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Abstract: The paper presents a theoretical and ethical framework capable of describing 
the effects that exoskeletons (i.e., an emerging type of wearable technology) can have on 
users, especially on their embodiment. After an introductory framework, in section two 
we explain what exoskeletons are, focusing on occupational – or industrial – exoskeletons. 
Thus, we introduce and discuss the major opportunities and threats these technologies pres-
ent from an ethical point of view, especially in the occupational sector. In section three, we 
further deepen the ethical challenges of exoskeletons, especially whether these technologies 
are morally acceptable or simply individually accepted, by relying on the theories of situated 
cognition and affectivity, which we integrate by introducing the concept of body invasion, de-
rived from Slaby’s mind invasion. By changing the embodiment of workers, wearable tech-
nologies such as exoskeletons might impose cognitive and affective repertoires that might go 
against the fulfilment of goals the user would otherwise choose for herself. Finally, we show 
why iterative design is not enough to address the ethical challenges posed by exoskeletons, 
especially when individual acceptance and moral acceptability are conflated. 
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1.	 Introduction1

In this paper, we analyze the theoretical and ethical problems deriving from 
the use of occupational exoskeletons (i.e., a form of wearable technology) by 
conducting an analysis derived from situated cognition and situated affectivity 
(also known as 4E theories from the terms: embodied, embedded, extended, 
enactive). Wearable technology is an umbrella term that refers to many different 
devices that can be worn on the body to satisfy a variety of needs. For instance, 
we wear glasses to correct our sight and watches to reliably check the time. The 
most ancient form of wearable technology is clothes (see Spurrett 2024), which 
can be used to protect the body, to keep it warm, to signal social status and to 
modify body image and body expression. When people use the term wearable 

1	 The authors wish to thank Nicola Vitiello, Simona Crea and Emilio Trigili for their guidance 
and effective contribution regarding technical aspects of exoskeletons.
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technology, they usually refer to smart devices such as smartwatches or smart 
glasses, which employ sensors and wearable computing to access the internet, 
gather and elaborate data about the wearer’s body and her environment and 
display information in a convenient way. Wearable technology however is not 
limited to clothes and smart devices, but also includes exoskeletons. Exoske-
letons are devices worn on the body to protect it, enhance it, or restore its 
abilities. When these technologies employ motors, they are classified as wea-
rable robots. Exoskeletons were initially developed in the 60’s by the milita-
ry.2 Exoskeletons are now here and might soon change our world, not only in 
the military sector. Indeed, exoskeletons are expected to improve productivity 
through robotic human augmentation and to improve the life quality of people 
with disabilities by offering greater mobility and independence. 

Exoskeletons represent an interesting topic for philosophical speculation 
for several reasons. First, these technologies present moral problems that need 
to be addressed. Moreover, since these are new technologies that have not 
been adopted on a large scale, there is the possibility to influence their design, 
development and deployment process. Not only that, exploring from a philo-
sophical point of view a new technology that closely interacts with the human 
body could help us further expand our theories on the philosophy of mind. 
Philosophers often have a general understanding of the ethical and theoretical 
questions posed by the introduction of new technologies, however, they usual-
ly lack the technical knowledge to fully address them. On the other hand, en-
gineers fully know the technical aspects but usually have only an introductory 
understanding of the philosophical aspects of these technologies. This paper 
aims to reduce the gap between these two fields. We then present the major 
opportunities and threats that these technologies present from an ethical point 
of view. 

We will focus on occupational exoskeletons. This is because these kinds of 
exoskeletons are paradigmatically morally concerning, since they can be made 
mandatory by employers or through legislation.3 In section three, we further ad-

2	 The birth of exoskeletons can be traced back to 1890 with N. Yagn’s project of a robotic exo-
skeleton that was granted a patent (Kumar et al. 2019). After that, the idea of exoskeletons had an 
important revival in 1965 when General Electric started the development of an exoskeleton for an 
Army-Navy joint program (Kumar et al. 2019). That model, the Hardiman I was 680 Kgs in weight 
and was not energetically autonomous (Kumar et al. 2019). Indeed, the first energetically autonomous 
exoskeleton was developed in 2004 at the University of Berkeley (Kumar et al. 2019), thus starting the 
modern era of exoskeletons.

3	 One could argue that military exoskeletons are even more concerning, however analyzing mili-
tary exoskeletons requires first an analysis on occupational exoskeletons, since the former can be seen 
as occupational exoskeletons used in military context. Even medical exoskeletons can be considered 
veiled by some degree of normativity, especially from the point of view of ableism. However, while 
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dress the ethical challenges of exoskeletons, especially whether these technologies 
are morally acceptable or if, in some instances, they are not necessarily morally ac-
ceptable but merely individually accepted. In doing this, we rely on the theories of 
situated cognition and affectivity (also called 4E theories), which we integrate by in-
troducing the concept of body invasion, derived from Slaby’s (2016) mind invasion. 

Through the concept of body invasion, we will show that the introduction 
of wearable technologies such as exoskeletons could impose cognitive and af-
fective repertoires that might go against the fulfilment of goals the user would 
otherwise choose for herself. In order to explain the concept of body inva-
sion, we discuss the concepts of mind invasion (Slaby 2016), docile bodies 
(Foucault 1975), and habituation (Gallagher and Zahavi 2022; Merleau-Ponty 
2012; Wehrle 2017). Finally, we show why iterative design is not enough to 
address the ethical challenges posed by exoskeletons and instead we need new 
solutions based on situated cognition and situated affectivity that can reshape 
the whole production process, development, adoption, commercialization and 
marketing. In other words, all the stakeholders should be examined from the 
point of view of a technoethics (i.e., an ethics of technology) founded on situa-
ted cognition and situated affectivity.

2.	 Exoskeletons: An Engineering and Philosophical Matter

2.1 What are Exoskeletons? 
Exoskeletons have a great range of shapes, form factors and can vary greatly 

in the materials they adopt and functions they fulfil. Exoskeletons can range 
from devices that are worn all over the body, to devices that are worn only 
around a specific part of the body, for instance, only the upper part, only the 
lower part, only the left or right side, or even just a single articulation of a limb. 
Generally speaking, the construction of exoskeletons utilizes materials ranging 
from rigid carbon fibers and metals to more flexible and soft fabrics, incorpo-
rating technologies from simple passive systems to advanced designs equipped 
with sensors and actuators that respond to various kinds of inputs from the 
environment and from the users’ movement (https://exoskeletonreport.com).4 

one can relatively easily refuse to adopt certain medical solutions, especially if alternatives are offered, 
one cannot easily avoid complying with work regulations. If anything in the medical field the problem 
is not usually that these technologies will be made mandatory even for those who do not want to use 
them, but rather that they might not be available to those who actually want and need them.

4	 https://exoskeletonreport.com is an independent website whose objective is catalogizing all the 
models, prototypes and news in the fields of exoskeletons. The website has become an important 
source for experts in the field.
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For what concerns the form factor, they can also be distinguished between 
single- or multiple-joint devices, or between powered or spring-loaded, the 
latter also called passive exoskeletons.5 While active exoskeletons have actua-
tors (i.e. electric motors), passive exoskeletons as the name suggests, only have 
passive systems such as spring-loaded mechanisms capable of accumulating and 
then restoring energy in specific phases of a task. An example here is one of the 
so-called occupational exoskeletons, which in most cases consist of devices which 
support either the upper-limb or lumbar region in strenuous and repetitive tasks. 

Exoskeletons can be classified according to the field of application, where 
we can identify four main domains: occupational/industrial, medical, consu-
mer market and military. In this paper, we will focus on industrial or occupatio-
nal exoskeletons. These are designed to assist workers in their activities with 
the goal of reducing fatigue and mitigating the occurrence of work-related mu-
sculoskeletal disorders (WMSDs) resulting from work-related injuries (WRIs). 
These technologies have a relevant impact in supporting workers in repetitive 
actions (Spada et al. 2017). For example, they can be used for supporting wor-
kers in tasks of overhead manipulation and load lifting (Howard et al. 2019)6 
and their use shows promising results in the reduction of physical demands on 
the musculoskeletal system (Pacifico et al. 2020; Grazi et al. 2020; Lanotte et 
al. 2020). In the workplace, exoskeletons can be used not only as protection 
devices but also as devices that greatly improve workers’ productivity. In parti-
cular, these technologies could improve endurance and increase the number of 
cycles completed while at the same time reducing error rates and time required 
to complete a job (Fournier et al. 2023).

2.2 Exoskeleton as a Source of Moral Opportunities and Moral Risks 
Now that we have introduced exoskeletons, we should examine what speci-

fic moral challenges and opportunities these technologies pose. This exercise 
shall push forward the field of the ethics of exoskeletons. The moral oppor-
tunities and threats that exoskeletons pose depend on two major factors: the 
technology that the exoskeleton adopts and its field of application (in the case 
of the exoskeletons analyzed in this paper, the industrial sector). We will first 
consider the standpoint of the adopted technology, and we will consider moral 
opportunities in conjunction with moral risks because the latter is often the 

5	 In active devices we have different moral implications. Passive devices do not offer positive 
energy, while active ones do. Powered exoskeletons have less success on the market, because they are 
bigger and more expensive. Recently, also semipassive exoskeletons have been developed.

6	 Currently there is no international classification of industrial exoskeletons. However, in many 
countries such as Italy if a technology is classified as PPE (i.e., personal protective equipment) it also 
becomes part of the mandatory equipment, such as helmets in construction sites.



	techn oethics and situated cognition: the case of exoskeletons	 193

other side of the coin of the former. 
(i)	Exoskeletons can enhance, restore7 or protect the functionalities of the wea-

rer’s limbs. This significant, even life-changing, advantage also comes with a 
correlated risk: unforeseen negative secondary effects on the body (Pote et al. 
2023; Maurice et al. 2018; Palmerini et al. 2014, Pirni and Lucivero 2013, 
Pirni and Carnevale 2014), which includes the risk of secondary injuries due 
to new forces applied to the body. Moreover, exoskeletons might interact 
negatively with pre-existing conditions.

 (ii) From the viewpoint of inclusivity, exoskeletons are an opportunity to over-
come gaps (such as ability or gender gaps) just as much as they can represent 
a risk to make those gaps even worse, for instance in the case in which an 
exoskeleton becomes widespread, but the models are not made to fit all 
body types. This comes with the risk of excluding from experimentation or 
from market availability certain body types, such as female bodies, disabled 
bodies, and bodies that are larger or smaller than average. Not only that, not 
designing exoskeletons with a variety of body types in mind might further 
increase the risk of secondary injuries, explained above (e.g., an exoskeleton 
might be less safe on a female body if it has only been tested on male bo-
dies).

(iii) Exoskeletons can engender a sense of empowerment that positively affects 
the user’s body image. The other side of the coin is that using exoskeletons 
might attract unwanted attention to users, or more generally, it may change 
how the user thinks they are perceived by others. For instance, the fact that 
a user needs an exoskeleton to perform certain tasks might have a negative 
impact on the perceptions of their social status (Butnaru 2024). The sense of 
masculinity of some users might be challenged when using technologies that 
impact someone’s appearance and that highlight their bodies as vulnerable.

(iv) The fact that exoskeletons can engender a sense of empowerment comes 
with a further correlated risk, that of dependency and withdrawal. As Gre-
enbaum (2016) notes, the fact that exoskeletons noticeably enhance the 
capabilities of the human body can cause dependency. Since these techno-
logies are not always available to the user (e.g., because they belong to a 
company and not to the user), this can also cause withdrawal symptoms.

(v)	 Some models of exoskeletons can have sensors able to gather data on the 
user’s activity. Sometimes, especially in the case of active exoskeletons, these 
sensors are necessary for the correct functioning of the exoskeleton itself. 

7	 Of course, restoring the capability of a limb is typical of medical devices, while enhancing and 
protecting can be done not only by medical exoskeletons, but also by occupational, consumer and 
military exoskeletons.
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In these cases, recording or sharing this data might not be necessary. In 
other instances, exoskeletons might collect and share data on the user’s lo-
cation, usage patterns, neural inputs, vital statistics and other information 
(Greenbaum 2016; Pote et al. 2023). While these data could be used to the 
advantage of the user, for example if she wishes to improve his or her per-
formance, we should also be concerned about privacy.8 

2.3 Moral Opportunities and Moral Risks of Occupational Exoskeletons
The moral opportunities and risks we have shown so far concern all types 

of exoskeletons independently of their field of application. Now we will add 
moral threats specific to industrial or occupational exoskeletons.
(vi) As said, the most relevant opportunity has to do with the protection of the 

worker from work-related injuries. This means that access to these technologies, 
insofar as they increase the safety of the worker, becomes a right of the worker. 

(vii) As we noted, a great advantage of occupational exoskeletons is the ex-
pected increase in productivity and the expected decrease in fatigue. While 
currently workers have rights that limit work hours and set wages, it is not 
easy to predict how exoskeletons could impact these work limits and if re-
gulations might differ between users and non-users of exoskeletons (Gre-
enbaum 2016). The adoption of exoskeletons might also lead to employers 
demanding longer workdays with fewer and shorter breaks, thus overwor-
king employees (Greenbaum 2016), thus negatively affecting the psycholo-
gical health of workers. Workers might feel compelled to return to work 
quicker after injuries and, in turn, feel anxiety (Pote et al. 2023). Moreover, 
workplace norms and social pressure might compel workers to use exoske-
letons even when they are not made mandatory by the employer (Maurice et 
al. 2018). Once again, this could cause anxiety in the worker.

(viii) A further specific risk is that of continuous monitoring. Being continuously 
monitored through the sensors that are installed on the exoskeleton might 
engender such anxiety in the work that could contrast with the very fun-
ction of reducing physical stress at work (Maurice et al. 2018). Significantly, 
this differs from a mere concern for privacy, because the problem is not that 
of data and its value, but rather being the object of surveillance, that is to 
say, the fact that the workers become a mere object for someone else. When 
I am concerned about privacy, my data is what is ultimately at risk; in the 
case of surveillance, I risk losing my status as an autonomous subject.9 

8	 Further general concerns which go beyond the scope of this paper are the environmental im-
pact, unclear legal responsibilities and unsubstantiated ad claims.

9	 This is of course very close to Foucault’s idea of the panopticon (1975). The relation between 



	techn oethics and situated cognition: the case of exoskeletons	 195

2.4 Acceptability
Occupational exoskeletons are a promising technology that is not yet imple-

mented on a large scale. As it is true for all new technologies that directly affect 
the body of users, the large commercialization of occupational exoskeletons 
can only take place if they are validated as acceptable technologies (Crea et al. 
2021). Defining acceptability is complex, particularly because this term is often 
used in the field of engineering as a synonym for acceptance (see for instance 
Dario et al. 2001). Acceptability and acceptance have been defined in various 
ways and in a variety of fields, not only related to technology, but also law and 
new systems in general (Adell et al. 2014; Moesker et al. 2024). Therefore, fully 
accounting for acceptance and acceptability is well beyond the scope of this 
paper. In the field of ethics of technology, the discussion on acceptance and 
acceptability is relatively recent; despite this, there have been interesting at-
tempts at defining and distinguishing these two concepts (Moesker et al. 2024). 
A common point drawn by many scholars is that acceptance is a descriptive no-
tion that indicates if and to what degree the new technology is welcomed or to-
lerated, in some instances it even indicates if and to what extent the technology 
is actually used and therefore integrated into the routine of users (see Moesker 
et al. 2024; Oosterlaken, 2015, van de Poel 2016). Acceptability, on the other 
hand, is often described as a prescriptive notion that indicates if it is morally 
good or tolerable to employ a specific technology (see Moesker et al. 2024; 
Oosterlaken 2015; van de Poel 2016). Even though many scholars can agree 
on these starting points, they diverge on many aspects. For instance, there is 
no consensus on whether acceptance and acceptability should be independent 
or interdependent concepts. For the purposes of this paper, we will focus on 
what we call individual acceptance and moral acceptability. We define individual 
acceptance as the descriptive notion that indicates the degree to which the 
technology is entrenched and incorporated in the subject’s physical, cognitive 
or affective activity or when the technology is not present, the degree to which 
the subject is willing to use it (see Adell et al. 2014). On the other hand, we 
define moral acceptability as the prescriptive notion that indicates whether, 
from a third-person standpoint, the technology is morally good or neutral. It 
is essential not to conflate these two notions, since the fact that a technology 
is individually accepted by a user does not necessarily entail that it is morally 

wearable technology and the idea of the panopticon has already been analyzed (see for instance De 
Moya and Pallud 2020). Fully accounting for this aspect goes beyond the scope of this paper. While 
it is true that the presence of sensors might further cement discipline (a concept we examine later in 
this paper), we should also take into consideration that exoskeletons do not necessarily have sensors. 
While occupational exoskeletons that do not have sensors do not contribute significantly to surveil-
lance, they can still be a means to body invasion (i.e., the concept at the core of this paper). 
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acceptable. Moreover, as van de Poel (2016) argues lack of acceptance of a 
technology is not enough to conclude that it is unacceptable. Similarly, as we 
will see in this paper, individual acceptance is not necessarily accompanied 
by moral acceptability. Since occupational exoskeletons offer significant moral 
opportunities, of course, making these technologies more morally acceptable 
is a desirable goal, but in order to do that, it is essential to further clarify the 
distinction between individual acceptance and moral acceptability.

3.	 Body Invasion

3.1 From Mind Invasion to Body Invasion
We will account for the moral dimension of occupational exoskeletons by 

developing the concept of body invasion, which we think could further the 
field of the 4E theories. This will also clarify why we should not conflate indivi-
dual acceptance and moral acceptability, and it will also allow us to understand 
at a more fundamental level the moral risks and opportunities related to the 
use of occupational exoskeletons. Body invasion is to be framed within the 
debate of situated cognition and situated affectivity. These two concepts reflect 
the idea that the processes of the mind (e.g., cognition, affectivity, imagination, 
memory) are not bound exclusively to structures and processes located inside 
the cranium but can also be co-caused or even co-constituted by extracranial 
(i.e., located in the body or the environment) structures or processes (Stephan 
and Walter 2020). These theories are often referred to 4E theories, where the 
four Es stand for embodied, embedded, extended and enacted. The expression 
embodied mind means that at least some of our mental processes are co-caused 
or even co-constituted by processes or structures located in parts of the body 
that are located outside of the skull. For instance, when we use our fingers to 
count, we offload to a body part and to specific body gestures (i.e., the act of 
counting on fingers) some of the cognitive work that would otherwise only be 
carried out through more demanding processes, such as mental representa-
tion. However, the role the body plays is much more fundamental.10 The body 
is not merely another object amongst other objects; it is rather the transcen-
dental principle, the condition of possibility of all experience (Gallagher and 
Zahavi 2022; Merleau-Ponty 2012). 

 

10	 In the theory of emotions, it is well established that the body plays a fundamental role. Emo-
tions are fundamentally embodied phenomena because they are phenomena felt in the body. This 
point was clearly expressed by James, when is states that a disembodied emotion is a non-entity 
(Stephan and Walter 2020; James 1884). 
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As said, cognition is not only fundamentally embodied but also embedded 
and, according to some, extended in the environment. We have embedded co-
gnition (or affectivity) when an external support is a co-cause of a cognitive (or 
affective) process (Stephan and Walter 2020). A classic example of embedded 
cognition is the use of pen and paper to do a calculation otherwise impossible. 
We have extended cognition (or extended affectivity) when an external sup-
port is a co-constituent of a cognitive process. The classic example of extended 
cognition is that offered by Clark and Chalmer (1998): Otto’s Notebook. Otto 
is a person who has Alzheimer’s disease, still in the early stages. He uses a no-
tebook to store information he is not able to remember anymore, such as the 
directions to get to the location of an appointment.11 Interestingly, Otto and 
his notebook become coupled to one another, that is to say, that the behavior 
of the former cannot be described without taking into consideration the beha-
vior of the latter and vice versa. Otto changes the notebook by jotting down 
information on it, when he later consults the notebook, he acts according to 
the information he had previously stored in it. Otto and the journal, therefore, 
diachronically form a coupled system (i.e. Otto’s mind), whose function cannot 
be described if Otto and the journal are not both taken into account. 

At this point, one could think that the environment is nothing more than a 
set of resources we can use to fulfil our cognitive and affective needs. However, 
in recent literature, this idea has been criticized. Of course, the environment is 
hostile to us to some degree, and even when we actively change it to support 
our cognitive or affective tasks, it can still be hostile towards us in non-predic-
table ways. Slaby (2016) critiques the user/resource, which at the time, and 
partially even now, dominated the field of the theories of situated affectivity. 

In the user/resource model, the user (usually an autonomous adult) inten-
tionally engages with resources (e.g., tools or features of the environment) to 
satisfy her cognitive or affective needs (Slaby 2016). Slaby (2016) critiques this 
model as it overlooks significant political aspects such as the dynamic of reci-
procal determination between the subject and her environment.12 The envi-
ronment, including technological tools, is not merely a set of resources that 
we can freely manipulate for our ends, but also plays a fundamental role of 
feedback loop which in turn modifies the subject (see Sterelny 2010). In this 
light, Slaby introduces the concept of mind invasion to indicate the influence 

11	 Clark and Chalmers (1998) argue that from a functional point of view the information stored 
in the notebook acts as the information that is stored in the brain of a neurotypical person. In other 
words, the notebook is part of Otto’s mind in virtue of the so-called parity principle.

12	 In a similar way, Aagaard (2021) critiques the so-called dogma of harmony, according to which 
in the 4E field, scholars tend to describe the relationship between humans and environmental re-
sources, especially technology, as harmonious.
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that the environment (which includes everything from infrastructures to insti-
tutional norms) can have on our personal affective processes and, therefore, 
on decision making. Mind invasion explains how individuals unconsciously 
adopt affective dispositions that are typical of certain environments, such as 
the workplace. These affective dispositions often have a normative value in the 
environment that engenders them, and this often goes to the detriment of mind 
invaded subjects and to the advantage of those who have a greater control 
over that environment (e.g. employers). A classic example of mind invasion is 
that operated through emails (see Slaby 2016). Emails can be used to extend 
our cognitive and affective capabilities. For instance, thanks to emails, we can 
reach out to a collogue to ask for her support when carrying out a task. The 
fact that other people are always available to us comes at the price that we also 
are potentially always available to others. Since our coworkers rely on us just 
as much as we rely on them, not being available for others might cause anxiety 
and stress. This is because not complying with other workers’ expectations 
might come with considerable reprehension from them. This dynamic shows 
how a technology is not necessarily employed in the best interest of the user 
but can hack her mind, imposing an affective repertoire that goes to her detri-
ment. We can further refine the notion of mind invasion so that it can be more 
aptly applied to technologies that act directly on the user’s embodiment. In 
this sense, the notion of body invasion that we introduce in this paper must be 
considered as a specific subset of mind invasion and in no way does this notion 
indicate a sharp distinction between mind invasion and body invasion, or even 
worse, that there should be a dichotomy between body and mind. To develop 
the concept of body invasion we will analyze how technology (especially we-
arable technology such as occupational exoskeletons) changes the body both 
in the sense of an object that can be shaped externally and in the sense of a 
transcendental entity, that is to say, a subject that structures his or her own 
experience.13 

13	 In phenomenological terms this distinction corresponds to the concepts of Leib and Körper (see 
Husserl 1952; Merleau-Ponty 2012). The latter refers to the body as an object. A dead body, a corpse, 
is a Körper, but also, a physician that is operating on a patient is interacting with a Körper. More gener-
ally, Körper is the body as something that can be analyzed and even modified objectively from a third 
person point of view. The Leib, or lived/living body, on the other hand, refers to the body as a subject, 
or more precisely indicates the body as a subject, or more precisely indicates the body as the condition 
of possibility of all the possible engagements the subject can have with the environment. My body, my 
Leib, is the inalienable point of view from which all my experiences are possible. Indeed, it is impos-
sible for me to have experiences that do not stem from my body. The Leib however is not merely a point 
zero, it is not merely a mono-dimensional principle. The Leib allows for some kind of experiences and 
not others, because it has a specific structure that can be modified through one’s life.



	techn oethics and situated cognition: the case of exoskeletons	 199

3.2 The Body as an Object: Docile Bodies
As we have stated above, a key point when addressing the moral standing 

of a new wearable technology is to determine if that technology is (or can 
be) morally acceptable. To clarify the distinction between moral acceptability 
and individual acceptance, we must understand how individual acceptance is 
achieved through the interaction with the body, both intended as an object and 
as a subject. Doing so will also further clarify the notion of body invasion. First, 
we will focus on the object as a body, and to do so, we will discuss the notion 
of Foucault’s (1975) docile bodies. According to Foucault (1975), the body can 
become an object of the techniques that can change it, shape it, improve it, and 
make it more useful. In this sense, the body of the worker is a docile body, na-
mely, a body that can be transformed and improved (Foucault 1975). The body 
of the worker is not valuable for its natural strength, it is valuable because it 
is improvable through the use of technology (Foucault 1975). In other words, 
the employer is not interested in whether the body of the worker is capable 
of lifting 100 kg or 150 kg. Instead, the employer is interested in whether the 
body of the worker can be shaped in such a way that it can follow the orders 
and the rules of the employer. At some points, some of the orders do not need 
to be given explicitly anymore, because they have been inscribed in the body 
of the worker. They have become a second nature to the worker, even though 
this second nature has been chosen for her rather than by her.

Indeed, the human body can become a machine, dividable into segments 
easier to understand and optimizable in their functions through innervations 
based on those analyses (Foucault 1975). In this way individuals also become 
easier  to substitute. As Wehrle (2016) also highlights, once the body has been 
divided into parts and functions, discipline is what is used to control and im-
prove the efficiency of the execution of gestures, movements and attitudes of 
those body parts. Control and discipline over the body (and therefore the indi-
vidual) can only take place through the control of the spatiality and temporali-
ty of the individuals (Foucault 1975). Indeed, in Foucault’s thought, the nature 
of power is inextricable from the spaces in which those powers are exercised. 
These spaces are structured in a way that allows for that power to be exercised. 
The factory is one of the places where this control can take place. For example, 
by assigning a space to each worker, it is easier to control them individually 
while working. Individuals are controlled not only through the structuring of 
space, but also of time. Temporal control takes place through the control of 
movements and gestures; the articulation of the limbs, their positions and the 
relations between them must be regulated. Supervisors must impose the best 
possible relations between these movements and the body (Wehrle 2016). A 
skill is designed in the way it should be executed, and then its practice is impo-
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sed on everyone (e.g. all the workers of a factory). This homogenization allows 
for comparison between all the workers, and it also allows for the coordination 
of a large number of workers. (Wehrle 2016). 

From a Foucaultian point of view, the greatest risk connected to the intro-
duction of occupational exoskeletons is that these technologies might become 
instruments of discipline. Indeed, a large-scale adoption will also imply a large-
scale training, or, in Foucaultian terms, discipline. Exoskeletons are usually a 
technology that does not belong to the worker, but to the company. This means 
that workers do not have free access to these technologies, rather the access to 
them is disciplined by various rules: exoskeletons have a place where they have 
to be stored, they can only be accessed in some circumstances, sometimes they 
can only be used under supervision, they must be donned and taken off with 
precise procedures, they must be taken care of once they are removed. Most 
importantly, when they are worn, some movements are enhanced, while others 
are hindered. All of this is a clear demonstration that the use of an exoskeleton 
implies necessarily discipline. Discipline is subtle because it exercises control 
over the individual through her body, not by using violence or direct confron-
tation as is the case in slavery (Havis 2014). As we saw, discipline controls the 
body (its parts, its functions) by controlling movement and space. In the case 
of the adoption of the exoskeleton, even though there is still no violence, no di-
rect confrontation, we go a step further from what Foucault envisioned. Rather 
than controlling the space around the body to shape the body, the exoskeletons 
are worn on the body and therefore directly affect the embodiment of the in-
dividual, and this, in turn, has significant phenomenological implications. As 
we will see next, one of the fundamental differences between the phenomeno-
logical method (especially in Merleau-Ponty) and the Foucauldian method is 
that while they both agree that the body both acts and is acted upon (though 
at different timescales) do not agree on the role of space (Crossley 1996). To 
Merleau-Ponty, space is created by habit and bodily engagement. To Foucault, 
space is what is structured to act upon the body (Crossley 1996).

3.3 The Body as a Subject: Habituation
We have just seen that occupational exoskeletons can become instruments 

of discipline, thus going against the best interests of the worker. However, the 
analysis conducted thus far is not enough to determine why the worker ac-
cepts the new embodiment that is imposed on him or her. Indeed, the analysis 
of body invasion also requires that we determine why the user accepts the 
new embodiment. While a new embodiment can be imposed on a body as 
if it were an object, the individual acceptance of this new embodiment can 
only be done by the body intended as a subject. Indeed, Foucault does not 
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stress enough that the body is not simply a historically determined object; it 
is also a transcendental principle that structures experience itself (see Wehrle 
2017). This means that, from a phenomenological point of view, a change in 
the embodiment is not simply a change in the individual; it is a change in the 
structure of all of her possible experiences. As we have seen, to Foucault, the 
organization of space and time is fundamental to changing the bodies of indi-
viduals and therefore the individuals themselves. From a phenomenological 
point of view, by acting directly on the embodiment of the worker through we-
arable technology, one can impose discipline not by changing the surrounding 
space, but by changing how the body generates its egocentric space. Indeed, 
as Merleau-Ponty (2012) shows in his phenomenology of perception, the body 
is not a fragment of space; on the contrary, it is the transcendental principle 
that allows the subject to have a space. All spatial experiences are possible to 
a subject through her embodiment, through the way in which she can interact 
with the world in a sensorimotor way. Changing the embodiment changes the 
way in which the subject can move, it changes her sensorimotor capabilities 
and therefore changes her egocentric space (see Pirni 2014). Embodiment, ho-
wever, is not set once and for all; it changes over time, and it can even include 
tools. In this case, Merleau-Ponty would use the term body schema. This concept 
refers to the embodiment as a structured whole whose parts are related to each 
other in a way that constitutes the condition of possibility for any engagement in 
the world (2012). A change in the body schema takes place through the process 
of habituation, that is to say, the process of acquiring a new habit, for instance, 
learning a new skill such as dancing. Habituation is also the process through 
which resources become entrenched. Entrenchment, a term used in the 4E field, 
is the degree to which the external resource is incorporated, that is to say, the 
degree to which the resource changes the user (see Sterelny 2010), especially in 
their embodiment. Merleau-Ponty analyzes how we can change our embodiment 
through the repetitive use of tools. This is well shown in his example of the cane 
of the visually impaired person. He argues that the visually impaired person who 
has learned how to use the mobility cane does not intend the cane as an object 
anymore. Instead, the cane extends the embodiment of the subject, especially 
the sense of touch. As a matter of fact, when perception is enhanced through the 
use of the cane, perception is not located in the hand that holds the cane, but in 
the very tip of the cane, that is to say, the part that is doing the touching of the 
ground and of the other objects (Merleau-Ponty 2012).

The position of objects is given immediately by the scope of the gesture that reaches 
them and in which, beyond the potential extension of the arm, the radius of action 
of the cane is included. If I want to become habituated to a cane, I try it out, I touch 
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some objects, and, after some time, I have it “in hand”: I see which objects are “within 
reach” or out of reach of my cane. This has nothing to do with a quick estimate or a 
comparison between the objective length of the cane and the objective distance of the 
goal to be reached. Places in space are not defined as objective positions in relation 
to the objective position of our body, but rather they inscribe around us the variable 
reach of our intentions and our gestures. (Merleau-Ponty 2012: 144)

The new tool, in this case the cane, becomes transparent: the visually impai-
red person does not perceive the cane as an external object, but as an extension 
of her embodiment. This is not immediate, since the person has to learn how 
to use it first. The example of the visually impaired person can also be descri-
bed in terms of individual acceptance. She learns how to use the new resource 
and, in doing so, she accepts the new resource in the sense that it becomes 
entrenched and incorporated in the subject’s physical and cognitive activity. 
Individual acceptance is therefore the result of a process of habituation. The 
body is always open to learning new habits, to incorporating new elements 
(Wehrle 2017), but this process can be, in a way, hijacked, as is the case in 
body invasion. As Wehrle (2017) puts it: “‘Discipline’ can thus be understood 
as a form of forced habituation” (Wehrle 2017: 333). Body invasion can be the 
result of discipline imposed in the workplace through wearable technologies 
such as occupational exoskeletons. 

As we have seen, body invasion involves the body both as a subject and as an 
object, but body invasion is also mediated by the affective relationship that we 
have. In some environments, other people implicitly or explicitly impose spe-
cific affective repertoires relative to the use of technologies. Similarly to what 
Slaby (2016) argues about mind invasion, coworkers and supervisors might 
enact, consciously or not, affective repertoires that impose on other workers to 
conform to a standard behavior. Such behavior can include the mandatory or 
encouraged individual acceptance of exoskeletons. In other words, coworkers 
and supervisors who have already accepted exoskeletons will likely behave in a 
way that makes it clear to new workers that using and accepting exoskeletons 
is not only expected, but also that not conforming to these expectations comes 
with negative affective interactions with other coworkers (e.g., reprehension 
and shaming).

3.4 Iterative Design
So far, we have shown that acceptance can be externally imposed. However, 

for this to truly take place, the body as subject—though shaped by its objec-
tive conditions—must itself accept the new embodiment. In other words, the 
subjective body must incorporate the new embodiment into its own subjec-
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tivity, understood as a meaningful way of engaging with the environment. 
Through an analysis based on 4E theories, phenomenology and Foucauldian 
structuralism, we have seen that individual acceptance of wearable technolo-
gies (especially occupational exoskeletons) can be described as the result of 
a process that is based on the incorporation and entrenchment of external 
resources through habituation. This means that a user who has learned how 
to use an occupational exoskeleton might feel at ease when using this external 
resource, but this fact tells us very little about whether the technology is mo-
rally acceptable. As said, individual acceptance can be defined as a possible or 
even necessary requirement for moral acceptability, but individual acceptance 
cannot ever be considered a sufficient requirement for moral acceptability, be-
cause the fact that a technology is individually accepted does not mean that it 
cannot go to the detriment of the user unbeknownst to him or her. In other 
words, the fact that a technology is accepted is not enough to determine that 
there is not a form of body invasion taking place. On the other hand, there can 
be no body invasion without acceptance.

A possible strategy to render technologies more morally acceptable might 
be iterative design. In this user-oriented approach, the involvement of the user 
– especially surveys on their experience – is present at various stages, including 
the creation of the first prototype and following reiterations (Dario et al. 2001). 
Surveys on users’ experience can be extremely useful; however, they must be 
used carefully. Because of the process of habituation that the user must undergo 
when learning how to use the exoskeleton, the user, to a degree, must accept the 
technology. This means that the very process of iterative design requires periods 
of time in which the user must learn how to use the new prototype, and during 
these periods, habituation takes place. Interestingly, subsequent iterations can 
improve the time that is required to learn how to use the new technology, but 
this simply reduces the time that is required for habituation to take place. This 
means that on the one hand, the problems users indicate are problems that the 
designer must address, because they are so relevant that they cannot be bypassed 
by the process of habituation. If anything, these problems might be perceived as 
hinderances to the very process of habituation. On the other hand, the fact that 
the tester has no problem to report does not at all mean that the technology has 
reached a status of moral acceptability; it simply means that the technology has 
been accepted by the tester. In particular, users might be completely unaware of 
how body invasion can go to the detriment of subjects only over a long period of 
time during which expectations, practices and affective dispositions that can go 
to the detriment of the user are built. For instance, if I perceive the exoskeleton 
as a comfortable and empowering technology, I might not recognize that the 
exoskeleton is, at the same time, a technology that supports my affective sense 



204	 leonardo massantini, alberto pirni, paolo dario	

of having to overperform. A sense that comes not only from the fact that the 
exoskeleton itself allows me to perform more, but also from the fact that other 
people around me, such as coworkers and supervisors, might have explicit or 
implicit expectations that I should overperform. Another important factor to 
consider is that the fact that exoskeletons are built for comfort is not a factor 
that goes exclusively to the advantage of the user. Comfort is simply a feature 
that allows the user to engage with the external resource, regardless of whether 
that interaction goes to the advantage or detriment of the user. For instance, a 
bed and a slot machine chair can be described as comfortable, but while in the 
former comfort is usually to the advantage of the user, in the case of the slot ma-
chine chair the comfort is exclusively directed at prolonging the activity of gam-
bling, which statistically is against the user’s best interest, for as long as possible 
(see Timms and Spurrett 2023).

4.	 Conclusions 

In this paper, we have offered a preliminary introduction to the exoskele-
tons’ domain, with a focus on their application in the industrial sector. We then 
showed how these technologies offer both significant advantages that must be 
preserved and risks that need to be mitigated through careful design. Impor-
tantly, while we should keep in mind that a new technology cannot ever have 
zero risks, it is still important to note that the major benefits that occupational 
exoskeletons can offer (i.e., preserving the health of the worker) are significant 
and can outweigh the risks. Through the use of 4E theories, phenomenology 
and Foucauldian concepts, we have shown at a more fundamental level, that 
the major risk that occupational exoskeletons - and similar wearable technolo-
gies - pose is that of body invasion.

Body invasion is a process through which external resources are used to 
modify the embodiment of users. While this new embodiment can offer some 
benefits to the user (e.g., an empowered body image, better performance and 
so on), it also goes significantly to the detriment (e.g., constant surveillance, in-
creased anxieties towards performance and so on) of the user (e.g., the worker) 
and to the advantage of those who control the external resource (e.g., the em-
ployer). What is particularly deceptive about body invasion is that the subject 
might not be fully aware of (or at all) that such a process is taking place. This is 
due to the fact that in the very process of learning how to use the new techno-
logy, to some degree, the user must individually accept the technology through 
a process of habituation. Failing to do so would also imply failing to learn how 
to use the new technology and therefore failing to use it at all. Habituation 
does not only take place through practices imposed externally, but is also signi-
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ficantly reinforced by the affective relations that the users establish within the 
context in which the technology is used. For instance, when expectations of 
conformity and of productivity are not met, the worker might be reprimanded. 
This generates an anxiety that the worker thinks can be mitigated by further 
using the technology. The user, therefore, unconsciously accepts a technology 
that can go against her best interest. An external observer might wrongfully 
take this individual acceptance for moral acceptability. However, we should 
not draw the conclusion that if a technology is accepted, then some form of 
body invasion has taken place. Rather, we should say that while acceptance can 
take place through habituation, habituation per se is not necessarily a process 
that leads to body invasion. What determines if body invasion has taken place 
is whether the new embodiment goes also to the detriment of the subject (and 
to the advantage of someone else), whether she realizes it or not. 

Finally, we showed that iterative design, insofar as it relies on the feedback 
of users, can be extremely useful in delineating what design features augment 
individual acceptance in users (i.e., the degree of ease with which the new we-
arable technology becomes entrenched and incorporated in the user). While 
this is a critical point, it is not enough to determine the moral acceptability of 
technology. Indeed, moral acceptability must consider a variety of factors such 
as physiological, psychological and affective aspects which the user might not 
realise in the short term. To mitigate risks related to the introduction of wea-
rable technologies in the workplace, engineers should develop new solutions 
based on situated affectivity and situated cognition that can reshape the whole 
production process and rethink the role of all stakeholders.14
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