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Human augmentation and its new design perspectives
Muriel De Boeck and Kristof Vaes

Faculty of Design Sciences, Department of Product Development, University of Antwerp, Belgium

ABSTRACT
Along with the growing impact of rapidly advancing technology on human 
life, interest in improving human abilities has increased. ‘Human augmenta
tion’ refers to human-computer integration technology, aiming to restore, 
supplement, or even exceed human potential. As such, human augmentation 
may be used by anyone, ranging from people who face an impairment or 
a dangerous situation to healthy people who want to improve their current 
capabilities or even acquire abilities that are beyond normal human capabil
ities. This article introduces the field of human augmentation by discussing 
definitions of human augmentation and related terms. Subsequently, 
a categorical and dimensional classification of the field is given to structure 
the domain. Based on our findings from the literature, we propose 
a framework to support product designers in understanding, navigating, and 
characterizing the human augmentation product they are designing. This 
framework was applied in academic practice over three consecutive years, 
challenging prospective product designers to explore human augmentation. 
Ultimately, 123 student projects were collected and analyzed with the aim of 
elaborating on our framework based on concrete design strategies. Future 
research is set to implement the design strategies in a tool that facilitates idea 
generation and sparks creativity in the field of human augmentation.
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1. Introduction

Human augmentation is an interdisciplinary and relatively new, but rapidly emerging, research 
field that today studies human-computer integration products designed to improve human abilities. 
Attempts at human augmentation can be traced back to ancient times, when it usually concerned 
finding solutions for people with specific needs, for example, replacing a lost body part with an 
artificial one, such as a leg or arm prosthesis (Alicea, 2018). Due to technological developments, 
augmentation could be expanded to include improvements that were more advanced. Today, 
exoskeletons for example, enable someone to lift weights that are extremely heavy, while 
a jetpack can enable a person to fly (Huber et al., 2018). With the aim of assisting anyone, 
human augmentation could potentially result in concepts that bridge disability and extra-ability.

Many interdisciplinary pioneers, such as Joseph Licklider (1960), Douglas Engelbart 
(1962) and William Ross Ashby (1956), have made great advances in the field of human 
augmentation, and have recognized the potential of technological devices to improve human 
capabilities. It was only in 2010 that the term ‘augmented humanity’ was credited to former 
Google CEO Eric Schmidt, who initially put forward the theory that devices are an 
extension of a human being’s way of thinking (Naughton & Daly, 2020). Since then, 
numerous developments have occurred, and several articles have extensively reviewed the 
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history of human augmentation (Daily et al., 2017; Lee et al., 2018; Pirmagomedov & 
Koucheryavy, 2021; Raisamo et al., 2019). However, a clear, detailed description of what 
the term includes and excludes, compared with similar terminology, as well as the funda
mental structure or framework of the field, remains to be given. When it comes to 
‘wearables’ or ‘tools’, for example, it becomes difficult to determine where the borders lie.

To address these gaps, this article presents an introduction to the concept of human 
augmentation and a thorough outline of the domain and its related terms. We then 
introduce a framework based on findings in the literature, which we outlined in our 
previous preliminary literature review (De Boeck & Vaes, 2021). Furthermore, we illustrate 
how we implemented the framework in the academic context, aiming to provide students 
with a structural foundation of knowledge on human augmentation. As such, we used it to 
help them characterize and better understand the type of human augmentation concept they 
were designing by first considering its location within the framework, and then to broaden 
their reflection by exploring new directions. Finally, we elaborate on our initial framework 
with the aim to offer design strategies intended to spark creativity and provide novel design 
perspectives among prospective product designers regarding human augmentation features. 
Consequently, our future research will focus on comparing the results of student projects 
that used the initial framework with those of students using the design strategies for idea 
generation and creativity, hypothesizing that using the design strategies will result in 
improved concept generation. Overall, this paper provides valuable insights into the poten
tial of human augmentation as a driver of user empowerment, creativity, and innovation in 
design.

2. Aim

The aim of this study is to introduce the readers to the emerging research field of human 
augmentation and its related terminology and to provide a framework for the field as 
a contribution to the prospective design community. The following research questions were 
addressed by reviewing relevant literature to date:

(1) How do we define and distinguish human augmentation and its related terms?
(2) What does human augmentation entail and how can it be structured to better understand 

what it includes and excludes?

Two additional research questions concern our contribution to the design community:

(1) Can a framework be constructed for the field of human augmentation based on our findings 
in the literature?

(2) What design strategies can be formulated to enhance our understanding of the potential and 
layered nature of human augmentation – while also inspiring product designers with new 
insights and sparking their creativity through streamlined guidance during the conceptua
lization of human augmentation products – which can be implemented and verified in 
future research?

Accordingly, this paper first provides an extensive understanding of human augmentation as 
a structural basis of design, which resulted in a visual framework for innovative design 
perspectives relevant to product designers in this field. We then delve into its practical 
application, examining how student designers used the framework as a foundation to con
ceptualize human augmentation products. The paper concludes with the formulation of 
design strategies based on the analysis of student projects spanning three academic years 
(2020–2022).
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3. Methods

The first method described in this section addresses research questions 1 to 3 and specifies how 
a literature review was conducted toward the development of a framework. The second method is 
dedicated to research question 4 and describes how student projects were analyzed to uncover 
design strategies for human augmentation.

3.1. Literature review towards framework

To identify relevant studies for this review, we used the Web of Science database, complemented by 
the ScienceDirect and Scopus databases. The search strategy consisted of three consecutive steps. 
First, a literature search was conducted using the initial keyword search to obtain a preliminary 
insight into the domain. Second, the literature list was extended through a backward and forward 
reference search, which involved reviewing references in the articles yielded from the keyword 
search and reviewing articles that have cited these initial articles (Levy & Ellis, 2006). Finally, this 
was completed by an additional keyword search.

Accordingly, a first set of keywords was composed for the literature search, which was supple
mented with additional keywords (*) after the backward and forward reference search (see Table 1).

We used the keywords from Table 1 and combinations thereof to search the libraries for relevant 
publications. Initially, the main keywords were searched in each database, within the timespan defined 
as inclusion criteria ((‘human augmentation’ OR ‘augmented human’ OR ‘augmented humanity’ OR 
‘human 2.0’ OR ‘human enhancement’ OR ‘assistive technology’) AND publication date: (2000/01/01 to 
2022/12/31)). Additionally, the supporting keywords were used in combination with the main key
words to make the query more related to the search intent (e.g. (‘human augmentation’ OR ‘augmented 
human’ OR ‘augmented humanity’ OR ‘human 2.0’) AND (‘classification system’ OR ‘subdivision’ OR 
‘categorization’ OR ‘structuring’) AND publication date: (2000/01/01 to 2022/12/31)). The following 
inclusion criteria were applied when screening the titles and abstracts to examine their relevance:

I1. Articles focusing on the subject of human augmentation within the scope of product design, 
engineering and computer science.

I2. Articles published between 2000 and 2022. This timespan was chosen with the aim of 
focusing on more recent research, while ensuring the availability of relevant literature. 
Moreover, the timespan allowed for scoping of the review.

The following criteria were applied to exclude non-relevant articles:

E1. Articles that were not published in English.
E2. Articles that were not peer reviewed.
E3. Articles that referred to human augmentation as an aesthetic surgical procedure, such as 

dental implants, facial reconstruction, or breast augmentation.
E4. Articles that referred to an augmented human as someone who is able to use augmented 

reality, virtual reality, or mixed reality effectively, because these do not necessarily contribute 
to the improvement of human abilities.

Table 1. Main and supporting keywords.

Main keywords Supporting keywords

Human augmentation, augmented 
human(ity), human 2.0*

Product development, product design, product engineering, human-computer 
interaction*

Human enhancement Classification system, subdivision, categorization, structuring
Assistive technology Augmented senses*, sensory augmentation*, augmented action*, body 

augmentation*, physical augmentation*, augmented cognition*, mental 
augmentation*, cognitive augmentation*

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 63



After the screening process, full text articles were analyzed in detail. Accordingly, 97 papers 
were screened, whereof 63 were included in this literature review. As can be seen in 
Table 2, the final pool of relevant articles comprised 63 references that were found in 
journals or magazines (30), conference proceedings (27), or books (6). Finally, based on our 
literature review, a visualization of our findings in a conceptual framework was pursued as 
a contribution to the design society.

Table 2. Sources with Thomson Reuter’s 5-year impact factor or conference CORE rank.

Sources (n = 56)

Journals and magazines # IF Conferences # rank

- Computer (Daily et al., 2017; Vega & 
Fuks, 2014; Zhang et al., 2017)

3 4.658 - AH: Augmented Human International Conference (Caon 
et al., 2016; Fan et al., 2014; Kasahara & Rekimoto, 2014; 
Seigneur, 2011; Xia & Maes, 2013; Xie et al., 2019)

6 N/A

- Futures (Anderson, 2003; Gandy et al., 
2016)

2 3.954 - CHI: Conference on Human Factors in Computing Systems 
(Damian et al., 2015; Eghtebas et al., 2017; Petry et al., 
2018)

3 A*

- Pervasive Computing (Kunze et al., 
2017; Langheinrich & Davies, 2018)

2 4.196 - SIGGRAPH: Special Interest Group on Computer Graphics 
(Nabeshima et al., 2019; Obushi et al., 2019)

2 A*

- Frontiers in Human Neuroscience (Cinel 
et al., 2019; Valeriani et al., 2021)

2 4.111 - MM: Conference on Multimedia (Ranasinghe et al., 2014) 1 A*

- Internet of Things (Pirmagomedov & 
Koucheryavy, 2021)

1 5.962 - RSJ: International Conference on Intelligent Robots and 
Systems (Kazerooni, 2005)

1 A

- International Journal of Human- 
Computer Studies (Raisamo et al., 
2019)

1 4.435 - DSCC: Dynamic Systems and Control Conference (Kazerooni, 
2008)

1 N/A

- Brain sciences (Valeriani et al., 2019) 1 3.706 - ISMAR: International Symposium on Mixed and Augmented 
Reality (Damian et al., 2014)

1 A*

- Human-Computer Interaction 
(Nanayakkara et al., 2013)

1 5.727 - DRS: Design Research Society International Conference 
(Allen, 2006)

1 B

- Interactions (Fernandes, 2016) 1 N/A - WeRob: International Symposium on Wearable Robotics and 
Rehabilitation (Shang et al., 2017)

1 N/A

- The Design Journal (Ramoğlu, 2019) 1 N/A - IEA: Congress of the International Ergonomics Association 
(Marti et al., 2019)

1 B

- Journal of Neural Engineering (Nagel 
et al., 2005)

1 5.671 - UIST: Symposium on User Interface Software and Technology 
(Leong et al., 2016)

1 A

- Science (Hoy, 2019) 1 59.924 - HCII: International conference on Human-Computer 
Interactions (Lee et al., 2018)

1 B

- Sensors (Guerrero et al., 2022) 1 4.050 - AltMM: Multimedia Alternate Realities (Woo, 2018) 1 N/A
- Technology and Society Magazine 

(Oertelt et al., 2017)
1 2.212 - ISTAS: International Symposium on Technology and Society 

(Pedersen & Duin, 2021; Record et al., 2013)
2 C

- Universal Access in the Information 
Society (Allen, 2005)

1 2.420 - Living Machines (Bertram et al., 2013) 1 N/A

- Scientific Reports (Schumann & 
O’Regan, 2017)

1 5.516 - HRI: Conference on Human-Robot Interaction (Weinberg, 
2019)

1 N/A

- Science Translational Medicine (Petrini 
et al., 2019)

1 22.180 - International Conference on Intelligent Environments 
Workshop (Kymäläinen et al., 2016)

1 B

- Spectrum (Crum, 2019) 1 2.937 PerDis: International Symposium on Pervasive Displays 
(Tobita, 2017)

1 B

- Artifact (Vita-More, 2008) 1 N/A Books and chapters in books
- She Ji (Forlano, 2017) 1 N/A - Assistive Augmentation (Huber et al., 2018)
- Science Robotics (Mataric, 2017) 1 33.041 - Design Meets Disability (Pullin, 2009)
- Body and Society (Tamari, 2017) 1 3.173 - Product Stigmaticity: Understanding, Measuring and Managing 

Product-related Stigma (Vaes, 2014)
- International Journal of Environmental 

Research and Public Health (Ho et al., 
2022)

1 4.798 - Cybernics: Fusion of Human, Machine and Information Systems. 
Chapter 7: Augmented Human Technology (Suzuki, 2014)

- Mechanism and Machine Theory (Chen 
et al., 2019)

1 4.590 - Connected Objects in Health. Chapter 10: A Step Towards the 
Augmented Human (Beyala, 2017)

Journal of Psychology (Lalanne & 
Lorenceau, 2004)

1 4.450 - Cyber Defence in the Age of AI, Smart Societies and Augmented 
Humanity. Chapter 2: Augmented Humanity: Data, Privacy and 
Security (Naughton & Daly, 2020)
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3.2. Analyzing student projects towards design strategies

The analysis of the student project results was conducted by establishing consensus among the 
authors, who were also the leading tutors of the practicum and supervised the students throughout 
the design course. Additionally, the students were also asked to mention how they applied human 
augmentation in their report. It is important to note that the analysis was not an academic 
evaluation but focused on evaluating the ideas generated by the students. To ensure objectivity 
during the analysis and facilitate the identification of relevant design strategies, a systematic 
approach was adopted by addressing four questions: (i) Was human augmentation applied?, (ii) 
In which categories are the human augmentation feature(s) situated?, (iii) How did the students 
apply the feature(s)? and (iv) How can we categorize these applications into concrete design 
strategies? Some of the design strategies were then combined to eliminate ambiguities through 
consensual agreement between the tutors. Accordingly, this preliminary yet methodological 
exploration yielded a non-exhaustive list of design strategies, which will be introduced to students 
for testing in two subsequent iterations in the future to further refine the tool and its intended 
purpose. Ultimately, we aim to develop a tool compromising design strategies that were system
atically and iteratively formulated, acknowledging that these strategies might not completely be 
exhaustive due to the inductive research approach. Its primary purpose, accordingly, is to serve as 
a means for expanding the creative horizons of students.

4. Results

Based on our four research questions, the results were structured into four corresponding subsec
tions. Taking our previous work as a basis (De Boeck & Vaes, 2021), here we elaborate further on 
the literature review and present a more in-depth and extensive study, supplemented by an analysis 
of our application of the framework in the academic world.

4.1. Terminology and definitions

The number of publications on human augmentation has increased over time (Guerrero et al., 
2022). However, there is still some confusion about what it includes or excludes. When it comes to 
tools, for example, it is unclear where the border lies. Generally, the line is drawn at a product that is 
so integrated into the user’s life that it becomes an extension of them and thus an augmentation. 
A vacuum cleaner, for example, requires manual control and guidance – depriving the user of their 
independence – and is only significant to your life when you use it as a tool to clean the floor. An 
exoskeleton, on the other hand, could become as essential to your life as your ability to walk, making 
it an example of human augmentation. To clarify, for a product or a technology to be considered an 
augmentation, it needs to be an extensional and intuitive part of a person’s self, whereas a tool 
requires operation and can never become a part of an individual’s self (Alexander et al., 2016).

Another confusing concept is wearables, which are smart electronic devices that are worn on the 
body, where they detect, analyze, and transmit immediate information to the user concerning body 
signals and environmental data. Because wearables empower the user as extensions that provide 
augmented information and enable interaction with other smart objects, they can be seen as human 
augmentation products (Raisamo et al., 2019).

Overall, a good understanding of related terminology is essential to avoid confusion throughout 
this article. Therefore, this section aims to introduce the reader to the research field of human 
augmentation and its boundaries with similar, interconnected and even overlapping fields and 
terms.

First, assistive technology refers to rehabilitation technology that allows people with an impair
ment to participate more fully in society or prolongs the quality of life for the elderly. The US Tech 
Act of 1988 defined an assistive technology device as ‘any item, piece of equipment, or product 
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system, whether acquired commercially off the shelf, modified, or customized, that is used to 
increase, maintain, or improve functional capabilities of individuals with disabilities’ (Code United 
States, 2020). The US Assistive Technology Act of 2004 essentially uses the same definition as the 
Tech Act, adding an exception that excludes surgically implanted medical devices, such as cochlear 
implants. Thus, as a field, assistive technology concerns the development of external products that 
replace or recover capabilities, depending on specific user needs (Huber et al., 2018). Solutions 
involving medical interventions that can remedy an impairment, such as a pacemaker or laser eye 
surgery, are not classified as assistive technology because they typically lead to a complete and, to 
some extent, permanent recovery from the impairment. Consequently, users may no longer require 
the ongoing use of assistive technology.

Second, human augmentation, or augmented humanity, amplifies and improves the human 
ability to do work (Mataric, 2017). It refers to technological implementations or extensions that can 
be used by anyone, including users who face a temporary or permanent impairment, but also 
healthy users wanting to improve their abilities. Guerrero et al. (2022) most recently proposed the 
following definition of augmented humanity:

Augmented humanity is a human-computer integration technology that proposes to improve capacity and 
productivity by changing or increasing the normal ranges of human function through the restoration or 
extension of human physical, intellectual and social capabilities.

The abovementioned definition was based on a systematic mapping review and serves as a strong 
initial foundation. Nevertheless, in this section, we present additional and more elaborate criteria to 
define the boundaries more clearly and address certain ambiguities. This effort aimed to create 
a more comprehensive definition of human augmentation, which will be provided after having 
completed our literature review (see Section 5. Discussion and conclusion). To this end, human 
augmentation:

(i) was defined by Guerrero et al. (2022) as solutions that improve human abilities through 
human-computer technology. However, this description is not comprehensive enough in 
our judgment. Examples that are not human-computer technologies, such as prosthetic 
running blades that may allow the user to run faster than other athletes, analog infrared 
goggles, or 3D glasses, are not included in their definition. To comprehensively encompass 
this field, including static, mechanical, and computer-driven technologies, we propose the 
use of the term ‘device-based technology’ instead of ‘human-computer technology,’

(ii) are technologies that perform as extensions or integrations of the human body by seam
lessly adapting to the user’s mind, body, and behavior, and thus do not interfere with the 
user’s independence (as opposed to tools). Moreover, these technologies can also be (partly) 
invasive, such as cochlear implants, pacemakers, and dental braces,

(iii) can be made for anyone, encompassing users who may or may not face an impairment, but 
pursuits to go beyond stigma-free design and aims for empowerment by making any user 
feel more capable and self-confident,

(iv) and are situated in specific classification system that will be investigated (see RQ2) through
out this article.

Third, human enhancement refers to a similar but broader field than human augmentation, which is 
why the terms are sometimes used interchangeably. Consequently, the distinction between the two 
concepts remains unclear and marked by inconsistency to this day. Our primary observation from 
the literature is that the term ‘human augmentation’ is predominantly used within the context of 
product design and human-computer engineering. In contrast, ‘human enhancement’ extends its 
application into the medical context, encompassing non-device-based solutions such as medication 
(e.g., chemical stimulants that can be used to improve intelligence), surgical operations (e.g., organ 
transplants), or even genetic modification (Anderson, 2003; Daily et al., 2017; De Araujo, 2017; 
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Pirmagomedov, 2021; Raisamo et al., 2019). Additionally, according to Guerrero et al. (2022), 
human augmentation does not include medical solutions that can inherently alter human char
acteristics. Consequently, we adopted the term ‘human augmentation’ over ‘human enhancement’ 
given its reference to product-based solutions and prevalent usage within the context of product 
engineering, aligning with the scope of this article. A visualization of the fields discussed can be 
found in Figure 1, in which the colored section represents the scope of this article. As a general 
example, a pair of glasses is considered assistive technology, while bionic contact lenses are 
classified as human augmentation and laser eye surgery as human enhancement.

Finally, two other terms associated with human augmentation are transhumanism and post
humanism. These are ideological and philosophical movements that speculate on futuristic visions 
and hypothetical human possibilities, often considering technologies that do not currently exist 
(Vita-More, 2008). While transhumanism contemplates (the consequences of) re-engineering the 
human body in various ways to transcend its functional capacity, posthumanism envisions altering 
human beings so significantly as to no longer represent the human species. In contrast to the 
pragmatic nature of augmentation and enhancement, transhumanism and posthumanism are 
speculative approaches and are situated within the realm of philosophy.

4.2. Classification of human augmentation

4.2.1. Dimensional classification
Three dimensions were identified across four scientific articles (see Table 3). This dimensional 
classification refers to a continuum, where the boundaries are less explicit and along which concepts 
may be present at various levels. The continuum reflects increasing ability provided to users from 
the first to the third dimensions.

4.2.1.1. Replicate or restore ability. The first dimension refers to assistive technology and con
cerns the replication or restoration of a natural human function for someone who does not have it. 
Replication provides temporary or permanent help to individuals who are suffering from a medical 
condition, who have experienced a tragic accident, or who face a dangerous or unhealthy situation 
that may lead them to use augmentation products. As early as in ancient times, people attempted to 
replicate lost human abilities. Common examples are glasses to restore our vision, prostheses to 

Figure 1. Visualization with examples of human augmentation and related terminology. The colored section falls within the field 
of product design (i.e., the scope of this article), the non-colored section falls within the medical field.
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replicate our ability to walk – or even run – or hearing aids to improve our hearing. There even is 
a unique competition called the Cybathlon centered around people with disabilities, in which 
research teams compete against each other and test the usefulness of assistive technologies in 
carrying out everyday activities – and thus replicating human abilities (Hoy, 2019). Additionally, 
restoring a capability may also involve assisting in the recovery of an impairment, such as the use of 
an orthoptic eyepatch to train a lazy eye and restore sight, or a plaster cast to restore a broken limb. 
Overall, many researchers, such as Jonathon Allen (2006), Graham Pullin (2009), and Tomoko 
Tamari (2017), also address the importance of social acceptability and stigmatizing symbolism 
when designing assistive technology, as it can affect people’s willingness to utilize the technology.

4.2.1.2. Supplement ability. The second dimension concerns the extension of our ability to do 
something. Such technology enables people to do things that are already humanly possible, but 
better than before. This includes, for example, devices that artificially increase our strength, such as 
an exoskeleton, or head-up displays that enhance our concentration while driving. A more concrete 
example is a set of supernumerary arms designed to generate music and improve the musicianship 
of both people living with and without disabilities (Weinberg, 2019).

4.2.1.3. Exceed ability. Finally, the third dimension concerns augmentation that allows us to do 
things that we are not able to do in a natural way. Therefore, this dimension is also referred to as 
that of superhuman abilities, as it can provide the user with capabilities that are super-natural and 
well beyond the ordinary (Kunze et al., 2017). Examples include products enabling the user to fly, 
breathe underwater, to see ultraviolet or infrared light, or to smell chemicals currently not 
detectable by human senses.

In conclusion, anyone can make use of human augmentation products. Therefore, a design 
approach relevant to this study is inclusive design, also known as universal design, which aims to go 
beyond the understanding of the users’ functional needs. This approach strives to ensure that 
a maximum number of people can use a product and contends that the single most important 
component in any system is the user. It takes into account the changes brought about by aging and 
the variable nature of disability, as well as the technological skills necessary to participate fully in 
modern society (Vaes, 2014).

4.2.2. Categorical classification
As with the classification into dimensions, different categories of human augmentation were also 
found in the literature. We found twelve articles from which we derived a classification of human 
augmentation into four categories (see Table 4).

4.2.2.1. Physical augmentation. This augmentation category aims to improve a human’s ability to 
perform physical actions. One of the earliest and most well-known examples is a prosthetic limb 
that restores some of the lost capabilities. Today, technological improvements have progressed to 
such an extent that it is becoming possible to enhance industrial or other kinds of workplace, to 

Table 3. Different dimensions of human augmentation found in relevant articles.

Dimensions found in the following 
articles

DIMENSIONS

1. Replicate/restore human 
ability

2. Supplement human 
ability

3. Exceed human 
ability

Vita-More (2008) The amended body The extended body The suspended body
Pirmagomedov and Koucheryavy 

(2021)
Specific needs No specific needs Super-human needs

Daily et al. (2017) Restore capabilities Enhance productivity Improve capabilities
Beyala (2017) Repaired human Modify human potential Expand human 

potential
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enable paralyzed individuals to walk again, or even to augment a human body with a third arm or 
a sixth finger (Chen et al., 2019; Ho et al., 2022; Kazerooni, 2005, 2008; Kymäläinen et al., 2016; 
Shang et al., 2017). Additionally, increasing numbers of contemporary physical augmentation 
devices take into consideration the interaction dynamics of the user and their environment, 
which means that the appearance and functionality of the product responds to real-time feedback, 
providing personalized and contextualized adaptations (Suzuki, 2014). Petrini et al. (2019), for 
example, developed a leg neuro-prosthesis that provided real-time tactile feedback through nerve 
stimulation, demonstrating that induced sensory feedback can be integrated into a prosthesis to 
restore functional abilities of the missing leg. Similarly, Leong et al. (2016) developed ProCover, 
which is a wearable sensing sock that offers noninvasive tactile feedback for individuals wearing 
lower-limb prosthetics. A less conventional example is that suggested by Xie et al. (2019) and 
Nabeshima et al. (2019), who both proposed a wearable tail device as an extension of the human 
body that can provide active balance to the wearer.

4.2.2.2. Sensory augmentation. This category concerns the augmentation of a person’s ability to 
see, hear, smell, taste, or feel. Sensory augmentation can be accomplished through: (i) sensory 
amplification technology, which makes individual senses more accurate, effective, or powerful. 
Examples are a hearing aid, reading glasses, night vision goggles, or even ‘hearables’ that may enable 
humans to hear sub- or supersonic sounds in the near future (Bertram et al., 2013; Crum, 2019; 
Pfreundtner et al., 2021). A more concrete academic example of sensory amplification is 
SpiderVision, which is a wearable device that extends the human field of view so that the user 
can see what is happening behind their back (Fan et al., 2014). Another method is: (ii) sensory 
substitution technology, which reassigns sensory information. By allowing characteristics of one 
sensory modality to be transformed into stimuli for another modality, people with disabilitiesim
pairments or deterioration in sensory abilities can benefit significantly from the technology. The 
cyborg antenna, for example, is a device that is attachable to the head, which turns colors into 

Table 4. Different categories of human augmentation found in relevant articles.

Categories found in the 
following articles

CATEGORIES

1. Physical 
augmentation

2. Sensory 
augmentation

3. Cognitive 
augmentation 4. Social augmentation

Pirmagomedov and 
Koucheryavy (2021)

Physical 
augmentation

Advanced sensing Mental/cognitive 
augmentation

/

Raisamo et al. (2019) Augmented action Augmented 
senses

Augmented 
cognition

/

Huber et al. (2018) / Sensory 
substitution

Cognitive 
augmentation

Interaction techniques

Daily et al. (2017) Enhanced muscle 
functioning

Advanced sensory 
capabilities

Improved brain 
function

Augmented communication

Lee et al. (2018) Body 
augmentation

/ Brain augmentation Social augmentation

Woo (2018) Physical abilities / Intellectual abilities Social abilities
Schmidt et al. (2017) Amplification of 

physiology
Amplification of 

perception
Amplification of 

cognition
/

Buruk et al. (2020) Enhanced physical 
skills

Enhanced sensory 
skills

Enhanced cognitive 
skills

/

Guerrero et al. (2022) Augmented 
physical 
capabilities

/ Augmented 
intellectual 
capacities

Augmented social skills

Gandy et al. (2016) Improved 
physically

/ Improved 
cognitively

Improved socially

Kymäläinen et al. (2016) Augment the 
worker’s actions

Augment the 
worker’s senses

Augment the 
worker’s 
cognition

/

Pedersen and Duin (2021) Physical 
enhancement

Sensory 
enhancement

Cognitive 
enhancement

Emotional enhancement (subset 
of social augmentation)
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audible frequencies. The antenna enables color-blind people, such as the device’s inventor, Neil 
Harbisson, to hear colors (Ramoğlu, 2019). The use of vibrotactile feedback as a replacement for 
auditory information is also a commonly used manner to enable hearing-impaired people to feel 
music (Marti et al., 2019; Nanayakkara et al., 2013; Petry et al., 2018). Furthermore, sensory 
augmentation can also be attained through: (iii) sensory fusion technology, which combines 
information from different sensory modalities to expand our sensed experiences. For example, 
the digital application of different colors to a drink and electrical stimulation on the tongue have 
been explored as feasible taste-improvement methods (Ranasinghe et al., 2014). Another example is 
the MagniFinger, a fingertip-worn microscopy device that augments the limited abilities of human 
visual and tactile senses in microscopic environments (Obushi et al., 2019). This latter method of 
sensory augmentation regarding the integration of information from different sensory modalities is 
also called ‘multimodal interaction’ in the field of psychology (Lalanne & Lorenceau, 2004). Finally, 
Nagel et al. (2005) and Schumann and O’Regan (2017) addressed the possibility of (iv) going 
beyond – and thus exceeding – our recognized sensory abilities and thus ‘obtaining a sixth sense’ 
(Bertram et al., 2013). They proposed a waist belt for tactile feedback and headphones for auditory 
feedback, respectively, both related to a ‘forgotten’ sense, as the devices pointed at the magnetic 
north by means of a built-in compass.

4.2.2.3. Cognitive augmentation. The objective of this category is to augment cognitive abilities 
and the improvement of the processes of obtaining knowledge (Cinel et al., 2019). Wearables such 
as smartwatches and activity trackers, for example, can cognitively enrich users by giving them real- 
time access to information about their personal health. Recent trends in neurosciences have brought 
multifaceted opportunities for the development of noninvasive cognitive augmentation, including 
technologies that aim to support memory, attention, awareness of personal and environmental 
conditions, problem solving, decision-making, and advanced human-computer interaction 
(Alachouzakis et al., 2018; Bahrainian & Crestani, 2018; Valeriani et al., 2019, 2021; Vega & Fuks, 
2014; Xia & Maes, 2013; Yamada et al., 2017). Nevertheless, there is still a long way to go to fully 
understand the brain, and as long as the brain largely remains a mystery, cognitive augmentation 
will continue to be just as complicated.

4.2.2.4. Social augmentation. The category of social augmentation aims to improve social skills by 
supporting empathy, collaboration, communication means, and interaction (Lee et al., 2018). Allen 
(2005), for example, developed a wearable electronic communication aid for people with commu
nication disabilities. In addition, Damian et al (2014, 2015). proposed a social augmentation 
concept using a head-mounted display (HMD), with the goal of giving users the ability to 
continuously monitor their performance as a communicator. Furthermore, Zhang et al. (2017) 
presented an acoustic signal-based method using the human body as a communication channel to 
transmit information across different devices. With their proposed method, information such as 
a business card could be exchanged throughout a handshake. Finally, Kasahara and Rekimoto 
(2014) developed an interaction system that enables someone to share experiences and receive real- 
time assistance through first-person-view video streaming. In general, it is notable that virtual, 
mixed, and augmented realities are often used to artificially augment users’ social interactions (Roth 
et al., 2019; Tobita, 2017). However, there are many other technological tools, means and design 
approaches to attain social augmentation. Overall, despite its significant future value, augmentation 
of social abilities has not been as thoroughly studied as the other categories mentioned above (Lee 
et al., 2018).

Generally, when developing human augmentation products, hardware is often the limiting 
factor, according to Pranav Mistry (Langheinrich & Davies, 2018). Progress is somewhat con
strained compared to software, where advancements in machine learning, AI, and computer-vision 
algorithms are led by a larger pool of experts, currently influencing necessary hardware 
improvements.
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4.3. Framework of human augmentation classifications

In Figure 2, we propose a framework visualizing both classifications, which could prompt designers 
to reflect more broadly on the potentials of their product by suggesting innovative directions (De 
Boeck & Vaes, 2021). For example, a hearing-aid designer who was initially solely focused on 
replicating the wearers’ ability to hear could utilize the framework to explore novel features, such as 
filtering out white noise (i.e., exceeding sensory augmentation), or enabling visual feedback on the 
opponent’s audibility (i.e., supplementing social augmentation).

4.4. Applying human augmentation in academic practice towards design strategies

After the literature review and its translation into the framework, we implemented the knowledge 
gained in the context of academic practice for exploratory verification. During a university course 
on Inclusive Design in Product Development, third-year Bachelor’s students of the Faculty of 
Design Sciences at the University of Antwerp were introduced to the field of human augmentation 
and its theoretical underpinnings, illustrated with relevant examples from the contemporary design 
world. As a design assignment, they were then challenged to develop a human augmentation 
concept and to elaborate on this initial concept using the framework. Of course, the intention 
was not to conceptualize a product with many additional features, rather the students were 
challenged to think about the enriching potential within the world of human augmentation. 
During consultation sessions, they were encouraged to consider a movement toward the right 
side of the dimension spectrum to provide supplementary or even excess empowerment to their 
users and to explore additional categorical features. Accordingly, the students explored how to 
design for the ‘augmented human’ while focusing on the impact of their product on the user and 

Figure 2. Visual framework of human augmentation possibilities.
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less on technological elaboration. In total, 123 student projects were completed and submitted over 
three consecutive years (44 projects in 2020, 41 projects in 2021, and 38 projects in 2022).

4.4.1. General observations on how students applied the framework
Each year, we observed that students could conceptualize a human augmentation idea without 
difficulty. These initial ideas generally concerned a functionality that belonged to one category and 
one dimension, with physical augmentation the most common category and replicating abilities as 
the most common dimension (see Table 5). When encouraging the students to use the framework, 
it became apparent during consultation sessions that distinguishing between the dimensions was 
challenging because the boundaries along the dimensional continuum were not explicit. The 
categorical classification, however, proved to be more useful, as it provided guidance on possible 
aspects they could augment. Moreover, social augmentation was found to offer a lot of uncharted 
potential, which encouraged them to pursue concepts involving innovative social features. At the 
same time, we discovered that cognitive augmentation, which was the least common category 
applied by the students each year, did not provide many innovative opportunities from the design 
perspective and that it should be explored from the neuroscience point of view due to its intrinsic 
complexity.

Despite having provided the students with the framework as a structural foundation for their 
design projects, three of the four categories (sensory, cognitive, and social) and two of the three 
dimensions (supplement and exceed) remained underexplored. Therefore, our analysis aimed to 
provide more guidance in idea generation and to show the potentials of human augmentation.

4.4.2. Analyzing student projects towards design strategies
All 123 projects were analyzed to evaluate how the students applied human augmentation, with the 
aim to further elaborate our preliminary framework with the addition of specific strategies. Thus, 
categorical classification was not only used to describe what was being augmented but also how the 
students approached their project, while the dimensional classification referred to the degree to 
which a specific feature would augment its user. Moreover, due to unclear boundaries of the 
dimensional continuum, the dimensional classification presented ambiguity. Therefore, the analysis 
was performed by examining which categories were applied and how they were implemented in 
each project. We then translated our insights into specific design strategies for each category.

The analysis resulted in a preliminary list comprising 23 design strategies for applying human 
augmentation, each assigned a code for easy reference throughout this article. The list is presented 
in Figure 3 and is non-exhaustive but may prompt idea generation for future designers seeking to 
apply human augmentation strategies in their work. In future research, we will aim to verify this 
claim.

Table 5. Distribution of categories and dimensions (2020–2022).

2020 (44 projects) 2021 (41 projects) 2022 (38 projects)

Main 
function

Extra 
function

Extra 
function

Main 
function

Extra 
function

Extra 
function

Main 
function

Extra 
function

Extra 
function

Categories:
Physical 24 0 1 24 0 0 15 0 0
Sensory 9 4 0 11 2 1 10 1 1
Cognitive 3 0 3 2 5 0 5 2 3
Social 8 7 0 2 11 4 8 27 0
Dimensions:
Replicate 30 5 1 30 7 1 25 7 2
Supplement 14 5 3 8 11 4 9 19 1
Exceed 0 1 0 1 0 0 4 4 1
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Figure 3. Design strategies for applying human augmentation, divided into the four categories.
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4.4.3. Educational examples
From our pool of 123 projects, a small selection of inspirational examples will be discussed here to 
illustrate: (i) how the students used the framework to be inspired with new insights and opportu
nities within their project and (ii) how we translated the features they implemented into design 
strategies for our analysis.

The first human augmentation example we discuss is a wearable for children with autism (see 
Figure 4), featuring emotion buttons for social augmentation (D3, Figure 3) and detachable noise- 
canceling earbuds for sensory augmentation (B1, Figure 3). Additionally, the wearable includes 
a yo-yo as a playful distraction when feeling overwhelmed. This feature contributes to a more 
comfortable cognitive state (C6, Figure 3) and encourages social interaction (D4, Figure 3) by 
allowing other children to join in, fostering a sense of ease and companionship.

The second example involves innovative noise-canceling earpieces (see Figure 5). When the 
feathers are down, bystanders are informed that the noise cancellation is disabled. When the 
feathers are up, they produce ambient light such that bystanders are informed that the wearer has 
activated the ‘party mode’ and that the noise cancellation is activated (B1, Figure 3). As such, the 
wearer wants to convey that they are not open to dialogue (D2, Figure 3), additionally resulting in 
party vibes for the environment (D3, Figure 3).

A third example is a swimwear set equipped with sensors designed for visually impaired 
individuals (see Figure 6). The swimsuit detects the swim line and nearby swimmers while 

Figure 4. ‘Hangmate’ – a wearable for children with autism. By students Thomas De Clerck and Toon Claes (2020).

Figure 5. ‘Sweven’ – noise-canceling earpieces providing bystanders with feedback. By students Sam Warmer and Kobe 
Baudewijns (2021).
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providing haptic feedback to its user, making it a form of physical augmentation as it replicates the 
ability to swim safely (A2, Figure 3). Additionally, the sensors act as an extension of vision and can 
even detect swimmers who are behind the user, enhancing sensory capabilities beyond normal 
vision (B2, Figure 3). The set also includes light effects to broadcast the wearer’s direction, serving as 
social augmentation (D3, Figure 3) and offering visually impaired individuals the support they need 
for safe and enjoyable swimming.

The final example is a helmet with integrated AR goggles and a headset for extreme sports, such 
as off-piste skiing (see Figure 7). The helmet protects the head from potential injuries (A5, Figure 3), 
replicating the natural ability to stay safe in dangerous situations. Additionally, the helmet facilitates 
team communication (D4, Figure 3) and allows the members to track each other through the AR 
goggles (D3, Figure 3). As such, the members can alert one another to acute danger, enabling the 
team to operate more safely as a cohesive unit. In case of an injury, the team can provide immediate 
assistance (D7, Figure 3), demonstrating the potential for socially augmenting a team as a whole.

5. Discussion and conclusion

This paper has introduced readers to the interdisciplinary field of human augmentation and 
provided a contribution to its design community by addressing four research questions. The 

Figure 6. ‘Hydraptic’ – a swimwear set for guidance through haptic feedback. By students Louise Berckmans and Simon 
Bracquené (2022).

Figure 7. ‘Venture – a smart AR helmet for extreme sports fanatics. By students Jelmer Vervoort and Anthon Van Dyck (2022).
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first research question resulted in a comprehensive understanding of the field and related 
terminology to build a structural foundation, culminating in a visual representation for greater 
clarity. Given the persistent ambiguity surrounding the concept of human augmentation and its 
distinction from related terms, we hereby propose a refined definition derived from our 
literature review:

Human augmentation refers to the development of device-based technologies that aim to improve human 
abilities as an extension or integration of the human body by replicating, supplementing, or exceeding the 
physical, sensory, cognitive, and social capabilities of its user. Human augmentation is primarily used within 
the context of product design and engineering, striving to go beyond design for (dis)ability.

The second research question yielded a classification of the field into four categories (physical, 
sensory, cognitive, and social augmentation) and three dimensions (replicating, supplementing, 
and exceeding human ability) derived from various articles. Subsequently, the third research 
question resulted in the construction of a visual framework representing these categories and 
dimensions, which could enable product designers to better characterize and conceptualize 
human augmentation products. The fourth and final research question aimed to explore the 
potential of the framework to spark the creativity of prospective product designers. As such, 
students were challenged to conceptualize a human augmentation proposal and expand on 
their initial concept using the framework. A comprehensive analysis of 123 student projects 
spanning three consecutive academic years (2020–2022) was conducted to elaborate on our 
framework. This effort resulted in a preliminary list of 23 concrete design strategies intended to 
improve understanding and idea generation on human augmentation among product 
designers.

In addition to our research, we wish to emphasize the importance of addressing the 
ethical issues that human augmentation may entail, a topic that has been highlighted in 
many articles due to its possible effects on humans and society as a whole (Caon et al., 
2016; Forlano, 2017; Naughton & Daly, 2020; Oertelt et al., 2017; Record et al., 2013). Such 
powerful technology could facilitate our lives in the future, but it could also end in an 
unmanageable and frightening nightmare. With the current ubiquitousness of sensors, 
connected devices, big data, and artificial intelligence (AI), the privacy of individuals 
could be breached at unparalleled levels. Raisamo et al. (2019) even referred to George 
Orwell’s novel, 1984, to alert us about the worst-case scenario of mass surveillance, societal 
control or even abuse by higher authorities. Furthermore, it could also have other social 
consequences, such as encouraging further inequality and detraction of our personhood or 
social unacceptance – even if it is empowering to its user (Eghtebas et al., 2017). However, 
as with most ethical issues, this is not a black-or-white matter. The emergence of human 
augmentation can also lead to global improvements in health, quality of life, and produc
tivity. Moreover, despite criticism that human alienation is a potential side effect of 
technological development, social augmentation may intend to foster social bonding and 
connection between people, showcasing the significant promise within this category. 
Overall, when properly integrated into our society, human augmentation can improve the 
lives of many individuals (Fernandes, 2016). Nonetheless, its evolution needs to be closely 
monitored to ensure ethical development.

Finally, we conclude this article by outlining our forthcoming research steps, which will focus on 
translating the identified design strategies from this study into a practical tool. This tool will aim to 
improve comprehension of human augmentation, facilitate idea generation, and stimulate creativity 
among product designers. Additionally, it will prompt designers to reflect on the potential ethical 
issues often discussed in the literature concerning human augmentation. This integrated approach 
aligns with our commitment to advancing knowledge in the field and contributing to the respon
sible development of human augmentation.

76 M. DE BOECK AND K. VAES



Acknowledgments

This research was granted funding by the University of Antwerp (BOF DOCPRO 2020 – project ID 42482).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Universiteit Antwerpen [42482].

ORCID

Muriel De Boeck http://orcid.org/0000-0002-7457-1768
Kristof Vaes http://orcid.org/0000-0002-6659-4580

References

Alachouzakis, K., Veneris, D., Kavvadias, S., Antoniou, A., & Lepouras, G. (2018). A study of micro-augmentations: 
Personality, gender, emotions and effects on attention and brain waves. In ACM (Ed.), Pci 2018. https://doi.org/10. 
1145/3291533.3291582

Alexander, J., Rodriguez, J., Shimoda, J., Singh, A., & Meter, N. V. (2016). White Paper - Human Augmentation. 
https://www.freshconsulting.com/resources/human-augmentation/ 

Alicea, B. (2018). An integrative introduction to human augmentation Science. http://arxiv.org/abs/1804.10521 
Allen, J. (2005). Designing desirability in an augmentative and alternative communication device. Universal Access in 

the Information Society, 4(2), 135–145. https://doi.org/10.1007/s10209-005-0117-2
Allen, J. (2006). Human augmentation: Transference of design approaches from designing for sports to designing for 

disability. DRS - Design Research Society International Conference, Lisbon, Portugal.
Anderson, W. T. (2003). Augmentation, symbiosis, transcendence: Technology and the future(s) of human identity. 

Futures, 35(5), 535–546. https://doi.org/10.1016/S0016-3287(02)00097-6
Ashby, W. R. (1956). An introduction to cybernetics. John Wiley.
Bahrainian, S. A., & Crestani, F. (2018). Augmentation of human memory: Anticipating topics that continue in the 

next meeting. In ACM (Ed.), Chiir 2018 (pp. 150–159). https://doi.org/10.1145/3176349.3176399 
Bertram, C., Evans, M. H., Javaid, M., Stafford, T., & Prescott, T. (2013). Sensory augmentation with distal touch: The 

tactile helmet project. Living Machines, 24–35. https://doi.org/10.1007/978-3-642-39802-5_3
Beyala, L. (2017). A step towards the augmented human. In B. Salgues (Ed.), Connected objects in health (pp. 83–88). 

Elsevier.
Buruk, O., Özcan, O., Baykal, G. E., Göksun, T., Beşevli, C., Best, J., Genç, H. U., Kocaballi, A. B., Wolff, A., & more 

authors. (2020). Children in 2077: Designing children’s technologies in the age of transhumanism. Chi 2020.  
https://doi.org/10.1145/3334480.3381821

Caon, M., Menuz, V., & Roduit, J. A. R. (2016). We are super-humans: Towards a democratisation of the socio-ethical 
debate on augmented humanity. Ah 2016, 25, 1–4. https://doi.org/10.1145/2875194.2875223 

Chen, B., Zi, B., Wang, Z., Qin, L., & Liao, W. H. (2019). Knee exoskeletons for gait rehabilitation and human 
performance augmentation: A state-of-the-art. Mechanism and Machine Theory, 134, 499–511. https://doi.org/10. 
1016/j.mechmachtheory.2019.01.016

Cinel, C., Valeriani, D., & Poli, R. (2019). Neurotechnologies for human cognitive augmentation: Current state of the 
art and future prospects. Frontiers in Human Neuroscience, 13. https://doi.org/10.3389/fnhum.2019.00013 

Code U.S. (2020). Definitions. https://uscode.house.gov/ 
Crum, P. (2019). Here come the Hearables: Technology tucked inside your ears will augment your daily life. IEEE 

Spectrum, 56(5), 38–43. https://doi.org/10.1109/MSPEC.2019.8701198 
Daily, M., Oulasvirta, A., & Rekimoto, J. (2017). Technology for human augmentation. Computer, 50(2), 12–15.  

https://doi.org/10.1109/mc.2017.39
Damian, I., Tan, C. S. S., Baur, T., Schöning, J., Luyten, K., & André, E. (2014). Exploring social augmentation 

concepts for public speaking using peripheral feedback and real-time behavior analysis. International Symposium 
on Mixed and Augmented Reality (ISMAR), 261–262. https://doi.org/10.1109/ISMAR.2014.6948440

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 77

https://doi.org/10.1145/3291533.3291582
https://doi.org/10.1145/3291533.3291582
https://www.freshconsulting.com/resources/human-augmentation/
http://arxiv.org/abs/1804.10521
https://doi.org/10.1007/s10209-005-0117-2
https://doi.org/10.1016/S0016-3287(02)00097-6
https://doi.org/10.1145/3176349.3176399
https://doi.org/10.1007/978-3-642-39802-5_3
https://doi.org/10.1145/3334480.3381821
https://doi.org/10.1145/3334480.3381821
https://doi.org/10.1145/2875194.2875223
https://doi.org/10.1016/j.mechmachtheory.2019.01.016
https://doi.org/10.1016/j.mechmachtheory.2019.01.016
https://doi.org/10.3389/fnhum.2019.00013
https://uscode.house.gov/
https://doi.org/10.1109/MSPEC.2019.8701198
https://doi.org/10.1109/mc.2017.39
https://doi.org/10.1109/mc.2017.39
https://doi.org/10.1109/ISMAR.2014.6948440


Damian, I., Tan, C. S. S., Baur, T., Schöning, J., Luyten, K., & André, E. (2015). Augmenting social interactions: 
Realtime behavioural feedback using social signal processing techniques. CHI, 2015, 565–574. https://doi.org/10. 
1145/2702123.2702314

De Araujo, M. (2017). Editing the genome of human beings: CRISPR-Cas9 and the ethics of genetic enhancement. 
Journal of Evolution and Technology, 27(1), 24–42. https://doi.org/10.55613/jeet.v27i1.65

De Boeck, M., & Vaes, K. (2021). Structuring human augmentation within product design. In Proceedings of the 
International Conference on Engineering Design (ICED21), 16-20 August 2021, Gothenburg, Sweden. https://doi. 
org/10.1017/pds.2021.534 

Eghtebas, C., Pai, Y. S., Väänänen, K., Pfeiffer, T., Meyer, J., Lukosch, S. (2017). Initial model of social acceptability for 
human augmentation technologies. CHI - Conference on Human Factors in Computing Systems, Denver, CO, USA.

Engelbart, D. (1962). Augmenting Human Intellect: A Conceptual Framework. Menlo Park, California: Stanford 
Research Institute. Summary Report Prepared for Director of Information Sciences.

Fan, K., Huber, J., Nanayakkara, S., & Inami, M. (2014,). SpiderVision: Extending the human field of view for 
augmented awareness. In ACM (Ed.), Ah 2014. https://doi.org/10.1145/2582051.2582100

Fernandes, T. (2016). Human augmentation: Beyond wearables. ACM Interactions, 2(2), 66–68. https://doi.org/10. 
1145/2972228

Forlano, L. (2017). Posthumanism and design. The Journal of Design Economics and Innovation, 3(1), 16–29. https:// 
doi.org/10.1016/j.sheji.2017.08.001

Gandy, M., Baker, P. M. A., & Zeagler, C. (2016). Imagining futures: A collaborative policy/device design for wearable 
computing. Futures, 87, 106–121. https://doi.org/10.1016/j.futures.2016.11.004

Guerrero, G., da Silva, F. J. M., Fernández-Caballero, A., & Pereira, A. (2022). Augmented humanity: A systematic 
mapping review. Sensors, 22(2), 514. https://doi.org/10.3390/s22020514

Ho, B. Q., Otsuki, M., Kishita, Y., Kobayakawa, M., & Watanabe, K. (2022). Human augmentation technologies for 
employee wellbeing: A research and development Agenda. International Journal of Environmental Research and 
Public Health, 19(3), 1195. https://doi.org/10.3390/ijerph19031195

Hoy, A. (2019). Scientists engage public on human augmentation. Science, 365(6451), 335–336. https://doi.org/10. 
1126/science.365.6451.335

Huber, J., Shilkrot, R., Maes, P., & Nanayakkara, S. (2018). Assistive Augmentation. Singapore: Springer.
Kasahara, S., & Rekimoto, J. (2014). JackIn: Integrating first-person view with out-of-body vision generation for 

human-human augmentation. AH, 2014, 1–8. https://doi.org/10.1007/978-3-642-41714-6_100024
Kazerooni, H. (2005). Exoskeletons for human power augmentation. RSJ - International Conference on Intelligent 

Robots and Systems, 3120–3125. https://doi.org/10.1109/IROS.2005.1545451
Kazerooni, H. (2008). A review of the exoskeleton and human augmentation technology. ASME Dynamic Systems 

and Control Conference, Michigan, USA, 1–9. https://doi.org/10.1115/DSCC2008-2407 
Kunze, K., Minamizawa, K., Lukosch, S., Inami, M., & Rekimoto, J. (2017). Superhuman sports: Applying human 

augmentation to physical exercise. IEEE Pervasive Computing, 16(2), 14–17. https://doi.org/10.1109/MPRV.2017.35
Kymäläinen, T., Koskinen, H., & Kaasinen, E. (2016). Design and research for advanced human augmentation in the 

industrial work context. International Conference on Intelligent Environments Workshop, 608–614. https://doi.org/ 
10.3233/978-1-61499-690-3-608 

Lalanne, C., & Lorenceau, J. (2004). Crossmodal integration for perception and action. Journal of Physiology, Paris, 98 
(1–3), 265–279. https://doi.org/10.1016/j.jphysparis.2004.06.001

Langheinrich, M., & Davies, N. (2018). Co-creation and risk-taking. Pursuit of New Technology for Human 
Augmentation: An Interview with Pranav Mistry Pervasive Computing, 17(2), 44–49. https://doi.org/10.1109/ 
MPRV.2018.022511242

Lee, J., Kim, E., Yu, J., Kim, J., & Woontack, W. (2018). Holistic quantified self framework for augmented human. 
HCII - Human-Computer Interactions International Conference, 188–201. https://doi.org/10.1007/978-3-319- 
91131-1

Leong, J., Parzer, P., Perteneder, F., Babic, T., Rendl, C., Vogl, A., Egger, H., Olwal, A., & Haller, M. (2016). ProCover: 
Sensory augmentation of prosthetic limbs using smart textile covers. UIST Symposium on User Interface Software 
and Technology, 335–346. https://doi.org/10.1145/2984511.2984572

Levy, Y., & Ellis, T. J. (2006). A Systems approach to conduct an effective literature review in support of information 
systems research. Informing Science Journal, 9, 181–212. https://doi.org/10.28945/479

Licklider, J. (1960). Man-computer symbiosis. IRE Transactions on Human Factors in Electronics, HFE-1(1), 4–11.  
https://doi.org/10.1109/THFE2.1960.4503259

Marti, P., Iacono, I., & Tittarelli, M. (2019). Experiencing sound through interactive jewellery and fashion accessories. 
IEA - Congress of the International Ergonomics Association, 824, 1382–1391. https://doi.org/10.1007/978-3-319- 
96071-5

Mataric, M. J. (2017). Socially assistive robotics: Human augmentation versus automation. Science Robotics, 2(4).  
https://doi.org/10.1126/scirobotics.aam5410

Nabeshima, J., Saraiji, Y., & Minamizawa, K. (2019). Arque: Artificial biomimicry-inspired tail for extending innate 
body functions. SIGGRAPH, 23–25. https://doi.org/10.1145/3306214.3338573

78 M. DE BOECK AND K. VAES

https://doi.org/10.1145/2702123.2702314
https://doi.org/10.1145/2702123.2702314
https://doi.org/10.55613/jeet.v27i1.65
https://doi.org/10.1017/pds.2021.534
https://doi.org/10.1017/pds.2021.534
https://doi.org/10.1145/2582051.2582100
https://doi.org/10.1145/2972228
https://doi.org/10.1145/2972228
https://doi.org/10.1016/j.sheji.2017.08.001
https://doi.org/10.1016/j.sheji.2017.08.001
https://doi.org/10.1016/j.futures.2016.11.004
https://doi.org/10.3390/s22020514
https://doi.org/10.3390/ijerph19031195
https://doi.org/10.1126/science.365.6451.335
https://doi.org/10.1126/science.365.6451.335
https://doi.org/10.1007/978-3-642-41714-6_100024
https://doi.org/10.1109/IROS.2005.1545451
https://doi.org/10.1115/DSCC2008-2407
https://doi.org/10.1109/MPRV.2017.35
https://doi.org/10.3233/978-1-61499-690-3-608
https://doi.org/10.3233/978-1-61499-690-3-608
https://doi.org/10.1016/j.jphysparis.2004.06.001
https://doi.org/10.1109/MPRV.2018.022511242
https://doi.org/10.1109/MPRV.2018.022511242
https://doi.org/10.1007/978-3-319-91131-1
https://doi.org/10.1007/978-3-319-91131-1
https://doi.org/10.1145/2984511.2984572
https://doi.org/10.28945/479
https://doi.org/10.1109/THFE2.1960.4503259
https://doi.org/10.1109/THFE2.1960.4503259
https://doi.org/10.1007/978-3-319-96071-5
https://doi.org/10.1007/978-3-319-96071-5
https://doi.org/10.1126/scirobotics.aam5410
https://doi.org/10.1126/scirobotics.aam5410
https://doi.org/10.1145/3306214.3338573


Nagel, S. K., Carl, C., Kringe, T., Märtin, R., & König, P. (2005). Beyond sensory substitution—learning the sixth 
sense. Journal of Neural Engineering, 2(4), R13–R26. https://doi.org/10.1088/1741-2560/2/4/R02

Nanayakkara, S. C., Wyse, L., Ong, S. H., & Taylor, E. A. (2013). Enhancing musical experience for the 
hearing-impaired using visual and haptic displays. Human-Computer Interaction, 28(2), 115–160. https://doi. 
org/10.1080/07370024.2012.697006

Naughton, L., & Daly, H. (2020). Augmented humanity: Data, privacy and security. In Cyber defence in the age of AI, 
smart societies and augmented humanity (pp. 73–93). Springer International Publishing. https://doi.org/10.1007/ 
978-3-030-35746-7_5

Obushi, N., Wakisaka, S., Kasahara, S., Hiyama, A., & Inami, M. (2019). MagniFinger: Fingertip-mounted micro
scope for augmenting human perception. In ACM (Ed.), Siggraph 2019. https://doi.org/10.1145/3306214.3338563

Oertelt, N., Arabian, A., Brugger, E. C., Choros, M., Farahany, N. A., Payne, S., & Rosellini, W. (2017). Human by 
design: An ethical framework for human augmentation. IEEE Technology and Society Magazine, 36(1), 32–36.  
https://doi.org/10.1109/MTS.2017.2654286

Pedersen, I., & Duin, A. H. (2021). Defining a classification system for augmentation technology in socio-technical 
terms. International Symposium on Technology and Society. https://doi.org/10.1109/ISTAS52410.2021.9629174

Petrini, F. M., Valle, G., Bumbasirevic, M., Barberi, F., Bortolotti, D., Cvancara, P., Hiairrassary, A., Mijovic, P., 
Sverrisson, A. Ö., Pedrocchi, A., Divoux, J. L., Popovic, I., Lechler, K., Mijovic, B., Guiraud, D., Stieglitz, T., 
Alexandersson, A., Micera, S., Lesic, A., & Raspopovic, S. (2019). Enhancing functional abilities and cognitive 
integration of the lower limb prosthesis. Science Translational Medicine, 11(512). https://doi.org/10.1126/sci 
translmed.aav8939

Petry, B., Illandara, T., Elvitigala, D. S., & Nanayakkara, S. (2018). Supporting rhythm activities of deaf children using 
music-sensory-substitution systems. CHI, 2018, 1–10. https://doi.org/10.1145/3173574.3174060

Pfreundtner, F., Yang, J., & Soros, G. (2021). (W)earable microphone array and ultrasonic echo localization for coarse 
indoor environment mapping. ICASSP, 2021, 4475–4479. https://doi.org/10.1109/ICASSP39728.2021.9414356

Pirmagomedov, R., & Koucheryavy, Y. (2021). IoT technologies for augmented human: A survey. Internet of Things, 
14. https://doi.org/10.1016/j.iot.2019.100120

Pirmagomedov, R. & Koucheryavy, Y. (2021). IoT technologies for augmented human: A survey. Internet of Things, 
14, 100120. https://doi.org/10.1016/j.iot.2019.100120 

Pullin, G. (2009). Design meets disability. MIT Press.
Raisamo, R., Rakkolainen, I., Majaranta, P., Salminen, K., Rantala, J., & Farooq, A. (2019). Human augmentation: 

Past, present and future. International Journal of Human Computer Studies, 131, 131–143. https://doi.org/10.1016/ 
j.ijhcs.2019.05.008

Ramoğlu, M. (2019). Cyborg-computer interaction: Designing new senses. Design Journal, 22(sup1), 1215–1225.  
https://doi.org/10.1080/14606925.2019.1594986

Ranasinghe, N., Lee, K., Suthokumar, G., & Do, E. (2014). Taste+: Digitally enhancing taste sensations of food and 
beverages. ACMMM - ACM Conference on Multimedia, 737–738. https://doi.org/10.1145/2647868.2654878

Record, I., Ratto, M., Ratelle, A., Ieraci, A., & Czegledy, N. (2013). DIY prosthetics workshops: “critical making” for 
public understanding of human augmentation. IEEE International Symposium on Technology and Society (ISTAS): 
Social Implications of Wearable Computing and Augmediated Reality in Everyday Life, 117–125. https://doi.org/10. 
1109/ISTAS.2013.6613110

Roth, D., Bente, G., Kullmann, P., Mal, D., Purps, C. F., Vogeley, K., & Latoschik, M. E. (2019). Technologies for 
social augmentations in user-embodied virtual reality. Proceedings of the ACM Symposium on Virtual Reality 
Software and Technology, VRST. https://doi.org/10.1145/3359996.3364269

Schmidt, A., Schneegass, S., Kunze, K., Rekimoto, J., & Woo, W. (2017). Workshop on amplification and augmenta
tion of human perception. In ACM (Ed.), Chi 2017 (pp. 668–673). https://doi.org/10.1145/3027063.3027088

Schumann, F., & O’Regan, J. K. (2017). Sensory augmentation: Integration of an auditory compass signal into human 
perception of space. Scientific Reports, 7(1), https://doi.org/10.1038/srep42197

Seigneur, J. M. (2011). The emotional economy for the augmented human. Ah 2011. https://doi.org/10.1145/1959826. 
1959850

Shang, K., Xu, X., & Su, H. (2017). Design and evaluation of an upper extremity wearable robot with payload 
balancing for human augmentation. WeRob: International Symposium on Wearable Robotics and Rehabilitation.  
https://doi.org/10.1109/werob.2017.8383863

Suzuki, K. (2014). Augmented human technology. In Cybernics: Fusion of human, machine and information systems 
(pp. 111–131). Springer. https://doi.org/10.1007/978-4-431-54159-2

Tamari, T. (2017). Body image and prosthetic aesthetics: Disability, technology and paralympic culture. Body and 
Society, 23(2), 25–56. https://doi.org/10.1177/1357034X17697364

Tobita, H. (2017). Ghost-Hack AR: Human augmentation using multiple telepresence systems for network commu
nication. In ACM (Ed.), PerDis 2017 (Vol. 2, pp. 2–7). https://doi.org/10.1145/3078810.3078827

Vaes, K. (2014). Product stigmaticity: Understanding, measuring and managing product-related stigma. Delft 
Academic Press.

INTERNATIONAL JOURNAL OF DESIGN CREATIVITY AND INNOVATION 79

https://doi.org/10.1088/1741-2560/2/4/R02
https://doi.org/10.1080/07370024.2012.697006
https://doi.org/10.1080/07370024.2012.697006
https://doi.org/10.1007/978-3-030-35746-7_5
https://doi.org/10.1007/978-3-030-35746-7_5
https://doi.org/10.1145/3306214.3338563
https://doi.org/10.1109/MTS.2017.2654286
https://doi.org/10.1109/MTS.2017.2654286
https://doi.org/10.1109/ISTAS52410.2021.9629174
https://doi.org/10.1126/scitranslmed.aav8939
https://doi.org/10.1126/scitranslmed.aav8939
https://doi.org/10.1145/3173574.3174060
https://doi.org/10.1109/ICASSP39728.2021.9414356
https://doi.org/10.1016/j.iot.2019.100120
https://doi.org/10.1016/j.iot.2019.100120
https://doi.org/10.1016/j.ijhcs.2019.05.008
https://doi.org/10.1016/j.ijhcs.2019.05.008
https://doi.org/10.1080/14606925.2019.1594986
https://doi.org/10.1080/14606925.2019.1594986
https://doi.org/10.1145/2647868.2654878
https://doi.org/10.1109/ISTAS.2013.6613110
https://doi.org/10.1109/ISTAS.2013.6613110
https://doi.org/10.1145/3359996.3364269
https://doi.org/10.1145/3027063.3027088
https://doi.org/10.1038/srep42197
https://doi.org/10.1145/1959826.1959850
https://doi.org/10.1145/1959826.1959850
https://doi.org/10.1109/werob.2017.8383863
https://doi.org/10.1109/werob.2017.8383863
https://doi.org/10.1007/978-4-431-54159-2
https://doi.org/10.1177/1357034X17697364
https://doi.org/10.1145/3078810.3078827


Valeriani, D., Ayaz, H., Kosmyna, N., Poli, R., & Maes, P. (2021). Editorial: Neurotechnologies for human 
augmentation. Frontiers in Neuroscience, 15, 1–3. https://doi.org/10.3389/fnins.2021.789868

Valeriani, D., Cinel, C., & Poli, R. (2019). Brain-computer interfaces for human augmentation. Brain Sciences, 9(2), 
1–3. https://doi.org/10.3390/brainsci9020022

Vega, K., & Fuks, H. (2014). Beauty technology: Body surface computing. Computer, 47(4), 71–75. https://doi.org/10. 
1109/mc.2014.81

Vita-More, N. (2008). Designing human 2.0 (transhuman) – regenerative existence. Artifact, 2(3–4), 145–152. https:// 
doi.org/10.1080/17493460802028542

Weinberg, G. (2019). Robotic musicianship and musical human augmentation. International Conference on Human- 
Robot Interaction (HRI), 11-14 March 2019, Daegu, Korea (South) (Vol. 2019, pp. 305–306). IEEE. https://doi.org/ 
10.1109/HRI.2019.8673273 

Woo, W. (2018). Augmented human: Augmented reality and beyond. Proceedings of the 3rd International Workshop 
on Multimedia Alternate Realities, 1. https://doi.org/10.1145/3268998.3268999

Xia, C., & Maes, P. (2013). The design of artifacts for augmenting intellect. ACM International Conference Proceeding 
Series, 154–161. https://doi.org/10.1145/2459236.2459263

Xie, H., Mitsuhashi, K., & Torii, T. (2019). Augmenting human with a tail. AH: Augmented Human International 
Conference. https://doi.org/10.1145/3311823.3311847

Yamada, Y., Irie, K., Gushima, K., Ishizawa, F., Al Sada, M., & Nakajima, T. (2017). HoloMoL: Human memory 
augmentation with mixed-reality technologies. In ACM (Ed.), AcademicMindtrek 2017. https://doi.org/10.1145/ 
3131085.3131097

Zhang, C., Hersek, S., Pu, Y., Sun, D., Xue, Q., Starner, T., Abowd, G., & Inan, O. (2017). Bioacoustics-based 
human-body-mediated communication. Computer (Long Beach Calif), 50(2), 36–46. https://doi.org/10.1109/MC. 
2017.43

80 M. DE BOECK AND K. VAES

https://doi.org/10.3389/fnins.2021.789868
https://doi.org/10.3390/brainsci9020022
https://doi.org/10.1109/mc.2014.81
https://doi.org/10.1109/mc.2014.81
https://doi.org/10.1080/17493460802028542
https://doi.org/10.1080/17493460802028542
https://doi.org/10.1109/HRI.2019.8673273
https://doi.org/10.1109/HRI.2019.8673273
https://doi.org/10.1145/3268998.3268999
https://doi.org/10.1145/2459236.2459263
https://doi.org/10.1145/3311823.3311847
https://doi.org/10.1145/3131085.3131097
https://doi.org/10.1145/3131085.3131097
https://doi.org/10.1109/MC.2017.43
https://doi.org/10.1109/MC.2017.43

	Abstract
	1. Introduction
	2. Aim
	3. Methods
	3.1. Literature review towards framework
	3.2. Analyzing student projects towards design strategies

	4. Results
	4.1. Terminology and definitions
	4.2. Classification of human augmentation
	4.2.1. Dimensional classification
	4.2.1.1. Replicate or restore ability
	4.2.1.2. Supplement ability
	4.2.1.3. Exceed ability

	4.2.2. Categorical classification
	4.2.2.1. Physical augmentation
	4.2.2.2. Sensory augmentation
	4.2.2.3. Cognitive augmentation
	4.2.2.4. Social augmentation


	4.3. Framework of human augmentation classifications
	4.4. Applying human augmentation in academic practice towards design strategies
	4.4.1. General observations on how students applied the framework
	4.4.2. Analyzing student projects towards design strategies
	4.4.3. Educational examples


	5. Discussion and conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

