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Abstract 

The digitalization of society is driving adoption of human augmentation technologies beyond medical 
applications. While market size and public interest grow, empirical research on the adoption of non-
medical augmentation technologies remains fragmented. This systematic review analyzes 61 empirical 
studies following PRISMA guidelines, using the TCM-ADO framework to map theoretical, contextual, 
methodological characteristics and research findings. Based on Diffusion of Innovations theory, we 
propose an integrated framework capturing the functional, affective, ethical, technological, and 
societal factors that influence the adoption process. Findings reveal contrasts between current and 
prospective users. Current users, often highly educated and aligned with the transhumanist 
movement, view augmentation technologies as tools to advance human evolution. In contrast, 
prospective users face barriers including limited access, regulatory uncertainty, and ethical concerns, 
with some expressing value-based opposition grounded in religious beliefs. This systematic review of 
empirical studies provides guidance for future research on non-medical human augmentation and 
their adoption. 
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1 Introduction

As non-medical Human Augmentation (HA) technologies evolve in the context of a rapid dig-
italization of societies [63], this systematic review presents the first comprehensive mapping
of empirical research on their adoption, addressing a critical gap [21] in this novel interdis-
ciplinary research field [41]. Human augmentation technologies are ubiquitous computing
devices such as wearables, subcutaneous microchip implants, and Brain-Computer Inter-
faces (BCIs) [78] that extend cognitive, physical, and sensory functions of the human body
[45] through digital capabilities [13] including AI features [104]. Non-medical applications
of augmentation technologies are disruptive [36] and innovative [22], forming a significant
component of the global human augmentation market, which is expected to reach USD 725
billion by 2030 [12]. Possible non-medical applications of these technologies can enhance
multiple aspects of life, from work productivity to physical and cognitive capabilities [96].
Despite limited accessibility of non-medical HA technologies to the general population, stud-
ies show that across di↵erent countries the public is increasingly aware of and interested in
them. In the U.S.A., 25% of the population was aware of augmentation technologies in 2018
[128]. While less than 1 in 10 respondents had used them, up to 34% expressed interest in
trying augmentation technologies [128] to improve personal abilities beyond normal ranges.
Similarly, a survey of the German population reveals that one third of the respondents were
aware of non-medical cognitive augmentation technologies in 2021, and 57% were open to
using them if they became available [111]. Lastly, a 2025 survey of the UK population
shows that 80% of the respondents believe that non-medical augmentation technologies will
be widely used by the population within a span of 10 years [32]. However, despite growing
interest, significant privacy, safety, and cybersecurity concerns have emerged in recent re-
search. A [58] survey across multiple countries and a 2023 survey of the Swiss population [64]
report that approximately 80% of respondents are concerned about cybercrime and safety
related to augmentation technologies. These studies collectively demonstrate growing inter-
est across di↵erent countries, tempered by concerns about security and safety. In response
to the growing prominence of HA technologies and their potential impact on individuals and
society, we carry out a systematic review of empirical literature on the adoption process
of non-medical human augmentation technologies. This review maps the existing empirical
literature to structure the research field and encourage further contributions. We provide
a comprehensive overview of studies on the adoption of non-medical human augmentation
technologies, identifying key influencing factors and gaps in the empirical evidence. This
systematic review aims to inform future research and foster interdisciplinary dialogue among
scholars, developers, and policymakers.

We contextualize the adoption of human augmentation technologies within the broader
process of digitalization. Digitalization is conceptualized as a threefold socio-technical trans-
formation, encompassing the datafication of life domains (where increasing aspects of human
life become sources of data collection), the algorithmization of decision-making processes
(through automated analyses), and the platformization of markets [63]. The platformization
of human body functions [91] exemplifies this transformation, as digital augmentation de-
vices are integrated with or within the body to monitor, collect, and analyze data on bodily
functions and activities. This trend is highlighted in scholarly literature under various terms.
The notion of the Internet of Bodies (IoB) refers to a network of connected devices that are
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worn, implanted, or integrated into the human body to monitor, collect, and exchange data
about bodily functions and activities [67]. Similarly, human-technology integration [74] and
cyborgization [44] describe the integration of digital technologies with the human body in
order to extend human capabilities beyond natural limits. Social phenomena like biohack-
ing [134] and the Quantified Self movement [66] exemplify community-driven practices that
involve monitoring and enhancing human functions through augmentation technologies, in-
cluding digital devices. The systematic literature review focuses on digital technologies for
non-medical human augmentation, identifying their increasing adoption as integral part of
current trends of digitalization.

Throughout this review, we use the term “adoption” as an umbrella term to refer to the
innovation-decision process outlined in Rogers’ Di↵usion of Innovations (DoI) theory [105].
This is a multi-stage process that encompasses initial individual awareness and attitude
development, followed by an adoption decision that, if positive, culminates in the actual
use of the technology. This adoption process is influenced by individual characteristics,
societal context, and technological attributes, which a↵ect how innovations are adopted over
time moving from innovators and early adopters, to early and late majority, and finally
to laggards [105]. By framing the adoption process within the context of the DoI theory,
we emphasize the pivotal role of individual decision-making in understanding how non-
medical human augmentation technologies transition from the innovation stage to widespread
societal integration. This process can be observed through empirical adoption studies, which
provide a critical angle of analysis for technological innovations, as demonstrated by extensive
research across diverse domains e.g., [84, 61, 83, 133]. This focus guides our interest towards
empirical studies that examine individual attitudes, intentions to use, motivations for the
actual use, and the factors influencing the adoption process of non-medical augmentation
technologies.

Although various terms are used to describe augmentation technologies, we favor the term
“human augmentation technologies” [6] because it is the most widely used across disciplines
to refer to digital technologies that enhance human capabilities [37, 45, 98]. Other terms
found in the literature include embeddable or cyborg technologies [13] and technologies for
human-computer integration [73]. From a device perspective, existing literature identifies a
broad range of digital augmentation technologies that can operate both external and internal
to the human body, in order to restore or expand human functionalities [13]. We refer to
external and internal devices as wearables and insideables [11] respectively. Insideables
can be further classified as subcutaneous microchip implants and Brain-Computer Interface
(BCI) technologies [13, 73]. These technologies will be the focus of this article, and we will
collectively refer to them as Human Augmentation technologies.

While initially focused on medical uses e.g., [72, 133, 132], non-medical applications of
augmentation technologies are increasingly commercially available. Examples of non-medical
applications of Human Augmentation technologies include the improvement of work-related
performance [39, 51], the facilitation of task-specific activities like personal identification
and payments [56], and augmentation for entertainment or personal enjoyment, such as
sensory enhancement [16, 38, 34]. In niche markets, technology enthusiasts in biohacker
and transhumanist communities experiment with wearables and subcutaneous implants to
enhance their human capabilities for non-medical purposes [16, 127]. More advanced non-
medical augmentation technologies, such as BCI implants [22], are not yet available to the
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public, but highly anticipated in initial adopter communities [113] and public discussions
[111]. As the range of applications for non-medical augmentation expands, HA technologies
hold transformative potential and spark discussions on individual and societal implications
deriving from their widespread use.

The adoption of non-medical augmentation technologies has profound individual and
societal implications. Ontologically, these technologies challenge traditional definitions of
what it means to be human by blending biological and technological elements, suggesting a
shift toward hybrid entities [44]. In response to this, the field of Human-Computer Interaction
expanded to include Human-Computer Integration [73], suggesting the emergence of a new
paradigm in which technologies are inherently entangled with humans [33]. The merger
of human and machine fuels critical debates about personal autonomy and safety of the
individual [59]. Personal autonomy can be a↵ected by the use of augmentation technologies
[14]. For example, placebo e↵ects of cognitive enhancement result in increased risk taking and
altered decision-making [123]. Individual safety is hindered by the technological challenges
of integrating these devices with the human body, biocompatibility issues, and vulnerability
to hacking and data breaches [59, 73, 115]. At a societal level, the uneven availability
of these technologies results in the risk of deepening existing inequalities, as it creates a
divide between augmented and non-augmented individuals [7, 14, 98]. The relevance of these
debates increases as non-medical augmentation technologies evolve and become increasingly
accessible to the general public, turning the theoretical discussions into pressing practical
consequences that require empirical insights.

Despite the growing variety of non-medical augmentation technologies, empirical research
on their adoption was largely overlooked until 2016 [103], after which a booming interest
emerged [21]. The impact of this oversight is noted in the existing literature. Scholars point
out that the limited availability of empirical studies makes current debates surrounding aug-
mentation technologies too theoretical rather than grounded in public opinion and attitudes
[17, 109]. Béland et al. [18] highlight that debates between competing philosophical po-
sitions, such as transhumanist enthusiasm for technological augmentation, and humanist
caution regarding its societal risks, fail to progress due to their speculative nature. In order
to solve this stalemate, [39] emphasizes the need to rely on empirical research to complement
theoretical discussions. Empirical studies are also relevant for the development of technolo-
gies, as experts focusing on responsible technological innovation call for the inclusion of public
perspectives to develop technologies that align with societal values and expectations [31].
So far, public involvement in the design and testing of augmentation technologies has been
limited to experimental e↵orts [99], highlighting that end-user concerns and expectations are
overlooked in the development of augmentation technologies. Overall, the body of empirical
research on the adoption of non-medical augmentation technologies remains fragmented and
lacks a comprehensive synthesis, despite initial non-systematic literature reviews [21, 130]
that stress the need to comprehensively examine available research in the field.

This study addresses this research gap by focusing on empirical literature related to the
adoption of digital augmentation technologies for non-medical purposes. The contributions
of this article are threefold. First, we present a systematic review that maps characteris-
tics and findings of existing empirical literature on the adoption of non-medical augmenta-
tion technologies. Second, we develop an integrated framework based on Rogers’ Di↵usion
of Innovations model and innovation-decision process [105] to characterize the adoption of
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non-medical augmentation technologies, identifying and categorizing the influential factors.
Finally, we propose future research directions based on the gaps identified in the current
literature. By aggregating existing empirical research, this review aims to o↵er insights to
stakeholders in the field, and can foster and structure further research and development on
the adoption of non-medical augmentation technologies.

2 Related Literature Reviews

Despite growing interest in human augmentation technologies, literature reviews of empirical
studies on their adoption for non-medical purposes remain scarce. We provide an overview
of literature reviews that examine the adoption of enhancement technologies, including nan-
otechnology, biotechnology, information technology, and cognitive sciences. These fields form
the NBIC convergence, driving the development of various enhancement technologies [63].
We start with relevant literature reviews from related fields, and then narrow the focus to
studies that cover human augmentation technologies, highlighting the relevant findings and
the research gap that our systematic review addresses.

Dijkstra and Schrui↵ ([29]) conduct a systematic review of public opinion on biotech-
nologies for non-medical human enhancement, covering 36 articles on biotechnologies such
as CRISPR gene editing, reproductive technologies, and pharmaceutical cognitive enhance-
ments. Although non-digital enhancement technologies like biotechnologies are outside the
scope of our review, Dijkstra and Schrui↵’s findings [29] provide valuable insights on the
urgency of systematically analyzing empirical literature. Their findings reveal that, contrary
to optimistic theoretical perspectives, empirical studies suggest general public skepticism to-
wards non-medical applications of biotechnologies. Furthermore, Dijkstra and Schrui↵ [29]
identify critical limitations of current empirical research. They find that existing empirical
studies have a limited scope, since they focus on Western countries and often address individ-
ual biotechnologies in isolation, rather than capturing broader attitudes towards non-medical
biotechnologies as a whole. The authors point out that an increased focus of the research
community on empirical studies could mitigate the gap between negative public attitudes
towards biotechnologies and optimistic theoretical debates.

Two studies partially address empirical research on the adoption of digital augmentation
technologies. Wolbring et al. [130] conduct a systematic review in 2013, evaluating the
applicability of standard technology acceptance models for innovative technologies, focusing
on social robots, brain-computer interfaces (BCIs), and pharmaceutical cognitive enhance-
ments. While their study includes digital augmentation technologies alongside other types
of innovative technologies, their primary focus is on assessing the suitability of acceptance
models, rather than synthesizing empirical findings on adoption itself. Wolbring et al. [130]
highlight that existing acceptance models are insu�cient for capturing the unique factors in-
fluencing the adoption of enhancement technologies, as the inclusion of additional dimensions
like psychological traits and social context is necessary to characterize the unique aspects
that a↵ect the acceptance of these innovative technologies. Consequently, Wolbring et al.
[130] suggest that it is necessary to design extensions to traditional technology acceptance
models to fill this gap.

Chaudhry et al. [21] present a non-systematic review of technology acceptance models
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specific to non-medical human augmentation technologies, analyzing 16 articles published
from 2016 to 2023. Their review highlights the unique challenges of studying the adoption
of non-medical augmentation technologies. Chaudhry et al. [21] argue that, while society
accepts augmentation technologies for medical purposes (e.g., cochlear implants), the adop-
tion process for non-medical augmentation technologies is more nuanced. They find that
acceptance models for non-medical augmentation technologies incorporate diverse factors,
from psychological to technological and societal. Based on their findings, Chaudhry et al.
[21] emphasize the need to broaden the focus of empirical research on non-medical augmenta-
tion technologies, extending beyond traditional technology acceptance theoretical models to
include theories from social sciences and psychology. Additionally, they note that while their
literature review focuses on quantitative technology acceptance research, qualitative studies
could provide valuable insights into the novel dimensions that contribute to the process of
technology adoption in the case of non-medical augmentation technologies.

Our systematic review addresses the research gaps highlighted in prior studies. Given
the need to systematize empirical research in this area, we carry out a systematic review of
empirical studies on the adoption of non-medical digital augmentation technologies.

3 Objectives

With this systematic literature review we focus on the following research questions concerning
the adoption of human augmentation technologies for non-medical purposes:

• RQ1: What are the characteristics of empirical research on the adoption process of
human augmentation technologies for non-medical purposes?

• RQ2: Which factors influence the adoption process of human augmentation technolo-
gies for non-medical purposes, and how?

• RQ3: What future research directions emerge from empirical literature on the adoption
process of human augmentation technologies for non-medical purposes?

The contribution of this systematic literature review is threefold: Firstly, we examine
both meta-level characteristics of empirical research, and related findings. Meta-level char-
acteristics include an overview of populations and technologies, bibliometric trends, key pub-
lication venues, theoretical frameworks, and methodological approaches used in the studies.
Findings highlight the key factors influencing the adoption of non-medical augmentation
technologies.

Secondly, we design an integrated framework that maps empirical findings on the process
of adoption of non-medical augmentation technologies, unifying them according to Di↵usion
of Innovation theory [105]. Consistent with Rogers’ [105] innovation decision process, we
distinguish between antecedent factors, decision-related aspects, and outcomes to identify the
most relevant factors and their role within the adoption process. The integrated framework
provides a structured overview of the state-of-the-art findings from research in this field.

Finally, we identify gaps in the current literature and propose future research directions
to address them. These insights are intended to structure the research field, and guide
researchers and other stakeholders by identifying actionable areas for further exploration.
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4 Methodology

4.1 Rationale

To this date, there is no systematic review of studies on the adoption of human augmentation
technologies for non-medical purposes. Literature reviews are fundamental for the develop-
ment of research fields, and systematic review methodologies strengthen the relevance of
their findings [86]. Although ’literature review’ serves as an umbrella term that encom-
passes various research approaches such as narrative, scoping, systematic and meta-analysis
reviews, scholars highlight that the design of a review should align with the objectives of the
study and fit the characteristics of the research field [43, 95]. Systematic reviews, in particu-
lar, are distinguished by their structured and transparent methodology, including predefined
inclusion criteria, comprehensive search strategies, and rigorous data analysis [95].

We choose a systematic mapping approach for this literature review, to prioritize the
characterization of existing knowledge and the identification of research gaps rather than
focusing on selectivity or quality appraisal based on predefined guidelines [43]. This approach
is appropriate because the adoption of augmentation technologies is an emerging field of
research. In the absence of a systematic characterization of the guiding theories and methods
in this area, it would be impractical to use approaches such as method-based or theory-based
reviews, which include methodological or theoretical criteria in the study selection process
[88]. Furthermore, the diverse range of research topics and methodologies in this field limits
the applicability of standard quality appraisal checklists [95], as they are designed for studies
using specific methodologies.

To ensure methodological rigor, this review follows a systematic approach through estab-
lished processes and frameworks to document the study selection, and guide the analysis.
We adhere to PRISMA guidelines [70] to document the selection process, and apply the
Theories, Context, Methods - Antecedents, Decisions, Outcomes (TCM-ADO) framework
[65] to structure the analysis. The TCM-ADO framework provides a structured approach to
examine both “what we know” and “how we know” about the factors influencing adoption,
thereby o↵ering a comprehensive and systematized view of the current state of knowledge
on non-medical human augmentation technology adoption.

4.2 Selection Process

We adhere to the PRISMA guidelines to document the identification, screening, and selection
of relevant studies [70], detailing the rationale and significant steps in the selection process to
ensure repeatability. The selection process involved the collaboration of the authors to refine
search strategies, adjust query keywords and inclusion/exclusion criteria, and validate the
selected set of studies. A PRISMA flow diagram (Figure 1) illustrates the selection process.

Database and Sources Selection A broad coverage of academic databases is necessary
to collect relevant material for a systematic review. We conducted a thorough search across
five academic databases and archives to cover a broad range of disciplines, including social sci-
ences, economics, and computer science. The selected databases were ACM Digital Library,
Scopus, Web of Science, Communication and Mass Media Complete, and Google Scholar.
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Figure 1: PRISMA graph for the selection of articles for the systematic review. Created by
the authors.
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Electronic Database Search
Results:

1. Scopus (n=1166)
2. ACM (n=105)
3. Web of Science (n=794)
4. Communication and Mass

Media (n=33)
5. Google Scholar (n=376)
6. External records (n=3)

(n = 2477)

Title/abstract screened
(n = 1125)

Full text assessed
for eligibility
(n = 81)

Snowball (n = 7)

Records excluded 
- full text unavailable (4)
- not in English (1)
- short paper (1)
- not relevant (21)

(n = 27)

Studies included
(n = 61)

Rationale for exclusion:
- keywords used in different context, unrelated
to human augmentation (n = 626)
- conceptual contribution (n = 175)
- technical articles (electronic engineering,
materials science, computer science) (n= 138)
- focus on medical trials/applications (n = 105)

(n = 1044)

Records excluded:
- not in English
- date range 
- type of publication
- duplicates
- not peer reviewed
- unrelated fields

(n = 1352)

Google Scholar was included to locate gray literature and relevant peer-reviewed material
which is not indexed in the selected databases [46]. Additionally, relevant institutional re-
ports were included when encountered. Due to the fragmented nature of the field and the
use of specialized terminology across subfields, constructing a comprehensive database query
posed significant challenges. Consequently, to ensure that all relevant studies were included,
a complementary snowballing technique was employed [129]. This involved screening the
reference lists of the articles selected through database search, in order to locate additional
relevant studies.

Research Query The choice of appropriate query strings and research filters is crucial
to the success of a systematic literature review. An initial review of literature in the field
allowed us to identify the appropriate time span, relevant fields of research, as well as the
most relevant keywords. Paul et al. [86] point out that systematic literature reviews should
consider a time span of at least 10 years for relevant publications. We limited the search
to the years 2000-2025, a time frame in which technologies for human augmentation were
in development and potentially available to the public. An initial non-systematic review of
relevant studies allowed us to identify keywords that are frequently found in the context
of adoption of technologies for human augmentation. For the purposes of this review, we
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use the term “adoption process” as conceptualized in Rogers’ Di↵usion of Innovation theory
[105], as an umbrella term encompassing attitudes, acceptance, and experiences related to
augmentation technologies. It is important to note that studies in the field rarely address
adoption holistically, instead they typically focus on individual aspects of the adoption pro-
cess, corresponding to a diverse range of keywords. We identified common keywords related
to technologies (e.g., human augmentation, cyborg, microchip implant, Brain-Computer In-
terface), specific aspects of adoption (e.g., acceptance, perception, attitudes, opinions) or
lastly present findings from reports and interviews of initial adopters (e.g., interview, bio-
hacker). The final search query aggregates relevant keywords to capture a wide spectrum
of studies related to the adoption of technologies for human augmentation. A final query
update was executed in the selected databases and Google Scholar on April 10, 2025.

Title-Abstract-Keyword (“human enhancement technolog*” OR “augmented
human*” OR “human augmentation*” OR “human* 2.0” OR cyborg* OR “im-
plant* technolog*” OR “microchip implant*” OR “biohack*” OR “brain-computer
interface” OR “bci”) AND Title-Abstract-Keyword (perception* OR view*
OR acceptance* OR debate* OR opinion* OR trust OR attitude* OR interview
OR survey OR expectation* OR report)

Screening and Eligibility The selection process involved multiple phases to identify the
final set of studies. All the databases were scraped evaluating the query for matches in
the Title, Abstract, and article Keywords. The initial query results were filtered to include
only peer-reviewed, final-version articles, in order to ensure the reliability and consistency of
the findings. Following recommended heuristics on the use of Google Scholar for systematic
literature reviews [46], we included the first 250 results, sorted by relevance, in the screening
phase. In the final database search conducted before submission, 126 additional articles were
identified through Google Scholar and added to the screening phase. All identified records
were exported to Zotero to remove duplicate, and filter irrelevant and inaccessible results.
Despite the initial large dataset, most of the search results were irrelevant to our research
interest and were excluded because the keywords were used in di↵erent contexts, unrelated
to technologies for human augmentation (626 records excluded). We adhered to the following
criteria to ensure relevance of the remaining studies to our research questions:

• C1: The study must include empirical data on the personal use (current or prospective)
of technologies for human augmentation for non-medical purposes.

• C2: The study must not exclusively focus on technical details of the technologies for
human augmentation.

• C3: The study must not exclusively focus on (but can include information about) med-
ical or specialized applications of technologies for human augmentation, that exclude
the use among the general public.

Based on these criteria, 81 studies were selected for full-text analysis, and 7 additional
studies were identified through snowballing. Ultimately, at total of 61 studies were included,
which is a suitable number for a systematic literature review [86]. Figure 1 summarizes the
steps of the selection process, including the rationale for exclusion of the remaining articles.
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4.3 Analytical Framework

Choice of the Framework We adopt the TCM-ADO framework [65] for this system-
atic review because it enables a comprehensive analysis of research characteristics, and a
structured organization of findings. This choice is also driven by the importance of repeata-
bility in impactful systematic literature reviews [87]. A variety of analytical frameworks are
available for systematic literature reviews, including TCCM (Theories, Context, Methods,
Characteristics) [90], ADO (Antecedents, Decisions, Outcomes) [85], TCM (Theories, Con-
text, Methods) [89] and TCM-ADO [65] (a combination of the previous two frameworks).
Since this review aims to explore both the characteristics of the research landscape and the
main findings of the selected studies, TCCM and TCM-ADO frameworks were identified
as suitable options. Examples of systematic literature reviews on the adoption of emerging
technologies can be found for both the TCCM e.g., [61, 83] and TCM-ADO framework e.g.,
[9, 24, 55]. However, the two frameworks provide di↵erent level of granularity for analysis.
TCCM defines “Characteristics” as the “elements of a construct and their relationship with
other variables of interest” [87], o↵ering an unstructured category to map findings. However,
Paul et al. [87] note that TCCM does not o↵er su�cient depth to structure and analyze a
complex network of concepts. We therefore favor the TCM-ADO framework, that structures
findings into a process-oriented framework of Antecedents, Decisions and Outcomes, o↵ering
a more granular approach to organize concepts [65]. Applying the TCM-ADO framework
in this systematic review enables a comprehensive analysis of research characteristics, and
structures the findings in alignment with our definition of the adoption process of human
augmentation technologies according to Di↵usion of Innovations [105]. This approach allows
us to identify antecedent factors, characterize the decision-making process, and structure the
resulting outcomes. While the framework’s comprehensive nature is challenging for system-
atic reviews with large sample sizes [87], it is well-suited for our review of 61 studies.

Coding and Dataset The TCM-ADO framework o↵ers a structure to code and analyze
the selected studies, guiding the creation of the initial codebook. The initial codebook
was further developed through an inductive-deductive approach. Based on the findings,
further categories of codes were defined to distinguish between individual, technological and
societal antecedent factors, as well as di↵erent aspects related to the decision process for the
adoption of augmentation technologies. The analysis was conducted using the MaxQDA24
[122] software to ensure systematic and comprehensive coding of the data.

During the coding process, we identified six studies that use the same cohort population.
In line with established guidelines for handling duplicate cohort data in systematic reviews
[131], we included all studies in the content analysis while ensuring that duplicate findings
were not reported multiple times. This approach captures the full range of insights provided
by these studies without skewing findings due to duplicate counting. To focus on the most
salient factors, we adopted frequency-counting practices used in prior reviews [42, 4, 83] and
limited our discussion to factors reported in at least three di↵erent studies. The coded list of
articles is available as supplementary material. This approach ensures methodological rigor
while accurately reflecting the scope and characteristics of the available research.
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5 Results and Discussion

This section presents the findings of our systematic review on the empirical research on
the adoption of human augmentation technologies for non-medical purposes, guided by the
TCM-ADO [65] analytical framework. The finding are organized and discussed at two levels
of abstraction: (1) meta-level characteristics of the research, and (2) empirical findings on
key factors influencing the adoption process., Additionally, this section provides an overview
of future research directions in this field. The TCM portion of the framework (Theories, Con-
text, and Methods) guides the content analysis and discussion of RQ1, focusing on meta-level
characteristics of the research. This includes contextual aspects such as bibliometric infor-
mation (publication trends, venues, and leading authors), study populations, technologies
examined, theoretical foundations, and research designs and methods used. To synthesize
the findings for RQ2, we present an integrated framework based on Di↵usion of Innovations
theory [105], using the ADO structure (Antecedents, Decisions, Outcomes). This framework
maps key factors influencing the adoption of augmentation technologies. Finally, RQ3 ad-
dresses future research directions, synthesizing promising insights from the current literature
and highlighting knowledge gaps suitable for further exploration in order to further develop
the field.

5.1 RQ1: What are the characteristics of empirical research on
the adoption of Human Augmentation technologies for non-
medical purposes?

This research question seeks to identify the meta-level characteristics of empirical studies
on the adoption of non-medical augmentation technologies, guided by the TCM analytical
framework (Theories, Context, and Methods). We structure the discussion as follows: first,
we examine key contextual characteristics, focusing on the populations studied, including
distinctions between current and prospective users, as well as the types of technologies inves-
tigated. Contextual information on published research includes an overview of bibliometric
information, highlighting publication trends, prominent publication venues, and the lead-
ing authors in the field. We also provide an overview of the theoretical and conceptual
frameworks employed, along with the research methods used in the studies.

Our findings indicate that empirical research on non-medical HA technologies is an emerg-
ing interdisciplinary field with a growing theoretical and methodological foundation. At first
focused on small niches of adopters, the field has expanded to include broader population
samples expanding its methodological and theoretical foundations. The recent emergence of
mixed methods and experimental designs indicates the maturation of the field, suggesting
a shift toward more structured and sophisticated research approaches. Nevertheless, limita-
tions can be found in the lack of population representativeness, a Western-centric scope, and
limited integration across disciplines. Overall, the characteristics of empirical research in
this field reflect its formative status, marked by an emerging theoretical and methodological
foundation that can benefit from further research e↵orts.
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5.1.1 Context of Research

The TCM-ADO framework broadly defines context as “circumstances shaping the research
setting” [87]. For our purposes, we consider the following aspects to be relevant contextual
information: populations and technologies examined in the studies, as along with bibliomet-
ric information, including publication trends over time, key publication venues and leading
authors. Analyzing these elements allows us to understand the research landscape, assess
the development of the research field over time, and identify potential gaps or trends that
may inform future research directions.

Populations Context The empirical literature on the adoption of non-medical human
augmentation technologies distinguishes two primary populations: current and prospective
users.

Current users are the initial adopters of augmentation technologies, typically found in
niche communities such as biohacker collectives [16, 38, 48, 49, 52, 53, 54, 68, 69, 82, 112, 113].
A defining characteristic of these users is their alignment with transhumanist ideals, which
advocate for the improvement of human capabilities and the transcendence of biological
limitations through technology [71, 62]. This ideological alignment is evident among cur-
rent users included in the studies, as their use of augmentation technologies reflects both
a philosophical commitment to these ideals and a practical exploration of the potential for
human-technology integration e.g., [16, 52]. This characteristic positions them as influential
actors in the adoption process, as their experimentation may influence societal attitudes and
the broader acceptance of these technologies.

In contrast, studies on prospective users explore attitudes toward augmentation technolo-
gies among larger, more diverse population groups, investigating general public perspectives
in populations where augmentation technologies are not widely accessible. Prospective user
studies sample populations across various geographical and online contexts, with a notable
concentration in European countries, particularly Spain e.g., [94, 93, 103, 27] and Germany
[109, 110, 111]. Despite access to larger population samples, these studies rely on non-
representative data, with the exception of six studies [35, 58, 97, 110, 111, 128]. Among
the reviewed studies, two notable clusters reuse the same underlying datasets. One consists
of four single-country studies that draw on the same dataset of 600 survey responses from
Spain [79, 94, 93, 103]. The second cluster comprises six studies that rely on the same
dataset of 1563 survey responses spanning seven countries: Chile, China, Denmark, Japan,
Mexico, Spain and U.S.A [11, 10, 23, 26, 28, 92]. The reliance on non-representative data,
combined with a limited geographic focus and the repeated use of the same datasets across
multiple publications, may skew the understanding of general public attitudes and restrict
the findings’ applicability across cultural contexts.

Technological Context We define the technological context as the range of augmentation
technologies examined in the studies. We also discuss how the types of technologies studied,
as well as their levels of availability, may influence research designs and results. Figure 2
categorizes the main technologies discussed, also highlighting their degree of innovation and
commercial availability. The empirical studies explore diverse human augmentation technolo-
gies, including external devices(i.e. wearables), and internal devices (i.e. insideables), which
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are further divided into subcutaneous microchip implants and BCI implants. We distinguish
between the two categories as commercially available technologies (wearables) and innova-
tive technologies (insideables), which define the contextual limitations of the studies. This
systematic review spans 17 years of technological development, with the focus of the articles
reflecting the evolving novelty and availability of specific technologies. In earlier years, mi-
crochip implants were considered innovative technologies e.g., [53, 54]. More recently, there
has been a shift toward BCI implants e.g., [57, 106, 111, 113], signaling advancements in
the development of augmentation technologies. Recent publications have introduced a novel
focus on AI-based augmentation, including AI for cognitive enhancement and BCI implants,
reflecting a growing interest in the role of Artificial Intelligence in human augmentation,
especially in light of the increased attention to generative AI [104, 80, 81].

Figure 2: Taxonomy of augmentation technologies that define the technological context of
the articles. Article count for each technological context is included. Created by the authors.
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(10 studies)
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(17 studies)
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Level of Innovation

The studies in our systematic review focus on these technologies in two distinct ways.
The first group of studies (8 in total) adopts a technology-agnostic approach, broadly exam-
ining user attitudes toward augmentation technologies without focusing on particular devices
[16, 58, 97, 116, 124, 125, 128, 135]. The second group of studies, comprising the majority
of our sample, is device-specific. Seventeen studies focus on subcutaneous microchip im-
plants [30, 38, 48, 49, 52, 54, 53, 68, 69, 77, 79, 82, 107, 114, 126, 137, 136], which, despite
being available for applications like payment and identification in countries like Sweden [5],
have yet to achieve widespread adoption. Ten studies expand from subcutaneous implants
to include insideables in general e.g., [10, 28, 35]. Five studies [11, 23, 26, 75, 100] specif-
ically examine the di↵erences in the adoption process between insideable technologies and
commercial options such as wearables. Research on experimental technologies, including
BCI implants (twenty-one studies in total e.g., [2, 19, 57], highlights emerging trends and
potential future applications. However, these technologies remain largely inaccessible to the
public.

13



Similarly to the findings of Dijkstra and Schrui↵ [29] on biotechnologies, empirical re-
search on augmentation technologies predominantly examines devices in isolation, rather
than considering them as part of a cohesive trend toward non-medical human augmentation.
This isolated approach limits the ability to comprehensively characterize the adoption pro-
cess of non-medical augmentation technologies. First, it hinders the understanding of the
factors that cause di↵ering adoption rates across technologies. Second, it makes generalizing
findings across augmentation technologies di�cult, as it overlooks the broader technological
trend of non-medical augmentation that ties these devices together. However, the focus on
individual devices aligns with their varied stages of development and market availability,
as wearables are widespread across the population while other types of augmentation tech-
nologies remain less accessible [11]. The limited availability of non-medical augmentation
technologies has profound implications for research design and methodology. Since most
augmentation technologies beyond wearables remain inaccessible to the general population,
researchers studying prospective users are constrained to measuring attitudes and intentions
rather than actual adoption behaviors. This technological context creates a fundamental
methodological divide in the field. While studies of current users can examine real-world
adoption and continued use, studies of prospective users must rely on hypothetical scenarios.
This constraint not only limits the types of outcomes that can be measured to attitudes and
intention to use, but also raises questions about the future validity of findings, as intentions
formed without direct experience may di↵er substantially from actual adoption decisions
when technologies become available. This context adds complexity to the research land-
scape, while reflecting the evolving nature of the field as augmentation technologies become
more accessible.

Publication Trends The evolution and increased interest in this area of research are
illustrated in Figure 3, which shows the number of publications per year and highlights a
notable increase in output, especially in the last decade. We distinguish between research
clusters focused on current users (2008-present) and prospective users (2016-present) to
highlight the increasing relevance of research on augmentation technologies for the general
population. This shift from niche research on the biohacker community to broader studies
of the general public reflects the rising importance of augmentation technologies, as they
gain potential for widespread social adoption and impact. Notably, the surge in research
since 2016 coincides with a growing interest from the business and marketing sectors e.g.,
[94, 93, 10, 11], which focus on identifying market segments for the adoption of augmentation
technologies. This heightened interest aligns with both Gartner’s identification, in 2019, of
human augmentation technologies as an upcoming disruptive innovation [36], as well as the
2023 market projections of a significant increase in market capitalization for augmentation
technologies [12], reinforcing their growing relevance and potential for widespread adoption.

Leading Authors and Publication Channels An overview of contributing disciplines
and publication venues (Table 1) reveals a concentration of research within specific regions
and author groups, alongside a diverse but compartmentalized disciplinary interest in non-
medical augmentation technologies. Data on author a�liations and research domains show
that publications in the field are concentrated in a few key research centers. In particular,
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active research groups are prominent in Europe, particularly in Spain and Germany e.g.,
[10, 11, 57, 94], in Asia, including Malaysia [2, 3, 1, 108] and Japan e.g., [75, 76], as well
as in Australia e.g., [53, 68], the USA [128, 114], and South America, specifically Chile and
Colombia e.g., [107]. Despite the strong growth in publication output since 2016, a limited
number of authors and research groups account for the most publications. For instance,
Pelegrin-Borondo co-authors 12 of the 61 publications included in this review, and in general
European authors are frequently listed as first authors.

Table 1: Overview of the main contributing disciplines where research is disseminated. Cre-
ated by the authors.

Main Contributing Disciplines Count Examples of Venues (and Articles)

Interdisciplinary 16 International Symposium on Technology and
Society [68], Technology in Society [39]

Psychology and Cognitive Sciences 14 Human Behavior and Emerging Technolo-
gies [27], Computers in Human Behavior [23],
Current Psychology [3]

Informatics 12 CHI [124], Informatics [114]
Business and Economics 10 International Journal of Consumer Studies

[136], Developments in Marketing Science
[77]

Social Sciences and Humanities 5 Media, Culture and Society [69], Science,
Technology and Human Values [109]

Independent Reports 3 AARP [128], Kaspersky [58], SIENNA
project [97]

Medical Sciences 1 JMIR Formative Research [8]

This concentration of publications not only highlights the reliance on a few leading con-
tributors, but also reflects a skewed disciplinary focus of the field. Contributions from
Business, Psychology, Informatics, and Social Sciences are notable, with particular emphasis
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on Business and Psychology. Much of business research focuses on market segmentation
and consumer behavior e.g., [94, 93, 10, 11], while psychology-related studies often address
personality traits that influence user acceptance and attitudes [2, 3, 1, 116]. Although the
field is expanding across various academic disciplines, there is a noticeable lack of interdisci-
plinary collaboration, with most studies addressing discipline-specific concerns rather than
integrating diverse perspectives e.g., [106].

The analysis of publication venues reveals the interdisciplinary nature of the field, with
the 61 publications included in this review distributed across 45 di↵erent channels. Only four
venues (CHI, Computers in Human Behavior, Human Behavior and Emerging Technologies,
and Technology in Society) host more than one publication (examples are shown in Table
1).

Overall, while research on the adoption of augmentation technologies is expanding across
disciplines, the field remains in its early stages of definition. Interdisciplinary collaboration
is limited, and much of the published research is driven by a small number of contributors.

5.1.2 Theoretical Frameworks

The TCM-ADO framework defines theories as “theoretical underpinnings and paradigms
used to explain the inter-relationships between constructs” [87]. This definition, with its fo-
cus on quantitative, model-oriented structures, does not fully capture the variety of theoreti-
cal approaches observed in the empirical literature on non-medical human augmentation tech-
nologies. To better reflect the diversity of the literature, we categorize the studies into three
overarching theoretical approaches: (1) exploratory and theory-building approaches, (2) be-
havioral description and prediction approaches, and (3) interpretive approaches through
critical theories.

Exploratory and Theory-Building Approaches This category encompasses studies
that do not explicitly adopt established theoretical frameworks but instead aim to generate
preliminary insights and develop foundational understanding, often serving as a basis for
future research. The absence of a theoretical framework in a study means that the research
does not explicitly draw upon or align with an established set of concepts, paradigms, or
models to guide its design, analysis, or interpretation of findings. In our sample, we identify
15 articles that do not specify a theoretical framework [48, 49, 53, 54, 69, 77, 97, 112, 111,
113, 58, 124, 128, 8, 32]. These studies provide preliminary insights into user attitudes, con-
cerns, and expectations on technologies for human augmentation, but lack the structured
guidance of established theories. As a result, their conceptual definitions and rationales are
often under-specified, increasing the di�culty to compare findings across studies. Among
these, research by [112] stands out by employing a grounded theory approach, aiming to
build a theory on the motivations that drive users of non-medical augmentation technolo-
gies. However, the other studies in this category do not aim at constructing new theoretical
frameworks. Instead, they focus on descriptive and exploratory objectives, o↵ering valuable
insights into key areas of interest such as user preferences for di↵erent applications of aug-
mentation technologies [48, 97] and related societal concerns [58, 128]. These studies serve
as useful groundwork for generating more hypotheses, providing direction for future research
that can incorporate more robust theoretical frameworks.
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Behavioral Description and Prediction Approaches This category covers 42 studies
that aim to understand how individuals form preferences, attitudes, and intentions toward
adopting human augmentation technologies. While traditionally rooted in theoretical tech-
nology acceptance models like TAM [25], TAM2 [120], UTAUT [121], and Di↵usion of In-
novation [105], this category also includes studies that apply psychological, sociological and
ethical theories or concepts to explore behavioral drivers. These theories are frequently used
to extend technology acceptance models to examine the process of adoption of augmentation
technologies, and collectively contribute to understanding the influential factors, including
demographic, contextual, and individual di↵erences.

Psychological theories are used in studies that focus on the influence of personality traits,
emotions and personal values on the use of augmentation technologies. The Self-Discrepancy
Theory [50] is incorporated to explain how discrepancies between an individual’s actual self
and their ideal self can drive the desire to use augmentation technologies, explaining the
role of personality traits like perfectionism and competitiveness in the adoption of augmen-
tation technologies [2, 108, 3, 1]. Furthermore, a↵ective influences, such as users’ emotional
responses, and environmental factors, including social norms, have been shown to signifi-
cantly impact users’ adoption decisions for augmentation technologies [28, 94, 93, 92, 106].
Similarly, value-based psychology constructs demonstrate that personal values influence the
adoption process of augmentation technologies e.g., [79, 114, 116].

Theories that consider individual ethical judgment play a crucial role in expanding tech-
nology acceptance models, particularly in research focused on market segmentation. For
example, the Multidimensional Ethics Scale [101] has been successfully used to identify
di↵erent market segments based on the perceived ethical judgement of augmentation tech-
nologies. This research reveals how varying perceptions of fairness, autonomy, and societal
impact shape the adoption process [2, 10, 23]. Moreover, ethical considerations are critical
in specific applications, such as the use of augmentation technologies in the workplace where
concerns about employee privacy and safety are highlighted [39], and in relation to BCI
technologies [57, 109], which introduce unprecedented risks due to the sensitive nature of
brain-related data.

Interpretive Approaches through Critical Theories Critical theoretical approaches
o↵er a nuanced lens for examining the adoption of augmentation technologies. Despite being
the smallest category of our sample, comprising only 4 studies, we identify two key research
foci that relate to the individual experience and societal impact of non-medical augmentation
technologies.

Phenomenological research investigates how individuals experience the integration of aug-
mentation technologies with their bodies. [38] and [82] examine how users perceive the trans-
formation of their bodies as they adopt augmentation devices, and o↵er insight into the lived
experience of integrating with technology in what the articles refer to as the “cyborg” body.
[38] shows that users of augmentation technologies conceptualize the cyborg body as a site
of integration between human identity and technological innovation. [82] highlights that the
cyborg body becomes a vehicle for self expression and for challenging biological limitations
of the human body.

The second research focus examines the societal and political impact of augmentation
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technologies. The feminist Science and Technology Studies perspective, drawing on Har-
away’s work [47], is used to analyze how non-medical augmentation technologies can impact
marginalized groups, examining the e↵ect of augmentation technologies on issues related
to gender and disability [16]. [52] and [38] examine the political activism enabled by aug-
mentation technologies. Users of these technologies conceptualize them as tools to resist
anthropocentric worldviews, and use them to foster deeper connections with nature and to
challenge traditional human-centered perspectives of the world.

5.1.3 Research Methods

The studies in this systematic review employ diverse research methods to explore the adop-
tion of non-medical human augmentation technologies. We categorize the methods into
qualitative, quantitative, mixed, and computational methods, detailing the associated data
collection and analysis methods within each category.

Qualitative Methods Qualitative methods are predominantly used in studies focusing on
current users of augmentation technologies. These studies aim to provide in-depth insights
into the motivations and experiences of initial adopters, and rely on methods such as case
studies [38, 39, 52, 68], interviews [48, 53, 54], and ethnographic research [16, 82, 113] for
data collection. The data analysis process is guided by grounded theory [117, 20] or the-
matic analysis [15]. [40] examine the prospective users’ ethical judgment of augmentation
technologies using a qualitative Q-study methodology.

Quantitative Methods With the expansion of research to include the general population,
a significant shift toward quantitative methods is evident. Studies that rely on quantitative
methods typically employ survey-based methods to collect data from larger sample sizes,
allowing for statistical analysis and generalization of findings. Within this category, some
studies present descriptive statistics for their data analysis, mapping attitudes and per-
ceptions toward augmentation technologies (e.g., [30, 124, 58]). Other studies (based on
Technology Acceptance Models) rely on regression or Structural Equation Modelling [119]
to assess the validity of models and relationships between constructs that have been adapted
to fit the specific context of human augmentation e.g., [2, 108, 3, 1, 94, 93, 92]. Our article
sample includes three experimental studies [19, 110, 135], which focus on the acceptance
and intention to use cognitive enhancement technologies. The limited use of experimental
research designs in research on the adoption of human augmentation technologies can be
ascribed to the emerging nature of the field, but should be encouraged as this approach is
particularly useful for isolating specific factors that influence adoption decisions, providing
evidence of causality.

Mixed Methods Although relatively recent in this field, mixed-methods research on non-
medical augmentation technologies emerged in 2021 [49, 114, 124, 27], allowing researchers
to corroborate quantitative data with qualitative insights, and enhancing both the reliability
and depth of findings.
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Computational Methods Another methodological approach is found in [77], [80] and
[8], all using computational techniques to analyze large datasets of online data. [77] and [8]
use topic modeling to analyze online user attitudes toward microchip and BCI devices on
X (Twitter). [80] propose a data analysis framework to examine public perceptions of BCI
devices, integrating multiple computational methods.

5.2 RQ2: Which factors influence the adoption of Human Aug-
mentation technologies for non-medical purposes, and how?

This section presents findings related to research question RQ2, focusing on the factors that
shape the adoption process for non-medical human augmentation technologies. We use the
ADO (Antecedents, Decisions, Outcomes) portion of the TCM-ADO framework to guide
content analysis. The field’s methodological diversity, encompassing ethnographic studies,
experimental designs, large-scale surveys, and phenomenological investigations, reflects the
complexity of the adoption process. Therefore, our analysis focuses on thematic aggregation
of factors rather than e↵ect sizes, providing a comprehensive map of influential factors across
diverse methodological approaches. This thematic synthesis approach allows us to identify
patterns while acknowledging the field’s methodological pluralism.

We structure this section by first presenting a categorization of factors within a taxonomy
of antecedents, decision-related aspects, and outcomes according to the ADO framework. Us-
ing practices seen in previous systematic reviews on similar topics [42, 4, 83], we only discuss
factors that appear in at least three di↵erent studies. A coded table of articles is available as
supplementary material. We begin with an introduction of the measured outcomes that can
be highlighted in the empirical literature reviewed, we then discuss findings related to how
antecedent factors and decision-related aspects a↵ect the outcomes. Finally, these factors are
mapped in an integrated framework, based on Rogers’ [105] Di↵usion of Innovations process,
that aggregates findings and o↵ers a unified perspective on the categories of factors shaping
the adoption of non-medical augmentation technologies.

5.2.1 Outcomes

We frame outcomes using Rogers’ [105] Di↵usion of Innovation model, which conceptualizes
adoption as a multi-stage process. Following the ADO framework’s definition of outcomes as
”consequences arising from performance or non-performance of a behavior” [87], our content
analysis identified three measurable outcomes in augmentation technology adoption studies:
attitudes, intention to use, and current use. These outcomes represent sequential stages in
Rogers’ adoption process.

Definition and Categorization of Outcomes We code as “Attitudes” all the outcomes
that the studies identify as attitudes, opinions, concerns and expectations. Attitudes repre-
sent the first evaluative stage in the adoption process, corresponding to the Knowledge and
Persuasion stages in the DoI model [105]. We code as “Intention to Use” the individual’s
active evaluation of their personal willingness or intention to use augmentation technolo-
gies. Intention to Use is the result of the Decision stage identified by [105], where potential
adopters consider di↵erent aspects related to technology adoption, resulting in an intention
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to use augmentation technologies. Among prospective users studies, Intention to Use is
the most advanced stage in the adoption process. Finally, we code as “Current Use” all
reported cases of individual use of augmentation technologies. Current Use corresponds to
Rogers’ [105] Implementation and Confirmation stages, which represent continued use of the
technology.

5.2.2 Antecedent and Decision-Related Factors

We categorize factors a↵ecting adoption outcomes based on Rogers’ innovation-decision pro-
cess [105], and di↵erentiate between preexisting antecedents and factors related to evaluative
decision using the definitions of the TCM-ADO framework [87]. Antecedents are ”drivers
behind involvement or non-involvement in a behavior,” existing independently of the adop-
tion process. Decisions are defined in the TCM-ADO framework as “types of behavioral
performance/dimensional structure of a construct” [87]. In this context, decision-related
factors are di↵erent aspects of decision-making that emerge during the individual’s adoption
decision. Our analysis accounts for duplicate findings from repeated population samples
[131], which could artificially inflate the importance of certain factors.

Categorization of Antecedents We identify three primary categories of antecedents af-
fecting non-medical human augmentation adoption: individual, technological, and societal.
Each of these categories includes relevant sub-categories based on thematic overlap. In-
dividual antecedents include socio-demographic factors and personal characteristics (Table
4). Technological antecedents cover device type, augmentation type and goal, and lastly
the cost of the device (Table 2). Societal antecedents encompass social context, regulatory
frameworks, and country di↵erences. Table 3 presents the complete categorization of related
findings.

[Insert Table 4 approx. here]

Overall, findings on antecedent factors suggest that, beyond basic sociodemographic char-
acteristics like age and gender, additional antecedent factors such as technological expertise,
personality traits and social influences (e.g., belonging to biohacking communities) are cru-
cial in shaping the individual adoption process. Despite contextual, theoretical and method-
ological di↵erences, findings are largely consistent across studies. The association between
age, gender, and technology adoption is consistently confirmed e.g., [35, 110], with younger
males emerging as the most supportive demographic. Technological expertise is also asso-
ciated with positive attitudes towards adoption of non-medical augmentation technologies
e.g., [118]. Furthermore, the relevance of individual beliefs and social context is confirmed
across current and prospective user populations. First, while progressive personal beliefs
are associated with technology use [76, 52], religious beliefs are linked to negative atti-
tudes towards augmentation e.g., [128, 109]. [40] further confirm this contrast, showing that
progressive and religious beliefs respectively drive acceptance and rejection of non-medical
augmentation technologies. Second, the e↵ect of a supportive social context is highlighted
in both prospective user studies e.g., [94, 93, 102] and current user studies which highlight
the supportive role of biohacking communities e.g., [16, 113], which also facilitate access to
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augmentation technologies [113]. Current users appear undeterred by regulatory gaps e.g.,
[16], while prospective users view limited regulation as a barrier e.g., [111, 114].

Table 2: Categorization of Technological Antecedent Fac-
tors. The table includes information on the associated
findings (numbered) and relevant reference count for each
finding. Created by the authors.

Antecedent Findings Count

Type of
Device

External devices (wearables):
(1) Relate to better attitudes
(2) Generate higher intention to use
(3) Invasive devices are preferred by current users, due to their
convenience and the association with cyborg identity

(1) N=3
(2) N=5
(3) N=2

Type of
Augmentation

(1) The type of augmentation (cognitive, sensory, physical)
influences attitudes towards HA technologies
(2) The type of augmentation (cognitive, sensory, physical)
influences the intention to use HA technologies

(1) N=3
(2) N=1

Goal of
Augmentation

The goal of augmentation (medical, task-specific or superhu-
man):
(1) Influences user attitudes
(2) Influences intention to use
(3) Motivates current users to adopt HA technologies

(1) N=9
(2) N=5
(3) N=2

Cost of
Device

(1) The cost of the augmentation device a↵ects attitudes to-
wards HA technologies

(1) N=3

The main inconsistent results relate to the e↵ect of the individual health status. Al-
though two studies suggest that lower health status may positively impact individual atti-
tudes [109, 114], Whitman [128] shows the opposite e↵ect. The comparison between these
studies is di�cult since they are based on population samples of di↵erent countries (USA,
Canada, Spain and Germany), and use quantitative [109, 128] and qualitative [114] methods,
so further research is needed to explore the inconsistency. While the lack of further incon-
sistencies is encouraging, the limited number of studies on the topic, and their theoretical,
methodological and contextual characteristics, warrants caution. For example, the reliance
on non-representative student populations can significantly skew findings toward younger,
higher educated individuals. Further contextual variations between studies arise from the
di↵erent types of augmentation technologies examined, as highlighted in RQ1. The focus
on di↵erent technologies across the selected studies implies that the influence of specific
technological characteristics cannot be explicitly quantified.
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Table 3: Categorization of Societal Antecedent Factors.
The table includes information on the associated findings
(numbered) and relevant reference count for each finding.
Created by the authors.

Antecedent Findings Count

Social
Context

Social context:
(1) A↵ects attitudes towards HA technologies
(2) A↵ects the intention to use HA technologies
(3) Belonging to biohacking communities facilitates the
use of HA technologies

(1) N=3
(2) N=8
(3) N=4

Regulatory Frame-
work

(1) Prospective and current users believe augmentation
technologies should be regulated

(1) N=9

Country or
Regional
Di↵erences

(1) Attitudes toward HA technologies vary across coun-
tries and regions
(2) Intention to use HA technologies di↵ers by country

(1) N=7
(2) N=2

These findings collectively show that individual, technological, and societal antecedent
factors all contribute to shaping the adoption process of augmentation technologies.

Categorization of Decision-Related Considerations We identify five categories of
decision-related considerations that influence the adoption of non-medical augmentation
technologies: functional, a↵ective, ethical, technological, and societal. These categories
are derived from thematic overlaps across studies. Detailed findings for each category are
reported in Table 5. Functional considerations relate to perceived usefulness and ease of use.
A↵ective considerations involve emotional responses, including excitement, enjoyment, fear,
and discomfort. Ethical considerations reflect individual judgments on fairness, responsi-
bility, and moral acceptability. Technological considerations concern risks associated with
the technology itself, such as privacy, security, invasiveness, and health. Societal considera-
tions include perceptions of broader societal impact, trust in regulation, and concerns about
stigma or dehumanization.

[Insert Table 5 approx. here]

This categorization of decision-related aspects aligns with Chaudhry et al.’s [21] taxonomy
of technology acceptance models for augmentation technologies, confirming the presence of
cognitive, a↵ective, ethical, technological, and societal considerations in the adoption process.
While their work focuses solely on technology acceptance models, our review includes both
acceptance studies and exploratory or qualitative research involving current and prospective
users. This broader scope reinforces the validity of the categorization by showing that similar
considerations emerge across diverse user groups and research designs.

Functional considerations on usefulness and ease of use remain central to adoption deci-
sions, consistent with traditional technology acceptance models e.g., [25, 121]. Current users
particularly emphasize the comfort and convenience of augmentation technologies compared
to external devices like ID cards or credit cards e.g., [53, 54]. For prospective users, per-
ceived usefulness varies significantly by application domain, with medical and task-specific
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enhancements viewed more favorably than superhuman augmentations e.g., [110, 128]. How-
ever, the adoption process also incorporates novel dimensions beyond functionality, including
a↵ective, ethical, technological and societal considerations.

A↵ective considerations reveal that prospective users often experience a mix of excite-
ment, curiosity, fear, and discomfort, reflecting both the allure and uncertainty of augmenta-
tion technologies e.g., [103, 93]. In contrast, current users describe their adoption experiences
as enjoyable and fulfilling, often emphasizing the personal satisfaction derived from techno-
logical integration, regardless of its utility e.g., [53, 54].

Ethical considerations shape the adoption process di↵erently for prospective and current
users. Prospective users express concerns about fairness and the potential misuse of aug-
mentation technologies e.g., [23, 75]. On the other hand, current users often frame their
adoption as an expression of autonomy and empowerment, with beliefs in individual control
over their bodies serving as a significant motivator e.g., [16, 82].

Technological considerations, such as concerns about invasive implant procedures and
privacy risks related to continuous data collection, present significant barriers for prospective
users e.g., [57, 137]. This contrasts with the experience of current users, who report an easy
integration of augmentation technologies into daily life [38, 48, 53].

Finally, societal considerations highlight the tension between personal gains and collective
implications of augmentation technologies. Prospective users voice fears about inequality,
misuse, social exclusion and discrimination e.g., [58, 114, 124, 125, 135]. Current users on
the other hand have a more optimistic perspective, viewing augmentation technologies as
tools for societal improvement and progress e.g., [52, 38], and as a way to achieve the next
step in human evolution [16, 48].

5.3 An Integrated Framework for the Adoption of Augmentation
Technologies

Based on the findings of the studies included in this systematic review, we propose an inte-
grated framework that synthesizes the main factors identified in the ADO analysis, integrates
them in the context of Di↵usion of Innovations, and adapts the innovation-decision process
proposed by Rogers [105] to the adoption of non-medical augmentation technologies. The
framework, depicted in Figure 4, integrates insights from our review across di↵erent tech-
nologies, user groups, and stages of adoption, providing a comprehensive overview of the
factors influencing the adoption of non-medical augmentation technologies.

This integrated framework organizes factors in key categories of antecedent, decision-
related considerations, and outcomes, mapping them in the process of adoption of non-
medical augmentation technologies. Since the framework is an adapted version of Rogers’
[105] innovation-decision process, we represent the outcomes from our ADO framework as
sequential steps in the adoption process, with Attitudes, Intention to Use, and Current
Use representing stages from initial awareness to technology use. The integrated framework
illustrates how this progression is influenced by antecedent factors and decision-related con-
siderations. A notable di↵erence emerging from our integrated framework is the prominence
of ethical, technological safety, privacy concerns at the individual and societal levels in the
adoption process of non-medical augmentation technologies, adding nuance to the original
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Figure 4: Integrated framework of factors a↵ecting the adoption process of non-medical aug-
mentation technologies. The adoption process is adapted from Rogers’ innovation-decision
model [105]. Created by the authors.
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DoI innovation-decision process [105].
We distinguish between user groups and locate them across the DoI curve (Figure 5)

based on their stage in the adoption process, as determined through the ADO analysis
of empirical results. We classify current users within the “innovators” category based on
empirical evidence that augmentation technologies remain predominantly adopted within
specialized communities, representing the earliest phase of di↵usion. These users display
higher education levels, technical expertise, and worldviews aligned to transhumanist ideals.
These users view augmentation as a desirable pathway to further human evolution and report
fewer concerns over associated technological and societal risks, facilitating their transition
to adoption and continued use.

On the other hand, prospective users, spanning early adopters, early majority, late ma-
jority, and laggards, express progressively more conservative and cautious attitudes toward
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Figure 5: Di↵usion of non-medical augmentation technologies across adopter categories,
with distinction between Current and Prospective users. Adapted from Rogers’ Di↵usion of
Innovation [105]. Created by the authors.
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human augmentation technologies. For prospective users, unresolved ethical, technological,
and societal considerations remain, and generate hesitations around privacy, technological
safety, and societal consequences of the use of augmentation technologies. Importantly, our
review suggests that some prospective users may never become adopters because of deep-
rooted moral, religious, or philosophical opposition to the idea of augmenting the human
body. For these individuals, non-adoption is not explained by the time-based di↵usion of
innovation model [105], but rather reflects a stable, value-based stance.

The integrated framework can be a valuable resource for academics, developers and reg-
ulatory actors. Its summary of current empirical evidence could serve as a guiding tool for
future research, product development, and public policies. As the field of human augmen-
tation continues to develop, this framework should evolve to represent the advances in our
understanding of how non-medical augmentation technologies are adopted and integrated
into society.

5.4 RQ3: What future research directions emerge from the liter-
ature on the adoption of Human Augmentation technologies
for non-medical purposes?

Our systematic review identifies several critical areas where further research is needed to
advance the understanding of the adoption process for non-medical human augmentation
technologies. This section aggregates and discusses the future research directions highlighted
by the studies included in our systematic review. Adhering to the TCM-ADO framework
of analysis, the discussion is divided into two main perspectives. The TCM perspective
refers to overarching characteristics of the research including theoretical foundations, re-
search methodologies, and research context (i.e. populations and technologies). The ADO
perspective addresses future research directions related to empirical findings. In addition,
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we include future directions concerning Research and Development (R&D) and regulation.

5.4.1 TCM Perspective

Theoretical Foundations The surveyed studies reveal promising directions and impor-
tant gaps related to theoretical foundations. First, studies suggest that further research is
needed for the development of technology acceptance models that are tailored to incorpo-
rate unique aspects of augmentation technologies such as ethical considerations, personal
traits, and societal impact considerations [35, 40, 94, 93]. Second, while technology accep-
tance models provide valuable insights into the adoption of augmentation technologies in
the general population, a separate approach could be used to characterize motivations of
early adopters. While much of the existing research on this group has been ethnographic,
exploratory, or descriptive e.g., [38, 53, 113], further investigation and theorization of early
adopters’ motivations and their evolution over time could enhance our understanding of the
adoption process.

Research Methodologies The surveyed studies identify several considerations that could
improve research methodologies. The predominance of cross-sectional designs is frequently
cited as a limitation of current findings e.g., [2, 3, 1], leading researchers to recommend
experimental approaches to better establish causal relationships between factors [100, 106].
Similarly, based on the evolving nature of augmentation technologies, researchers propose
longitudinal studies to capture changes in attitudes and behaviors over time, particularly
as HA technologies become more accessible [1, 80, 100, 108]. The reliance on self-reporting
scales across the field also presents challenges, as authors highlight that these scales are
susceptible to biases and potential inconsistencies based on how participants interpret ques-
tions [57, 60, 104]. To address this issue, researchers have suggested exploring alternative
or supplementary methods of data collection. Both qualitative and quantitative studies
suggest exploring mixed-method approaches to compensate for their shortcomings. For ex-
ample, Gauttier et al. [40] suggest validating their framework, developed through qualitative
research, through quantitative approaches. Conversely, Koverola et al. [60] suggest using
in-depth qualitative research to explore individual motivations for cognitive enhancement,
based on their quantitative findings. Finally, three studies [77, 80, 8] exemplify the value of
deploying computational research methods, which could be further used to garner insights
from online discussions and discourse around augmentation technologies, to e.g. explore on-
line discussions using topic modeling [77, 8] or to profile users through clustering algorithms
[80].

Population Contexts Existing research highlights limitations that derive from the se-
lection of populations in empirical studies, suggesting opportunities for a broader represen-
tation in future studies. The majority of studies included in this review present results
based on young, digital-native populations (usually university students), and recommend di-
versifying samples across age groups, educational backgrounds, and economic conditions in
future research e.g., [3, 10, 11, 76, 107]. Additionally, researchers emphasize the importance
of addressing the Western-centric scope of current research by incorporating perspectives
from underrepresented cultural contexts e.g., [57, 109, 137]. Comparative analyses across
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countries and cultural contexts have also been suggested to explore the impact of local fac-
tors on technology adoption [102, 110]. Given the observed influence of religious beliefs
on technology adoption e.g., [110, 81], Zhang et al. [135] propose investigating the role of
Eastern philosophies and religions, which feature distinct conceptions of bodily integrity, in
shaping attitudes toward augmentation technologies. In addition to these considerations, a
methodological limitation lies in the frequent reliance on repeated cohort studies, which can
constrain the generalization of findings. Expanding research to include new survey samples,
rather than reusing prior respondent data, could provide new insights and strengthen the
reliability of findings.

Technological Context Research on human augmentation highlights opportunities to
explore the adoption process of individual technologies, such as Brain-Computer Interfaces
or subcutaneous microchip implants [10, 11, 23]. Examining individual technologies may
help clarify how features like invasiveness and usefulness shape user attitudes and behaviors.
Additionally, authors suggest comparing technologies at di↵erent stages of di↵usion [23, 26,
93].

5.4.2 ADO Perspective

Our proposed integrated framework (Figure 4) maps the factors currently known to be
influential in the adoption of augmentation technologies, but additional key directions for
future research can reinforce it by (1) consolidating research on individual factors and (2)
examining interrelationships between them.

First, while many factors have been identified, their impact remains underexplored. For
example, the exploration of the role of personal beliefs surrounding free will and determinism
is recent, with authors recommending a more in-depth characterization of this role [1]. In-
terestingly, concerns about the cost of augmentation technologies, which might be expected
to play a prominent role in adoption decisions, do not appear in the quantitative predic-
tive models included in this review. However, such concerns are mentioned in exploratory
and qualitative studies [114, 124, 32], particularly in discussions about the accessibility of
augmentation technologies. Consequently, researchers interested in examining the influence
of technology pricing on the adoption of augmentation technologies could explore whether
cost serves as a potential barrier to adoption, particularly as these technologies move toward
broader commercialization.

Second, in addition to examining the influence of individual factors in the adoption
process, researchers suggest analyzing how these factors interact and influence each other
through moderating e↵ects [19, 94, 106]. For example, existing literature suggests that
age and gender influence attitudes and intentions to use augmentation technologies e.g.
[35, 57, 100]. However, further research is needed to explore how these demographic factors
interact with other variables. Correlations suggest that di↵erent age groups tend to prefer
di↵erent types of augmentation [58, 128]. Additionally, women’s attitudes toward augmen-
tation technologies may be influenced by factors such as emotional responses, which a↵ect
genders di↵erently [106], and the varying impact of perfectionism on men and women [108].

To facilitate more rigorous and comparable studies of these interrelationships, researchers
could utilize recently developed measurement instruments. The validated scale proposed by
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Villa et al. [125], as well as the questionnaire presented by [116], provide tools specifically
designed to investigate the adoption of human augmentation technologies.

5.4.3 Research and Development

The systematic literature review identifies key areas for future work related to R&D, par-
ticularly in the areas of accessibility, security, and societal acceptance. First, since research
highlights the importance of usefulness considerations in shaping adoption intentions, authors
suggest that companies involved in the development of augmentation technologies could fo-
cus on clearly demonstrating the practical benefits of these technologies to appeal to a larger
public [35, 93]. Second, the biocompatibility of materials, sustainable device upgrades and
maintenance, rigorous safety testing, and cybersecurity emerge as critical factors in empirical
studies [16, 30, 35, 49]. Lastly, findings in empirical literature highlight the user concern for
social stigma and discrimination towards users of augmentation devices e.g., [19, 135]. Con-
sequently, developers could focus on the design of technologies that integrate seamlessly with
the human body, both functionally and aesthetically, if they want to mitigate user concerns
and facilitate societal acceptance.

5.4.4 Regulations

The surveyed studies highlight several key directions for future research related to regula-
tions. Findings suggest a need to conduct further research to understand the general public’s
support for di↵erent regulatory frameworks [19]. For example, Schmid et al. [112] find that,
while the European Union currently lacks specific regulations governing the use of augmenta-
tion technologies by healthy individuals, this clashes with user expectations. This is consis-
tent with other findings suggesting that the general public identifies the lack of regulations as
a key barrier to adoption of augmentation technologies e.g., [114, 124, 128]. Researchers also
highlight the importance of involving citizens in policy design to ensure that regulations align
with public values and priorities [81]. Policies that promote education and public awareness
about augmentation technologies are recommended to reduce misconceptions in the gen-
eral public [81]. Sustaining innovation while maintaining public trust emerges as a central
challenge, and greater collaboration between developers and policymakers is suggested to
address this [80]. Furthermore, since most regulatory insights from existing literature are
derived from Western contexts, policymakers seeking to understand regulatory preferences
within di↵erent cultural settings should approach these recommendations with caution, as
they may not fully represent priorities of non-Western contexts.

6 Limitations

This systematic review synthesizes empirical research on the adoption of non-medical hu-
man augmentation technologies, identifying key influencing factors and proposing a meta-
framework for future research. As a rapidly evolving, interdisciplinary field, research in this
area spans diverse terminologies and databases. Despite a comprehensive search strategy,
relevant studies may have been missed due to variations in terminology and indexing. Snow-
balling helped mitigate this, though some omissions remain possible. The review reflects the
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state of the field up to the final database search, and recent studies may not be included.
Additionally, while the analysis followed PRISMA guidelines and employed the TCM-ADO
framework, the inductive-deductive coding process may reflect some degree of subjectivity.
Despite these limitations, this review o↵ers a foundation for ongoing research and discussion
on the adoption of human augmentation technologies.

7 Conclusion

This systematic review of 61 empirical studies on non-medical human augmentation tech-
nologies makes three main contributions: (1) providing the first comprehensive mapping of
research using the TCM-ADO framework, (2) synthesizing an integrated adoption frame-
work based on Di↵usion of Innovation theory, and (3) identifying future research directions.
Our analysis reveals an emerging field characterized by limited interdisciplinary engagement,
Western-centric focus, and non-representative sampling. This reflects a fragmented research
landscape that requires broader, more representative, and theoretically diverse approaches.
Through the ADO framework, we categorize antecedent factors into individual, technologi-
cal, and societal antecedents, decision factors into functional, a↵ective, ethical, technological
and societal, and outcomes ranging from attitudes and usage intentions to current use. Our
integrated framework, grounded in Di↵usion of Innovation theory, synthesizes how these fac-
tors contribute to the adoption decision. The findings demonstrate that prospective users are
hindered by unresolved ethical, technical, and societal concerns, while current users view aug-
mentation technologies more positively, often embracing them as enablers of transhumanist
ideals and human evolution. This highlights a significant divergence in risk and opportu-
nity perception between user groups. By identifying key factors, research gaps, and possible
future directions in the field of non-medical augmentation technologies, this review informs
and guides future research and development e↵orts, ultimately facilitating the responsible
development and integration of augmentation technologies into society.
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Juaneda-Ayensa. Emerging cyborg products: An ethical market approach for mar-
ket segmentation. Journal of Retailing and Consumer Services, 55:102140, 2020.

[11] Mario Arias-Oliva, Jorge Pelegrin-Borondo, Kiyoshi Murata, and Stephanie Gauttier.
Conventional vs. disruptive products: a wearables and insideables acceptance analy-
sis Understanding emerging technological products. TECHNOLOGY ANALYSIS &
STRATEGIC MANAGEMENT, December 2021.

[12] Augmentation Market. Human Augmentation Market Size Worth $725.25 Billion By
2030 | CAGR: 22.0%.

[13] Woodrow Barfield and Alexander Williams. Cyborgs and enhancement technology.
Philosophies, 2(1):4, 2017.

[14] Daphne Bavelier, Julian Savulescu, Linda P. Fried, Theodore Friedmann, Corinna E.
Lathan, Simone Schürle, and John R. Beard. Rethinking human enhancement as
collective welfarism. Nature Human Behaviour, 3(3):204–206, March 2019. Publisher:
Nature Publishing Group.

30



[15] Ann Blandford, Dominic Furniss, and Stephann Makri. Qualitative HCI research:
Going behind the scenes. Morgan & Claypool Publishers, 2016.

[16] Lauren M. Britton and Bryan Semaan. Manifesting the Cyborg through Techno-Body
Modification: From Human-Computer Interaction to Integration. In Proceedings of
the 2017 CHI Conference on Human Factors in Computing Systems, CHI ’17, pages
2499–2510, New York, NY, USA, May 2017. Association for Computing Machinery.

[17] Sasha Burwell, Matthew Sample, and Eric Racine. Ethical aspects of brain computer
interfaces: a scoping review. BMC medical ethics, 18(1):60, November 2017.
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