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ABSTRACT

Limited access to assistive technology (AT) is a well-recognized global challenge. Emerging technologies 
have potential to develop new assistive products and bridge some of the gaps in access to AT. However, 
limited analyses exist on the potential of these technologies in the AT field. This paper describes a study 
that aimed to provide an overview of emerging technological developments and their potential for the AT 
field. It involved conducting a gray literature review and patent analysis to create an overview of the 
emerging enabling technologies that may foster the development of new AT products and services and 
identify emerging AT applications. The analysis identified seven enabling technologies that are relevant to 
the AT field. These are artificial intelligence, emerging human-computer interfaces, sensor technology, 
robotics, advances in connectivity and computing, additive manufacturing and new materials. Whilst 
there are over 3.7 million patents related to these enabling technologies, only a fraction of them – 11,000 
patents were identified in the analysis specifically related to AT (0.3%). The paper presents some of the 
promising examples. Overall, the results indicate that there is an enormous potential for new AT solutions 
that capitalize on emerging technological advances.
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Introduction

Assistive technology (AT) is a term that describes products 
and services that are used to support people, especially older 
people and those with disabilities or long-term conditions, 
to compensate for their functional difficulty or decline (AT 
scale 2021; Layton et al. 2020; Medicines & Healthcare pro-
ducts Regulatory Agency 2021; World Health Organization 
[WHO], 2016a, 2021). AT can thereby support their active 
participation in life, such as work and education, help them 
maintain their independence, reduce their need for care-
givers as well as minimize social and healthcare costs 
(WHO, 2016a, 2021). Common examples of assistive pro-
ducts include wheelchairs, eyeglasses, hearing aids, and 
prostheses (WHO, 2021). The need for assistive technology 
is increasing globally and is expected to continue to grow in 
the future, driven by the increase of long-term conditions 
and population aging (WHO, 2021). The World Health 
Organization (WHO) estimates that about 15% of the 
world’s population, around 1 billion people, need access to 
assistive products (WHO, 2015). However, there is currently 
a huge gap in access to AT; it is estimated that only 10% of 
people who need AT have access to it (WHO, 2021). Lack of 
availability of affordable high-quality AT, limited state fund-
ing, lack of trained professionals in AT, and fragmented 
services are some of the main reasons for limited access to 
AT globally (de Witte et al., 2018; WHO 2015, 2016a, 2021). 
These challenges have been recognized in recent years, and 
in line with the World Health Organization Global 

Disability Action plan (2014–2021), there are currently 
many global initiatives (e.g., the Global cooperation on 
assistive technology (GATE)) to improve access to AT 
(WHO, 2015). This means that the AT field is likely to be 
a growing market, offering unique opportunities to compa-
nies and new players that want to enter this field.

In recent years, there have been significant digital techno-
logical developments that hold promise to develop new assis-
tive products and bridge some of the gap in access to AT. 
These emerging digital technologies have leveraged the sub-
stantial improvements in computer processing power, data 
analytics and storage, and have become in recent years essen-
tial elements for advancing new innovations in various fields 
(Lee et al., 2018; G. Li et al., 2017; Schwab, 2017; Xu et al., 
2018). In the AT field, there have been some efforts to explore 
the potential of emerging technological developments. 
However, the overall picture of these emerging technologies 
for this field is not clear. Most of the existing efforts focus on 
either a specific technology or a specific functional domain 
(Bhowmick & Hazarika, 2017; Elgendy et al., 2019; Hoffmann 
et al., 2018; Islam et al., 2019; Maskeliūnas et al., 2019; Mulfari 
et al., 2017; You et al., 2020). To our knowledge, there are no 
published reviews that examine emerging technological 
developments and their potential for the AT field. A review 
of this topic could help companies, researchers, developers, 
and policy makers to understand current innovations in the 
AT field and the trends expected in the near future. Therefore, 
the aim of this study is to provide an overview of emerging 
technological developments and their potential for the AT 
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field. It aims at answering the following two research 
questions:

(1) What are the emerging technologies that are enabling or 
can enable the development of new assistive technology 
products and services?

(2) What are the potential AT applications of the identified 
emerging technologies?

Materials and methods

Phase 1: Identification of emerging technologies

In the first phase of the study, a gray literature search and 
a patents analysis were conducted to identify emerging tech-
nologies that have the potential to foster the development of 
new assistive technology products and services.

Grey literature search

Grey literature may refer to documents published by organi-
zations that do not focus primarily on commercial publishing 
(Greylit, 2021). Several analyses of emerging technologies are 
published regularly in gray literature documents 
(Massachusetts Institute of Technology [MIT], 2021; World 
Economic Forum [WEF], 2021). Searching and analyzing 
these documents can provide valuable insight into emerging 
technological developments and trends. For this study, 
a broad gray literature review was conducted to identify 
emerging technologies that foster the development of new 
products and services with the potential to assist indepen-
dence and active participation. The scope was intended to be 
broad enough to gain an overview of emerging enabling 
technologies yet narrow enough to identify only those hold-
ing the greatest potential for AT applications. The gray litera-
ture documents were identified using several strategies 
including: 1) searching webpages of key organizations that 
are known to publish regular reports on emerging technolo-
gies; 2) consulting technology experts; 3) hand searching the 
reference lists of collected documents; and 4) searching UK 
research council data for details on on-going funded research. 
Documents were included if they discussed emerging tech-
nologies that could potentially enable applications in the 
health and social care field, including AT. Additionally, docu-
ments were included if they mentioned potential applications 
of the emerging technologies to support people to cope with 
health and social care challenges arising from living with 
disabilities and long-term conditions. Documents were also 
included if publication date fell within the period 
January 2015 to February 2020. On the other hand, docu-
ments were excluded if they focused exclusively on non- 
health or nonsocial care related topics. Documents were also 
excluded if they focused exclusively on emerging technologies 
enabling advances in clinical settings such as surgery or in- 
hospital care. With regard to the term “emerging,” documents 
were included if they used the term “emerging” or mentioned 
key characteristics of an emerging technology such as being 
novel, undergoing rapid development, or having potential 
socioeconomic impact (Abdi et al., 2020; Cozzens et al., 
2010; M. Li et al., 2018; Porter et al., 2002; Rotolo et al., 

2015; Small et al., 2014). A narrative synthesis approach was 
used to analyze and summarize the findings of the documents.

Patent analysis

Patent analysis is a useful approach to identify technology 
developments and trends in a particular domain (Abbas et al., 
2014; Daim et al., 2006). At the start of the study, a preliminary 
patent search was conducted within well-established, conven-
tional assistive technology covering seven domains, namely 
cognition, communication, environmental control and naviga-
tion, hearing, mobility, self-care, and vision. This scoping 
search resulted in the development of a taxonomy (see 
Supplemental Material 1) that was used to define and inform 
the scope of the patent search and analysis. The taxonomy 
included the seven functional domains of the conventional 
AT space, taking into consideration the following definitions 
and categorizations: ISO9999 standard on assistive products 
for persons with disability (2016); the WHO APL priority list 
(2016b); the International Patent Classification (IPC) (2020); 
the Cooperative Patent Classification (CPC) schemes (2020); 
the WHO International Classification of Functioning, 
Disability and Health (ICF) (2011); the assistive products 
included in the Global Assistive Technology Information 
Network (EASTIN) assistive technology database (2020). The 
taxonomy also included terms identified through gray litera-
ture search which included the use of Medical Subject 
Headings (MESH) codes, and related text mining-based ana-
lysis. A patent search strategy including keywords and patent 
classification symbols was developed based on the taxonomy 
which was refined and finalized through patent search itera-
tions. The patent search was carried out on the patent database 
Derwent Innovation (2020). The search covered inventions 
filed for patent protection across different jurisdictions around 
the world in the period 1998–2019. The identified patent docu-
ments within the conventional AT domains were analyzed 
using text mining techniques, patent classification codes co- 
occurrence and manual review. The analysis resulted in the 
identification of a list of emerging enabling technologies which 
allowed for the development of emerging assistive products/ 
applications.

Phase 2: Potential AT applications of the emerging 

enabling technologies identified

The second phase of the study aimed to identify emerging AT 
applications. Some of those were identified in the first phase 
during either the review of the conventional assistive technol-
ogy search results or the review of gray literature, and were 
moved or added into a new list of emerging AT applications. 
To be as inclusive as possible, broader search queries and 
patent classifications were used to capture the relevant set of 
patent documents mentioning the enabling emerging technol-
ogies and the AT and/or AT users. Search queries were devel-
oped for each of the identified enabling emerging technology, 
in combination with the broad AT and AT end-user keywords. 
Following that, the searches were repeated only using the 
enabling emerging technologies-related keywords and patent 
classification. This step was conducted to identify on one side 
the magnitude of patenting activity related to these enabling 
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emerging technology domains, and the proportion of them 
specifically referring to AT-related terms. A further analysis 
within these datasets led to identification emerging AT appli-
cations. This list was completed after further patent search 
iterations. The emerging AT applications were grouped into 
six AT domains. These emerging application domains were 
similar to the conventional AT space. However, emerging AT 
applications related to cognition were either grouped under 
emerging self-care, communication or environment AT 
applications.

A last step involved carrying out the enabling emerging 
technology searches within the emerging AT application data-
set to validate the impact of emerging enabling technologies in 
the development of new assistive products.

Results

Overview of emerging enabling technologies

The gray literature analysis identified five emerging enabling 
technologies that could potentially be relevant to the AT field. 
These are: 1) Artificial Intelligence; 2) Robotics; 3) Emerging 
human-computer interfaces; 4) Sensors; and 5) Advances in 
connectivity and computing. The patent analysis confirmed 
these five key technologies and identified additional emerging 
technologies that are relevant to the AT field, namely additive 
manufacturing, new materials. A brief general description of 
each of these seven categories is provided in the following 
subsections.

Artificial intelligence (AI)

Artificial intelligence or AI was one of the main emerging 
enabling technologies that appeared in almost all documents 
reviewed that could potentially be relevant to the AT field. In 
most of these documents, AI or subfields of AI, such as 
machine learning, were identified as emerging technologies 
with the potential to have significant socio-economic impact. 
Recent growth in the field of AI can be attributed to deep 
learning, a technique that allows computers to perform 
human-like complex tasks such as speech, image and object 
recognition (House of Lords Select Committee on Artificial 
Intelligence, 2018; Nuffield Council on Bioethics, 2018; Royal 
Society, 2017; WIPO, 2019; World Economic Forum, 2018). 
This AI technique, together with the availability of large 
datasets and improvements in computer processing power, 
has enabled new applications for AI and accelerated devel-
opments in other technological fields (WEF, 2018). For 
example, deep learning has enabled robotics to gain more 
autonomous capabilities such as object detection (MIT, 
2016a, 2019a). The development of other AI techniques in 
recent years, such as reinforcement learning and artificial 
emotional intelligence could also result in more autonomous 
applications and should maintain interest in AI in the near 
future. For example, reinforcement learning is an AI techni-
que that improves the AI systems’ ability to learn via trial and 
error without prior instructions from programmers, and 
could enable better learning abilities for robots, in particular 
robotic dexterity (MIT, 2017a, 2019b). Artificial emotional 
intelligence, an emerging field of AI concerned with 

detecting emotions, could also have potential applications 
in domains that involve detecting complex emotions and 
providing personalized recommendations (MIT, 2017b; 
WEF, 2018)

Emerging human-computer interfaces

Advances in AI and in other technological fields like computer 
vision, natural language processing, and virtual and augmented 
reality, have enabled the development of new ways of interact-
ing with digital technology. These emerging interfaces use 
human voice, vision, hearing, brain activity and emotions as 
means to interact with the technology. For example, voice- 
based interfaces, referred to also as virtual personal assistants 
(VPAs), avatars, chat-bots and digital helpers, are already 
enabling many end users to interact with their devices and 
assist them with simple daily tasks (Deloitte, 2019; MIT, 
2016a, 2017c; WEF, 2018). Virtual, Augmented and Mixed 
Reality (VR, AR, MR) are other emerging interfaces that facil-
itate immersive experiences by allowing end-users to use their 
vision, and sometimes other senses, such as audio and touch, to 
interact with digital technology (MIT, 2016b, 2019a; WEF, 
2015a, 2018). Some of the AT related applications mentioned 
in the reviewed documents included exploring new environ-
ments, supporting people with visual impairments in magnify-
ing images and facial recognition, and integrating the 
translation tools of sign language into AR interfaces 
(European Disability Forum, 2018; European Parliament, 
2018). Brain–computer interfaces are also developing fast, 
which could enable new ways to control assistive devices 
(e.g., robotic prostheses), however, these interfaces are still in 
the early stages of development (MIT, 2017d, Engineering and 
Physical Sciences Research Council (EPSRC), 2019a).

Sensor technology

Sensor technology is not a new field, but there have been 
significant improvements in the last few years, allowing them 
to advance various technological fields (MIT, 2015, 2017e; PA 
consulting, 2017; WEF, 2015b). The cost and size of sensors, 
for instance, have reduced substantially, in parallel with sig-
nificant improvements in their wireless connectivity and power 
consumption (PA consulting, 2017; WEF, 2015a, 2016a, 
2019a). The ability of wearable sensors to measure physiologi-
cal parameters and metabolites, such as heart rate, blood oxy-
gen and ECG, has also improved significantly (Deloitte, 2015; 
ESPRC, 2018; MIT, 2019a; WEF, 2016b, 2018). These advances 
have enabled improvements in wearable technology and 
Internet of Things (IoT) (PA consulting, 2017). Sensor tech-
nology is also shaping the development of robots through 
advances in remote sensing such as 3-D sensors and Light 
Detection and Ranging (Lidar) sensors (MIT, 2017e).

Robotics

Robotics is an emerging technological field that could have 
a transformative socio-economic impact (PA consulting, 
2017; United Nation, 2018; WEF, 2019a). Advances in AI and 
sensor technology have enabled the development of more 
autonomous robots that can interact, adapt and respond to 
their environments (PA consulting, 2017; WEF, 2015a). These 
new adaptive capabilities of robots are said to enhance human- 
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machine collaborations, enabling new developments and 
potential AT applications for robots. Some of the develop-
ments that were mentioned in the reviewed documents 
included companion robots, exoskeletons and autonomous 
vehicles (EPSRC, 2019b; MIT, 2016c, 2017d, 2019a; NHS, 
2019; WEF, 2019b). For example, companion robots embed 
AI and are able to perform tasks of health and emotion mon-
itoring, entertaining, navigating, communicating and assisting 
in everyday activities. Robotic dexterity has also improved 
significantly, enabling potential applications in areas like self- 
care and household activities (MIT, 2017d, 2019a). Other 
recent robotic advances include the development of autono-
mous soft robots (EPSRC, 2019c; MIT, 2017f). Soft robots are 
flexible robots whose development are inspired by the way 
living organisms move and adapt (e.g., octopuses) (MIT, 
2017f). However, these advances are still at very early stages 
of development and there is some significant ambiguity around 
potential AT applications in the near future (MIT, 2017f).

Advances in connectivity and computing

Advances in connectivity and computing can have a huge poten-
tial to improve the connectivity of AT devices as well as the 
digital experiences of end-users. For example, 5 G, the new 
generation of mobile networks, allows data transfer over high 
speed and lower latency networks (Deloitte, 2019). Similarly, 
edge computing – an emerging computing paradigm – can 
improve real-time responses through allowing the processing 
to occur closer to the source of the data (Deloitte, 2019). These 
advances can help data processing within IoT systems and 
improve the connectivity of AT devices (MIT, 2016b; WEF, 
2015a). Improvements in network connectivity can also improve 
the users’ experiences of virtual and augmented reality, where 
delays in data processing may have a negative impact on their 
interactions with this technology (Deloitte, 2018, 2019). 
Quantum computing is another emerging computing paradigm 
that could potentially enable computers to perform calculations 
in a manner that are faster and more efficient than that of 
conventional computers (MIT, 2018; WEF, 2018). Quantum 
computing is expected to have significant disruptive potential 
and help advance various technological fields including AI 
(WEF, 2017). However, this technology is still in early stages of 
development and there is some ambiguity regarding its AT 
application areas (MIT, 2018; WEF, 2017, 2018).

Additive manufacturing

Additive manufacturing refers to the automated process creat-
ing a 3D object from a computer model, typically building the 
object through depositing layer upon layer of some malleable 
material. 3D printing is the most known, widely referenced 
example of additive manufacturing. It allows for effective, 
relatively cheap, and customized production of components 
leading to more appropriate and personalized AT products 
better suited to their users. Recent advances in additive man-
ufacturing have extended the range of materials that can be 
used. Applications of additive manufacturing in AT are typi-
cally related to wheelchairs, walking aids and prostheses/ 
orthoses, although there are examples of several other AT 
products or components produced by additive manufacturing. 
Prosthetics, orthotics, hearing aids and cochlear implants were 

examples of applications areas of additive manufacturing that 
were identified in the patent analysis. Some recent patent 
documents also referred to the use of titanium for 3D printing, 
which could open up possibilities where robustness and light-
ness are paramount (Lovells, 2017; Matos & Wiedemann, 2019; 
Switch, 2019).

New materials

Advanced materials have facilitated the production of more 
robust, comfortable and sometimes more inexpensive AT pro-
ducts. Moreover, these materials have made certain advance-
ments in emerging AT applications a reality. Some examples of 
uses of new materials come from the areas of prosthetics and 
orthotics and vision-related AT. Composite materials, some 
including glass- or carbon-fiber, for instance, allow for pros-
thetic/orthotic solutions which are lightweight and with a more 
dynamic response than that of traditional materials. Moreover, 
advances in nanotechnology and electrochemistry allow metal 
to be “woven” into textiles, thereby providing conductivity and 
electrical connectivity, enabling the embedding of sensors or 
electronics in textile. Some smart textiles of this sort are used 
for health monitoring. Another trend is developing materials 
that are organic and which open up possibilities for regenera-
tive medicine, with applications in different areas including eye 
implants (Fiorillo et al., 2020; The Alliance of Advanced 
Biomedical Engineering (AABME), 2020)

Potential AT applications of emerging enabling 

technologies

Patent search results in emerging enabling technology 

categories

The broader patent search identified a total of more than 
3.7 million patents in the emerging enabling technology cate-
gories, with the highest number found in the Artificial 
Intelligence, Connectivity and Computing categories (see 
Table 1 for details). These patent documents refer to these 
technologies either in a more general way or in relation to 
different fields of applications. In order to see the proportion 
of these datasets mentioning AT, a broad AT search string 
consisting of general AT-related keywords was developed. 
The result of this search is presented in the fourth column of 
Table 1. This shows that only a fraction (0.3%) of the docu-
ments that refer to emerging enabling technologies also refer to 
AT. This fraction counts for more than 11,000 patents.

It is noteworthy that the analysis of patent documents and 
trends across the seven conventional AT domains shows that part 
of the growing patenting activity and the related inventions is 
related to convergence of “traditional” AT applications with other 
fields, such as neurosciences and computer science, resulting in 
the development of new or improved solutions. Some proportion 
of those applications that incorporate neuroscience and medical 
science advancements concern implants or partially invasive com-
ponents of AT solutions. This is, however, an area that falls 
outside the scope of AT as currently defined by the WHO.

Emerging AT applications and related examples

The patent searches conducted for the different AT categories 
included in the compiled emerging AT applications list 
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resulted in more than 15,000 inventions-patents related to 
emerging AT applications, distributed over the following AT 
domains: emerging communication, emerging environment, 
emerging hearing, emerging mobility, emerging self-care and 
emerging vision applications. Figure 1 summarizes the number 
of emerging AT applications in these domains.

The search for enabling emerging technologies within the 
identified emerging AT applications revealed that all identified 
AT applications include at least one, but mostly a combination 
of enabling emerging technologies, validating the impact of 
enabling emerging technologies on the AT field and the devel-
opment of emerging AT applications.

The average annual growth rate (AAGR) for these patent 
applications from 2013 to 2017 in these fields is multiple times 
higher than in the equivalent conventional AT domains, with 
emerging vision AT applications showing a 32% AAGR, self- 
care 26% and mobility 24%. Looking at some specific categories 
and applications within these areas, the AAGR for patents for 
“advanced wheelchairs” was 34%, for VR devices for visually 
impaired persons it was 119%, for intraocular lenses with 
sensors it was 48% and for hand wearables for persons with 
hearing impairments it was 74%. Table 2 presents a number of 

examples of these emerging AT applications that were identi-
fied, as well as the emerging technologies enabling them. For 
example, one of the mobility innovations is smart walker that 
can remember the users’ journey and support them navigate 
their way back. Hand wearables that use sensors and machine 
learning techniques is another example of an innovation that 
could support people with hearing and vision impairment 
through translating hand motions into speech and text. In the 
environment domain, homes enabled by IoT and robotic tech-
nology could allow users with independent living through 
supporting them with cooking, toileting, navigating and cook-
ing. IoT enabled smart medication dispensers, health and emo-
tion wearables and feeding assistant robots are other examples 
that might be able to meet self-care needs of AT end users. 
These examples do not give a complete overview of what is 
happening in this field, but they show the commercial interest 
in emerging AT applications and with that the potential of the 
emerging enabling technologies for AT.

Discussion

Main findings

The aim of this study was to describe and analyze emerging 
technological developments and their potential to lead to new 
AT products and services in the near future. The gray literature 
and patent analysis identified seven major emerging enabling 
technologies that could be relevant to the AT field. These were 
artificial intelligence, emerging human-computer interfaces, 
sensor technology, robotics, advances in connectivity and com-
puting, additive manufacturing and new materials. The patent 
analysis within these seven emerging areas identified 11,000 
patents that made reference to AT applications, with computer 
vision, sensor technology, robotics and wireless connectivity 
demonstrating most AT patenting activity. The analysis also 

Table 1. Numbers of patents in emerging enabling technology domains.

Emerging 
Enabling 
Technology Subcategory Number of patents Number of patents mentioning AT

Artificial 
Intelligence

Augmented Reality 
Gesture Recognition 
Machine Vision 
Natural language processing (NLP) 
Scene Understanding 
Smart Environment 
Speech to Text

140,019 
58,303 

586,629 
186,463 
58,934 
43,138 

100,544

651 
211 

1,944 
320 
196 
85 

708
Human-computer 
Interfaces

Speech Synthesis 
Speech Command 
Gaze Tracking 
Brain-Machine Interface 
Haptic Feedback

16,353 
43,672 
20,533 
3,894 

14,282

266 
283 
133 
52 

168
Sensors 343,321 1,121
Robotics 402,811 1,328
Connectivity and 
Computing

Big Data 
GPS 
Internet of Things 
Wireless 
5 G/6 G 
Affective Computing 
Blockchain

33,253 
173,782 
76,686 

554,258 
231,120 

6,091 
28,560

51 
499 
121 

1,739 
266 
11 
9

Additive 
Manufacturing

76,232 282

New Materials 543,406 694
Total 3,742,284 11,138

Figure 1. Number of emerging AT applications in functional domains.

ASSISTIVE TECHNOLOGY S21



demonstrated that AT-related patents are growing rapidly, 
with emerging vision AT applications showing the highest 
annual growth rate (32%). For each of the function-related 
AT domains, a few examples were selected to demonstrate 
the potential of the emerging enabling technologies in the AT 
field.

The results of this study clearly demonstrate that the emer-
ging enabling technologies that are driving the so-called fourth 
industrial (or second information technology) revolution and 
innovations in other fields (Abdi et al., 2020; Lee et al., 2018; 
G. Li et al., 2017; Schwab, 2017; Xu et al., 2018) have started to 
have their impact on the field of AT. They are driving signifi-
cant numbers of potential new AT applications and the results 
suggest that these developments are only at the beginning. 
Another important finding is that the boundaries between the 
different enabling technologies as well as those between AT 
and mainstream technologies are not very clear; the enabling 
technologies identified are interdependent and enhance each 
other. Emerging digital technological developments are indeed 
well-recognized for their complex interactions and intercon-
nections (Schwab, 2017; Lee et al., 2018; Abdi et al., 2020). The 

boundaries between many of these technological fields are said 
to be blurry and new inventions often result from the interac-
tions between these fields (Schwab, 2017; Lee et al., 2018; Abdi 
et al., 2020). This finding could mean the need to use expertise 
and knowledge from a number of technological disciplines 
when designing and developing new AT products.

Another important finding is that there is an increasing 
patenting activity related to AT applications that are wholly 
or in part integrated into the human body. This is currently not 
considered part of the AT field, as AT is generally defined in 
terms of solutions that are external to the body. However, this 
study has shown that there is a clear interest in this area, which 
results in new innovations.

This study provides a general overview of the emerging 
innovations in the field of AT, as reflected in the identified 
patenting activity and gray literature. It highlights where the 
current interests and patenting activities are. Findings should 
encourage industry, researchers and developers to explore spe-
cific applications of the identified enabling emerging technolo-
gies in various AT functional domains (mobility, 
communication, vision, hearing etc.). However, the challenge 

Table 2. Examples of emerging AT applications in 7 functional domains.

AT functional 
domain Description of applications

Emerging enabling 
technology used *

Mobility ● Smart walkers that remember the route taken and can guide the user back.
● Smart prosthetics using machine learning to recognize the user’s gait to adjust the walking or providing feedback 

creating a feeling of natural touch.

3; 4; 5 
1;3;6;7

Environment ● Smart houses with sensors, IoT and robotic technologies allowing independent living (navigating, monitoring, 
cooking, toileting, nursing etc.)

● Smart cities including autonomous vehicle/traffic guidance, using robotic platforms, airport intelligent luggage 
barrow, using sensors and AI.

● Smart toilets having Bluetooth and sensors to provide real-time heart function monitoring
● Companion robots for health and emotion monitoring, nursing, wandering and emergency monitoring, entertain-

ing, navigating, communicating, lifting, assisting in walking and finding lost objects.
● Pet robots for health and emotion monitoring, nursing, wandering and emergency monitoring, entertaining, 

navigating, communicating, finding lost objects.

1;2;3;4;5 
1;2;3;4;5 

3;4;5 
1;2;3;4;5 
1;2;3;4;5

Hearing ● Gesture (sign language) to voice/text devices or systems with sensors, image processing technologies, computing 
and machine learning, allowing people with hearing or speech disabilities to participate in two-way 
communication.

● Gloves with sensors to measure and detect hand posture, position, and gesture and continuously translating hand 
motions into speech and text.

● Mind controlled hearing aids with the ability of monitoring health and emotional aspects
● Environment controlling hearing aids, allowing people with hearing and speech disabilities to communicate and 

control home appliances.

1;2;3 
1;2;3 
1;2;3 
3;5

Vision ● Hand Wearables, as gloves that can sense the environment and convert the information through braille output, 
identifying keys on a keyboard or color of a contacted object and announcing using audio.

● Smart eyewear to guide visually impaired users in navigating, with such information conveyed to blind users 
through bone conduction technology using audio, or using machine learning techniques and proximity sensors to 
detect distance between users and objects.

● VR/AR devices to help user observe the surroundings and identify objects in the vicinity to facilitate navigation; or 
to enhance the visual scenery displayed on the AR device to compensate visual impairments of the user, such as 
colorblindness.

1;2;3;5 
1;2;3;5 
1;2;3;5

Communication ● Smart assistants, as avatars having AI embedded to enhance accessibility of user with mental, physical and sensory 
disabilities in virtual universe

● Personal devices with brain interface technology to control home appliances and house structural components.
● Navigation applications embedding face recognition, scene recognition, GPS, speech recognition

1;2;3 
1;2;3;5 
1;2;3;5

Self-care ● Smart medication dispensers using IoT, cloud computing/AI for storing, reminding and dispending medication
● Smart diapers, including sensors, IOT and Zigbee, Bluetooth, wi-fi technologies to do health monitoring through 

the automated analysis of the body fluids and notify caregivers and doctors.
● Health and emotion monitoring wearables (smart bands, clothes with sensors, insoles) and non-wearables (smart 

carpets and mirrors), using AI, machine learning, IoT, Zigbee, Bluetooth and/or cloud connectivity to monitor 
physical and mental aspects of the user, such as sleep, emotions, psychological behavior, physical condition, blood 
pressure, blood sugar and cardiovascular condition.

● Feeding assistant Robots having sensors, Bluetooth and BCI technologies to control and induce the movement of 
robots to help disabled in feeding themselves.

1;3;5 
1;3;5;7 

1;2;3;5;7 
1;2;3;4;5

* 1 = Artificial Intelligence; 2 = Emerging human-computer interfaces; 3 = Sensor technology; 4 = Robotics; 5 = Advances in connectivity and computing; 6 = Additive 
manufacturing; 7 = new materials.
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will be to direct new innovations toward high-quality affordable 
products that can meet the needs of people with AT require-
ments. Most of the potential, as highlighted in this study, appears 
to lie in high-end high-tech solutions and, as a result, high-cost 
solutions. This could exacerbate existing inequalities in access to 
high-quality affordable AT products, particularly in limited 
income settings, which should be taken into account in future 
innovations. Here lies an important responsibility for govern-
ments and innovation funding bodies: how to direct innovations 
toward those areas that are most needed and how to ensure that 
new products are affordable and available? Such steering is 
necessary because “the market” is not very likely to solve this 
issue on its own. Another important issue is that of training and 
education of AT professionals, to make them aware of new 
possibilities and enable them to advise users on their potential. 
Connected to awareness and knowledge, it will be important to 
make information about new products and services easily avail-
able for both users, their carers and professionals. The need for 
such information will increase in parallel with the increase of 
new innovations. There is also a need to work closely with AT 
end users and their support network to ensure that these new 
innovations address their diverse AT needs. Many of the inno-
vations are still developed without a good understanding of the 
needs and wants of the target AT users, risking limited adoption 
of these solutions. Emerging technologies offer an exceptional 
opportunity to incorporate the AT needs of target users as many 
of these technologies are in the development and design stages. 
The fact that the emerging technologies are enabled by AI and 
sensors, could also mean that they can learn and adapt to users’ 
needs, which could result in more personalized AT products and 
improve their adoption by users. Overall, to see more new and 
affordable AT innovations reach to end users, we need to see 
more joint efforts between policy makers, researchers, develo-
pers, health and social care professionals, service providers, 
families and AT users. Without such a collaborative approach, 
it is unlikely that many people with AT needs will benefit from 
the potential found in this study.

Strengths and weaknesses of the study

To our knowledge, this study is the first to offer 
a comprehensive analysis of emerging trends in the AT field. 
Another important strength of this study is that it combines 
two different methods to get a good insight into emerging 
technologies that could be relevant to the field of AT. 
Combining two methods may have overcome some of the 
limitations associated with the use of a single method to iden-
tify emerging technologies (Rotolo et al., 2015).

There are some limitations that need to be acknowledged. One 
of these limitations is that running the search was complex and it 
was hard to clearly define the different domains and areas of 
study. For example, unlike “traditional” literature review meth-
ods, where there are well-structured databases with fixed ter-
minologies, the terminology used in patent documents varies 
greatly across sector, jurisdiction, patent applicants. As a result, 
a combination of approaches and several iterations were needed 
to refine and finalize the taxonomies and patent searches, 
although a judgment call often needs to be taken to ensure 
a balance between precision and recall of the search results. 

Moreover, there are several patent databases with different 
query languages and search algorithms. As a result, slightly dif-
ferent results would be found if another team attempted to 
replicate the study in a different database using the same search 
strategy. The general trends, however, are considered solid and 
valid, and were peer-reviewed by subject matter experts. Another 
issue that was encountered during the study was with regard to 
the definition of the term “emerging.” Many of the technologies 
identified as emerging are not entirely new. An example is arti-
ficial intelligence, the principles of which have been known for 
many years. But it is only recently that developments in computer 
power, data storage and connectivity have allowed powerful 
applications to be built upon those principles. The use of the 
term “emerging” for the study was in relation to emerging appli-
cations in the field of AT, with the technologies allowing for these 
new developments and applications be considered as “enablers.” 
Another possible limitation for this study is the broad scope of the 
gray literature. However, the fact that patent analysis confirmed 
major trends identified in the gray literature, along with the 
results on the use of enabling technologies within the specific 
AT applications gives confidence in the validity of the findings.

Conclusions

In conclusion, this study highlights that the field of AT is on 
the verge of impressive innovation, driven by the same 
enabling technologies that drive innovations in society in gen-
eral. The fact that so far only a fraction of the inventions in 
these emerging enabling technology areas are related to AT 
suggests an enormous potential for new solutions. Given the 
fact that the potential market for AT is already huge and 
growing, it is just a matter of time before such new solutions 
become available. This study presents a number of promising 
examples of what can be expected.
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