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> Abstract - we focus on the enactivist
principles of inclusive design and Al from
the perspective of relational engineer-
ing. Additionally, we outline critical chal-
lenges and reflections on the potential
of enaction design in response to the
growing sensorimotor debilities in digi-
tal cultures.

Handling Editor - Alexander Riegler

«1» In their target article, Olivier
Gapenne, Frangois Mares, Claire Littaye,
Cléo Collomb and Bruno Bachimont pres-
ent a motivating theoretical and ethical
study, exemplary of their vision of enaction
design. The authors suggest four necessary
and sufficient relations for designing with
digital technologies: supplementing, substi-
tuting, instructing, and assisting. These four
relations are conceived within the frame-
work of relational engineering derived from
enactive design.

«2» Conventional UX (User Experi-
ence) and UI (User Interface) designs create
a prototypical experience profile for inter-
acting with various technological devices,
based on user needs and the architecture of
hardware and software. In contrast, enac-
tion design prioritizes the creation of four
human-computer relationships based on
phenotechnical use regimes, inspired by the
constitution of human experience and the
types of couplings between a subject and
their environment through technological
devices.

«3» In this article, we highlight two
fundamental aspects that could expand and
enrich the discussion on supplementation,
substitution, and instruction relationships
within the framework of relational engi-
neering in enaction design: (a) Inclusive
design and enactivist variations (b) Senso-
rimotor debilities in digital cultures. More
concretely, we discuss the supplementation
relationship for generating technological
devices for people with sensory diversity,
such as in the case of learning for blind indi-
viduals. Additionally, we explore the role of
substitution in the design of devices based
on Al systems, like the autopilot in Tesla
cars. We reflect on the role of uncertainty in
technological design with AI and the extent
to which these systems emulate expert driv-
ing in hostile environments. Finally, we dis-
cuss the instruction relationship concerning
sensorimotor debilities in the design of im-
mersive technology, based on professional
training for individuals with qualified ex-
perience. We outline a critique based on the
devaluation of the body and agency in im-
mersive educational contexts of virtual and
mixed reality.

Inclusive design and enactivist

variations

«4» In §5 of their target article, the
authors argue that the four relations (sup-
plementing, substituting, instructing, and
assisting) -

% can be viewed from the perspective of the de-
signer, that is to say externally, as instrumented
human-environment couplings, or, alternatively,
from the perspective of what is experienced by
the humans who are party to them.””

Furthermore, they argue that both perspec-
tives must be consistent with each other. We
consider this crucial point to emphasize the
roots of enactivism and two of its current
variations, i.e., radical and sensorimotor
enactivism, in the light of design with tech-
nologies. For an observer to establish the co-
herence between people’s behavior and the
description from their unique perspective
requires a fundamental principle to avoid
the characteristic objectivity of the valida-
tion of explanations/descriptions: “Both, the
phenomenon to be explained and the pro-
posed generative mechanism, are proposed

by the observer in the flow of their praxis of
living” (Maturana 1997: 37, our translation).
Reconciling the descriptions of the observer
with the perspectives of the observed re-
quires directing attention to the action do-
mains that make “phenotechnical” relation-
ships possible: the joint history of couplings
and the changing context.

«5» Based on the above, we consider it
important to establish a model integrating
orthogonal aspects: on the one hand, what
the observer discerns from their technical
and experimental knowledge, and on the
other, the multiple possible domains of user
action. Therefore, the orthogonal model
should incorporate a continuous iterative
process with potential users, integrating dif-
ferent contexts and uses. The result of the or-
thogonal model should capture the ecologi-
cal dynamics of relationships between users
and devices, in contrast to conventional
models typically tested in laboratories. An
example of an orthogonal model is inclusive
design, which takes into account the mul-
tiple uses by sensory-diverse' individuals.

« 6 » To exemplify the above and to dis-
cuss the criticism of the neutrality of tech-
nology that we share with the authors (§3),
we will use a reflection based on our techno-
logical design practice that we are preparing
in our Laboratorio de Innovaciéon STEAM?
and that we can compare with the relational
engineering proposed by the authors. Chal-
lenged by the Quad® technological device
co-constructed by the Berkeley University of
California, the University of Colorado Boul-
der and the University of St. Louis in Mis-
souri to teach geometry to blind people, we
set out to recreate a low-cost version based
on the experience of blind students partici-
pating in formal education.* In our longitu-
dinal (but so far unpublished) research, we
combined ethnographic observations, vid-

1| Sensory diversity refers to the congenital
or acquired characteristics of individuals that af-
fect how they process, integrate, and utilize their
various senses (Bundy & Lane 2020).

2| https://www.instagram.com/innovast-
eam_lab

3| https://edrl.berkeley.edu/design/quad

4| https://www.cienciaenchile.cl/a-un-
bajo-costo-dispositivo-tecnologico-permitira-
el-aprendizaje-de-geometria-a-personas-ciegas-
hispanohablantes

https://constructivist.info/20/1/033.gapenne
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Figure 1« Left: the original Quad device. Right: the recreated device designed for inclusive
educational contexts that use the Braille language system.

eos, photos and interviews with students be-
tween 10 and 17 years, and teachers who use
the Braille system to teach with the Quad
prototype. In the original Quad device (Fig-
ure 1 left), students manipulate tangible fig-
ures according to their interests, obtaining
as a result a sound according to the simu-
lated figure with the hands, which in turn
is reflected on a computer or tablet screen.
Unlike the original Quad Prototype, which
focuses on grasping as the fundamental ac-
tion to shape figures and thus concepts by
moving the sides of the device, our design-
based research in formal Braille-education
contexts (Figure 1 right) revealed that blind
students follow different explorative routes.
These alternative routes highlighted the
stealthy and positional movement of fingers
on the upper surface of the device, rather
than the gripping action suggested by the
original prototype. Through strategically
positioning their fingers, blind students
gradually refined their more generic move-
ments into more specialized actions to shape
geometric figures. These actions challenged
the original model, leading our team to re-
structure the design based on modifications
to the device. We began to see this in differ-
ent contexts, in individuals and in groups,
as well as in students of different ages who
learn diverse material in technological en-
vironments. When inquiring with teachers
who teach blind people, we found that the
Braille system, as a semiotic structure based
on the exploration using the fingers, condi-
tioned the course of action provided by the
original design.

«7» A key aspect of inclusive design
with technologies from an orthogonal
model is the continuous incorporation of
contextual dynamics and experiential vari-
ability to enhance learning opportunities for
sensory-diverse individuals. This goal is rel-
evant to other design challenges with tech-
nologies, particularly in the field of artificial
intelligence. A characteristic example is the
programmers at Tesla’s AI Lab, who strive to
create increasingly reliable models of natural
environments but often overlook risk paths
and reckless drivers. Andrej Karpathy, the
former Al director at Tesla and co-founder
of OpenAl noted, “Everything might be
syntactically correct, but not everything is
organized correctly, and its really hard to
know in such a complex and unpredictable
world”® According to him, training artificial
neural networks must also involve a kind of
“leaky abstraction,” i.e., an abstraction that
does not intend to cover all possible situa-
tions. Based on these reflections on inclusive
design and the current limitations of artifi-
cial intelligence in dealing with human and
contextual uncertainty, we draw attention
to the perspective of programmers and de-
signers, particularly their design heuristics
that could take into account the dynamics
of context and the sensory diversity of users.
Therefore, we ask from an enaction-design
perspective: What role does relational engi-
neering play in the context of inclusive de-
sign and artificial intelligence? @

5| https://karpathy.github.io/2019/04/25/
recipe

«8» The enactivist approach, from
which Gapenne et al’s proposal is derived,
comes in a variety of versions, each of which
can have different implications for tech-
nological design. The most notable varia-
tions include radical enactivism (Hutto &
Myin 2012), extensive enactivism (Hutto,
Kirchhoff & Myin 2014), and sensorimotor
enactivism (Di Paolo et al. 2014). In their
proposal, Gapenne et al. adhere to yet an-
other version, called autopoietic enactivism
(Varela, Thompson & Rosch 1991), when
they write, “Enaction design derives from
an approach where the problem of embod-
iedness is paramount, in regard to a living
entity that has an autonomous, autopoietic
organization” (§10). Although all these vari-
ations share the thesis that cognition is anti-
representational, embodied, and situated,
they have different nuances that the authors
did not explore in depth, in their proposal.
These nuances can vary in terms of the role
of intentionality, agency, and the dynamics
of sensorimotor contingencies. To high-
light these nuances, we would like to draw
Gapenne et al’s attention to the concept of
substitution relationships.

«9g» The substitution relationship oc-
curs when the organism partially or com-
pletely delegates its participation. This im-
plies that the organism does not influence
the course of actions necessary to achieve
a goal, such as traveling in a vehicle from
home to work. If we consider the autopilot
function in Tesla cars, the decision-making
of the organism is replaced by an artificial-
intelligence system that learns from data
captured by a set of cameras and processed
by complex chains of algorithms that pre-
dict subsequent movement. This process of
intelligent automation depends on the ef-
ficiency of supervised training of artificial
neural networks, which are independent of
the driver’s history as an autopoietic sys-
tem structurally coupled with their envi-
ronment. Arguably, the foundations of the
autopoietic enactivist approach are more
restrictive in explaining the substitution
relationship, where the organism’s agency
is fully delegated. So, we wonder: Can en-
action design, framed within autopoietic
enactivism as opposed to other enactivist
variations, justify a substitution relation-
ship, such as the autopilot function in Tesla
vehicles? @
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Sensorimotor debilities in digital

cultures

«10» In §13 of their target article, the
authors argue that “[a] substitute technol-
ogy can [...] serve as both a supplement and
a substitution.” This is justified by the idea
that “[d]eploying a substituting relation can
[...] give a person another way of access-
ing the effects of their actions, even when
those actions are neither exclusive nor di-
rect” (ibid). Gapenne et al. assert that using
a robotic arm can help us supplement our
abilities, such as lifting a set of heavy objects
and fitting them into different places with
considerable precision. After several hours
and days of practice, our awareness of our
actions with the robotic arm may fade, and
thus, our supplementary relationship will
transform into a substitution relationship.
This seems fundamental to understanding
the potential of relational engineering in
the use of machines in sociotechnical con-
texts. However, our concern in this section
is based on the latent loss of agency and
embodiment in substitution processes. So, it
seems desirable that enactive design should
offer a way to safeguard against the dissolu-
tion of the body in the contemporary digital
culture absorbed by artificial intelligence.
After all, logic-based operations rooted in
symbolic processing cannot replicate the
kind of practical knowledge required by or-
ganisms and robots to operate effectively in
their environments (Dreyfus 1972).

«1» Gapenne et al. do not address, in
their theoretical proposal on enaction de-
sign, how to safeguard against the evapo-
ration of the body in technological design.
While the relationships of supplementing,
substitution, instruction, and assisting pro-
vide a framework that considers the expan-
sion and sophistication of skills when using
various technological devices, it is unclear
whether substitution relationships might
lead, through continuous automation, to a
loss of the body. One of us has previously ex-
pressed deep concern about the devaluation
of bodily practices in digital culture (Penny
2022). This could have harmful effects on
human life, such as the devaluation of DIY
(bricolage) craftsmanship in art, which is es-
sential for highlighting the aesthetic sense
of art based on movement, agency, and pro-
prioception. This raises the question: how
can enaction design prevent the sensorimo-

tor debilities inherent in substitution rela-
tionships? @

«12» Finally, considering the rise of
metaverse design in various fields of devel-
opment, we would like to reflect on the rela-
tionship of instruction based on qualified or
expert experience. Industries such as medi-
cine, mining, and education have begun in-
corporating training processes for workers
using immersive technologies such as aug-
mented, virtual, and mixed reality to offer
more cost-effective and digital opportunities
for professional development. In some cases,
laparoscopic surgeries have been performed
using mixed reality with very positive out-
comes for patients.

«13» Regarding immersive environ-
ments, one of our virtual-reality program-
mers was deeply frustrated by his inability
to “virtually recreate” the welding process
perfectly (for example, the electrode getting
stuck and the vibration of the tool). Several
people with no welding experience found
the result very convincing, but he was never
satisfied because, during his training in
high school he had had multisensory weld-
ing experiences for hours during iron- and
metal-casting processes. While designing a
vocational education project based on the
virtual experience of welding, the sound,
smell, and history of the manual coordina-
tion used became less and dimished in his
bodily memory.

«14» One of the critical aspects we see
from enaction design for the development of
immersive applications for experts in a field
is the oculocentric emphasis of virtual reali-
ty. The idea that the body acts solely in refer-
ence to a visual organ creates proprioceptive
ambiguities that limit skilled experience. For
example, in the instructional relationship,
we observe a multisensory framework that
is limited in its ability to operate in skilled
developmental fields. While flight simula-
tors are becoming increasingly naturalistic,
we still see aerospace-engineering students
feel as though they crash without injury.
Based on our experience in virtual-reality
design, we conclude that the performance of
the code depends on the fidelity of the expe-
rience. From this perspective, how does the
instructing relationship in enaction design
address the multisensory ecology in profes-
sional education with immersive technolo-
gies? @
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