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Abstract: Theoretical models play a vital role in understanding the barriers and facilitators for the
acceptance or rejection of emerging technologies. We conducted a narrative review of theoretical
models predicting acceptance and adoption of human enhancement embeddable technologies to
assess how well those models have studied unique attributes and qualities of embeddables and
to identify gaps in the literature. Our broad search across multiple databases and Google Scholar
identified 16 relevant articles published since 2016. We discovered that three main theoretical
models: the technology acceptance model (TAM), unified theory of acceptance and use of technology
(UTAUT), and cognitive–affective–normative (CAN) model have been consistently used and refined
to explain the acceptance of human enhancement embeddable technology. Psychological constructs
such as self-efficacy, motivation, self-determination, and demographic factors were also explored as
mediating and moderating variables. Based on our analysis, we collated the verified determinants
into a comprehensive model, modifying the CAN model. We also identified gaps in the literature and
recommended a further exploration of design elements and psychological constructs. Additionally,
we suggest investigating other models such as the matching person and technology model (MPTM),
the hedonic-motivation system adoption model (HMSAM), and the value-based adoption model
(VAM) to provide a more nuanced understanding of embeddable technologies’ adoption. Our study
not only synthesizes the current state of research but also provides a robust framework for future
investigations. By offering insights into the complex interplay of factors influencing the adoption of
embeddable technologies, we contribute to the development of more effective strategies for design,
implementation, and acceptance, thereby paving the way for the successful integration of these
technologies into everyday life.

Keywords: microchip; implantable; embeddable; insideable; theory; models; narrative review

1. Introduction

Human implantable technologies or embeddables represent a burgeoning field of
innovation, characterized by computing devices that are surgically inserted or implanted
within the human body. These devices serve multifaceted purposes, ranging from tracking
health metrics to augmenting human capabilities and facilitating connections to digital
technologies. Notable examples of embeddables gaining societal traction include biostamps,
microchips, brain implants, password pills, and magnetic implants [1]. The conceptual
foundation of human–technology coupling can be traced to the seminal work of American
psychologist Joseph C. R. Licklider, who, in his 1960 publication Man-Computer Symbiosis [2],
envisioned a symbiotic relationship between humans and computers as a forthcoming stage
in human evolution. Licklider’s vision encompassed a future where computer intelligence
would surpass and operate independently of human control [3].

In the contemporary ubiquitous computing era, where computational devices per-
meate every facet of daily life, embeddables are emerging as a sophisticated means to
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streamline communication between users and computing systems. They hold the potential
to anticipate and fulfill users’ needs autonomously, possibly leading to a reduction or even
elimination of on-screen interactions, thereby realizing the vision of calm computing [4].
The implications of embeddables extend far beyond mere functionality; they have the po-
tential to profoundly reshape societal structures, influence human psychology, and propel
intellectual advancement. Andy Goodman insightfully observes, “Embeddables are not
just going to be a revolution in functionality, but will dramatically alter how people fit into
society, affect human psychology, and even propel us toward intellectual transcendence” [5].
While these advancements promise myriad benefits and bring us closer to Licklider’s vision
of human–computer symbiosis, the success of this integration is not solely dependent on the
technological advancements themselves. Rather, it hinges on understanding the complex
interplay between human psychology, societal norms, and technological innovation.

The attitudes, apprehensions, and expectations of individuals toward emerging tech-
nologies constitute pivotal elements that may either promote or hinder their broad adoption.
Consequently, an in-depth examination of the underlying determinants that govern users’
acceptance or rejection of such technologies is an imperative scholarly pursuit. This compre-
hension transcends mere theoretical interest; it is vital for the actualization of the vision of
human–computer symbiosis and yields additional advantages. A nuanced understanding
of the reasons behind the acceptance or rejection of technologies equips researchers with
the insights necessary to devise innovative methodologies for the evaluation and prediction
of user attitudes toward novel technological paradigms. Furthermore, the cognizance of
the multifaceted factors that influence users’ decisions to engage with specific systems
can guide the conceptualization and development of future technologies [6]. Considering
that the interaction between humans and technology is shaped by an intricate interplay of
contextual and behavioral variables, the application of psychological models and theories
often becomes indispensable to elucidate this complex human behavior [7].

Embeddable technologies, characterized by their unique attributes such as minia-
turization, invasiveness, connectivity, and potential for automation, present a distinct
challenge in the field of technology acceptance. These attributes necessitate a nuanced
understanding that goes beyond traditional models, capturing the multifaceted nature of
human interaction with these technologies. Over the past two decades, various models
and theories have been proposed to predict the acceptance of embeddables for diverse
purposes, ranging from health monitoring to cognitive enhancement [8–10]. However, a
comprehensive and unified understanding remains elusive. Existing models often provide
fragmented insights, tailored to specific contexts [11,12], and may lack the breadth and
depth to fully encompass the complexities of embeddable technology acceptance. While
insightful, they may not entirely encapsulate the unique characteristics, ethical considera-
tions, societal implications, and psychological complexities associated with embeddable
technologies. The inconsistencies and gaps in current theoretical frameworks highlight
a critical need for comprehensive overview of the topic. The rapid evolution of embed-
dable technologies [13,14], coupled with their potential societal and ethical implications,
underscores the urgency of this endeavor.

It is within this complex and dynamic landscape that the present study is situated.
The primary objectives are to critically assess how well current technology acceptance
models have addressed the unique qualities and attributes of embeddables, and to pinpoint
areas that remain unexplored or underexplored. By meticulously synthesizing the existing
literature, identifying key themes and patterns, and recognizing gaps, this review not only
aims to propose extensions to existing theories but also to highlight relevant models and
theories that may be instrumental in addressing the identified gaps. The goal transcends a
mere theoretical exploration; it seeks to align technological innovation with human needs,
values, and aspirations, thereby laying a foundation for future research, development, and
practical implementation of embeddable technologies. This scholarly endeavor begins with
an in-depth examination of the unique attributes of embeddables, unraveling their multi-
faceted nature. It then provides a comprehensive overview of prevailing theoretical models,
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weaving together insights from various disciplines and perspectives. This foundational
understanding sets the stage for a critical and reflective discussion of the findings. The
discussion delves into implications of the findings, explores potential avenues for future
research, and offers a road map to bridge the gaps and build upon the existing knowledge
base. By fostering a nuanced understanding of embeddable technology acceptance, the
study aspires to contribute to a more human-centered and ethically grounded approach to
technological innovation.

2. Related Work
2.1. Embeddables’ Qualities

Technologies have traditionally maintained a distinct separation from human bodies,
but embeddables represent a convergence, effectively eliminating this distance. Embed-
dables encompass transformative technologies that integrate with human physiology to
correct, monitor, and augment existing capabilities, forging connections to the digital
realm [15]. The literature recognizes five different types of human implantable technolo-
gies [16]. The first includes medical implants for therapeutic purposes, such as a cochlear
implant to restore hearing. The second group encompasses those implants that provide
enhancements to go beyond natural human abilities, such as a bionic eye implant for
enhanced vision. The third category consists of medical devices such as insulin pumps,
which enable people to maintain standard human functions. In the fourth group, we find
specialized devices that not only compensate for disabilities but also offer abilities beyond
normal human functions, such as neural implants that can enhance cognitive processing;
these are known as implantables. The fifth and final category includes those nonmedical
devices such as subdermal RFID chips, allowing individuals to perform actions such as
making contactless payments; these are referred to as insideables. In our research, we
concentrate on implantables and insideables (collectively referred to as embeddables), that
enable people to transcend typical human capabilities. They hold the potential to enable
humans to attain computer-level intelligence, facilitate communication with the digital
world, and bestow digital sensory capabilities.

The distinct characteristics of embeddables introduce several considerations that may
impede their acceptance. Their intimate integration with human physiology, capable of
predicting and fulfilling needs autonomously, raises profound questions about their impact
on free will, psychological well-being, and societal perceptions [17]. The potential for
embeddables to alter physical appearance and extend human capabilities beyond natural
limits raises profound ethical questions and societal dilemmas [18]. The notion of human–
machine hybridity, or cyborgization, challenges conventional understandings of human
identity and existence [19]. Some scholars view such enhancements as interference with
the metaphysical purpose of human existence.

The integration of embeddables into the human body is a complex process that requires
careful consideration of various factors, including individual needs and preferences. The
choice of implantation site, in particular, presents unique challenges and concerns, as
different individuals might require different things from the same implant. Depending
on the purpose and functionality of the embeddable, the implantation site may have
implications for both the user’s comfort and the device’s effectiveness. For example, an
implant designed to measure digestive activity would require a specific location within the
digestive tract, necessitating expert surgical intervention. However, the exact placement
might vary based on individual health conditions, lifestyle, or personal preferences, raising
issues related to design, customization, and user experience.

On the other hand, a subcutaneous microchip for access control might be implanted
by a skilled tattoo artist in a more accessible location, but the choice of site could still be in-
fluenced by factors such as aesthetics, cultural beliefs, or occupational requirements. These
considerations extend beyond mere medical expertise, involving ethical considerations,
user consent, and potential societal implications [20]. They also highlight the need for a
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flexible and user-centered design approach that can accommodate diverse user needs and
preferences while maintaining functionality and safety.

Moreover, the ability of embeddables to communicate and exchange data with the
surrounding digital environment introduces another layer of complexity. This connectivity
raises concerns about data privacy and user security, as unauthorized access to the em-
bedded device could lead to breaches of personal information. Interoperability between
different devices and systems also presents challenges, as inconsistencies in communication
protocols may hinder the seamless functioning of the embeddable. These technological
considerations prompt questions about the trade-offs between convenience, functionality,
and privacy, highlighting the need for robust security measures and ethical guidelines
in the design and implementation of embeddable technologies [21]. The multifaceted
nature of embeddables underscores the importance of a holistic approach that considers
not only technological capabilities but also human factors, ethical considerations, and
societal context.

Society has already embraced embeddable technology for therapeutic purposes, such
as cochlear implants for hearing restoration [22], and dental implants for tooth replace-
ment [23]. However, the conceptualization of embeddables as transformative agents,
extending and enhancing human capabilities beyond therapeutic needs and normality,
may alter perceptions and engender uncertainties. The potential enhancement capabilities
of embeddables for nontherapeutic purposes have ignited unprecedented concerns and
debates surrounding their acceptance. The diversity of societal opinions and values further
accentuates these differences, underscoring the need for a nuanced understanding of indi-
vidual acceptance of embeddable enhancement technologies [1]. Consequently, there is a
pressing need to refine and expand existing theoretical models of technology acceptance to
more accurately encompass various attributes of the embeddables, and to comprehend and
articulate the multifaceted factors influencing the acceptance and rejection of implantable
technologies among end-users [24].

2.2. Theoretical Models of Technology Acceptance

Frameworks and models use varying theoretical approaches to introduce factors that
explain the adoption of a new technology in target individuals. Some of the most commonly
used models and theories related to technology acceptance are shown in Table 1.

Table 1. Theoretical models of technology acceptance.

Theory/Model Year Application Examples

Uses and gratification theory (UGT) 1973 [25,26]
Theory of reasoned action (TRA) 1975 [27]
Technology acceptance model (TAM) 1986 [28,29]
Social cognitive theory (SCT) 1986 [30,31]
Matching person and technology model (MPTM) 1989 [32]
Model of PC utilization (MPCU) 1991 [33]
Theory of planned behavior (TPB) 1991 [34,35]
Motivation model (MM) 1992 [36]
Combined TAM–TPB 1995 [36]
Innovation diffusion theory (IDT) 1995 [37]
Extension of TAM (TAM 2) 2000 [38]
Unified theory of acceptance and use of technology (UTAUT) 2003 [39]
Hedonic system adoption model (HSAM) 2004 [40]
Valued-based adoption model (VAM) 2007 [41]
Technology acceptance model (TAM 3) 2008 [42]
Extended UTAUT (UTAUT 2) 2012 [43,44]
Hedonic-motivation system adoption model (HMSAM) 2013 [45,46]

Models such as TAM, TPB, and their variations are improvements over TRA, which
laid the foundations of this field. TRA postulates that an individual’s intention to perform
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a certain health behavior is the most accurate predictor of the actual execution of that
behavior. Furthermore, intentions are shaped by other determinants such as an individual’s
attitudes and norms. In other words, to predict whether an individual will perform a
particular action, it makes sense to examine their attitudes and subjective norms. Although
TRA was originally developed to predict health behaviors, it can be used to predict any
human behavior within a given context. For example, TRA explains and predicts the
acceptance behavior of end users in domains, such as birth control use, blood donation,
education, healthy diet adoption, disease screening practices, consumer’s buying behaviors,
and technology usage [6,7].

Despite its broad scope, refinements and revisions to TRA are often necessary to make
predictions in various contexts. Moreover, TRA critics such as Bagozzi and Yi argue that
behaviors and attitudes are not always linked to intentions, especially when cognitive effort
is not involved in the performance of a behavior [47]. Eagly and Chaiken further point
out that TRA fails to consider external conditions that may be necessary to facilitate the
execution of a behavior in question [48]. To address these and other limitations of TRA,
researchers have identified additional determinants to explain an individual’s behavioral
intentions, giving rise to other theoretical models to predict behaviors, i.e., TAM, TPB,
HSAM, UTAUT, and HMSAM. The commonality between these models is that they all use
behavioral intention to predict the actual use of a system. However, each offers a different
set of determinants and/or antecedents for this predictor variable. For example, HSAM
as an extension of TAM offers a “Joy” as one antecedent of behavioral intention to use
a hedonic information system. HMSAM, which is an extension of HSAM replaced “Joy”
with a construct called “Cognitive Absorption” (defined “as a deep state of involvement
with a software system stemming from intrinsic motivation” [45]) to explain behavioral
intention to use a technology. Additional details about these models are given in the
following sections.

The VAM was introduced as an alternative to the TAM, which lacked consideration
for many exogenous variables that affect the intention to use new information and com-
munication technologies, such as mobile internet. Viewing technology acceptance from
a cost–benefit angle, the VAM maintains the technical aspects (such as usefulness and
technicality) found in the earlier models but also incorporates elements such as enjoyment
and perceived fee. Distinct from other models, the VAM employs perceived value as an
intermediary factor in individual adoption intention, with this value being determined by
the technology’s trade-off. The VAM has been applied to explain the acceptance of various
technologies, such as mobile payments [49] and Internet of Things services [50].

Models such as MPTM, SCT, MPCU, MM, IDT, and UGT do not use behavioral
intention to predict technology use; instead, they focus on explaining the actual use. The
actual system use refers to the act of using a technology, whereas behavioral intention is
influenced by the attitude, i.e., opinions and thoughts about a technology, especially those
based on feelings as opposed to evidence. The MPTM suggests that a successful alignment
between an individual and technology necessitates consideration of (a) the characteristics
and resources of the environments where the technology will be implemented, (b) the
desires, anticipations, and inclinations of the user, and (c) the capabilities and attributes of
the technology along with the process of service delivery. If this alignment fails to meet
the quality standards from the perspective of the end user, leading to an unsatisfactory
user experience (UX), the technology might remain unused or may not be utilized to its
fullest potential.

The SCT posits that the social environment has a significant influence on how people
acquire and maintain a specific behavior, giving rise to the psychological concept of self-
efficacy as the factor responsible for the actual behavior. The MPCU explains that the usage
of a personal computer (PC) is based on a gamut of factors besides an individual’s feelings
(affect) toward using PCs. It includes external factors such as societal norms (conventions)
and the facilitating conditions, and internal factors such as an individual’s habits and their
expectations of certain results. The MM takes a similar stance by positing that both intrinsic
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and extrinsic motivation influence the utilization of technology. Intrinsic motivation is
determined by computer playfulness and enjoyment, whereas extrinsic motivation is
determined by subjective views about the usefulness and ease of use of technology and
perceived social pressure to use a technology.

Other models introduce additional factors to explain the acceptance of new technolo-
gies. The IDT credits the adoption and acceptance of novel technologies, which must be
understood through five characteristics of these technologies. This includes the superiority
of new technology over existing ones (relative advantage), the alignment of new technology
with user requirements (compatibility), the overall effort required to learn to use and adopt
a new technology (complexity), the ability of the new technology to be tested out before
actual use or adoption (trialability), and the ability of the new technology to make its
internal state visible through external means for ease of use and evaluation (observability).
Finally, the UGT focuses on the actual users of a technology and their behaviors, rather than
the impact of a technology or a behavior on people. Generally speaking, the model helps
provide answers to the following questions: Why people perform a certain behavior (e.g.,
use a certain technology)? What gratifications do they get from performing that behavior?

Regardless of whether a model predicts use or explains actual use, it has both lim-
itations and strengths. No model encompasses every single factor that can explain user
acceptance of a technical product, thus justifying the need for multiple theoretical models
to define technology acceptance. Additionally, a model may be confined to technology use
and acceptance possibilities within specific contexts. For example, some models discuss
adoption at the system level, some at the individual level, and some at both levels, etc. [7].
Researchers agree that the unique properties of embeddables and their emerging nature
present an opportunity to revise existing models of technology acceptance [1]. This allows
future development and adoption of this technology to be defined in due time. Therefore,
it is not surprising that many new and modified models have surfaced in the past decade
to explain and predict the use of embeddables.

To consolidate the research on this topic into one area, we present a narrative re-
view of theoretical models that have been proposed to explain the acceptance of im-
plantable/embeddable technologies in humans. A narrative review helps identify a few
studies on a problem of interest, without the requirement of a systematic or defined proto-
col [51]. Narrative reviews can help increase the understanding of a problem space that
might be based on a somewhat limited coverage of the research work. Unlike systematic
reviews or meta-analyses, they allow for a more flexible and interpretative analysis, accom-
modating the heterogeneity and complexity inherent in a field. By conducting a narrative
review, researchers can weave together various strands of research, highlight underlying
themes, explore different perspectives, and provide a coherent and nuanced understanding
of the topic. In this manuscript, we also aim to uncover the trends in the development of
these models and further the discussion around advancing embeddable technologies and
addressing their limitations.

3. Study

The primary objective of this study is to identify trends in the development of technol-
ogy acceptance models for human implantable technologies. We aim to critically assess
how well current models have addressed the unique qualities and attributes of embeddable
and to pinpoint gaps in theoretical development.

3.1. Materials and Methods

We conducted a comprehensive search across four primary databases: PubMed, Web
of Science, IEEE Xplore, and Science Direct, in addition to Google Scholar. The keywords
employed in the search included “embeddables”, “technology acceptance models”, “the-
oretical models”, “technology acceptance”, “insideables”, “implantables”, “insertables”,
“human implantable technologies”, “biohacking”, “cyborgs”, and others related to embed-
dables and technology acceptance. We restricted our search to articles that were published
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post-2016, which led to the identification of 184 relevant pieces. After eliminating the
duplicate articles, two independent researchers used the inclusion and exclusion criteria
to eliminate the remaining articles by screening their titles and abstracts. This resulted in
105 text. The researchers conducted a full text review of these articles and finally selected
16 articles that met all the stipulated criteria (Table 2).

The criteria for selection were as follows: articles that (a) explored end-user perspec-
tives for predicting acceptance or adoption, (b) leveraged a theory or a model to understand
the acceptance, rejection, or prediction of the utilization of an embeddable technology, and
(c) studied insideables and / or implantables (capacity-enhancing technologies). Exclu-
sion criteria encompassed articles that (a) focused on embeddables in nonhuman subjects
(e.g., animals), (b) lacked a model, theory, or theoretical framework to investigate the
acceptance of embeddables, (c) concerned with corrective human implants, such as im-
plantable medical devices, and (d) studies about interacting with cyborgs as opposed to
being cyborgs.

3.2. Analysis

The analysis began with categorizing papers according to the type of models used to
study embeddable technology acceptance. The authors then assessed the specific attributes
of embeddables that were studied by each model and identified the determinants that
were posited to influence acceptance. Building on this, the authors mapped the attributes
to the determinants, creating categories within each model. This process allowed for an
understanding of how different models conceptualize the relationship between the unique
qualities of embeddables and the factors that drive acceptance.

Following this categorization and mapping, the authors critically assessed the oppor-
tunities and limitations of each study, evaluating the strengths, weaknesses, and contextual
considerations of each model. Finally, the insights were synthesized to identify gaps in
the existing literature. By drawing together the findings from diverse studies, the authors
pinpointed areas where further research was needed and opportunities for refining existing
theoretical frameworks.

Table 2. Models and theories used to understand acceptance of embeddables.

Study (Year) Theory/Model Technology Population (Size) Findings

[52] (2016)
Extended TAM

(Cognitive +
Affective)

Capacity-enhancing
nanoimplants >16 years (n = 600)

Model explained 65.9% of the
variance in attitude and 58.4% of the
intention to undergo implantation.
Predictive power of 0.53 for
respondents’ attitudes and 0.57 for
their intentions.

[53] (2017) CAN
Capacity-enhancing
insideables (being a

cyborg)
>16 years (n = 600)

CAN explains 73.9% of variance in
responses and has a predictive
power of 0.7160. Affective and
normative factors have the greatest
influence on the acceptance. Positive
emotions have the greatest impact.

[54] (2018) CAN Neural implants ≥18 years (n = 900) Ethics has a moderating effect on the
intention to use implants.

[8] (2018) Extended TAM SM Unselected population
(n = 531)

Therapeutic uses are more
acceptable (44%) than enhancement
uses (35–22%).

[55] (2019) TAM 2 SM Undergrad students
(n = 100)

Lack of trust poses a barrier for
adoption.
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Table 2. Cont.

Study (Year) Theory/Model Technology Population (Size) Findings

[56] (2019)
Ethical awareness

innovativeness
perceived risk

Capacity-enhancing
insideables (being

a cyborg)

University students
Japan (n = 300) & Spain

(n = 286)

Ethical awareness strongly
influences cyborg technology
acceptance, while innovativeness
plays a lesser role, and perceived
risk has no significant impact.
Culture does not affect the results.

[57] (2019) Extended UTAUT 2 SM
Potential customers

(n = 22) and marketing
companies

Model will affect marketing
activities if the technology is
widely adopted.

[58] (2019) Refined TAM Insideables Employees in
workplace

Constructs for acceptance and
nonacceptance proposed based on a
case study analysis.

[1] (2020)
TAM, self-efficacy,

IDT, social
exchange theory

Embeddables Online survey, 18–86
years (n = 1063)

Self-efficacy, perceived risk and
privacy concerns explain the
adoption of embeddables.

[59] (2020) Extended TAM
(Using MES)

Capacity-enhancing
insideables (being a

cyborg)

Online survey of higher
education students

(n = 1563)

Ethical dimensions explain 48% of
the intention to use cyborg
technologies. Egoism is the most
influential, while contractualism is
the least.

[60] (2021) Extended TAM SM Unselected population
(n = 804)

Perceived trust influences privacy
and technology safety. Health
concerns reduce perceived
usefulness.

[61] (2021) UTAUT 2 Insertables
Undergraduate

students (n = 672),
Colombia & Chile

Hedonic motivation, social influence
(SI), habit and performance
expectancy positively influence use
intention in both countries. Habit
mediates relationship between SI
and intention. Effort expectations
are significant in Chile.

[62] (2021) UTAUT 2 Insideables &
wearbales

Higher education
students (n = 1563)

Performance expectancy more
strongly influences the adoption of
wearables, while social influence
plays a greater role in the adoption
of insideables.

[63] (2021) Self-determination
theory Implantables Undergrad students

(n = 111)

Trust in technology and high
motivation correlate with
technology use. Personality traits
do not.

[10] (2022) Extended TAM SM General public, 18–80
years (n = 179)

Additional determinants for
acceptance are proposed.

[64] (2023) Perfectionism and
locus of control Memory implants University students

(n = 686)

Traits of perfectionism have positive
relationships with the intent to use
memory implants. Internal LOC acts
as a moderator.

4. Results

A summary of all the studies has been provided in Table 2. Three main types of
implantable technologies have been studied and three technology acceptance models
(Table 3) have been investigated with new determinants. In addition, several studies simply
focused on investigating the influence of specific determinants on the intention of use.
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Below, we describe our findings along with a brief overview of the technology models that
have been identified.

4.1. Types of Embeddables

The following embeddables technologies have been mentioned in the literature:

• Subcutaneous microchips (SM)—tiny integrated circuits that are about the size of a
rice grain, usually encased inside transponders and placed underneath the skin. Five
articles specifically explored the acceptance of subcutaneous microchip implants.

• Capacity-enhancing nanoimplants—refers to a type of nanotechnology-based implant
that can be integrated into the human body to augment or enhance certain abilities or
functions. These implants are typically designed at the nanoscale, allowing for precise
manipulation and interaction with biological systems.

• Neural implants—technological devices that are implanted inside the brain to im-
prove the memory performance of an individual. Two studies investigated people’s
acceptance of neural implants for memory and performance enhancement purposes.

• Cyborg technologies—cyborg is a frankenword that is used to describe people en-
hanced with both organic and digital (implantable or insideable) body parts. Cyborg
technologies refer to any type of embeddable technologies that are used by a healthy
individual to enhance innate human capabilities.

The remaining articles explored people’s attitudes towards implantable technologies
overall, without any reference to a specific type of implantable technology.

Table 3. Comparison of the models reported in the studies.

TAM CAN UTAUT

Direct determinants of BIU
Perceived usefulness
Perceived ease of use

Attitude

Perceived ease of use
Perceived usefulness

Positive affect
Negative affect

Anxiety
Subjective norms

Performance expectancy
Effort expectancy
Social influence

Facilitating conditions

Additional Determinants

Perceived trust
Privacy concerns

Perceived awareness
Perceived choice
Financial burden
Ethical concerns
Innovativeness
Perceived risk

Technology self-efficacy

Ethical concerns

Hedonic motivation
Price value

Habits
Functionality

Health concerns
Invasiveness

Privacy concerns
Safety concerns

Moderating variables Age, gender Culture Age, experience
Gender, culture

External variables
Health concerns

Misinformation/fake news
Conspiracy theory beliefs

- -

4.2. Technology Acceptance Model

To date, TAM has been empirically established as a robust model to explain fac-
tors influencing the adoption of almost every technological innovation [6]. Our review
shows that the embedded technology is no exception to this rule. Nine out of fourteen
selected publications used TAM or some version of TAM to predict behavioral intention to
use embeddables.

In its most basic form, the TAM posits that individuals rely on two cognitive processes
to form biases and make decisions about whether to use a technology, even before initi-
ating any effort towards its use. The first process is ’Perceived Usefulness’ (PU), where
individuals are inclined to use a technology if they perceive it to be beneficial for achieving
specific goals, such as enhancing job performance. Davis [65] defines PU as the degree
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of this belief in an individual. If the technology is deemed useful, it leads to a positive
attitude; conversely, a negative perception results in a negative attitude. The second process
is ’Perceived Ease of Use’ (PEU), which concerns the individual’s understanding of the
effort required to use the technology. Davis describes PEU as a measure of a person’s
belief regarding the amount of effort needed to use the technology [65]. A belief that the
technology is easy to use fosters positive attitudes towards it and vice versa.

The TAM posits that when a technology is perceived to be useful and easy to use
(Figure 1), people have a positive attitude toward it, which influences their intention to use
it (BIU). However, depending on an individual’s age and gender, these perceptions can
vary. These factors can be expected to play a significant role even in the case of embeddable
human enhancement technologies. It is conceivable that an individual is going to accept
this technology, only if he or she (i) perceives it to be useful or providing some advantage
(PU), and (ii) perceives it to be easy to use (PEU).

The TAM is a powerful framework that can be easily extended and modified to
include additional determinants of behavioral intention to use a technology, TAM 2 [38]
and TAM 3 [42] being two major upgrades to the TAM model that can be further extended
and adopted for various technologies. TAM 2 focuses on fleshing out the external variables
that influence PU, whereas TAM 3 focuses on defining external influences on the PEU [66].
Besides TAM extensions, there has also been a trend to combine the TAM with other
theoretical models.

Figure 1. Technology acceptance model (basic TAM).

The studies utilizing the TAM to understand the intention to use embeddables have
made significant strides in addressing the unique qualities and attributes of embeddable
technology. Our review shows that both TAM extensions and TAM combinations have been
used to predict and explain embeddable adoption. Below, we discuss how TAM has been
able to treat various qualities of embeddable technologies as well as future opportunities.

4.2.1. Emphasis on Perceived Usefulness and Ease of Use

Even though the original TAM studied behavioral intention to use technology via atti-
tudes towards that technology, most studies that use the TAM to understand the intention
to use embeddables did not include attitude in their refined models. Instead, they directly
studied the impact of various determinants on the behavioral intention to use. However,
the remaining two core determinants, i.e., PU and PEU, have been central to many studies,
which we discuss below.

Embedded technologies have uniquely useful functions, such as enhancing people’s
innate capabilities and giving them computer intelligence and sensory capabilities by
connecting them to the digital world. Reinares-Lara et al. [52] demonstrated that the PU of
embeddables has a significant impact on people’s attitude towards them. This aligns with
the functional aspects of embeddables, such as their utility in enhancing human capabilities.
Interestingly, Reinares-Lara et al. [52] could not establish the impact of the PEU on attitudes
towards brain implants, suggesting that the unique attributes of embeddables may require
a nuanced understanding of the ease of use. However, Gangadharbatla [1] was able to
demonstrate that the PEU had an impact on attitudes towards embeddables in general but
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not on the willingness to use them, clearly showing that other attributes of embeddables
are more important when studying the reasons behind their adoption.

Werber et al. [8], true to the original TAM model, were able to demonstrate the PEU
had a direct impact on PU. This can be explained by the minute sizes of these devices and
their ability to be autonomous, which can diminish the concerns around their ease of use.
Indeed, Cicevic et al. [55], based on their quantitative descriptive results, concluded that
their research subjects had positive attitudes toward the PU and PEU of microchips.

4.2.2. Incorporation of Perceived Trust and Health Concerns

Recognizing the intimate nature of embeddables and the potential health implications,
several studies have extended TAM to include perceived trust (PT) and health concerns
(HC). These extensions reflect a deeper understanding of the unique attributes of embed-
dables, such as the need for public trust in the safety of the technology and concerns about
potential health risks.

Studies such as Weber et al. [8] have shown that PT is a significant predictor of
intention to use and HC act as a negative predictor of PU [60]. Gangadharbatla’s study [1]
included perceived risk (PR), adding depth to the understanding of how perceived health
and safety risks impact acceptance. They were able to demonstrate that PR, including health
risks, can influence attitudes and the willingness to adopt embeddables. Cicevic et al. [55]
found that participants in their study had a very low PT of microchips, while HC were
neutral. However, no one was willing to use microchips for everyday activities at home.
Qualitative studies such as that of Shafeie et al. [10] provide nuanced insights into how
health and safety considerations shape the willingness to adopt microchip implants. The
authors concluded that even though the public finds diverse applications of microchips
useful, scientific research has not advanced enough to garner public trust in the safety of
embeddable technology [10,60].

Overall, this theme provides a cohesive understanding of how health and safety
considerations influence the acceptance of embeddable technologies. By recognizing and
exploring this theme, researchers have acknowledged the unique potential risks associated
with the integration of embeddables within the human body.

4.2.3. Consideration of Privacy and Security

Trust in the safety and privacy of embeddable technology is crucial, given their
intimate connection with the user. The close integration of embeddables with the human
body and their ability to exchange data with external devices introduce potential risks
related to data privacy and security. Their ability to exchange data with other entities also
make them susceptible to misinformation, conspiracy theories, and fake news.

Gangadharbatla’s study [1] established the role of perceived risk (PR) and privacy
concerns (PrC) in influencing attitudes and the willingness to adopt embeddables. Studies
by Weber et al. [8] and Cicevic et al. [55] explored PT as a determinant of acceptance, reflect-
ing the need for public trust in the technology’s ability to safeguard personal information.
Z̆nidars̆ic̆ et al. [12] investigated how fake news and misinformation impact PT, adding
complexity to the understanding of privacy concerns.

These studies have recognized the multifaceted nature of privacy concerns, ranging
from data security to public trust and misinformation. This consolidated understanding
underscores the importance of addressing privacy considerations in the design, imple-
mentation, and promotion of embeddable technologies. It also emphasizes the need for
transparent communication, robust security measures, and public education to foster trust
and mitigate privacy concerns among potential users. The exploration of privacy concerns
in these studies contributes valuable insights to the ongoing discourse on the responsible
development and acceptance of embeddable technologies.
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4.2.4. Exploration of Demographics and Individual Factors

Some studies have also explored the influence of individual factors such as age, gender,
race, and socioeconomic status. This aligns with the recognition that embeddables may
have different implications for different individuals, requiring personalized considerations.
Gangadharbatla’s [1] findings indicated that factors such as age, gender, and self-efficacy
in embedded technology also influence the adoption of embedded technology. Whereas,
Weber et al. [8] reported that age does not moderate acceptance. Such conflicting findings
challenge previous beliefs and underscores the need for a nuanced understanding and
investigation of the influence of demographic factors and embeddable technology type
on acceptance.

4.2.5. Limitations and Opportunities

The TAM presents unique opportunities for studying the adoption of embeddable
technologies, but there are areas where further exploration is needed. Many existing studies
within this category do not distinguish between different types of insideables, nor do they
adequately address the varying levels of ethical and other dilemmas associated with them.
This presents an opportunity for future research to delve into specific uses of implantable
technologies and to investigate how attitudes towards their use are influenced by factors
such as privacy concerns, ethical judgments, and the degree of invasiveness of the implant.
Future research could also explore the PT and HC theme, delving deeper into the specific
concerns and how they interact with other factors to shape acceptance.

One promising avenue for exploration is the analysis of the influence of ethical judg-
ment, depending on the degree of invasiveness of the implant and the extent of human
transformation they entail from an evolutionary perspective. This could lead to a more
nuanced understanding of the ethical considerations that underpin people’s acceptance or
rejection of these technologies.

Moreover, the majority of existing studies have focused on young higher-education
students, limiting the generalizability of findings. Future research should strive to include
different segments of the population and various characteristics for a broader societal
understanding. This could involve targeting older adults, particularly those with limited
computer access, and considering factors such as education, socioeconomic status, health,
cultural background, profession, religion, and other relevant variables.

By expanding the scope of the TAM to encompass these areas, researchers can develop
a more comprehensive and contextually relevant model for understanding the adoption
of embeddable technologies. This could lead to more effective strategies for promoting
responsible use and addressing the complex ethical, social, and psychological issues that
these technologies raise. In summary, while the TAM has already contributed valuable
insights into the adoption of embeddable technologies, there is significant potential for
further refinement and application in this rapidly evolving field.

4.3. Cognitive–Affective–Normative Model

The cognitive–affective–normative (CAN) model (Figure 2) has been a significant
approach in understanding the acceptance of embeddable technology. Developed by
Pelegrin-Borondo et al. [67], the model stresses the importance of looking at both cognitive
and affective elements [52], or cognitive, affective, and normative elements [67]. It attempts
to account for both technology and human abilities by combining cognitive (PU and PEU)
and normative (subjective norm) determinants of behavioral intention from TAM 1 and
TAM 2 with three affective variables, i.e., positive emotions, negative emotions, and anxiety.
CAN has been repeatedly extended and used to study the acceptance of various types
of capacity-enhancing embeddable technologies. For example, it has been used to assess
behavioral intention toward being a cyborg [53], interacting with a cyborg [68], accepting a
brain implant for one’s children [54], etc.

The CAN model was tested via a self-administered, online survey in 600 individuals
from an unselected population [53]. The structural equation modeling demonstrated that
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the model could account for 73.92% of the variance in responses concerning the intention
to use embeddables in early adopters, that is, individuals who use an innovation before
others. In the following, we demonstrate how well the studies utilizing the CAN model
have addressed the issue of embeddable technology acceptance based on their unique
qualities and attributes.

Figure 2. Cognitive–affective–normative (CAN) model.

4.3.1. Embracing Emotional Responses

The CAN model’s affective determinant recognizes that embeddable technologies
can elicit mixed emotional responses in users. This acknowledgment of both positive
and negative emotions reflects an understanding of the complex human reactions to the
idea of integrating technology within the body. By considering emotions, the CAN model
goes beyond traditional models such as TAM, capturing a more nuanced view of human
interaction with embeddables. With the help of the CAN model [53], it has been shown
that the affective determinant is the strongest antecedents for early adopters, and positive
emotions are the most influential out of all the other emotions.

4.3.2. Incorporating Social Influence

The normative dimension of the CAN model emphasizes the influence of societal
views on individual attitudes towards embeddables. Given the novelty and potential
controversy surrounding implantable devices, this aspect of the model is particularly
relevant. It acknowledges that acceptance is not solely a matter of personal preference but
is shaped by broader social norms and expectations. Pelegrin et al. [53] showed that the
normative determinant was the strongest antecedents for early adopters.

4.3.3. Ethical Considerations

While the CAN model itself does not inherently capture ethical aspects, some stud-
ies have integrated ethical constructs within the model to investigate concerns related
to personal identity, security, and privacy. This integration reflects an awareness of the
unique ethical dilemmas posed by embeddables, such as the potential impact on human
psychology and the moral considerations surrounding the use of such technologies. Eth-
ical dilemmas are complex because they exist in a multitude of domains, such as social,
economic, environmental, educational, moral, etc. Regardless of the domain of interest,
individuals use a subjective process known as ethical judgment, which considers moral
equity, relativism, egoism, utilitarianism, and contractualism, to decide which actions have
moral groundings [69].
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The studies conducted by Pelegrín-Borondo et al. [59], Olarte-Pascual et al. [11],
and Reinares-Lara et al. [54] explored the ethical dimensions of embeddable technology
acceptance. They found that ethical judgment, including principles such as moral equity,
relativism, egoism, and utilitarianism, has strong positive relationships with the intention
to use insideables, while contractualism has a weak, nonsignificant relationship. Reinares-
Lara et al. [54] investigated ethical concerns related to brain implants, such as personal
identity, security, and privacy, and categorized participants based on their ethical stances.
Although they did not find a moderating effect of the ethical construct on acceptance, the
ethical assessment did explain variations in behavioral intention.

The CAN model offers a comprehensive framework that aligns well with the unique
qualities and attributes of embeddable technologies. By considering cognitive, affective,
normative, and ethical dimensions, it provides a multifaceted view of acceptance. The
studies utilizing the CAN model have contributed valuable insights into the acceptance of
embeddable technologies, reflecting an understanding of their unique characteristics and
the complex human responses they elicit.

4.3.4. Limitations and Opportunities

Existing research reflects general beliefs about implantable technologies as participants
were not given additional information that could influence perceptions and emotions. The
studies relied on self-assessed emotions, which could have impacted the collection of
data that depended on emotional responses. The existing research also indicates that
the moderating effect of culture on the ethical construct needs further investigation. The
investigation of cultural differences has begun to receive attention, but regions such as
Oceania, Africa, the Middle East remain unexplored and would benefit from further
examination. Moreover, while the published work has examined the connections between
cognitive, affective, and normative factors in evaluating the acceptance of implantable
technologies, underlying reasons for the relationships between these variables could be
further explored.

4.4. Unified Theory of Acceptance and Use of Technology

Venkatesh et al. [70] developed the UTAUT to assess the consumer’s intention to
use a technology. The model unifies eight prominent theories: TRA, TPB, MPCU, MM,
TAM, SCT, IDT, and TAM-TPB. The UTAUT contains four core determinants to explain and
predict technology adoption: performance expectancy (PE) (a combination of PU, extrinsic
motivation, relative advantage, job-fit and outcome expectations), effort expectancy (EE)
(equivalent to the PEU), social influence (SI) (equivalent to social norms), and facilitating
conditions (FC) (referring to an individual’s belief that they can find organizational and
technical support to use the system). The individual factors of gender, age, experience
(previous technology experience), and voluntariness (willingness) of use abate the strength
of primary relationships in the model (Figure 3). While the original eight models and their
extensions explain between 30 and 60% of the variation in behavioral intention to accept a
technology, the UTAUT explains an improved 70% of the variation.
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Figure 3. Unified theory of acceptance and use of technology (UTAUT).

An extension of the UTAUT called UTAUT 2 [43] provides three additional determi-
nants to explain behavioral intention to use a system: hedonic motivation (HM), price
value (PV), and habits (H). Additionally, the UTAUT 2 model dropped voluntarinessof
use from the set of moderating variables. The multitude of determinants and moderating
variables improves the predictive and explanatory power of the UTAUT, but at the expense
of increasing the complexity of the model application. Therefore, the moderating variables
are often ignored to simplify the model application process. It is also to be noted that
UTAUT 2 is more suitable for assessing the acceptance of technologies within the consumer
market, whereas the UTAUT focuses on the use of technologies within an organizational
setting. Therefore, it is not surprising that UTAUT 2 is used to explain the adoption of
embeddables by consumers.

4.4.1. UTAUT Modification for Implantable Technology

The studies that utilize the UTAUT to address the issue of embeddable technology
acceptance have provided valuable insights into acceptance issues related to the unique
qualities and attributes of this technology.

Boella, Girju, and Gurviciute [57] developed an extension of UTAUT 2 to explain
the acceptance of microchip implants, focusing on university students and experts. They
identified five new determinants of microchip adoption: functionality, health, invasiveness,
privacy, and safety. These determinants reflect the views of young consumers in Sweden
and highlight the importance of PE in the willingness to adopt microchips. However,
the study’s limitation lies in its lack of consideration for personal factors such as gender,
age, and cultural contexts, which can provide a more comprehensive understanding of
microchip adoption.

Sabogal-Alfaro et al. [61] applied UTAUT 2 to investigate the intention to use nonmedi-
cal insertable devices in Colombia and Chile. Their findings revealed that four factors (HM,
H, PE, and SI) positively influenced the intention to use embeddables in both countries,
with habit mediating the relationship between SI and intention to use. EE was found to be
significant only in Chile. This study emphasizes the importance of self-efficacy factors such
as habits and HM in emerging technologies, indicating that they may be more influential
than traditional predictors.

Arias-Oliva et al. [62] employed the UTAUT 2 model to examine the intentions of
1563 higher education students from seven countries to use wearables and insideables. The
study concluded that the model’s explanatory power is highly valuable for both researchers
and decision-makers. Specifically, they found that PE positively influences the intention to
use both wearables and insideables, while EE does not have a significant impact on either.
SI was found to significantly and positively affect the intention to use insideables, but not
wearables. HM had a significant positive influence on both, whereas FC did not influence
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either. The authors concluded that usefulness drives the adoption of accepted technologies,
whereas societal approval is key for emerging, disruptive technologies.

Overall, the application of the UTAUT in these studies has helped in understanding the
multifaceted nature of embeddable technology acceptance. It has shed light on the specific
factors that influence acceptance, such as functionality, health considerations, privacy
concerns, and the role of habits. However, there is room for further exploration, especially
in considering personal and cultural factors, to provide a more nuanced understanding of
how different populations perceive and accept embeddable technologies.

4.4.2. Limitations and Opportunities

Overall, the UTAUT has not been extensively applied in the context of embeddable
technology. This presents both a limitation and an opportunity for future research. Similar
to the challenges encountered with other models, studies employing the UTAUT in this
domain may face issues such as a lack of generalizability due to focusing on specific
populations or particular types of embeddable technologies. However, the UTAUT’s
comprehensive framework, which considers factors such as PE, EE, SI, and FC, could
provide a more nuanced understanding of the adoption of embeddable technologies.
By exploring the influence of moderating factors such as age, culture, experience, and
voluntariness of use, UTAUT could uncover insights that are missed by other models.
This could lead to a more tailored approach for promoting or regulating embeddable
technologies, taking into account the diverse needs and values of different user groups.
Thus, while the application of the UTAUT to embeddable technology is still in its infancy, it
holds a significant potential for advancing our understanding of this complex and rapidly
evolving field.

4.5. Psychological Constructs

The studies that utilize psychological constructs to address the issue of embeddable
technology acceptance have taken diverse approaches to explore the unique qualities and
attributes of this technology. The following psychological issues and their relationship to
embeddable technology acceptance have been studied.

4.5.1. Technology Anxiety and Privacy Concerns

Pramatari and Theotokis [71] have shown that individual traits such as technology
anxiety and information privacy concerns negatively affect attitudes towards RFID-enabled
services. This highlights the importance of addressing psychological barriers in technology
adoption. Gangadharbatla [1] established through their survey with 1,063 individuals from
an unselected population that self-efficacy in using embeddable technologies influence
people’s decision to adopt it.

4.5.2. Personality Dimensions

Earlier studies had hypothesized links between personality dimensions such as ex-
traversion, sensing, thinking, and judging, and the inclination toward embedding RFID
chips [72]. In a recent study with 111 undergraduate students, Chebolu [63] confirmed that
there is no significant relationship between the five personality traits and intended use.
Other individual factors such as education, religion, biological sex, and race or ethnicity
also had no significant relationship with intended use.

4.5.3. Ethical Awareness and Cultural Considerations

Murata et al. [16] explored how ethical awareness, perceptions of innovativeness, and
perceived risk affected the decision to become a cyborg, specifically comparing the distinct
cultures of Japan and Spain. Surprisingly, ethics emerged as the most influential factor, and
no statistically significant cultural differences were found between the two countries. This
study emphasized the universal role of ethics but may have overlooked nuanced cultural
views on body modification due to its focus on a specific population.
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4.5.4. Motivation and Trust

Chebolu [63] incorporated psychological constructs of motivation and trust to explore
user attitudes towards implantable technology. They found positive correlations between
technology competence, relatedness, autonomy, and intended use, and confirmed trust
as a mediating factor. However, no significant relationships were found with personality
traits or other individual factors, suggesting that motivation and trust may be more central
to acceptance.

4.5.5. Perfectionism and Locus of Control

Ahadzadeh et al. [64] conducted a survey with 647 Spanish university students be-
tween the ages of 18 and 30 to explore the impact of psychological factors on the intention
to use memory implants for enhancement purposes. Their findings revealed that both
neurotic and normal perfectionism have a positive effect on the inclination to use memory
implants. Additionally, an internal locus of control was positively linked to the behavioral
intention to utilize these implants for enhancement. The relationship between normal
perfectionism and the intention to use memory implants was found to be moderated by
locus of control, while the connection between neurotic perfectionism and the intention
to use memory implants was not influenced by locus of control. These findings reveal
complex relationships between these factors, providing insights into the psychological
nuances of technology acceptance.

4.5.6. Implicit Psychosocial Drivers

According to Freudian theory, drivers can be understood as unconscious needs that
are at the heart of human motivation. Giger and Gaspar [73] have identified seven implicit
psychosocial drivers or motivators for intention toward practicing body hacking. This
includes existential drivers, identity drivers, ideological drivers, cognitive drivers, affective
drivers, utilitarian drivers, social affiliation drivers, and epistemic drivers. However, the
lack of empirical testing of their model leaves unanswered questions about the impact of
these drivers.

In essence, studies have explored aspects such as ethics, motivation, trust, perfection-
ism, and cultural perceptions, making significant strides in understanding the multifaceted
psychological factors influencing embeddable technology acceptance.

4.5.7. Limitations and Opportunities

There are only a few studies that consider the impact of psychological factors on
the adoption of implantable technologies. The complexity of human psychology and the
novelty of embeddable technologies make this a rich area for continued research, and a
more comprehensive understanding of these factors could greatly inform the design and
marketing of embeddable technologies [72,73]. An opportunity for future research lies
in the integration of more nuanced psychological theories with technology acceptance
models, such as those concerned with psychological readiness and individual values.
For example, psychological readiness could explore an individual’s mental preparedness
to accept embeddables, their adaptability, and their openness to change. This could be
particularly relevant in the context of technologies that might alter human capabilities or
the human body itself. Individual values, including ethical or moral beliefs, could also
profoundly affect decisions about technology adoption. For instance, some individuals
might reject memory implants on principle, regardless of their perceived usefulness or ease
of use, due to deeply held beliefs about human nature, dignity, or the sanctity of the mind.
Overall, as new types of embeddables continue to change, investigating personal variables
that affect the adoption process will remain important and may benefit from additional
psychological models and theories.



Informatics 2023, 10, 69 18 of 26

5. Discussion

We presented a narrative review of studies exploring behavioral intention to accept or
adopt embeddable technology using theoretical or model-based approaches. We classified
the existing research into four major categories, corresponding to three main theoretical
models for technology acceptance (TAM, CAN, and UTAUT) and a fourth category explor-
ing the moderating role of psychological constructs. Below, we discuss the implications of
our review and findings.

5.1. Principal Findings

Wolbring et al. [74] conducted a literature review in 2013 to investigate technology
acceptance models for cognitive/neuro enhancers, social robots, and brain–computer in-
terfaces. They found that these models were not being used to understand the acceptance
or rejection of such technologies. Nearly a decade later, our review shows progress in
developing technology acceptance models for embeddable technologies. The field has grav-
itated towards extending and modifying the TAM to explain the acceptance of embeddable
technology. Despite this progress, much work remains to investigate the acceptance and
consequences of implantable human enhancement technology.

Based on our review, it is clear that the TAM has provided insights into how users
perceive the functional benefits of embeddable technologies. However, the unique attributes
of embeddables, such as their intimate integration with human physiology and potential
ethical dilemmas, may not be fully captured by the TAM. The model’s emphasis on usability
might overlook the complex interplay of psychological, social, and ethical factors that
influence the acceptance of embeddables. While the TAM can provide a foundational
understanding, its application to embeddables may require extensions or modifications to
encompass the multifaceted nature of these technologies.

The CAN model introduces cognitive, affective, and normative factors into the under-
standing of technology acceptance. This model aligns more closely with the qualities and
attributes of embeddables, considering not only cognitive perceptions but also emotional
responses and social norms. The CAN model can capture the emotional impact of embed-
dables, such as how they might enhance or disrupt self-identity, and the societal perceptions
that may influence acceptance or rejection. However, the CAN model might still fall short
in addressing the full spectrum of ethical considerations and individual customization
needs that are inherent to embeddables. A further refinement and integration of ethical
frameworks might be necessary to fully align the CAN model with the complexities of
embeddable technology acceptance.

The UTAUT integrates multiple constructs to provide a more comprehensive under-
standing of technology acceptance. In the context of embeddables, the UTAUT’s considera-
tion of factors such as social influence, facilitating conditions, and individual differences
aligns well with the diverse attributes of these technologies. The UTAUT can capture the
influence of societal norms, individual preferences, and the supporting environment on the
acceptance of embeddables. However, like the other models, the UTAUT may still need
further adaptation to fully address the unique ethical considerations, design complexities,
and potential human–machine hybridity associated with embeddables.

While the TAM, CAN, and UTAUT have contributed valuable insights into the ac-
ceptance of embeddable technologies, they may not fully encompass the unique qualities
and attributes of these innovations. The intimate integration with human bodies, potential
enhancement capabilities, ethical dilemmas, and individual customization needs present
challenges that may require a further refinement and integration of these models. Future
research could focus on extending these models or developing new frameworks that more
accurately reflect the multifaceted nature of embeddable technology acceptance, consider-
ing both technological capabilities and the broader human, societal, and ethical context.

We have collated the verified determinants into a single model as a modification to
the CAN model, which explains up to 77% variance in embeddable technology acceptance
(Table 4). These determinants are classified into six broad categories: cognitive, affective,
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normative, behavioral, ethical, and technical. Since embeddable technology is still emerging,
myriad determinants and moderating variables may still need exploration. Ultimately, a
technology acceptance model that thoughtfully considers the design aspects of embedded
technology is likely to be more effective and reflective of real-world user behavior and
preferences [6].

Furthermore, it is imperative to delve into a range of communication and social
psychology theories to uncover the moderators and mediators that influence the intention
to use embeddable technologies. Our review highlights a noticeable gap in the literature,
particularly in the exploration of the relationship between psychological dispositional
constructs and the intention to embrace embeddable technology. This deficiency calls for a
comprehensive investigation into various factors that may play a role in this context. These
factors encompass not only individual characteristics such as age, gender, education, health
conditions, experience, occupation, and religion but also broader cultural contexts that
shape attitudes and behaviors. Understanding these multifaceted influences can provide
a more nuanced and complete picture of how and why people may choose to adopt or
reject embeddable technologies, thereby informing more effective strategies for design,
implementation, and acceptance [10].

Some researchers criticize technology acceptance models for ignoring technology
design as a possible determinant, which may have an impact on user acceptance [75,76].
Particularly, many believe that technology acceptance models tend to focus on presenting
factors that are only appropriate for measuring social acceptance of a technological product
while it is still being developed. Since people tend to appropriate technologies according
to their contexts, technology acceptance models employing a simplistic understanding of
acceptance can create many problems. We can expect people to invent many new uses
of embeddable technology once they are readily available in the market. Therefore, it is
recommended that researchers complement this line of research with qualitative methods,
to uncover information on the designs wanted and needed by the target audience and
to understand what can make this technology more desirable. In essence, a technology
acceptance model that is sensitive to design issues of embedded technology may end up
being more efficacious [6].

Based on the above discussion, we have added a new determinant, i.e. Technology
Design for further exploration. We define design as the physical characteristics of a tech-
nology, including, but not limited to: (a) how data (input and output) exchange takes
places between the user and technology, (b) the aesthetics and physical appearance of the
technology, and (c) level of user’s control over the technology functioning and appearance.
We recommend researchers to investigate additional design elements that may impact
user’s decision to accept or reject embeddable enhancement technology.

5.2. Research Implications

The field of human–computer interaction (HCI) [77] emphasizes the importance of
incorporating human needs and emotions in technology design, advocating for a user-
centered approach. While traditional models have provided valuable insights into technol-
ogy adoption, there is an opportunity to expand this research by exploring other models
that offer unique perspectives on user interaction and experience. Three such models,
the matching person and technology model (MPTM) [78], the hedonic-motivation system
adoption model (HMSAM) [45], and the value-based adoption model (VAM) [79], could
provide distinct lenses through which to study the adoption of implantable technologies.

The MPTM posits that the effective adoption of technology depends on the compat-
ibility between the user and the technology. In the context of implantable technologies,
this means the device must align with the user’s requirements, preferences, and abilities.
For example, an active young person might prefer an implantable fitness device, while
an elderly person with limited mobility might benefit from a pacemaker with remote
monitoring. The MPTM emphasizes individual user differences, advocating for technology
adaptation to suit specific needs. Since the existing research still lacks an exploration of
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specific embeddable technologies and what different demographics might expect from
them, this model can provide useful insights into the design and development of future
embeddable technologies.

Contrastingly, the HMSAM focuses on both functional benefits and emotional ex-
periences in technology adoption. It suggests that emotional experiences, influenced by
aesthetics, enjoyment, and social influence, drive adoption. In the context of implantable
technologies, this means the embeddable technology must fulfill its function and provide a
pleasant emotional experience. For example, a cochlear implant might restore hearing and
enhance social interactions, improving overall quality of life. The existing research currently
lacks an exploration of this emotional aspect of embeddable technology; therefore, HMSAM
could be an appropriate model to enhance our understanding of embeddable technologies.

Both MPTM and HMSAM provide valuable insights into implantable technology
adoption. The MPTM emphasizes user differences and the need for adaptive technol-
ogy, while the HMSAM emphasizes emotional experience. By considering both models,
researchers can gain a comprehensive understanding of adoption factors and guide the
development of well-suited, functional, and emotionally satisfying devices.
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Table 4. Determinants of the behavioral intention to use embedded technology. *** Not yet investi-
gated for their impact.

Category Determinant Definition Equivalent Concepts Source

Cognitive

Effort expectancy
The degree of a person’s belief that
they will be able to use the
technology with ease.

Perceived ease of use TAM, UTAUT,
CAN, [8,10,55,57]

Performance expectancy
The degree of a person’s belief that
the technology will augment their
work performance.

Perceived usefulness TAM, UTAUT,
CAN, [8,10,55,57]

Health concerns
The degree of a person’s belief that
using the technology would have
a negative impact on their health.

Health [8,10,55,57]

Perceived trust
The degree of a person’s belief that
the technology would be free
from harm.

Safety, perceived risk [1,8,55,57]

Self-efficacy
The degree of an individual’s belief
in their ability to carry out a specific
task or reach their goals.

- [1]

Affective

Negative affect
The degree to which an individual
harbors negative emotions toward
an innovation.

Invasiveness CAN, [57]

Positive affect
The degree to which an individual
harbors positive emotions toward an
innovation.

- CAN

Anxiety

The degree to which an individual
feels a sense of uneasiness, distress,
or dread toward the idea of being
implanted.

Perceived pain CAN,
[1,8,10,55]

*** Hedonism
The amount of fun and pleasure that
an individual believes they can derive
from using the innovation.

- UTAUT 2, [57]

Normative

Facilitating conditions

The degree to which an individual
believes organizational and technical
infrastructure is ready to support the
use of an innovation.

Perceived awareness,
relatedness UTAUT, [10,63]

Social influence

The degree of an individual’s belief
that (family and friends) would be
supportive of their decision to use
an innovation.

Subjective (social) norm UTAUT, CAN,
[57]

*** Price value
The degree of an individual’s belief
that the cost of an innovation meets
its value.

Financial burden,
social exchange theory

UTAUT 2,
[10,57,63]

Behavioral

Experience and habits
The extent to which people tend to
perform behaviors automatically
because of learning.

- UTAUT 2, [57]

Motivation
The degree of an individual’s desire
to do something to achieve a
certain goal.

- [1]

Ethical

Ethical judgment
A subjective process that is used to
decide whether an action is morally
correct or not.

- [54]

Perceived choice

A subjective process that helps an
individual decide that the society
preserves their right to make a choice
to be implanted.

Autonomy [10,63]

Technical

Privacy
The ability of a new system to
safeguard an individual’s private
information.

Technology expectancy [1,10,57]

Functionality
The amount of useful functionality
offered by the innovation that is
aligned with an individual’s goals.

Technology expectancy, IDT [1,10,57]

*** Design Technology’s physical attributes
that align with an individual’s goals. Technology expectancy [10]
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The VAM adds another layer to this understanding by focusing on individual values,
beliefs, and ethics. Unlike traditional models, the VAM recognizes that an individual’s
unique values guide their decisions, such as weighing enhanced capabilities against privacy
concerns or ethical beliefs about human enhancement. In the context of embeddable tech-
nologies, these values shape perceptions and attitudes, influencing adoption. For example,
a high value on privacy might lead to negative attitudes towards adoption. The VAM also
considers social and cultural factors, recognizing that societal norms shape values. Some
versions of the VAM integrate perceived risk and trust as influencing factors, recogniz-
ing that these can significantly impact the perceived value of a technology. Overall, the
VAM takes a more holistic approach by considering both extrinsic and intrinsic values.
While other models might focus on functional aspects such as efficiency and effective-
ness (extrinsic values), the VAM also considers intrinsic values such as enjoyment and
personal satisfaction.

In summary, the MPTM, HMSAM, and VAM offer nuanced approaches to understand-
ing the complex interplay of psychology, values, and social influences in the adoption of
embeddable technologies. The MPTM emphasizes compatibility and individual differences,
the HMSAM focuses on emotional experience, and the VAM explores individual values
and ethics. Together, these models provide a comprehensive framework for studying the
adoption of embeddable technologies, with practical implications for design, marketing,
policy, and ethics. By integrating these models, researchers and practitioners can design
technology that resonates with users’ needs, preferences, and values, creating technology
more likely to be successfully adopted and utilized.

Embeddables are in an evolutionary stage, and it is clear that we still know very little
about the acceptance of this technology in humans. Until embeddables become mainstream,
they will be seen as a futuristic technology that can enhance humans in ways that can
only be imagined at this point. Therefore, any theoretical model developed to explain the
acceptance and adoption of embeddables is incomplete. Bagozzi, Davis, and Warshaw state:
“Because new technologies such as personal computers are complex and an element of
uncertainty exists in the minds of decision makers with respect to the successful adoption of
them, people form attitudes and intentions toward trying to learn to use the new technology
prior to initiating efforts directed at using. Attitudes towards usage and intentions to use
may be ill-formed or lacking in conviction or else may occur only after preliminary strivings
to learn to use the technology evolve” [80]. Therefore, even if a model is able to capture
all relevant determinants, how people use the product may not be directly related to the
attitudes and intentions resulting from these determinants.

6. Limitations

Since this was a narrative review, we conducted a rather broad literature review,
including a range of embeddable technologies. It is possible that several related studies
were not included. Moreover, we only considered manuscripts that tested their proposed
models with potential users. A few manuscripts proposed new models but did not test
them out with the potential users or were used by decision makers; therefore, they were
not included in this review.

7. Conclusions

The rapid advancement of embeddable technologies has opened new horizons for
human enhancement, convenience, and medical applications. However, the adoption of
these technologies is a complex phenomenon, influenced by a myriad of factors ranging
from individual needs and emotions to societal norms and ethical considerations. This
research paper sought to explore this multifaceted landscape, shedding light on the the-
oretical models and practical implications that govern the acceptance and rejection of
embeddable technologies.

Our comprehensive review of the existing literature revealed a significant gravitation
towards extending and modifying traditional models such as the TAM, with a focus on
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explaining the acceptance of embeddable technology. We identified gaps in the current
understanding, particularly in the areas of technology design, individual psychology, and
the nuanced interplay of values and ethics.

We have gathered and organized the verified determinants into a single model and
advocate for testing out new determinants, i.e., technology design, hedonism, and price
value. In addition, we suggest exploring the MPTM, the HMSAM, and the VAM to
obtain a more nuanced perspective on technology adoption. These models emphasize the
importance of compatibility, emotional experience, and individual values, offering a richer
framework for understanding user behavior. Moreover, our research highlights the need
for further exploration and integration of qualitative methods, psychological theories, and
social psychology constructs. Such an approach can uncover deeper insights into user
needs and desires, leading to more efficacious technology acceptance models.

In conclusion, the adoption of embeddable technologies is a complex and evolving
field, requiring a multifaceted approach that considers not only functionality but also
human psychology, emotions, values, and ethics. Our research contributes to this under-
standing by offering a comprehensive review and proposing new avenues for exploration.
As embeddable technologies continue to advance and become more mainstream, the in-
sights gained from this research will be instrumental in guiding their successful integration
into our lives, ensuring that they are not only technologically innovative but also human-
centered, ethical, and socially responsible.
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8. Werber, B.; Baggia, A.; Žnidaršič, A. Factors affecting the intentions to use RFID subcutaneous microchip implants for healthcare

purposes. Organizacija 2018, 51, 121–133. [CrossRef]
9. Mohamed, M.A. Modeling of Subcutaneous Implantable Microchip Intention of Use. In Proceedings of the International

Conference on Intelligent Human Systems Integration, Modena, Italy, 19–21 February 2020; pp. 842–847.
10. Shafeie, S.; Chaudhry, B.M.; Mohamed, M. Modeling Subcutaneous Microchip Implant Acceptance in the General Population: A

Cross-Sectional Survey about Concerns and Expectations. Informatics 2022, 9, 24. [CrossRef]
11. Cristina, O.P.; Jorge, P.B.; Eva, R.L.; Mario, A.O. From wearable to insideable: Is ethical judgment key to the acceptance of human

capacity-enhancing intelligent technologies? Comput. Hum. Behav. 2021, 114, 106559. [CrossRef]

http://doi.org/10.1016/j.heliyon.2020.e03931
http://www.ncbi.nlm.nih.gov/pubmed/32426543
http://dx.doi.org/10.1109/THFE2.1960.4503259
http://dx.doi.org/10.1145/329124.329126
http://dx.doi.org/10.1016/j.promfg.2018.03.137
http://dx.doi.org/10.2478/orga-2018-0010
http://dx.doi.org/10.3390/informatics9010024
http://dx.doi.org/10.1016/j.chb.2020.106559


Informatics 2023, 10, 69 24 of 26

12. Z̆nidars̆ic̆, A.; Werber, B.; Baggia, A.; Vovk, M.; Bevanda, V.; Zakonnik, L. The Intention to Use Microchip Implants Model
Extensions after the Pandemics. In Proceedings of the the 16th International Symposium on Operational Research in Slovenia,
Bled, Slovenia, 22–24 September 2021; pp. 247–252.

13. Sparks, H. Pentagon Develops Implant that could Help Detect COVID under Your Skin; New York Post: New York, NY, USA, 2022.
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