.g., the honeycomb struc-
tures, and apply similar principles to develop novel materials (e.g.,
shape-changing materials [30]). Similarly, inspiration is taken from
bees’ movements [1], and wax or honey is often taken from the
bees so humans can make something else from them. In response
to these observations that “collaboration” with honeybees is often
based on extraction and only to optimize procedures for human

purposes or “in order to” (do something else), we wanted to ex-
plore whether alternative forms of collaboration with honeybees
are possible. More specifically, we wanted to explore whether hon-
eybees could be seen as independent contributors in co-creative
sculpturing rather than mere bio actuators whose agenda can be
understood to the degree that their construction contributions can
be programmed similarly to a 3D printer. The project was inspired
by a fascinating observation: Whenever honeybees have space, they
build incredible structures with their self-produced wax and propo-
lis (see Figure 1, phase #1). This work-in-progress reflects on the
first season of co-designing with bees, presenting tangible artifacts,
insights, and future directions to inform ongoing inquiry as the
next season begins next summer.

2 Design Research Process
In this project, four humans collaboratedwith two honeybee colonies.
Among the four human co-designers, three had backgrounds in
HCI, two in beekeeping, and one in computing in apidology. The
bees’ skills cannot be introduced on an individual level; however,
honeybees in general are almost born as creators, in that they spend
the 10th–20th day of their life building [37]. Not only do they form
the familiar comb structures and isolation of the hive’s outer walls,
but they also synthesize thematerial mostly themselves by sweating
out flakes of wax [6, 37]. Depending on the availability of resin-
rich trees, they also gather and enrich their wax structures with
propolis. In contrast to the agricultural harvesting of raw material,
in this project we esteem the creative abilities of the bee-made
solid structures. We appraise their wax contributions as art rather
than raw material and curiously explore what changes they apply
to human-made artifacts using their mouthparts, claws, and wax
glands. For the sake of brevity, in this work we only report on the
interactions and experiences with one of the two hives involved.

Our four-month (May-August) design research process can be
summarized in six phases as visualized in Figure 1: (1) we observed
how bees build naturally in the wild as well as in human-made hives;
(2) we provided a custom frame featuring a small cave designed to
serve as an atelier-like design space for the bees; (3) we added small
geometrical objects made out of wax sheets as “starters” in this
space; (4) we exchanged the design space with a larger one which
featured a wide-angle infrared camera and allowed for capturing
and saving pictures and short video clips locally to a Raspberry
Pi; (5) we regularly inspected the colonies’ creative progress and
exchanged objects with new ones (mostly all-wax but also a wax-
coated LED-strip and USB drive) on three occasions; (6) we finally
extracted the design space together with the resulting artifacts thus
re-establishing the original hive order.

2.1 Resulting Tangible Artifacts
The bees significantly changed the simple tangible wax objects
provided by us, sculpting them into unique artifacts. They gnawed
bits off, extruded comb structures (Figure 3), melted wax plates
through their mass-presence enough for the plates to bend, and
merged objects together, forming novel shapes. For instance, over
three weeks, they transformed a bland rolled candle into a multi-
folded wax sculpture (Figure 2) beyond recognition of the object it
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started from. The next section presents a detailed analysis of bees’
artistic contributions along with our learnings and future questions.

3 Reflections and Future Paths
In the following, we will discuss a number of overlapping themes
that arose from our initial co-creation season. We will close each
theme with further questions to be answered in upcoming seasons.

3.1 Multispecies Co-Creation
Humans’ documented interest in honeybee research dates back to
Aristotle [35]. Gaining a glance into the hive in the past required
opening it or building a transparent hive [29]. Today, small cameras
allow us to unobtrusively watch bees as they build comb struc-
tures. From centuries of honeybee research we know a lot about
their anatomy, sensory abilities, communication patterns, social
behavior, and productive work life. However, as we cannot apply
qualitative methods to interview the honeybees and drill down to
their non-human psychological motives or emotions-like states, all
our endeavors are restricted to an outside perspective – we will
never know “what it’s like to be a bee” [13, p. 3]. This, of course, lim-
its our claims about the bees’ role and perspective in this co-creative
process. In our project, the bees’ contribution was mainly to change
the wax structures. They are physically able to contribute new wax,
but judging from the shape of the emerging structures they gnawed
more off than they added. From a stance of co-creational awareness
we can not assume that the bees recognized our objects as an invi-
tation to contribute art. In contrast to previous artwork where bees
were merely extruding structures [21], that is, executing a task pre-
defined in detail, we had no concrete tasks for the bees but let them
engage with, add to, and remove from the objects freely. While our
co-creators deliberately transformed the wax structures (i.e., we
did not treat the wax with a baiting substance and did not punish
bees for non-participation), their goals likely diverged from ours.
For bees, building cells is primarily about creating distinct room for
brood and food storage and likely less about creative development.
The uncertainty of what bees thought about the collaboration or
even co-existence leaves room for speculation and future research:

3.1.1 Bee2bee. When observed over time, the bees’ design pro-
cess appears remarkably coordinated, despite the involvement of
hundreds. The behavior of individual bees, however, seems disorga-
nized, as if “every insect is pursuing its own agenda without paying
much attention to its nestmates” [36, p. 1]. Behavioral researchers
explain this apparent contradiction through the role of the envi-
ronment, which serves bees as a “carrier of stimuli”. Individuals
organize nest structures in a way that stimulating elements emerge
[31]. These structures, in turn, can “direct and trigger a specific
action from any other individual from the same species” [36, p. 6].
Because individuals respond to the same stimuli in a similar way, no
central organization is required; the structure itself contains all the
necessary information about the next steps to be taken. However,
it is unlikely that bees are preprogrammed for every conceivable
structure. What disruptions arise when human intervention con-
fronts the bees with art(ifacts) that the bees were not prepared
for?

3.1.2 Hive2hive. To visit another hive in nature, (1) an individual
worker bee may permanently join another hive if she becomes
lost or if her birth colony is struggling, a phenomenon known as
“drifting” [15]. Alternatively, (2) half of a colony may swarm off to
search for a new home with their old queen [37]. In neither of those
occasions do they move with an already built comb. (3) Collectively
visiting another hive to rob it is common when resources are scarce
but usually leaves the combs destructed [37]. Therefore, multi-hive
construction projects do not exist naturally. Switching frames with
comb between hives is practiced intentionally by beekeepers to
re-distribute resources, combine colonies, or unwittingly return
honeycombs after extraction to the “wrong” hive (bees likely don’t
care). Multi-hive co-creation, therefore, requires a human beekeeper
as facilitator. Will two colonies develop different building styles
when given the same wax objects? Does switching these objects
between hives mid-creation enhance creativity or cause disruption?

3.1.3 Hive2human. What role does the colony assign their bee-
keepers? Standing outside the matriarchy of a colony, are beekeep-
ers seen as foragers who steal essential resources, shepherds who
provide shelter for the colony and protect from pests, or managers
who skim excess resources after a rich harvest and top up the stor-
age during dire autumn times? Or is the beekeeper even something
more powerful, being protected against stings, carrier of smoke,
opener and mover of hives, a divine being caring for dozens of
colonies, surviving generations of bees?

3.2 Temporality
Bees have a natural cycle of breeding and building phases across
the seasons [37]: Outside of summer, the bees do not actively build
or need time to prepare for winter. Thus, our co-design time frame
is confined to around four months (May-August). Sadly, our chance
to react directly to the bees’ current contribution was very limited.
Our bee hives are stationed in a rural area with limited electricity
and Wi-Fi access. This meant that we could only engage with the
bees in “design meetings” which included taking a look at their past
work and the camera feed, as well as introducing new materials at
the same time. As a result, we had to ideate and build our design
input objects prior to our meetings while the bees were working
on the last set as the location of the bee hives did not accommodate
well for human design work. Additionally, as the bees’ activities
remained quite unpredictable to us (which objects they would take
wax from, build out more, or just ignore), our rationale for each of
our design contributions included a lot of conjectures.

Taking a step back and zooming out, we reflect on another aspect
of temporality – namely, the differences between species. For us,
the interaction and co-design project happens in one relatively
small timeframe of our lives, but even one bee season necessarily
spans multiple generations of bees.

Thus, several questions remain open: How can we increase the
interactivity and our ability to directly respond to the contribution
of our bee co-creators? Besides a camera feed, what connections
could be made to gain more insight into the bees’ design activity?
Will the generational shift in a bee colony change the co-creation
process, and if yes, how?
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Figure 2: Top row: infrared camera feed from the monitored design space in phase #4 (left, middle) and phase #5 (right); note
how the objects slid down the wire through the heat and weight of the colony. Bottom row: reconstruction and deformation of
supplied objects, in phase #5 (left) and after phase #6 (right)

3.3 Material
Another focus of our reflections is the material. This can be viewed
on two levels: either as beeswax more generally or as the co-
designed bee-and-human-made structures showing the classic hon-
eycomb patterns. In the following section, we reflect on a select
number of material aspects from the interaction material profile
suggested by Döring [14].

3.3.1 Wax as a Fuel. One of the most prevalent use cases for
beeswax is candle making. The wax serves as fuel in this case,
“disappearing” when a candle is burned, adding another aspect of
temporality and a possibility of conveying additional metaphori-
cal meaning for specific applications [14]. We introduced several
beeswax candles into our design space - two poured candles and
two rolled candles, with one of them being partially unrolled, see
Figures 1 and 3. The poured candle was only nibbled (or maybe
dented by bee legs, see Figure 3, middle), but the rolled candles got

worked on extensively (see Figure 4, middle and right). Interestingly,
the bees gnawed the wicks of the candles beyond recognition, pre-
venting the intended use of candles from being burned, see Figure 3.
The co-designed shape of the wax structures does not meaningfully
impact the material properties when used for fuel. Any benefit
added here would come from the expressive potential of the struc-
tures, lending itself more to one-off, personally meaningful objects.
Harking back to our reflections on entangled temporalities, could
bees rework a candle while it is burning or even constantly “refuel”
a slowly burning candle, approximating an eternal light?

3.3.2 The Changeable Nature of Wax Structures. Wax in itself is
quite changeable, being biodegradable and easily deformed by
adding heat and applying little force. This can be seen when com-
paring the introduced partially unrolled candle from Figure 1, phase
#5, with the construction progress in Figure 2, where the introduced
wax structures were heat formed by the bees’ body temperature
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Figure 3: Design Objects before (left) and after (middle, right) bees’ design activity

and gravity (possibly combined with the bees’ weight): The un-
rolled part of the candle begins to slope and sag more and more.
This means that the mere presence of the bees changed the wax
structures. Similarly, when looking at the design progress, we in-
troduced unintentional changes to the structures as well: removing
the design space from the hive as well as removing individual struc-
tures from the wooden hive boards results in breaking off wax
connections between bee combs, or potentially shifting objects
around. The changeability of wax structures limits future applica-
tions, as any direct handling will deform the structures over time.
On the other hand, this general material aspect opens new use
cases, for example using the extracted wax structures as a tracing
method for technology usage over time, giving the slow morphing
and changing of the structures additional meaning. Regarding the
macro material aspect of sustainability [14] and similar to other
biodegradable materials [2], the wax structures can be repeatedly
melted and reintroduced to the bees as a wax reservoir (potentially
already shaped by pouring into a mold), providing new material
for future iterations without requiring the bees to produce more
wax. So we ask how the changeable nature of the designed wax
structures can be utilized in technological artifacts?

3.3.3 Wax Structures as an Insulation Material. We explored if our
co-created wax structures could be used as an insulating material,
covering technological objects. Similar to how dipped candles are
made, we pre-coated our introduced objects (an LED strip and a USB
drive) in beeswax by repeatedly dipping them into molten wax. The
bees almost completely ignored our tech-based inputs, see Figure 2,
raising the question of whether the tech objects were aversive to the
bees or just unappealing. If the technological objects are aversive
to bees but desired by human co-creators, how could structures be
merged with technological components after removing them from
the hive?

3.3.4 Wax Structures as a Habitat and Food Resource for other
Species. After removing some objects from the bee hives, we found
that they had become infested by wax moths - a species of moths
that breeds and hatches inside honeybee hives and, while searching
for protein-rich pollen, also consumes wax structures [37]. This
highlighted the multi-species interconnectedness of centering a
natural material like wax for us as well as for our project in general.
We froze uninfested objects to conserve their current state from
moth activity and decided to leave other objects intentionally un-
treated to be further formed by the moths. This again reconnects
to the theme of multispecies co-creation, adding questions of how
(and in what other domains) we can shape artifacts together with
multiple non-human species.

3.4 Ethics
Similar to other RtD projects working in a multispecies context
[5], there was no established procedure for ethical approval of
the project in our institution. We, therefore, oriented ourselves on
previous examples and tried-and-tested procedures such as animal-
centered ethics [24] or the beneficiary-epistemology space [5]. As
a result, we put together an interdisciplinary team with different
expertise and backgrounds, including HCI, computing in apidol-
ogy, beekeepers, and ethics board members, and re-visited ethical
considerations before, during, and after our engagement with the
bees. Following the welfare-centered ethics framework [24], we
considered “that an animal is healthy and that they have what they
want” (p. 226) and assumed mediated and contingent consent on
an ongoing basis. Before the co-design engagement, we decided
to work with specific colonies that were particularly strong and
healthy. All interactions with the bees occurred in their familiar
environment and with their beekeeper, so the beekeeper could
compare the bees’ behavior with their experience and could have
stopped the project at any time if they had any concerns. The bees
were not forced to participate but had the opportunity to visit and
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Figure 4: Even curved combs (left) consist of perfectly even-shaped cell walls in nature. Candles and the wax helix we gave into
the hive were shaped to abstract objects beyond recognition within weeks.

engage with the co-design space (or not) in any way they liked.
As they had plenty of “normal” frames in the hive (Figure 1), their
thriving as a colony did not depend on using the co-design space.
We did not expect any unusual disturbance to the bees, considering
that comb building is a typical bee activity, and we even supported
the activity by providing wax objects to extrude so they did not
have to sweat out much wax. One topic that triggered particularly
strong discussions about ethics was monitoring. After thorough
reflection, we decided to cause the least disturbance to bees and use
an infrared camera (resulting in poorer image quality, see Figure 2)
that was only running occasionally for short intervals to prevent
heating up the hive.

Now, after the first season of co-designing with bees, we learned
that the colony’s queen survived the entire season. We interpret
this as confirmatory evidence for the colony not being dissatisfied
(for which they usually claim the queen and replace her). When
interacting with bees (also in beekeeping), it is simpler to judge in
retrospect whether an intervention benefited the colony but yet
hard to tell how it impacts an individual bee. How can we achieve,
e.g., mediated consent for individual animals when we can only
judge the health of the entire colony? On existing participation
ladders for mammals, insects can hardly exceed the rung of freedom
[16, 17] and achieve a true understanding of the study purpose – so
how can we cater for and categorize higher levels of participation
in honeybees?

3.5 Natural vs Artificial Shapes
Naturally, bees build even, clean, thin combwith a precision that suf-
fices standardized industrial production. The comb walls between
cells meet at 120° angles and have an even thickness. A cell is about
10 mm long and starts out in a rounded shape which gets pressed

into the familiar hexagonal pattern as bees keep working on them
with heat and their body [20]. At the start, the wall consists of com-
posites of lose wax flakes with a thickness of about 500 µm, but as
the cell is built gets compressed into denser walls of around 90 µm.
Only over time, as generations of bee larvae are bred, the silk co-
coons that remain in the cell will add to the walls, reinforcing them
to 250 µm after one year [42]. In contrast, the bees shaped complex
irregular forms based on our given wax objects. These shapes may
appear natural as they bring to mind the artistic craft expressions
with natural materials common in Waldorf aesthetics (e.g., [38]).
However, the abstract forms with their charming imperfections
created by the bees are in so far artificial as bees would not build
like that without the given starters. Evidence for this hypothesis
can be found in the macro perspective and details of the resulting
shapes: naturally, bees build straight combs. Even when forced by
space constraints to bend their comb structure, the walls between
cells are precise and evenly thin (Figure 4). In our project, convex
objects animated bees to build walls of varying strength between
cells, establish auxiliary dents instead of full cells, or even dig holes
into the structure. How would bees react to different geometric
forms? Would other bee species create different shapes?

4 Conclusion
In the first season of our project, unique artifacts originated from
the co-creative activity between human and honeybee co-designers.
Besides the artistic outcomes and material explorations, we found
co-creation to be an adequate vehicle to investigate questions on
relationships among and between species. When allowing for in-
teractions exceeding agricultural utilization, the different lives of
bees and humans inspire discussions on temporality and ethics.
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