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Abstract 

Brain computer interfaces (BCI) and wearable neurotechnologies are now used to measure real-time neural and 

physiological signals from the human body and hold immense potential for advancements in medical diagnostics, 

prevention, and intervention. Given the future role that wearable neurotechnologies will likely serve in the health 

sector, a critical state of the art assessment is necessary in order to gain a better understanding of their current 

strengths and limitations. In this chapter we present wearable EEG systems which reflect groundbreaking 

innovations and improvements in real-time data collection and health monitoring. We focus on specifications 

reflecting technical advantages and disadvantages, discuss their use in fundamental and clinical research, their 

current applications, limitations, and future directions. While many methodological and ethical challenges remain, 

these systems host the potential to facilitate large scale data collection far beyond the reach of traditional research 

laboratory settings. 

 

 

INTRODUCTION  

Our society faces increasing health disparities, limited 

access to healthcare, and rising healthcare costs. 

Simultaneously, the technological sector has entered an 

era of bio and neurotechnology producing wearable 

neurotechnologies providing real-time and longitudinal 

monitoring of physiological and neural activity, and may 

present viable solutions to many of these issues (Ghose et 

al., 2012). Consumers can now access a wide array of 

wearable technologies that measure, monitor and receive 

feedback from ongoing physiological and neural activity. 

The information provided by wearable technologies has 

numerous overlapping applications.  For example, 

measuring patientsô vital signs at-home may result in 

higher quality, individualized treatment protocols that 

incorporate continuous, detailed information about the 

patientsô ongoing physiological status (Muse et al., 2017). 

A variety of prototypes and commercial products have 

been recently developed that provide real-time health data 

directly to the user or the medical center/professional 

physician, and can alert an individual or care provider in 

the event of a potentially threatening or imminent health 

emergency (Kumar et al., 2012). With an increasing 

capacity to acquire, share, process, store, retrieve, and 

apply big-data methods, wearable technologies may 

significantly improve our ability to tackle some of the 

major challenges of todayô society (Zheng et al., 2014).  

While the application of wearable technologies was 

previously limited to physiological measurements (e.g. 

heart rate, step-counter), recent advancements in wireless 

electroencephalography (EEG; the measurement of neural 

electrical activity from electrodes placed on the scalp) is 

now leading to the development of new applications. 

While wearable EEG technology faces a number of 

limitations and challenges in order to match state-of-the-

art (SoA) research grade EEG equipment (e.g. number of 

electrodes and electrode locations, signal-to-noise-ratio, 

markers etc.), they do hold immense potential, allowing 

direct interfacing between an individualôs brain activity 

and a digital recording device in other environments than 

clinical and research infrastructures and at affordable 
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prices for a wider part of the population. These devices 

will eventually allow us to train and target specific 

cognitive skill sets (Vernon et al., 2003), reinforce 

specific brain rhythms (Brandmeyer and Delorme, 2013), 

play video games (Schoneveld et al., 2016), and create art 

and music based on measured real time neural activity 

(Grandchamp and Delorme, 2016; Levicán et al., 2017). 

EEG measurement reflects the cumulative electrical 

activity associated with the depolarization of cortical 

neurons, can reflect rhythmic and transient activity 

(Buzsáki, 2006), and facilitates analyses of neuroimaging 

data with very high temporal resolution. Brain oscillations 

reflect the  postsynaptic potentials of  neuronal 

populations, either in response to a stimulus from the 

environment (i.e. evoked response potentials, ERPs), or 

associated with mental states (e.g. sleep, coma, cognitive 

activity etc.). EEG scalp electrodes measure the electrical 

waves as they spread across the scalp (See Chapter 19 for 

more information on Electroencephalography). This 

rhythmic activity of the brain is then analyzed in the 

temporal domain (i.e. frequency domain), and most often 

within sub-bands of specific frequencies, customarily 

defined based on their spectral content such as delta (<4 

Hz), theta (4-7 Hz), alpha (8-13 Hz), beta (14-30 Hz), and 

gamma (>30 Hz).  Frequency bands are thought to be 

functionally correlated with specific cognitive processes 

or with specific steps of processing depending on the 

location of their measurement or their latency within a 

specific process. The high temporal accuracy of EEG also 

provides precise temporal information about brain 

processing. EEG is also used clinically to diagnose and 

localize which steps in the brainôs information processing 

pathways are malfunctioning (e.g. visual, auditory, tactile 

processing).  

The recent development of dry electrodes (Taheri et 

al., 1994) and wireless technologies, have led to 

innovative wearable EEG systems, offer quick and 

practical EEG data acquisition solutions (i.e. no gel, 

cleaning, or cables), usually include real-time data 

preprocessing as well as correction for head movements. 

Several new systems are now fully portable, where data 

recordings can be stored directly on the device (i.e. micro 

SD) or transmitted wirelessly to a smartphone (Debener et 

al., 2015; Stopczynski et al., 2014). As a result of these 

technological improvements, new possibilities in the 

domains of fundamental and clinical research have now 

emerged. With features such as the lightweight 

portability, the ease of dry electrodes, and relatively fast 

set up times, well designed wearable technologies enable 

access to populations that were previously harder to 

include in research laboratories settings. 

By gaining access to wider range of populations, 

such as  young children, the disabled, and elderly (Neale 

et al., 2017; Ramirez et al., 2015), neurotechnologies may 

enable longitudinal designs with larger sample-size 

studies (Hashemi et al., 2016; Kovacevic et al., 2015), and 

improve our ability to study the human brain in 

naturalistic settings (Debener et al., 2012). Many modern 

wearable EEG headsets are now comfortable to wear and 

incorporate elegant designs, and re becoming increasingly 

attractive for general public use (Nijboer et al., 2015). 

Innovative applications including practical, easy, and 

high-fidelity at-home recordings, have the potential to 

enable neurofeedback (NF) and brain-computer interface 

(BCI) based cognitive interventions, applications, group 

studies (i.e. simultaneous recording of different 

participants), big data analyses, and more.  

At present, wearable EEG technologies remain one 

of the most promising candidates for the real world 

applications of self-health monitoring solutions (See 

Chapter 7 for more details on BCI principles, concepts 

and domains). Recent innovations in wearable headset 

design enables the delivery of both transcranial current 

stimulation (TCS), functional near-infrared spectroscopy 

(fNIRS; see Chapter 22 for more information on NIRS), 

in addition to the simultaneous combination of these 

methods with EEG (see Table 1). In the following 

chapter, we review several high-fidelity EEG wearable 

systems currently available (both consumer and research 

grade products), in addition to systems that combine EEG, 

TCS with fNIRS or TCS. We then explore the different 

applications that already exist using wearable 

technologies and address the limitations, prospects, and 

precautions associated with such technologies. 

 

 

Wearable neurotechnologies 

In the following section, we provide a list of both 

relatively low-cost (i.e. under a $1,000) and widely used 

(as of 2018) wearable EEG systems that are available for 

both fundamental and clinical research, NF, BCI and 

home-use based applications. We also review a non-

exhaustive list of less affordable (i.e. more than a $1,000) 

and more advanced systems that are destined for 

professionals that have access to funding and are 

interested in the applications using these systems. 

Excluded from this review were several single channel 

EEG devices - which are relatively limited based on 

todayôs standards (Luck, 2014; Picton et al., 2000) - or 

EEG devices that lacks significant technical or scientific 

evidence or were proven to provide poor signal quality 

(e.g. Emotiv Insight, Foc.us EEG Dev Kit, FocusBand, 

Imec, Neurosky Mindwave, and the two Kickstarter 

products: Melon and Melomind). 
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APPLICATIONS  

Fundamental research 

Over the past century, EEG studies have served as a key 

methodological tool for the scientific study of human 

cognition, sleep, neurodegenerative diseases, and brain 

disorders (Luck and Kappenman, 2011; Regan, 1989). 

While traditional EEG laboratory recordings require 

lengthy application and recording procedures, several of 

these technical factors can be overcome by increasingly 

sophisticated lightweight, easy to setup wearable EEG 

headsets and headbands that implement wireless and dry 

electrode technologies and  allow scientists to gain access 

to large volumes of raw data for research purposes.  

 However, it is important to note that several 

technical specifications are required to obtain good data 

quality when conducting both continuous EEG and event-

related brain potential (ERP) research (Luck, 2014; Picton 

et al., 2000). Electrode type, the minimum number of 

electrodes needed for meaningful interpretation, the 

importance of the scalp electrode locations (i.e. standard 

nomenclature of the 10/20 and 10/10 systems), inter-

electrodes impedance, reference-electrode selection, and 

amplifier capabilities (e.g. number of bits available, the 

common-mode rejection ratio, or the amplifier gain). An 

obvious concern with low-cost EEG systems is whether 

the actual hardware meets the standards necessary to 

achieve sufficient EEG signal quality. As described in 

Table 1, not all, but some wearable neurotechnological 

systems currently record the data at high fidelity sampling 

rates (i.e. > 256 Hz) and with high signal resolution (i.e. 

superior to 8 bits). Regarding the argument for increased 

number of electrodes, as highlighted by Picton et al. 

(2000), ñthe optimal number of recording channels is not 

yet known. This number will depend on the spatial 

frequencies that are present in the scalp recordings 

(Srinivasan et al., 1998), provided that such frequencies 

are determined by the geometry of the intracerebral 


