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Summary: The idea of functional diversity was originated in 2005 within the
Independent Living Movement in Spain. This vision of disability is different from
traditional medical-rehabilitative and social models, and among its objectives is the
fight against ‘ableism’. Technologies 4.0 are characterised by their versatility in design
and digital production, which allow individualisation of technological developments in
fields such as biomedicine and biomechanics. The manufacture of devices tailored to
the particular needs of each user causes these technologies to extend basic assumptions
in the social model. From the traditional paradigm of ‘design for all’ (or universal
design), the aim now is to ensure individualised design as a result of the technological
and industrial appropriation. This model will continue to be social if it allows each
person’s functioning to expand, not from medical rehabilitation or ‘normality’ but rather
from technological autonomy in functioning ecosystems.
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1. Introduction

The 4.0 technologies revolution refer to an entire new generation of production
machinery based on the combination and integration of different kinds of scientific and
technological knowledge. Digital design, bioinformatics, data mining, artificial
intelligence, robotics, etc. became integrated into complex processes for developing all
kind of technological resources. For instance, 3D printing is no longer related to the 3D
“plastic” printers that we all know. 3D printing is now a very complex process, a
technical and scientific process, that can be applied in different material domains and in
several ways. For instance, we can combine bioinformatics, biology and artificial life to
create 3D printing process that allow us to “print” human tissue. Or we can combine
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artificial intelligence, data mining and robotics to create automated factories that can
build up all kind of artefacts in a complex process of 3D distributed printing process.

This kind of 3D printing process, as defined in 4.0 technologies paradigm, can allow
group design or even individual design and manufacturing of almost any object. And as
such the personalisation of many objects and technological resources in fields such as
biomedicine and biomechanics. Consequences of this the manufacture of devices
tailored to the particular needs of each user force to rethink the traditional paradigm of
‘design for all’ (or universal design) to avoid barriers considering the new possibilities
for individual rehabilitation.
Therefore, we face a three step argument that involves 4.0 technologies, social design
and individual needs to fully understand how it is related to conceptual issues regarding
functional diversity. This argument is being developed in the following lines step by
step by means of several examples and references about technologies 4.0 and its
consequences for disability studies and functional diversity concept.

2. 4.0 Technologies

The 4.0 technologies refer to an entire new generation of production machinery based
on digital design. Design software, in conjunction with bioinformatics, artificial
intelligence, robotics or bioprinting process allow for a new realm of devices that can be
easily designed and manufactured to be applied to human bodies. For instance, huge
repositories of already successful designs that can be reused and modified by many
users as desired, moving the paradigm of experts design to a new paradigm of
participatory design. Those modified designs can be applied on 3D printers of all types
and sizes capable of easily and quite cheap manufacturing any design in almost any
material, and all types of fully accessible automation and control systems turn the
design and manufacturing of individual devices into a reality.

Combined with artificial intelligence techniques and computational simulation models,
3D printers and new bioprinting methodologies allow for the design and manufacturing
of any object with highly-accurate automated methods and without the additional cost
of old mass production machinery. There are printers and devices of this type for almost
any type of materials, including biomedical items (cf. Tristán 2014). Their uses go
further than the manufacturing of objects, as they are also useful to produce all types of
models to train professionals, for example doctors (cf. Paniagua / Romo / Sierra 2019).

The new method of additive manufacturing makes it unnecessary to design and develop
a different type of specific and expensive machinery for mass production. This is a
significantly novel option in the case of people with physical disabilities, as they can
find new methodologies, such as computational simulation models, to design highly-
personalised prostheses and technological solutions at a very reasonable price (Vallejo
Valdezate et al., 2015). Using the set of technologies at the heart of the revolution 4.0, it
is possible to design and manufacture in a simpler way because data and designs are
being shared and modified by expert and not experts users. What emerges in this
context is the reality of making it possible to have a framework of social innovation
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where everybody designs for anyone. That is, a paradigm for technology design that is
so customisable that it lets the diversity of personal choices and decisions about
technologies that each person considers appropriate for their own use, the ones on
which to build participation in different environments, to be taken into account.

Some of these technological developments emphasise ‘rehabilitation’. An exoskeleton,
for example, is a rehabilitation technology that allows a person who could not walk to
do so (cf. Mayor / Jiménez / Hoyos / Bravo 2018). A brain-computer interface, which
combines many of these advanced technological developments, can also be considered
an enabling technology if it allows a person with a disease related to severe motor
disability to communicate (cf. Sample et al. 2019). The 4.0 technologies provide new
possibilities for the construction and interconnection of these kinds of technologies
tailored to each person and whose objective is their specific rehabilitation.

These technological developments can be briefly characterised as follows. On the one
hand, there are developments that combine individual sensors and data mining systems
that can ‘see’ and translate visual information into auditory language for the person who
wears them (cf. Peña / Manzano 2016). In the case of hearing problems, they can
interpret and translate certain sounds into visual signals. The handling and intelligent
selection of information in the environment completes the possibilities from all kinds of
electronic devices added to our body or our clothing, which are part of what is known as
the Internet of Things (cf. Mínguez, 2017), defining this technological model of
inclusion through its combination with augmented reality (cf. Sabarís & Scaringi, 2017)
and through small personal electronic devices.

On the other hand, there are complex technical devices and personal assistance robots
that are designed and programmed through advanced techniques, with the aim of
learning from the habits and routines of the person who uses them and which are, thus,
being able to meet their needs according to their own particular preferences (cf.
Calderón 2013). This personalised adaptation system is based on artificial intelligence
learning models that are implemented in small everyday artifacts as well as in the most
advanced brain-computer interface technologies (cf. Barrios et al. 2017).

3. Models of disability. Rehabilitation, capacitation, functionings.

The arrival of the 4th generation of technology turns the focus of reflections about
disability back to concepts such as rehabilitation, but from a different approach
compared to the traditional one of what is called the ‘medical-rehabilitative model’ of
disability. Now, the person with a disability can decide to live with this condition or
take advantage of the possibilities of 4.0 technologies to transform their individual
technological and physical possibilities and achieve a different type of individual
functioning. Exoskeletons, advanced medical prostheses, augmented reality systems that
‘see’ and ‘hear’ for us, intelligent personal robots, etc., increase the options for
rehabilitation of the body and recovery of abilities through technology. However,
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despite the potential of these technologies, the 4th  revolution must ensure full
accessibility for all persons – with or without disabilities. This is an essential condition
for achieving equality of opportunity and non-discrimination for these people, as set out
in the “General Principles” (Article 3) of the Convention on the Rights of Persons with
Disabilities (UN 2006).

In what is known as the ‘social model’ of disability, this ceases to be an unchangeable
entity and becomes a relationship that is subject to being transformed and eliminated.
This model interprets disability as the result of a problematic interaction between the
person and an environment that is designed without regard to their needs. Reaching the
objective of providing people with disabilities with the capabilities considered socially
valuable, that allow them to feel and be socially recognized, thus implies a practice that
is transformative for their relationship with the environment. Whereas, in the
perspective of the ‘medical model’, the characteristics of their bodies would be acted
upon, the perspective of the ‘social model’ focuses on the characteristics of the
environment and social setting. Although, at a first glance, they seem opposite, both
models nevertheless share the same ‘ableist bias’, which is expressed in the common
objective of ‘ableing’ people with disabilities or, if we prefer, to express it as follows:
‘un-disable them’ (Toboso / Guzmán 2010, p. 73).

For its part, the ‘diversity model’ (Palacios / Romañach 2006, p. 190) emerged as an
extension of the social model of disability, based on three proposals: First, use of the
concept ‘functional diversity’ (Romañach / Lobato 2005, p. 4) in substitution of
disability as a positive expression of a situation that is inherent in human life and
affirms the fact that it refers to people who perform some of their functions differently
from the social majority. Second, the acceptance of functional diversity proposed as just
one more of the diversities that make up and enrich humanity (gender, race, sexual
orientation, religion, nationality, etc.). And finally, recognition of the full dignity in
functional diversity, for which two fundamental ideas are established: to give equal
value to the lives of all human beings, whatever their functional diversity, and to
guarantee the same rights and opportunities for all people.

In the ‘social model’, the fundamental principles are people’s abilities and their
possibility to contribute to society, while in the ‘diversity model’ the basic principles are
human dignity and diversity. This therefore goes beyond the theoretical axis of ability,
imposed by the previous models (medical model and social model) in a vain ableist
attempt to ‘become like the other’, to aspire to a normality in many cases statistically
incompatible with people’s intrinsic diversity. This is why it is essential to overcome the
notion of ability (cf. Palacios/Romañach 2006, p. 111).

The slow and incomplete transition from the ‘medical model’ to the ‘social model’
brought with it the omission of a reflection on the body. From the perspective of the
‘diversity model’, the importance of the body in human experience is considered not
from a disability point of view, but rather from the critique of the notion of ability. It
consists of rethinking, from the conceptual framework of functional diversity, the
abilities that are normatively attributed to the body.
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The first step to avoid placing the body under an ableist gaze should be to question the
habitual attribution of an alleged normative set of abilities to it. In this regard, ableism
can be criticised as the discourse linked to this gaze, which considers that such a set of
abilities should be inherent in the body of any person (cf. Toboso / Guzman 2010, p.
77). In opposition to the ableist vision and that normative notion of ability that comes
with it, the definition of ‘functioning’ is proposed as an emerging quality that arises
from the dynamic relationship between the body and the environment. The basic idea
underlying this approach considers that the body, functioning and the environment are
three closely-related entities (cf. Toboso 2018, 796). Functioning requires conditions
that refer to the body as well as the characteristics of the environment, which can favour
it (enablers, facilitators) or make it difficult and prevent it (barriers).

4. Reflection on the social model from the perspective of 4.0 technologies.

In recent decades, the social model of disability has found a significant developmental
space within information and communications technologies. The possibilities for
building technological and virtual environments for the creation and communication of
information and knowledge have provided the possibility of designing functioning
spaces having less physical restrictions. This option seeks to realise the idea of an
accessible environment in which all people can develop independently of their physical
and, in many cases, intellectual characteristics (cf. Crespo Fajardo, 2017). The Internet,
as a space of digitalised, accessible, transformable and interoperable information,
represents an advance in the social model of technological development.

The current diversity of technological production offers numerous proposals that can be
considered from the ‘medical model’ as well as from the ‘social model’ of disability.
Social conquests related to the ‘social model’, that is, environments without barriers,
designed for all people, now face individualisation of the problem, as numerous
technological alternatives are presented in the fields of ‘repair’ and ‘modification’ of
the disabled body. When taking into account these new individualised options from the
perspective of the social model, a model shift would be necessary that contemplates the
variety of options and decisions coming from the diversity of technological production
in such fields.

In that case, attention to difference and diversity would be taken into consideration from
this shift in the ‘social model’ not only with the creation of a technological environment
having no barriers, but also with support for the creation of an innovative, accessible
and appropriable technological ecosystem. In this ecosystem, each individual could
make the personal decision for ‘modification’ of their body, having the possibilities
from technological innovation that adapt to their preferences. In this sense, it would be
fitting to expand the ‘social model’ to accommodate all individuals, not just people with
disabilities, as everyone could choose the technological devices to ‘capacitate
themselves’ in a variety of ways, informational as well as physical. This innovative
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model for individualised capacitation should never undermine the achievements of the
social model, that is to say, the social need for an accessible technological environment
should always be put ahead of development of individual technologies.

The underlying question, from this point of view, is whether the proposal of ‘everybody
designing for anyone’ respects the precepts of the ‘social model’ and fits within the idea
of functional diversity. In other words, is the social model and its associated concept of
‘design for all’ consistent with the fact that technologies 4.0 allow a model of ‘design
for anyone’, where individuals have the technological options to modify their bodies
and functionings? These technological developments seem to lead us back again to
rehabilitative and ableist views (cf. Buetow, Martínez-Martín, & McCormack, 2019). In
fact, they are the basis for transhumanist options that proclaim a new reflection on the
body and going beyond the concept of normality.

Let’s suppose that a person with mobility problems in their legs decides to not change
their body through a complex surgery to provide them with mobility by means of
prostheses and prefers the option of developing their mobility in a wheelchair. The
‘social model’ will seek to ensure that the surroundings do not present barriers. But now
the current technological environment provides more elements to this decision, as an
exoskeleton, for example, could also be an appropriate technology to enable their motor
functions without the need to rehabilitate or change their body. Should the ‘social
model’ encourage the adoption of these individual solutions in the same way it
promotes solutions on a social level (accessible environments)? Is attention to
functional diversity involved in attention to individual decisions for interacting with the
particular functionalities that each one decides on? If you have access to technologies
for improving your mind or body, should there be an obligation to use them?

5. Functional diversity and functioning ecosystems.

The discourse on ableism leads directly to that of ‘sole functioning’ (Toboso 2014;
2018, p. 796), according to which the set of abilities that are normative, privileged and
favoured by ableism constitute the only possible alternative for functioning. In
opposition to these two discourses, the concept of functional diversity (cf. Romañach /
Lobato 2005), and more broadly the ‘diversity model’ (cf. Palacios / Romañach 2006),
represent an emerging approach to understanding and analysing disability, which argue
that what has traditionally been regarded as disability is nothing more than a dimension
of human diversity.

In line with this idea, the reinterpretation of disability as one more form of human
diversity has been making headway in numerous international initiatives, and
prominently in the Convention on the Rights of Persons with Disabilities (UN 2006),
among whose “General Principles” (Article 3) is established: “Respect for difference
and acceptance of persons with disabilities as part of human diversity and humanity”.
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All diversity is expressed in terms of difference. The biological diversity of a natural
environment, for example, is the result of considering all the different life forms that
inhabit it. Protecting this diversity involves taking care of preserving such forms. In
analogy with biological ecosystems, we use the notion of ‘functioning ecosystems’
(Toboso / Feltrero 2019, p. 7), as environments in which functional diversity is actively
favoured, promoted and respected. Each person and each social group contribute their
sets of functionings to the community and society in the environments in which they
participate. The greater the set of functionings that can be integrated into an
environment, the more inclusive it will be as a functioning ecosystem and, as a result, it
will allow a greater number of people to participate and develop their activities there.

When the functioning ecosystem includes technological resources, attention to the
functional diversity of individuals is based on the concept of ‘design for all’. That is,
ensuring that the technological environment respects and favours functional diversity,
including the necessary assistive technologies so that no one is excluded from taking
advantage of this environment. Designers and manufacturers must make these
technological decisions keeping everyone's needs in mind, encouraging informed
participation in the design processes.

The presumed margins for functional normality are very narrow, and being outside of
them implies taking responsibility for the diversity of functionings that might be altered
by the circumstances. The work of a society that aspires to equal opportunities is to
promote these other possible functionings and keep them active, so that a greater
number of people can access them if they need to. This is one of the reasons why it
seems important and necessary to value functional diversity socially, as it expands the
possible spaces for functioning to other forms that can be taken advantage of by
everyone in the functioning ecosystem.

6. Is a critique of ableism possible from the perspectives of 4.0 technologies
and transhumanism?

The attribution to any person’s body of an assumed normative set of abilities inherent in
it makes no sense when many of these abilities come from the technological devices
that accompany and enable that body’s performance. These types of individual
technological solutions are applied to the field of persons with disabilities through
assistive technologies, ranging from small technological devices to personal prosthetic
solutions, deconstructing, from this technological perspective, the foundations of
ableism.

All of these technological solutions make ‘re-capacitating’ people with disabilities
possible, but also ‘ultra-capacitating’ of people without disabilities, who possess this
presumed standard set of abilities favoured by ableism. Returning to the above-
mentioned shift in the social model, the reasoning and arguments for a social model in
technological development that guarantees a technological environment without barriers
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would now also be valid for anyone who, regardless of their physical characteristics,
decides to ‘ultra-capacitate themself’ with any of these technological developments
added to or associated with their body.

Currently, such developments are contributing to reinterpreting the concepts of
normative ability, normal functioning or rehabilitation, because it is not easy to define,
apart from these developments, abilities or functionings in human beings who are
increasingly dependent on technologies and, at the same time, more diverse in their
functional possibilities. In relation to this, it is worth analysing whether a life immersed
to such a degree in technological dependence on devices and infrastructures can be
considered autonomous. Social appropriation of technologies, implicit in the idea of 4.0
technology and its approach to self-manufacturing, could help avoid excessive
dependence, and is emerging as one of the values to be applied to complete the social
model in the face of technological development (cf. Toboso / Estévez 2012a).

Rehabilitation, or re-capacitating, through very advanced technological devices is a
possibility that requires rethinking this concept, along with that of functioning (cf.
Buetow et al., 2019). A definition of rehabilitation that attempts to avoid ableism could
establish that to rehabilitate is to help people with a disability to achieve optimum
functioning. This functioning does not have to be related to inherent abilities, which is a
significant advance. Especially if we interpret that the recovery of a function can be
done by replacing it (cf. Wilson, 2010), without necessarily going through a complete
restoration of the elements that make it possible in a framework of optimal functioning.
The latter definition, of optimal functioning, remains problematic but, in any case,
rehabilitating functions is a step forward in the face of the notion of rehabilitating
physical abilities.

We can approach the problem of defining optimal functioning if we consider that the
objective of rehabilitation is to maximise the options for a person to lead an independent
life (cf. Arnau & Toboso, 2008). In other words, to expand their possibilities to do what
they want in the most autonomous way possible, through any functioning or ability, but
fleeing from normativity on both levels.

This conceptual shift toward an individual autonomy that does not depend on
standardised functions or abilities takes on a new light in the technological environment
of individualised or personalised solutions described above. If technologies ultra-
capacitate individuals based on their individual preferences, it would no longer be
possible to define a normative framework of abilities, nor of functions or functionings.
The technologies would enable each task to be undertaken with diverse functions. If a
technological resource allows a task to be performed with a function other than the
“normal” one, then it will not be a rehabilitative technology but rather an enabling one.
And it enables in a specific functional way, both for people with disabilities and for
those without. In both cases, people could decide how they would like technologies to
help them reach their goals, including, as a life option, the goal of an autonomous life
assisted by technological devices.
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But now ultra-capacitation options are also opening up to transform what was once seen
as a physical or social problem into an opportunity to become an “enhanced” individual,
based on this variety of technological options (cf. O’Leary, 1998). The concept of what
we are and what we can become, from the point of view of abilities and functional
possibilities, is increasingly more complex because of all these technological resources.
This is why it connects with the ethical and social debate on transhumanism. In the
context of ableism, transhumanism could be used to break with the concept of normal or
standardised abilities. Although in its most radical version it points toward the opposite,
by defining new standards of human abilities that it seems obligatory for us all to reach.

7. Conclusion. Ableism vs. functional diversity in the context of 4.0
technologies.

Ableism and the functional diversity model are opposing discourses that, respectively,
refer to an ableist and anti-ableist viewpoint. The latter is clear, since in its approach the
‘diversity model’ is already placed outside the discursive axis of ability and disability
(cf. Palacios / Romañach 2006, p. 190).

As a discourse, ableism is based on values, representations and social practices that
favour a standard mode of functioning as a pattern of normality, and regulatory standard
over bodies and environments. Therefore, ableism does not discriminate only against
persons with disabilities, but also against all persons or social groups whose functioning
does not correspond to the normative patterns it imposes, especially when it comes to
children and the elderly. The diversity model, on the contrary, proposes new keys to
building a society in which diversity, and in particular functional diversity, is seen as a
difference having value and not as a burden related to a lack of ability.

The most advanced technologies now define a new framework of social values and
practices that can be properly understood from the point of view of diversity. If
technologies expand, by means of increasing their technological abilities, the
opportunities for people to develop their lives as autonomously as possible, diversity
could be a suitable concept to describe an ecosystem populated by diverse people with
bodies extended through personalised technological devices. Although technologies that
“repair” bodies can bring us closer to a new form of the medical model of disability, as
many individuals could choose these to achieve a norm for physical abilities, the many
functional possibilities of new technological resources instead point toward an extended
functional capacitation. Diversity in functions or in functionings in the technological
context would be far from being standardised and, as such, would also contribute to
dismantling ableist or functional normality perspectives.
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