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ABSTRACT

The interest in cyborg technology keeps growing as the human desire to improve their mental and
physical capabilities becomes a common dream. Even though this technology is still under
development, it has received the attention of many researchers to study the extent of human
acceptance to become a cyborg. On the other hand, this research finds that it is important to
investigate the possibility of human acceptance to deal with the cyborg, especially in healthcare
services encounter. Accordingly, the research has developed a theoretical model for accepting
healthcare services provided by the cyborg. The model has been developed based on previous studies
related to models and theories of social robot acceptance, being a cyborg acceptance, and new
technology acceptance in general. The proposed model assumes that Perceived Usefulness, Perceived
Ease of Use, Social influence, Perceived Risk, Empathy, Trust, and Emotions (Positive and Negative
emotions and Anxiety) could be the key drivers of the intention to use the proposed services.
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1. INTRODUCTION
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Besides cultural assumptions of what may be considered “incomplete,” “normal,” or “improved”, a
belief in the ability of technology to enhance body’s natural capabilities has led to a variety of body-
altering techniques that doesn’t only restore functions but may exceed what is typically considered
therapeutic medical intervention. In fact, it raised a strong argument about the ability to enhance the
human body according to particular needs or desires (Hogle, 2005). These body-altering techniques
are used to produce the “Cyborg”, which could be defined as a cognitively or bodily enhancement of
humans to form a concept called "Transhumanism". The transhumanism and technology convergence
is directing the scientists’ efforts toward enhancing human social skills, health, happiness, and
intelligence with higher performance than before. Technological implants, brain-computer interfaces,
extension and externalization of cognitive functions, and neuronal prosthesis are some examples of
Cyborg technologies (Romportl, 2015).

Greguric (2014) pointed out four research areas affecting the development of human enhancement
technologies: cognitive sciences, nanotechnologies, information technologies, and biotechnologies. As
well, the enhancements could be categorized into the following types:

A. Cognitive abilities enhancement: such as infrared vision, memory enhancement, decision
making, and sensory perception, by using technological implants or wearable technologies.
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B. Physical capabilities enhancement: such as strength, stamina, and accuracy, by using bionic
technology, genetic engineering, and pharmacology.

The technological implants are defined as electronic devices that can be implanted into the human
body to improve one’s capabilities or for the restoration of lost functions (Pelegrin-Borondo et al.,
2017). Moreover, there are different implantable devices in use for different purposes. Researchers
and scientists claim that brain-machine interactions will enable humans to log onto the Internet, access
different databases, talk new languages fluently and help people with failing memories. It promises to
make humans fundamentally different by radically changing their capabilities. Furthermore, humans
could be able to control devices remotely using their thoughts (McGee & Maguire, 2007).

The boundaries between what considered human and what considered machine is getting unclear, as
technology becomes close to being embedded within the human body (Britton & Semaan, 2017).
Meanwhile, human interests in reinforcing one’s emotional, cognitive and physical abilities are seen
as a common dream among human-being individuals, which is associated with improving the quality
of human life. Some types of enhancements are already available through surgeries, wearables,
pharmaceutical compounds and technological implants (Gauttier, 2018). For instance, the implanted
Radio Frequency Identification Device (RFID) can transmit data numbers as pulses to be used for credit
cards and door access control (Warwick, 2016). Based on their use, some of these enhancements are
already accepted by society, such as cosmetic surgeries, wearables, and pharmaceuticals. However,
the acceptance of technological implants is still under investigation. The innovation in biomedicine,
genetics, robotics, and nanotechnology is making it possible to produce hybrid bodies that combine
biological and technological parts (Kostrica, 2018; Trivifio, 2015). Additionally, reducing the size of the
electronic components has introduced the Nanotechnology (Nanoimplants), which are small devices
that can be implanted inside the human body, to improve human physical and cognitive capabilities
(Pelegrin-Borondo et al., 2016; Reinares-Lara et al., 2016). It had been seen as science fiction for using
insideable technologies for healthy people to increase their innate capabilities. Nowadays, the market
has accepted different types of such technologies which proves that technology keeps progressing.
The expectations regarding the cyborg market are promising for a reputable business with a potentially
significant impact on future technologies and human societies (Pelegrin-Borondo et al., 2018). As per
Pelegrin-Borondo et al. (2017), the use of physical and technological implants to compensate physical
disabilities and increase attractive power is already accepted by society. Moreover, the technological
implants to increase innate human capacity are partially accepted and further investigations have been
established to formulate a complete picture of users’ acceptance of these technologies. In other
words, the acceptance of creating cyborgs is still under investigation, as the technology itself is under
development (Reinares-Lara et al., 2018). Nevertheless, the aim of this research is to investigate the
acceptance of cyborg as an entity in society, its development as a technology, and how humans will
perceive cyborg individuals once they become a reality. In addtion, the research is investigating the
acceptance of cyborg services compared to human services, especially in the healthcare sector, and
proposing a theoretical model that can identify the choice criteria of cyborg services.

2. LITERATURE

When cyborg technology will be established, people's understanding of technology design and
use must be shifted to perceive the differences between traditional technology and new technology
applications (Britton & Semaan, 2017). Also, the development of these technologies is important for
the future of neural prosthetic inventions. No much is known about the moral attitude of people
toward the ratio between risk and benefits of using such technology and about their preferences,
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expectations, and needs. Furthermore, the ethical issues related to the associated risk with these
technologies is an important topic that should be discussed. As well as the acceptance, which could be
shifted from positive to negative state, as the use will be shifted from therapy to enhancement. For
instance, the cochlear Implant could be considered a therapy device if the user has deafness. If the
user has no hearing issues, then it could be considered as an enhancement. The successes of these

technologies could depend on the offered benefits and people's perception of these benefits
(Schicktanz et al., 2015).

The technological implants to restore physical functions and physical implants to increase
seductive strength are already accepted by society (Pelegrin-Borondo et al., 2017). However, few
studies have been conducted to investigate the acceptance of implants for enhancement applications
and to create cyborgs (e.g. Olarte- Pascual et al., 2015; Pelegrin-Borondo et al., 2018; Pelegrin-Borondo
et al.,, 2017; Pelegrin-Borondo, Reinares-Lara, et al., 2017; Pelegrin-Borondo et al., 2016; Reinares-Lara

el al., 2018; Reinares-Lara et al, 2016). Whereas, this research is about investigating the acceptance of
cyborg as an entity.

In general, humans will start to use the perceptual cues and former experiences to classify an object
(e.g. Human and Cyborg) and to effectively expect their behavior. In this stage, human already
recognizes the abnormality of the other human, from the physical structure (e.g. wearables) or through
the behavior (e.g. implants). This stage is very important to avoid falling in “Uncanny Valley”, in which
the human will feel with unfamiliarity while interacting with human-like objects (Stein & Ohler, 2017).
Originally, uncanny valley theory (Fig.1) was introduced by Mori (1970) to propose the relation
between human-likeness and familiarity while dealing with industrial robots. The theory proposed
that, at some point (First Peak), maximum familiarity would be achieved once the robots become
human-like in terms of behavior and appearance. Furthermore, the motion will enhance familiarity
perception. However, the author pointed out the feel of strangeness that could drop familiarity to the
negative portion, which is representing the “Uncanny Valley”. The author has mentioned an important
point regarding the prosthetic hand, which is representing one of the cyborg shapes. He believed that,
as the enhanced prosthetic hand looks like normal ones, humans would perceive familiarity. However,

once humans figure out the abnormality of this hand, the familiarity curve will drop to the uncanny
valley and humans could feel with eeriness.

Figure 1. Uncanny valley theory (Mori, 1970, p.33).
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Some authors refer to the problem of trust when humans meet strangers. They mentioned the role of
facial expressions in affecting trust behavior. Scharlemann et al. (2001) investigated the relationship
between facial characteristics and trust while interacting with others. Their study claimed that facial
expressions (e.g. smile) can stimulate trust behavior. Additionally, for life-like agents, trustworthiness
could be achieved by enhancing their competence (Mulken et al., 1999). In the same context, empathy
and emotions can overcome the uncanny valley's negative outcomes. Emotions have been considered
as a way to distinguish humans from objects and machines. Also, the ability to express basic emotions
is proof of humanity (Heisele et al., 2002). In fact, the idea is about the mismatch between human
expectations and perception to avoid uncanniness. For instance, the ability of robots to express
emotions will fall into "Uncanny Valley" if humans expect that a robot will not be able to do that, which
in turn could produce eeriness feeling. However, their ability to experience and detect emotions
without expressing them could keep them in the same area at the First Peak (Koschate et al., 2016).
Moreover, as the proposed relation between humans and cyborgs will include direct interaction, it is
essential to investigate the impact of anxiety on the interaction. Indeed, the expected anxiety is a
reflection of the abnormality and superpower associated with cyborg technology. Factually, anxiety
problem could not be related to the technology itself, rather than it could be an emergence of this
negative feeling while interacting with it (Oh et al., 2017). Nevertheless, changing the attention to be
toward the technology benefits could help in reducing anxiety associated with using it (Reinares-Lara
et al., 2016). Meanwhile, some studies claimed that anxiety is not a significant determinant of the
intention toward new technologies (Pelegrin-Borondo et al., 2017; Venkatesh et al., 2003).

As cyborg is still an outcome of technological innovations, it could be worthy to stimulate the
acceptance of a cyborg throughout the acceptance of new technologies, such as robots and the
acceptance to become a cyborg. In this context, different models and theories have been utilized in
studying the acceptance of such technologies. The research will consider the following theories and
models in studying the acceptance of Cyborg:

1. Technology Acceptance Model (TAM1) for Davis (1985) and its extensions TAM2 (Venkatesh
& Davis, 2000) and TAM3 (Venkatesh & Bala, 2008).

2. The Unified Theory of Acceptance and Use of Technology (UTAUT1) for Venkatesh et al. (
2003) and its extension UTAUT2 for Venkatesh et al. (2012).

3. The Cognitive-Affective-Normative Model (CAN) for Pelegrin-Borondo et al. (2016), which
has been developed to study the acceptance of being a cyborg.

The Perceived Ease of Use (PEU) is one of TAM constructs that represents the effort needed to use a
specific system. The second construct of the TAM model is the Perceived Usefulness (PU), which is
related to the benefits associated with the use of any technology (Davis, 1985; Heijden, 2004). Humans
need to perceive the usefulness of cyborg in terms of its superiority in performance if compared to
human performance. Furthermore, Performance Expectancy, which corresponds to Perceived
Usefulness, is related to the individual's beliefs about the system's ability to improve their job
performance. And Effort expectancy, which corresponds to Perceived Ease of Use, is related to the
simplicity of using the system (Venkatesh et al., 2003). It could stimulate the acceptance of dealing
with cyborgs if humans find them better than the other options or stimulate the rejections if there are
no differences in terms of performance and outcomes. But it is important also to consider the
possibility of the low effects of these two constructs in the initial investigation of cyborg acceptance
since the technology is still in its novelty stage (Pelegrin-Borondo et al., 2017).
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Individuals are members of their social entity. Therefore, other members’ opinions and advice toward
any behavior or decision could make a difference and could direct that behavior or decision. Social
influence was introduced by the Theory of Reasoned Action (TRA) for Fishbein and Ajzen (1975) and
the Theory of Planned Behavior (TPB) for Ajzen (1991). And it has been used in the technology
acceptance models (Davis, 1989; Venkatesh, 2000). As well, it showed a significant impact on the
acceptance of Nanoimplants (Pelegrin-Borondo et al.,2015; Pelegrin-Borondo et al., 2017, 2016;
Reinares-Lara et al., 2018, 2016), breast augmentation for young women (Moser & Aiken, 2011), and
the acceptance of virtual customer integration (Filler et al., 2010).

In Cognitive-Affective-Normative (CAN) model, which was developed by Pelegrin-Borondo et al. (2016)
to study the intention behavior toward being a cyborg, the authors used the emotional dimensions:
Positive and Negative emotions. While using a specific service, customers may develop positive or
negative emotions. The positive ones could be considered important for the future behavior of the
customers (Pappas et al., 2013). Likewise, they could be considered important in directing the attitude
of customers toward new technologies, and they could enhance the predictive power of technology
acceptance models (Kulviwat et al., 2007).

In the healthcare services sector, different studies have been investigating the acceptance of new
technologies among the customers and by applying the abovementioned models and theories, such
as the acceptance of electronic health systems (e-health), mobile health services (m-health) and health
information systems. Some studies found the PEU as the dominant influencer on the intention
behavior toward these technologies, as a direct impact (Aggelidis & Chatzoglou, 2009; Keikhosrokiani
et al., 2018; Pai & Huang, 2011) or through PU and Attitude dimensions (Chow et al., 2013). However,
literature is supporting the PU as the most significant determinant of the intention toward these
technologies if compared to PEU (Alsharo et al., 2018; Chang et al., 2015; Chen et al., 2013; Diinnebeil
et al.,, 2012; Hendrikx et al.,, 2013; Kijsanayotin et al., 2009; Lai, 2014; Dhanar et al., 2017,
Phichitchaisopa & Naenna, 2013; Sezgin et al., 2017; Sun et al., 2013) and the Social Influence as well
(Bawack & Kamdjoug, 2018; Chu et al., 2018; Guo et al., 2012; Hossainet al., 2019; Jaebeom Lee & Rho,
2013). Also, they have been used in studying the acceptance of wearable technologies for healthcare
applications (Li et al.,2016; Nasir & Yurder, 2015; Yang et al., 2016) and in the electronic exchange of
information across the healthcare sector too (Ahadzadeh et al.,2015; Chu et al., 2018; Hsieh, 2014).

Some authors have pointed out the importance of Perceived Risk in human-robot interactions. They
claimed that, once users perceive risk more than benefits, they could avoid the use of robots at all
(Hancock et al., 2011). However, the risk impact has been assessed through other dimensions (e.g.
trust). But the need is to investigate the impact of this construct by itself and through extending the
conceptual models to include Perceived Risk in assessing the intention toward such technologies
(Blutet al., 2018). Because the previous studies had pointed out to risk as an outcome (or side effect)
of using the new technologies, not as users’ perception, and without integrating it into their research
models (e.g. Destephe et al., 2015; Lilley, 2012; Matsui et al., 2018; Wirtz et al., 2018; Young et al.,
2009). The same issue is also found in studying new technology acceptance in healthcare applications
(e.g. Kates et al., 2015; McColl et al., 2013; Moro, 2018; Young et al., 2009).

As for cyborg technology, the term itself is immature and technology is still in the development stage,
especially for human enhancement purposes. Besides, nothing is much known about its acceptance in
society. However, society already accepted the use of this technology (e.g. technological and physical
implants) for restoring physical functions, such as in Cochlear Implants (Cl), and for increasing
seductive capacities, such as in breast implants (Moser & Aiken, 2011; Pelegrin-Borondo et al., 2017).
For instance, Cl is seen as a hearing aid for helping deaf people to restore their hearing ability.
Whereas, it could be used as an enhancement tool to increase human hearing capacity to beyond the
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normality. Therefore, this shift in the use of therapy to enhancement could change people's perception
of these technologies (Joseph Lee, 2016). As well, some Cl users for therapy purposes are introducing
themselves as cyborg entities (Christie & Bloustien, 2010). In the same context, Gao et al. (2015)
studied the acceptance of healthcare wearable technologies. The authors pointed out three significant
factors related to the intention to use wearable technologies in terms of privacy, healthcare and
technology perspectives. Their results suggested that the importance of these factors is depending on
their applications (Medical or Fitness). For example, social influence is significantly important for
fitness wearables. However, PU is one of the important determinants of medical wearable technology
acceptance. On the other side, the ethical issues related to the associated risk with these technologies
and their limits are an important topic that should be discussed in future researches. The successes of
cyborg technologies could depend on the offered benefits and on people’s perception of these benefits
(Schicktanz et al., 2015). Ethically speaking, technological implants for therapy use are acceptable.
While, it is still unclear for enhancement applications, despite what some authors mentioned the
critical need for reformulating the meaning of ethics, in terms of moral judgments, to be applicable to
this type of technology (Schermer, 2009). Reinares-Lara et al. (2018) studied the effect of ethics on the
acceptance of technological implants. The authors mentioned the ethical problem, which is covering
different areas, such as personal security and privacy, and its effect on personal identity. In fact, the
study implemented the ethical construct into the CAN model, to investigate its moderating influence
on the acceptance of brain implants for increasing capacities. The model is consisting of Performance
Expectancy, Effort Expectancy, Emotions (Negative Emotions, Positive Emotions, and Anxiety) and
Subjective Norms as the determinants of the intention to use technological implants. Even though
results did not prove the moderating effect of the ethical side of the implant's acceptance, it explained
the intention differences in using them. Meanwhile, the same results confirmed the impact of
performance expectancy, effort expectancy, negative emotions, positive emotions and social influence
on the intended behavior, where the last two constructs had the strongest impact. This is consistent
with the results of Pelegrin-Borondo et al. (2017) and Pelegrin-Borondo et al. (2016) studies.
Consequently, studying the acceptance of cyborg technology should consider the cultural differences
during the investigations. For instance, the CAN model could be employed in different countries and
integrated with the ethical dimension, to be able to generalize the results, as ethical aspects are
inherently cultural (Reinares-Lara et al., 2018).

After all, these studies have been investigating the acceptance of being a cyborg. Whilst, the research
purpose is to study the acceptance of cyborg as an entity in the healthcare service encounter, and if
compared to the services offered by the human-being. Moreover, since cyborg represents a
combination of technology and humanity, both aspects will be considered, to investigate cyborg
acceptance. Accordingly, the research proposed the theoretical model, which is shown in figure 2.

Figure 2. Theoretical Model.
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3. CONCLUSION

Human body enhancements to create cyborgs are increasing widely and they could reduce the fears
of human being extinction because of robots. Hence, human enhancement could be more efficient
than producing robots to obtain multilateral embodied intelligence. Because the natural motion skills
of human-being require complex structural elasticity and massive computational resources.
Nevertheless, the technology is still under development and it could be seen as a futuristic technology
that will be able to produce an enhanced human body as imagined in science fiction novels and movies.
In fact, it has received the attention of many researchers to study human acceptance to become a
cyborg. However, this research was interested in developing a theoretical framework that can be used
to investigate the acceptance of the services that could be offered by cyborg, especially in the
healthcare service encounter. The research integrated different constructs from previous studies that
have been interested in studying new technology acceptance, such as robot and being cyborg
acceptance.

The early investigation of the potential acceptance of such technologies could direct the future efforts
of technology developers and service providers toward meeting customers' expectations. Meanwhile,
the investigation of the service acceptance itself could require future researches to draw more
attention to customer expectations of such services. Also, the ethical impact of the proposed service
could be required in future investigations, since the cyborg is representing an advance technology that
could have the ability to imitate and exceed human abilities. If these futuristic cyborgs become a
reality, they could compete with humans and replace them, thereby increasing the professional and
social gap between humans and enhanced humans. Another ethical concern is related to the cyborg
services availability for high-income customers, which could create a new social class that can buy the
proposed superior services, and this could increase the equity gap too.
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