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Abstract

This paper considers the realm of wearable technologies and their prospective applications for individuals with neurodivergent 
conditions, specifically Autism Spectrum Disorders (ASDs). The study undertakes a multifaceted analysis that encompasses 
biomarker sensing technologies, AI-driven biofeedback mechanisms, and haptic devices, focusing on their implications for 
enhancing proprioception and social interaction among neurodivergent populations. While wearables offer a range of opportu-
nities for societal advancement, a discernable gap remains: a scarcity of consumer-oriented applications tailored to the unique 
physiological and psychological needs of these individuals. Key takeaways underscore the emergent promise of tailored audi-
tory stimuli in workplace dynamics and the efficacy of haptic feedback in sensory substitution. The investigation concludes 
with an urgent call for multidisciplinary research aimed at the development of specific consumer applications, rigorous empiri-
cal validation, and an ethical framework encompassing data privacy and user consent. As the pervasiveness of technology in 
daily life continues to expand, the article posits that there is an imperative for future research to shift from generalized solutions 
to individualized applications, thereby ensuring that the spectrum of wearable technology truly accommodates the full scope 
of human neurodiversity.
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Enhancing Proprioception and Regulating Cognitive Load in Neurodiverse 
Populations through Biometric Monitoring with Wearable Technologies

Introduction
Advancements in wearable technology have ushered in an era 
of real-time on-body monitoring and computation of various 
facets of human physiology [1]. The academic community has 
developed an extensive array of sensors designed to monitor 
both the internal physiological states-such as Electroencepha-
lograms (EEG), Electrooculograms (EOG), Electromyograms 
(EMG), skin conductivity, and heart rate-and the external be-
haviors and conditions-like movement, geographic location, 
and social interactions [2,3]. These data can subsequently be 
processed to offer instantaneous feedback to the user through 
an assortment of actuators, ranging from audio and visual cues 
to olfactory, electrical, and haptic stimulations. Consequently, 
wearable devices evolve into closed-loop systems capable of 
enhancing human capabilities [4].

Furthermore, innovations in radio and wireless sensing tech-
nologies have enabled researchers to extend the boundaries 
of physiological monitoring to include scenarios that obviate 
the need for direct bodily contact with sensors [5]. Such ad-
vancements are rendered feasible through the synergistic amal-
gamation of high-resolution wireless sensing technology and 

sophisticated machine learning algorithms [6]. Researchers 
have already showcased the potential of wireless sensing in 
monitoring a spectrum of variables including, but not limited 
to, body movement, respiratory cycles, heart rates, emotional 
states, and sleep patterns [7,8]. However, research in the do-
main of wearable technology has largely focused on monitor-
ing physiological markers, such as heart rate, respiration, and 
electrodermal activity [9]. 

Contemporary devices have demonstrated capabilities in col-
lecting data via sensors that measure electrical activity, particu-
larly through Electroencephalograms (EEG) [10]. However, a 
significant lacuna exists: these wearables are not yet proficient 
in continuously monitoring biochemical markers that under-
pin these physiological signals. Additionally, only recently has 
there been a concerted effort to use such devices to assist in 
identifying and treating states of stress or anxiety in the body. 
Current biosensors offer limited scope in that they are typically 
one-time use, non-continuous, and rigid in their selection of 
biomarkers to monitor [11]. Proposed solutions include the so-
called "wearable lab on body” to fill this gap by offering a plat-
form for active, continuous monitoring of human biomarkers, 
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argue [12]. Such platforms incorporate both digital sensors, 
such as Inertial Measurement Units (IMUs) for activity recog-
nition, and an automated system for non-intrusive sampling of 
biomarkers from biological fluids such as saliva. 

The utilization of wearable technology for supporting men-
tal health already has garnered attention [13-15]. However, 
monitoring individuals with neurodiverse conditions presents 
a compelling avenue for exploration, building on this research 
into use cases for lowering heart rates and addressing anxiety 
disorders from a distance [16]. Neurodivergent individuals of-
ten exhibit a range of physiological and biochemical markers 
that diverge from neurotypical patterns, thereby necessitating 
specialized approaches for effective health management [17]. 
Wearable technologies offer the prospect of tailored, data-driv-
en strategies, facilitated through continuous monitoring that 
transcends the limitations of periodic clinical assessments [18].
With an estimated 15-20% of the global population considered 
to be neurodivergent, the business case for broader commer-
cial investment in research and development is demonstrable 
[19]. The concept of neurodiversity encapsulates a broad range 
of cognitive functions and behavioral attributes, including 
but not limited to social communication capacities, emotion-
al recognition and expression, attentional levels, and various 
other mental faculties [20]. Initial scholarly investigations into 
neurodiversity were largely predicated on the medical model, 
which primarily focuses on prevention and curative strategies 
for the impairments frequently correlated with these diverse 
conditions. These discourses evolved within a context charac-
terized by a normative educational and social history, which 
often framed neurodiverse traits as deficits [21,22]. For in-
stance, the construct of dyslexia became prominent with the 
increasing societal emphasis on literacy [23], while attentional 
challenges such as ADHD gained visibility following societal 
shifts towards more sedentary lifestyles in the wake of indus-
trialization [24].

Moreover, the advent of more complex social communica-
tion structures and controlled sensory environments, such as 
those found in contemporary workspaces, has led to greater 
recognition of neurodivergence and Autism Spectrum Disorder 
(ASD) [25]. Etymologically, the term "disorder" finds its origin 
in the unknown and is employed particularly when symptoms 
of dysfunction lack a definitive diagnosis [26]. Concomitantly, 
the usage of the term "disability" inherently carries an assump-
tion that diagnosed individuals manifest below-average neu-
rological or physical capabilities. For example, recent studies 
indicate that approximately 50% of individuals diagnosed with 
ASD also present with at least four co-occurring conditions, 
including learning difficulties and language disorders. Further-
more, 75% of those diagnosed with autism exhibit traits associ-
ated with ADHD, one of the most prevalent neurological chal-
lenges affecting aspects such as working memory, impulsivity, 
and stress management [27].

The intriguing interplay between proprioception and work-
place dynamics represents an untapped avenue for research 
[28]. Proprioception, or kinesthesia, denotes the inherent cog-
nitive ability to perceive one's own bodily movements and spa-
tial orientation [29]. Individuals diagnosed with autism spec-
trum disorders frequently exhibit challenges in this particular 
sphere, often encountering difficulties in recognizing bodily 
signals, such as fatigue or hunger [30]. The advent of Artifi-
cial Intelligence (AI) in biofeedback mechanisms for emotion 

recognition posits a compelling opportunity for workplace 
adaptation. Specifically, the innovative coupling of AI-driven 
biofeedback systems with auditory stimuli, such as tailored 
musical soundtracks, may offer a transformative approach to 
facilitate self-awareness and modulate energy expenditure in 
professional settings [31].

Given these complexities, the development of wearables for 
the neurodiverse population warrants nuanced considerations 
to address their specific needs. Critical to the discussion of use 
with neurodivergent individuals are considerations of disclo-
sure, thus the ethical responsibility attached to the deployment 
of such technologies is key [32]. According to a recent report, 
the Americans with Disabilities Act (ADA) encompasses not 
only physical disabilities but also 'invisible' ones, affecting 
approximately 16% of U.S. workers [33]. Despite this legal 
inclusion, a concerning 47% of workers with invisible disabili-
ties have refrained from disclosing their condition to managers 
or colleagues. The reluctance to disclose stems from multiple 
concerns: 34% fear behavioral scrutiny, 31% worry about per-
ceived incompetency in fulfilling work responsibilities, and 
30% are concerned about negative gossip [33].  Therefore, 
issues of data privacy, informed consent, and the potential 
for stigmatization must be carefully weighed against the pro-
spective benefits [34]. As [35] contends, privacy is contextual 
integrity; it is the appropriate flow of personally identifiable 
information in context. The assertion accentuates the need for 
contextualizing the use of wearables, ensuring that data gather-
ing respects the informational boundaries of individuals while 
serving the intended healthcare goals [36].

Moreover, the efficacy of new wearable solutions in captur-
ing accurate and actionable data for neurodiverse individu-
als remains an empirical question. Skeptics may argue that 
technological monitoring cannot substitute for the nuanced 
understanding offered by trained medical professionals [37]. 
However, as [38] observes, technology will make it feasible 
to place healthcare in the hands of the consumers, permitting 
a far more decentralized system. This perspective, echoed by 
[39] suggests that wearables, when effectively designed and 
ethically deployed, can indeed offer valuable complementary 
data that healthcare professionals can utilize to improve treat-
ment outcomes.

Given the potential benefits for the neurodivergent community, 
this paper will post a compelling need to redirect the develop-
ment and application of commercial wearable technologies to 
cater to this ever-growing population. While contemporary de-
vices like the Apple iWatch, Fitbit and Med-Watch have made 
significant strides in encouraging neurotypical individuals to 
engage in healthier behaviors—such as walking and focused 
breathing—these devices often overlook the distinct challenges 
faced by neurodivergent individuals, particularly in areas such 
as self-regulation and proprioception [40]. Emerging technolo-
gies that extend beyond the monitoring of traditional physio-
logical markers hold substantial promise for these underserved 
communities. The paper aims to delineate the potential for us-
ing biometric data, captured through advanced wearable de-
vices, to regulate cognitive load, enhance proprioception, and 
facilitate better mental state monitoring among neurodivergent 
individuals. To negotiate the complexities surrounding these 
technologies—be they ethical, technical, or interdisciplinary 
in nature-a collaborative and nuanced approach becomes im-
perative. Therefore, this article embarks on a multifaceted ex-
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ploration that marries engineering innovations with bioethical 
prudence, aiming to contribute meaningfully to the healthcare 
management toolkit for neurodivergent populations.

Literature Review
Wearable Devices to Promote Physical Health
The advent of wearable technology in healthcare has brought 
about a transformational shift in the methods available for 
health monitoring. These devices, designed to be worn on 
various parts of the body such as the wrist, facilitate the con-
tinuous collection of health-related data [41]. Their popular-
ity has witnessed a more than threefold increase over the past 
four years, mirroring a growing consumer interest in personal 
health and well-being [42]. Indeed, wearables like FitBits and 
smartwatches have seamlessly integrated into the mainstream 
healthcare industry, a phenomenon corroborated by the bur-
geoning market value for smart wearable health devices, which 
surged from $13.8 billion in 2020 to an expected $37.4 billion 
by 2028 [43].

The range of wearable technology applications in healthcare 
is diverse. Continuous Glucose Monitoring (CGM) sensors, 
for example, offer real-time tracking of blood sugar levels for 
diabetes patients [44]. Electrocardiogram (ECG) sensors fo-
cus on the electrical activity of the heart, providing vital data 
on any irregularities in heart rhythm [45]. Further, electronic 
skin patches monitor essential physiological markers such as 
heart rate, respiratory rate, and body temperature [46]. Hydra-
tion and sweat sensors offer another layer of data collection 
by monitoring hydration levels and sweat composition, thereby 
benefiting both athletes and individuals with specific medical 
conditions [25]. Photoplethysmography (PPG) sensors, which 
measure blood flow, can monitor heart rate and blood oxygen 
levels [47]. The utility of wearable technology even extends to 
prenatal and postnatal care, where devices can monitor fetal 
heart rate, contractions, and other vital signs [48].

Within the broader healthcare framework, wearable technolo-
gy serves not merely as an adjunct but as a potentially powerful 
tool for preventative healthcare. Devices can be programmed 
to facilitate goal-setting and tracking of health-related deci-
sions, thereby aiding in the prevention of diseases before the 
onset of overt symptoms [49]. Furthermore, a review of litera-
ture demonstrates the many opportunities and challenges for 
both healthcare providers and patients. For instance, [50] pos-
tulates that wearable technologies could potentially alleviate 
the workload of healthcare professionals and optimize hospital 
spaces for more critical or responsive care. The premise under-
scores the importance of wearables as instruments that could 
bring about efficiencies in healthcare delivery systems.

The realm of smart textiles-based body sensor networks offers 
an intriguing avenue for wearable technology. As [51] note, 
the development of these sensor networks poses considerable 
technical challenges. However, these challenges also serve as 
gateways to innovation, potentially advancing sensor and sen-
sor network design for enhanced accuracy and reliability. The 
discourse surrounding wearable technology’s capabilities ex-
tends beyond merely physical health parameters. [52] delves 
into systems that are capable of collecting both physical and 
psychological health data, hinting at the multidimensional ca-
pabilities of wearable technologies in healthcare.

In addition to preventative measures, [53] also argues that 

wearable systems can significantly influence the outcome of 
clinical interventions. These systems are particularly valuable 
in assessing their impact on patient mobility, independence, 
and overall quality of life—variables often considered second-
ary but intrinsically important in medical rehabilitation. A par-
allel line of research focuses on the Internet of Things (IoT) 
enabled health monitoring systems. [54] observe that most ex-
isting wearables rely on smartphones for data processing, visu-
alization, and transmission, thus questioning the independence 
of such devices but also highlighting their symbiotic relation-
ship with other smart technologies.

The persuasion capability of wearable technology should not 
be underestimated. [55] argue that wearables have the potential 
to motivate physical activity by enhancing health awareness 
and enabling change through real-time feedback. The advent 
of artificial intelligence and flexible electronics, as [56] point 
out, is likely to pave the way for wearables that can gener-
ate real-time medical data, thereby enriching the existing IoT 
ecosystem. While the commercial viability of these devices re-
mains a subject of scrutiny, [57] note that wearable systems for 
monitoring various health conditions are now being patented, 
signaling a trend toward mainstream adoption.

Flexibility and user interaction in health-monitoring devices 
have also been explored extensively. [58] focus on the critical 
role those flexible electronic devices play in personal health-
care systems. Moreover, a systematic review by [59] predicts 
that wearable medical devices are likely to dominate the future 
mobile medical market. Such a prediction illuminates the tra-
jectory of wearable technology, highlighting its potential role 
as an integral component in future healthcare landscapes. 

Having discussed the broader dimensions of the impact of 
wearable technology on healthcare systems, it becomes perti-
nent to shift from a macro-level focus for implementations to 
micro-level intricacies. While the macro perspective offers a 
panoramic view of how wearable technologies could redefine 
healthcare paradigms—from professional workload to patient 
rehabilitation—the micro-level explores the intimate relation-
ship between individual users and their wearable devices. This 
transition necessitates a more nuanced examination of how 
wearable technologies interact with specific physiological and 
psychological variables, including but not limited to, biofeed-
back, neurodiversity, and even individual health idiosyncrasies. 

Biological Biomarker Technology
In transitioning from the realm of digital sensing of macro-lev-
el physiological states, [12] point out that there is an increas-
ing emphasis on the role of biochemical markers—molecules 
indicative of a range of biological phenomena encompassing 
behavior, disease manifestations, infection, or exposure to 
environmental variables. These markers comprise a gamut of 
organic and inorganic compounds emanating from metabolic 
activities within the human organism. Within the medical dis-
cipline, these molecular-level markers offer invaluable prog-
nostic or predictive insights, thereby serving as instrumental 
tools for the advent of personalized medicine [60].

The biological fluid of saliva in particular has recently gar-
nered attention as a promising medium for the sensing of such 
biomarkers and diagnostics [61-63]. Saliva, a clear and mildly 
acidic complex solution, is produced at a rate of approximately 
0.75 to 1.5 liters per day in the human body, originating from 
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the major salivary glands. In a manner functionally analogous 
to blood serum, saliva contains a variety of biomarkers, includ-
ing but not limited to hormones, enzymes, antibodies, anti-
microbial substances, and growth factors. These biochemical 
entities find their way into saliva, often translocating from the 
blood by permeating through intercellular spaces. Consequent-
ly, a majority of the key compounds typically present in blood 
can also be detected in saliva. Therefore, saliva stands as a 
functional correlate to blood serum, capably mirroring various 
physiological states of the human organism, be they emotional, 
hormonal, nutritional, or metabolic [64]. 

The development of biomarker sensor technology has transi-
tioned from invasive to increasingly non-invasive methods. 
Economical biosensor platforms have facilitated the identifi-
cation of biomarkers within biological fluids, accomplished 
through the deployment of chemically-coated receptors on 
flexible substrates, such as paper strips or microfluidic chan-
nels [65]. Upon collection of biological fluid—whether 
through spitting or swabbing samples of saliva, sweat, urine, or 
blood—individuals can place the sample onto these platforms. 
The chemical receptors on the sensor engage in binding reac-
tions with biomarker molecules, signaling the presence of the 
biomarker via various means, including chromatic alterations, 
fluorescence, or electrochemical signals [66].

Among the prevalent techniques for biomarker detection, 
colorimetric reactions occupy a significant role, particularly 
within paper-based sensors. Noteworthy developments in this 
realm include Dermal Abyss, a smart tattoo augmented with 
colorimetric and fluorescent biosensors that undergo chromatic 
shifts in response to changes in interstitial fluid [67]. Addition-
ally, as [68] have noted, capillary flow mechanisms have been 
employed in the detection of salivary biomarkers. Advance-
ments in microfluidics have led to the creation of devices like 
Ampli—a modular, real-time diagnostic platform comprising 
paper-based blocks that can be arranged in diverse configura-
tions to facilitate instantaneous, personalized biochemical test-
ing [69].

Wearable Devices to Promote Psychological Health
The domain of wearable technology has not restricted itself 
solely to the realm of physiological monitoring and enhance-
ment; indeed, a burgeoning body of literature indicates a sig-
nificant promise in the domain of psychological health. One sa-
lient thematic element emerging from the corpus of research is 
the emphasis on the perceived acceptability and effectiveness 
of wearable devices in mental health contexts [70]. High lev-
els of user satisfaction, particularly among those with serious 
mental illnesses, substantiate the broader claim that wearables 
can serve as effective tools for psychological monitoring [71].
Another thematic avenue explores the intricacies of user in-
terface and design, especially concerning the psychological 
comfort of the user. Studies such as those conducted by [72] 
indicate that location preferences for wearables, like the wrist, 
significantly affect user psychology and therefore the efficacy 
of these devices. This theme dovetails with the need for pa-
tient-centered design considerations, a factor identified as cru-
cial in ensuring the broader acceptability of wearable technol-
ogy among geriatric populations [73].

A significant discussion in the literature pertains to the quantifi-
able impact of wearable devices on health behaviors. Devices 
have been shown to foster increased physical activity, contrib-

uting to a more robust psychological state [70,74]. However, 
cautionary notes are sounded, emphasizing that wearable de-
vices should be viewed as facilitators rather than drivers of 
health behavior change [75]. The stress of limitations and the 
need for more precise measurements serve as another notewor-
thy theme. For instance, [9] note that commonly used metrics 
such as average heart rate may not be as accurate as more nu-
anced markers like heart rate variability or electrodermal ac-
tivity in detecting stress or anxiety. This facet underscores the 
essential need for technological refinement to ensure that psy-
chological parameters are monitored with utmost precision.

Lastly, a glimpse into the future suggests the integration of 
wearable devices in advanced psychological practices, in-
cluding neuro-rehabilitation and stress management (Balconi, 
Crivelli, Fronda, & Venturella, 2018). Thus, the cumulative ev-
idence supports the assertion that wearables possess transfor-
mative potential in mental health contexts. Transitioning from 
general psychological well-being to more specialized psycho-
logical conditions, the literature also presents preliminary but 
encouraging results concerning the role of wearable devices in 
neurodivergent populations. These wearables offer the tantaliz-
ing possibility of individualized support structures for neuro-
diverse individuals, thereby marking a significant step towards 
more inclusive and personalized healthcare paradigms.

Recommendations
The forthcoming section delineates a set of recommendations, 
formulated through a critical synthesis of the existing body of 
literature, with a particular focus on the intersectionality of 
proprioception, invisible disabilities, and workplace dynam-
ics. The corpus of academic scholarship has hitherto provided 
comprehensive examinations of both traditional and state-of-
the-art technologies in biomarker sensing and wearable devic-
es for physical and mental well-being. [28] assert that the inter-
relationship between proprioception and workplace dynamics 
is a relatively untapped domain for empirical investigation. 
According to [29], proprioception, also known as kinesthesia, 
encompasses the cognitive faculties responsible for sensing 
bodily movement and spatial orientation—a facet often com-
promised in individuals with autism spectrum disorders [30].

The introduction of AI into the realm of biofeedback and emo-
tion recognition provides a potential avenue for modifying 
workplace environments to accommodate these individuals 
more effectively. [31] delineate how AI-driven biofeedback 
systems, when synergistically coupled with auditory stim-
uli such as specially designed musical soundtracks, hold the 
promise to dramatically enhance individual self-awareness and 
regulate energy levels in workplace settings. Hence, the en-
suing recommendations seek to elucidate specific, actionable 
strategies aimed at utilizing AI technologies to foster an envi-
ronment that is not only more inclusive but also conducive to 
the well-being of all employees, including those with invisible 
disabilities.

Wearable Devices to Promote Proprioception in Neurodi-
vergent Individuals
The realm of wearable devices offers unprecedented opportu-
nities for fostering proprioception in neurodivergent individu-
als, particularly those with congenital absence of propriocep-
tion due to genetic conditions like PIEZO2 Loss of Function 
(LOF). A compelling study by [76] outlines the development of 
a wearable haptic device designed to facilitate proprioceptive 
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feedback through haptic stimuli. The prototype focuses on the 
elbow joint and utilizes deep pressure applied to the forearm as 
a form of sensory substitution. In doing so, the device aims to 
address the absence of pharmacological treatments or assistive 
technologies explicitly tailored for individuals grappling with 
PIEZO2-LOF. The preliminary research posits that future en-
deavors should concentrate on evaluating the device's impact 
on proprioceptive acuity and movement ability in both healthy 
and PIEZO2-LOF populations, while also exploring the poten-
tial of soft robotics and multi-joint sensory substitution.

Further expansion into the application of wearable technology 
for individuals diagnosed with ASD has been explored by [77]. 
The authors present a ground-breaking, robot-based approach 
using artificial intelligence. Their wearable robot adopts a first-
person perspective, addressing the limitation of traditional ro-
botics, which often fail to capture the third-view cognitive ca-
pabilities. The system utilizes reinforcement learning to adapt 
to interactive environments, thereby enhancing the wearer’s 
social interaction skills. The wearable robot seeks to meet the 
dynamic and highly individualized requirements of children 
with autism, thereby filling a critical gap in existing AI-based 
treatment paradigms.

Extending the discussion to the so-called “high-functioning” 
end of the autism spectrum, [78] delve into the efficacy of 
wearable and mobile systems for emotional self-regulation. 
Their experimental approach utilizes Taimun-Watch, a smart-
watch system previously tested with individuals in the low-
functioning range of the autism spectrum. Although a small 
sample size, the findings suggest that individuals with Level 
1 Autism can, with a more protracted customization process, 
utilize the technology to recover from stress episodes effec-
tively. The caveat here is that the sharper, more complex cog-
nitive abilities and perceptions of individuals with HFA make 
the customization of effective self-regulation strategies a more 
time-consuming endeavor.

Simultaneously, [79] provide a panoramic view of wearable 
assistive technologies for autism, mapping out both the oppor-
tunities and challenges inherent in this evolving field. Their 
review elucidates several key areas of interest and difficulty—
social interaction and communication, stereotypical behavior, 
and sensory processing and attention. Each of these domains 
presents its own unique set of challenges for autistic individu-
als, from difficulties in attending and responding to social cues 
to sensory processing impairment. Significantly, the authors 
point to the considerable variance in autistic individuals' sen-
sory and communicative challenges, positing additional com-
plexities in designing Wearable Assistive Technologies (WAT) 
that can adaptively cater to such a diverse user base.

Within the framework of sound therapy, an interesting avenue 
emerges for the integration of auditory stimuli with wearable 
technology [80]. The utilization of specific sound frequen-
cies, calibrated to the individual’s heart rate, aims to engage 
the parasympathetic nervous system, thereby fostering a state 
of relaxation and homeostasis. Products such as EVOKE 
from Widex, a smart hearing aid, have already been designed 
to provide adaptive auditory experiences. By monitoring en-
vironmental sounds, these devices can enhance the listener's 
ability to focus on specific auditory stimuli, such as conversa-
tions, while simultaneously mitigating background noise [81]. 
Such interventions pave the way for targeted sound therapies 

that could prove particularly efficacious for individuals with 
heightened sensitivities, such as those on the autism spectrum.
The advent of haptic feedback in wearable technology ex-
tends the multisensory potential of these devices. For instance, 
the Nadi X smart yoga pants from WearableX offer real-time 
proprioceptive feedback through embedded sensors and vi-
brations, which aim to improve body alignment during yoga 
exercises [82]. Even more ambitious are Google’s plans for 
interactive garments with multiple haptic feedback points, pro-
viding a comprehensive, multisensory experience [83,84]. 

Thus, the rapidly expanding domain of wearable technology of-
fers a plethora of applications geared toward enhancing senso-
ry perception and emotional self-regulation. Given the unique 
sensory and emotional needs of neurodivergent individuals, 
such as those with autism, these technological advancements 
offer promising pathways for targeted, personalized interven-
tions. Sound therapy, haptic feedback, and the burgeoning field 
of "smart" garments all contribute to a more inclusive and 
adaptive landscape, one in which wearable technology evolves 
beyond a one-size-fits-all model to cater to the diverse needs of 
a neurodiverse population.

Conclusion
The corpus of this scholarly investigation has sought to elu-
cidate the emerging nexus between wearable technology and 
sensory perception, with particular emphasis on neurodiver-
gent populations such as individuals with autism spectrum 
disorders. In a world increasingly dominated by technology, 
the ascendancy of wearable devices offers unprecedented op-
portunities for improving the quality of life of neurodivergent 
individuals. However, an in-depth analysis reveals a lacuna: 
a dearth of consumer applications specifically tailored to the 
unique physiological and psychological needs of these popula-
tions.

Key takeaways underscore the technological advances in bio-
marker sensing, the transformative potential of AI-driven bio-
feedback systems in workplace settings, and the burgeoning 
field of haptic technology. Technologies such as smart hearing 
aids, smart garments with embedded sensors, and smartwatch-
es have shown promise in facilitating adaptive behavior and 
enhancing sensory perception. Yet, their current form seldom 
caters to the unique sensory sensitivities and social commu-
nication difficulties often encountered within neurodivergent 
communities.

As technology continues to permeate various facets of human 
life, a critical need arises for multidisciplinary research that 
explicitly addresses the sensory and emotional challenges spe-
cific to neurodivergent individuals. The intriguing interplay be-
tween proprioception and workplace dynamics, especially as 
modulated by auditory stimuli, holds considerable promise for 
further inquiry. Future research endeavors must be guided by 
three primary imperatives: 1) development of more consumer 
applications with specific focus on neurodivergent popula-
tions; 2) rigorous empirical assessment to ensure the efficacy 
and adaptability of these technologies; and 3) engagement with 
ethical considerations, such as data privacy and user consent, 
which are often overlooked yet crucial components of technol-
ogy deployment.

While research in this domain is still in its nascent stages, the 
potential for significant societal impact cannot be overstated. 



 ijclinmedcasereports.com                                                                                                                                           Volume 33- Issue 3

6

References
1. Bernal G, Yang T, Jain A, Maes P. PhysioHMD: A Con-

formable, Modular Toolkit for Collecting Physiological 
Data from Head-Mounted Displays. In Proceedings of the 
2018 ACM International Symposium on Wearable Com-
puters, 2018; pp. 160-167. 

2. Amores J, Hernandez J, Dementyev A, Wang X, Maes P. 
Bioessence: A Wearable Olfactory Display that Monitors 
Cardio-Respiratory Information to Support Mental Well-
being. In 2018 40th Annual International Conference of 
the IEEE Engineering in Medicine and Biology Society 
(EMBC), 2018; pp. 5131-5134.

3. Rosello O, Exposito M, Maes P. Nevermind: Using Aug-
mented Reality for Memorization. In Adjunct Proceedings 
of the 29th Annual ACM Symposium on User Interface 
Software and Technology, 2016; pp. 215-216. 

4. Kosmyna N, Sarawgi U, Maes P. AttentivU: Evaluating 
the Feasibility of Biofeedback Glasses to Monitor and 
Improve Attention. In Proceedings of the 2018 ACM 
International Joint Conference and 2018 International 
Symposium on Pervasive and Ubiquitous Computing and 
Wearable Computers, 2018; pp. 999-1005. 

5. Zhao M, Adib F, Katabi D. U.S. Patent Application No. 
15/490, 2017; 297.

6. Huber J, Shilkrot R, Maes P, Nanayakkara S. (Eds.). Assis-
tive Augmentation. Singapore: Springer, 2018.

7. Bustos-López M, Cruz-Ramírez N, Guerra-Hernández A, 
Sánchez-Morales LN, Cruz-Ramos NA, Alor-Hernández 
G. Wearables for Engagement Detection in Learning Envi-
ronments: A Review. Biosensors, 2022; 12(7): 509. 

8. Zhao M, Tian Y, Zhao H, Alsheikh MA, Li T, Hristov R, 
et al. RF-Based 3D skeletons. In Proceedings of the 2018 
Conference of the ACM Special Interest Group on Data 
Communication, 2018; pp. 267-281.

9. Hickey BA, Chalmers T, Newton P, Lin CT, Sibbritt D, 
McLachlan CS, et al. Smart Devices and Wearable Tech-
nologies to Detect and Monitor Mental Health Conditions 
and Stress: A Systematic Review. Sensors, 2021; 21(10): 
3461. 

10. Soufineyestani M, Dowling D, Khan A. Electroencepha-
lography (EEG) Technology Applications and Available 
Devices. Applied Sciences, 2020; 10(21): 7453. 

11. Khaliliazar S, Toldrà A, Chondrogiannis G, Hamedi MM. 
Electroanalytical Paper-Based Nucleic Acid Amplification 
Biosensors with Integrated Thread Electrodes. Analytical 
Chemistry, 2021; 93(42): 14187-14195.

12. Pataranutaporn P, Jain A, Johnson CM, Shah P, Maes P. 
Wearable Lab on Body: Combining Sensing of Biochemi-
cal and Digital Markers in a Wearable Device. In 2019 
41st Annual International Conference of the IEEE Engi-
neering in Medicine and Biology Society (EMBC), 2019; 
pp. 3327-3332.

13. Chung AH, Gevirtz RN, Gharbo RS, Thiam MA, Ginsberg 
JP. Pilot Study on Reducing Symptoms of Anxiety with a 

A paradigm shift is needed from generalized to individualized 
solutions, especially as consumer demands evolve in tandem 
with technological advancements. Thus, as the tapestry of this 
dynamic field continues to unfold, the onus falls upon research-
ers, technologists, and policy-makers alike to ensure that the 
spectrum of wearable technology applications embraces the 
full spectrum of human neurodiversity.

Data Availability: Data available upon reasonable request.
Conflicts of Interest: The author(s) declare(s) that there is no 
conflict of interest regarding the publication of this paper.
Funding Statement: NA

Authors’ Contributions: 
Conceptualization, J. Hutson; Methodology, J. Hutson; Valida-
tion, J. Hutson; Investigation, J. Hutson – Original Draft Prep-
aration, J. Hutson; Writing – Review & Editing, J. Hutson.; 
Visualization, J. Hutson.

Heart Rate Variability Biofeedback Wearable and Remote 
Stress Management Coach. Applied Psychophysiology 
and Biofeedback, 2021; 46(1): 347-358. 

14. Hidefjäll P, Titkova D. Business Model Design for a Wear-
able Biofeedback System. In pHealth, 2015; pp. 213-224. 

15. Nogueira P, Urbano J, Reis LP, Cardoso HL, Silva DC, 
Rocha AP, et al. A Review of Commercial and Medical-
Grade Physiological Monitoring Devices for Biofeedback-
Assisted Quality of Life Improvement Studies. Journal of 
Medical Systems, 2018; 42 (1): 1-10. 

16. Hunkin H, King DL, Zajac IT. Wearable Devices as Ad-
juncts in the Treatment of Anxiety‐Related Symptoms: A 
Narrative Review of Five Device Modalities and Implica-
tions for Clinical Practice. Clinical Psychology: Science 
and Practice, 2019; 26(3): e12290.

17. Fletcher-Watson S, Happé F. Autism: A New Introduction 
to Psychological Theory and Current Debate. Routledge, 
2019.

18. Deng C, Yu Q, Luo G, Zhao Z, Li Y. Big Data-Driven 
Intelligent Governance of College Students' Physical 
Health: System and Strategy. Frontiers in Public Health, 
2022; 10: 924025. 

19. Hutson P, Hutson J. Neurodiversity and Inclusivity in the 
Workplace: Biopsychosocial Interventions for Promoting 
Competitive Advantage. Journal of Organizational Psy-
chology, 2023; 23(2): 1-16.

20. Dawson G, Franz L, Brandsen S. At a Crossroads—Re-
considering the Goals of Autism Early Behavioral Inter-
vention from a Neurodiversity Perspective. JAMA pediat-
rics, 2022; 176(9): 839-840. 

21. Rogers SJ, Vismara LA. Evidence-Based Comprehensive 
Treatments for Early Autism. Journal of Clinical Child & 
Adolescent Psychology, 2008; 37(1): 8-38. 

22. Doyle N. Neurodiversity at Work: A Biopsychosocial 
Model and the Impact on Working Adults. British Medical 
Bulletin, 2020; 135(1): 108.   

23. Politi-Georgousi S, Drigas A. Mobile Applications, an 
Emerging Powerful Tool for Dyslexia Screening and In-
tervention: A Systematic Literature Review, 2020.

24. Olsson O, Hibbs Jr DA. Biogeography and Long-Run 
Economic Development. European Economic Review, 
2005; 49(4): 909-938. 

25. Lawson RP, Mathys C, Rees G. Adults with Autism Over-
estimate the Volatility of the Sensory Environment. Nature 
Neuroscience, 2017; 20(9): 1293-1299.  

26. Wedgwood H, Atkinson JC. A Dictionary of English Ety-
mology. Trübner & Company, 1872.

27. Baron-Cohen S. The Concept of Neurodiversity Is Divid-
ing the Autism Community. Scientific American, 2019.

28. Csuhai ÉA, Nagy AC, Szőllősi GJ, Veres-Balajti I. Impact 
Analysis of 20-Week Multimodal Progressive Function-
al–Proprioceptive Training among Sedentary Workers Af-
fected by Non-Specific Low-Back Pain: An Interventional 
Cohort Study. International Journal of Environmental Re-
search and Public Health, 2021; 18(20): 10592. 

29. González-Grandón X, Falcón-Cortés A, Ramos-Fernán-
dez G. Proprioception in Action: A Matter of Ecological 
and Social Interaction. Frontiers in Psychology, 2021; 11: 
569403. 

30. Xavier J, Johnson S, Cohen D. From Child-Peer Similarity 
in Imitative Behavior to Matched Peer-Mediated Interven-
tions in Autism. Frontiers in Psychology, 2023; 14. 

31. Noda H, Tokunaga A, Imamura A, Tanaka G, Iwanaga R. 
Visual Attention Affects Late Somatosensory Processing 
in Autism Spectrum Disorder. International Journal of 
Neuroscience, 2022; 132(9): 874-880. 

32. Farsinejad A, Russell A, Butler C. Autism Disclosure–
The Decisions Autistic Adults Make. Research in Autism 
Spectrum Disorders, 2022; 93: 101936. 

33. Clabaugh J. ADA Covers ‘Invisible Disabilities,’ Too 
— But Workers are Reluctant to Disclose Them. WTOP 
News, 2023.

34. Peng C, Xi N, Zhao H, Hamari J. Acceptance of Wearable 
Technology: A Meta-Analysis. In Hawaii International 
Conference on System Sciences, 2022; pp. 5101-5110. 

35. Nissenbaum H. Privacy in Context: Technology, Policy, 
and the Integrity of Social Life. Stanford University Press, 



 ijclinmedcasereports.com                                                                                                                                           Volume 33- Issue 3

7

2020.
36. Bari L, O’Neill DP. Rethinking Patient Data Privacy in 

the Era of Digital Health. Health Affairs Forefront, 2019. 
37. Pathania A, Dixit S, Rasool G. ‘Are Online Reviews the 

New Shepherd?’–Examining Herd Behaviour in Wearable 
Technology Adoption for Personal Healthcare. Journal of 
Marketing Communications, 2022; 1-27. 

38. Topol E. Deep Medicine: How Artificial Intelligence Can 
Make Healthcare Human Again. Hachette UK, 2019.

39. Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw 
K, et al. Effectiveness of Wearable Activity Trackers to In-
crease Physical Activity and Improve Health: A System-
atic Review of Systematic Reviews and Meta-Analyses. 
The Lancet Digital Health, 2022; 4(8): e615-e626. 

40. Bente BE, Wentzel J, Schepers C, Breeman LD, Janssen 
VR, Pieterse ME, et al. Implementation and User Evalu-
ation of an eHealth Technology Platform Supporting Pa-
tients with Cardiovascular Disease in Managing Their 
Health After a Cardiac Event: Mixed Methods Study. 
JMIR Cardio, 2023; 7: e43781. 

41. Liu G, Ho C, Slappey N, Zhou Z, Snelgrove SE, Brown 
M, Kaya T, et al. A wearable conductivity sensor for wire-
less real-time sweat monitoring. Sensors and Actuators B: 
Chemical, 2016; 227: 35-42. 

42. Plester B, Sayers J, Keen C. Health and Wellness but at 
What Cost? Technology Media Justifications for Wearable 
Technology Use in Organizations. Organization, 2022; 
13505084221115841. 

43. Schroer A. 12 Examples of Wearable Technology in 
Healthcare and Wearable Medical Devices. Builtin, 2022.

44. Vettoretti M, Cappon G, Facchinetti A, Sparacino G. 
Advanced Diabetes Management Using Artificial Intelli-
gence and Continuous Glucose Monitoring Sensors. Sen-
sors, 2020; 20(14): 3870. 

45. Brugarolas R, Latif T, Dieffenderfer J, Walker K, Yuschak 
S, Sherman BL, et al. Wearable Heart Rate Sensor Sys-
tems for Wireless Canine Health Monitoring. IEEE Sen-
sors Journal, 2015; 16(10): 3454-3464. 

46. Shetti NP, Mishra A, Basu S, Mascarenhas RJ, Kakarla 
RR, Aminabhavi TM. Skin-Patchable Electrodes for Bio-
sensor Applications: A Review. ACS Biomaterials Science 
& Engineering, 2020; 6(4): 1823-1835. 

47. Castaneda D, Esparza A, Ghamari M, Soltanpur C, Naz-
eran H. A Review on Wearable Photoplethysmography 
Sensors and Their Potential Future Applications in Health 
Care. International Journal of Biosensors & Bioelectron-
ics, 2018; 4(4): 195. 

48. Hu K, Xia J, Chen B, Tang R, Chen Y, Ai J, et al. A Wire-
less and Wearable System for Fetal Heart Rate Monitor-
ing. In 2021 3rd International Conference on Applied Ma-
chine Learning (ICAML), 2021; pp. 402-407. 

49. Alturki RM. A Systematic Review on What Features 
Should be Supported by Fitness Apps and Wearables to 
Help Users Overcome Obesity. International Journal of 
Research in Engineering and Technology, 2016.

50. Rutherford JJ. Wearable Technology. IEEE Engineering in 
Medicine and Biology Magazine, 2010; 29(3): 19-24. 

51. Kim YK, Wang H, Mahmud MS. Wearable Body Sensor 
Network for Health Care Applications. In Smart Textiles 
and Their Applications, 2016; pp. 161-184.

52. Arai K. Wearable Physical and Psychological Health 
Monitoring System. In 2013 Science and Information 
Conference, 2013; pp. 133-138 

53. Bonato P. Advances in Wearable Technology and Applica-
tions in Physical Medicine and Rehabilitation. Journal of 
Neuroengineering and Rehabilitation, 2005; 2(1): 1-4.

54. Wan J, AAH Al-awlaqi M, Li M, O’Grady M, Gu X, Wang 
J, et al. Wearable IoT Enabled Real-Time Health Monitor-
ing System. EURASIP Journal on Wireless Communica-
tions and Networking, 2018; 1: 1-10. 

55. Ananthanarayan S, Siek KA. Persuasive Wearable Tech-
nology Design for Health and Wellness. In 2012 6th Inter-
national Conference on Pervasive Computing Technolo-
gies for Healthcare (PervasiveHealth) and Workshops, 
2012; pp. 236-240. 

56. Yetisen AK, Martinez‐Hurtado JL, Ünal B, Khademhos-
seini A, Butt H. Wearables in Medicine. Advanced Materi-

als, 2018; 30(33): 1706910.
57. Krey M. Wearable Device Technology in Healthcare—Ex-

ploring Constraining and Enabling Factors. In Fourth In-
ternational Congress on Information and Communication 
Technology: ICICT 2019, London, 2020; 1: pp. 1-13. 

58. Ha M, Lim S, Ko H. Wearable and Flexible Sensors for 
User-Interactive Health-Monitoring Devices. Journal of 
Materials Chemistry B, 2018; 6(24): 4043-4064. 

59. Lu L, Zhang J, Xie Y, Gao F, Xu S, Wu X, et al. Wearable 
Health Devices in Health Care: Narrative Systematic Re-
view. JMIR mHealth and uHealth, 2020; 8(11): e18907. 

60. Campuzano S, Barderas R, Moreno-Casbas MT, Almei-
da Á, Pingarrón JM. Pursuing Precision in Medicine and 
Nutrition: The Rise of Electrochemical Biosensing at the 
Molecular Level. Analytical and Bioanalytical Chemistry, 
2023; 1-22. 

61. Dong T, Matos Pires NM, Yang Z, Jiang Z. Advances in 
Electrochemical Biosensors Based on Nanomaterials for 
Protein Biomarker Detection in Saliva. Advanced Science, 
2023; 10(6): 2205429. 

62. Goldoni R, Dolci C, Boccalari E, Inchingolo F, Paghi A, 
Strambini L, et al. Salivary Biomarkers of Neurodegenera-
tive and Demyelinating Diseases and Biosensors for Their 
Detection. Ageing Research Reviews, 2022; 76: 101587. 

63. Song M, Bai H, Zhang P, Zhou X, Ying B. Promising Ap-
plications of Human-Derived Saliva Biomarker Testing 
in Clinical Diagnostics. International Journal of Oral Sci-
ence, 2023; 15(1): 2.

64. Parkin GM, Kim S, Mikhail A, Malhas R, McMillan 
L, Hollearn M, et al. Associations Between Saliva and 
Plasma Cytokines in Cognitively Normal, Older Adults. 
Aging Clinical and Experimental Research, 2023; 35(1): 
117-126. 

65. Nguyen QH, Kim MI. Nanomaterial-Mediated Paper-
Based Biosensors for Colorimetric Pathogen Detection. 
TrAC Trends in Analytical Chemistry, 2020; 132: 116038.

66. Meng L, Turner AP, Mak WC. Soft and Flexible Material-
Based Affinity Sensors. Biotechnology Advances, 2020; 
39: 107398. 

67. Vavrinsky E, Esfahani NE, Hausner M, Kuzma A, Rezo V, 
Donoval M, et al. The Current State of Optical Sensors in 
Medical Wearables. Biosensors, 2022; 12(4): 217. 

68. Pittman TW, Decsi DB, Punyadeera C, Henry CS. Saliva-
Based Microfluidic Point-of-Care Diagnostic. Theranos-
tics, 2023; 13(3): 1091. 

69. Phillips EA, Young AK, Albarran N, Butler J, Lujan K, 
Hamad‐Schifferli K, et al. Ampli: A Construction Set for 
Paperfluidic Systems. Advanced Healthcare Materials, 
2018; 7(14): 1800104. 

70. Hunkin H, King DL, Zajac IT. Perceived Acceptability 
of Wearable Devices for the Treatment of Mental Health 
Problems. Journal of Clinical Psychology, 2020; 76(6): 
987-1003. 

71. Naslund JA, Aschbrenner KA, Scherer EA, McHugo 
GJ, Marsch LA, Bartels SJ. Wearable Devices and Mo-
bile Technologies for Supporting Behavioral Weight Loss 
Among People with Serious Mental Illness. Psychiatry 
Research, 2016; 244 (1): 139-144. 

72. Fang YM, Chang CC. Users' psychological perception and 
perceived readability of wearable devices for elderly peo-
ple. Behaviour & Information Technology, 2016; 35(3): 
225-232.

73. Elkefi S, Asan O. Wearable Devices’ Use in Geriatric Care 
between Patient-Centeredness and Psychology of Patients. 
In Proceedings of the International Symposium on Human 
Factors and Ergonomics in Health Care, 2022; 11(1): pp. 
125-128.

74. Coughlin SS, Stewart J. Use of Consumer Wearable De-
vices to Promote Physical Activity: A Review of Health 
Intervention Studies. Journal of Environment and Health 
Sciences, 2016; 2(6). 

75. Patel MS, Asch DA, Volpp KG. Wearable Devices as Fa-
cilitators, Not Drivers, of Health Behavior Change. Jama, 
2015; 313(5): 459-460. 

76. Kodali S, Vuong BB, Bulea T, Chesler AT, Bönnemann 
CG, Okamura AM. Wearable Sensory Substitution for 
Proprioception via Deep Pressure, 2023. arXiv preprint 



 ijclinmedcasereports.com                                                                                                                                           Volume 33- Issue 3

8

arXiv:2306.04034. 
77. Chen M, Xiao W, Hu L, Ma Y, Zhang Y, Tao G. Cognitive 

Wearable Robotics for Autism Perception Enhancement. 
ACM Transactions on Internet Technology (TOIT), 2021; 
21(4): 1-16. 

78. Torrado JC, Gomez J, Montoro G. Hands-On Experiences 
with Assistive Technologies for People with Intellectual 
Disabilities: Opportunities and Challenges. IEEE Access, 
2020; 8(1): 106408-106424. 

79. Benssassi EM, Gomez JC, Boyd LE, Hayes GR, Ye J. 
Wearable Assistive Technologies for Autism: Opportuni-
ties and Challenges. IEEE Pervasive Computing, 2018; 
17(2): 11-21. 

80. Sekiya Y, Takahashi M, Kabaya K, Murakami S, Yoshioka 
M. Using Fractal Music as Sound Therapy in TRT Treat-

ment. Br J Audiol, 2013; 11623. 
81. Balling LW, Townend O, Switalski W. Real-Life Hearing 

Aid Benefit with Widex EVOKE. Hear Rev, 2019; 26(03): 
30-36. 

82. Muhammad Sayem AS, Hon Teay S, Shahariar H, Luise 
Fink P, Albarbar A. Review on Smart Electro-Clothing 
Systems (SeCSs). Sensors, 2020; 20(3): 587. 

83. Al-Sada M, Jiang K, Ranade S, Kalkattawi M, Nakajima 
T. HapticSnakes: Multi-Haptic Feedback Wearable Ro-
bots for Immersive Virtual Reality. Virtual Reality, 2020; 
24 (1): 191-209. 

84. Lui GY, Loughnane D, Polley C, Jayarathna T, Breen PP. 
The Apple Watch for Monitoring Mental Health–Related 
Physiological Symptoms: Literature Review. JMIR Men-
tal Health, 2022; 9(9): e37354. 


	Enhancing Proprioception and Regulating Cognitive Load in Neurodiverse Populations through Biometric Monitoring with Wearable Technologies
	tmp.1704992792.pdf.DiTJR

