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ABSTRACT

This chapter presents a theoretical overview of the integration of Electroencephalography 
(EEG) with smart devices, focusing on the technological developments, applications, 
and challenges in this rapidly evolving field. EEG, a non-​invasive method of recording 
brain activity, has historically been limited to clinical and research environments. 
However, advancements in wearable technology, wireless communication, and sig-
nal processing have paved the way for EEG to be utilized in consumer-​grade smart 
devices such as smartphones, smartwatches, and other IoT-​connected systems. This 
chapter explores the theoretical underpinnings of EEG technology and how recent 
innovations have facilitated its incorporation into portable and wearable devices. 
Key applications discussed include mental health monitoring, cognitive state track-
ing, neurofeedback, and enhanced human-​computer interactions. Additionally, the 
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chapter addresses the technical, ethical, and privacy challenges associated with 
EEG-​smart device integration, particularly concerning data accuracy, user comfort, 
and data security.

1. INTRODUCTION

1.1. Overview of EEG Technology and Its Historical Context

1.1.1. Historical Context

The origin of Electroencephalography (EEG) was in 1924, when German psy-
chiatrist Hans Berger initially documented rhythmic electrical brain oscillations in 
the human brain, which he called “alpha waves” (Berger, 1929). This revolution-
ary finding proved that brain activity could be quantified externally, transforming 
neuroscience and making EEG a fundamental tool for investigating brain function 
(Niedermeyer & da Silva, 2005). Early EEG devices were bulky, utilizing large 
amplifiers and analog processing, and hence their applications were confined to 
research and clinical settings.

In those times, EEG was used mostly for the diagnosis of neurological diseases 
like epilepsy and sleep disorders (Teplan, 2002). With the passage of time, tech-
nological progress—e.g., the creation of transistor-​based amplifiers during the 
1960s and digital signal processing during the 1980s—greatly enhanced EEG's 
portability, signal quality, and availability, leading to increased applications (Sanei 
& Chambers, 2013).

1.1.2. Overview of EEG

Electroencephalography (EEG) is an external neuroimaging method that measures 
electrical activity produced by the brain using electrodes on the scalp. EEG has be-
come wearable and wireless in the 21st century, fueled by advances in miniaturized 
sensors, dry electrodes, and machine learning algorithms. These advances have 
extended the use of EEG beyond its classic clinical environments to incorporate it 
into consumer neurotechnology like BCIs, neurofeedback devices, and mental state 
monitoring devices (Makeig et al., 2012).

With these advances come challenges such as vulnerability to motion artifacts, 
noise in signals, and the necessity for standardized protocols to ensure the accuracy 
and reliability of the data (Lotte et al., 2018). EEG is still an indispensable tool today, 
both in research and applied usage, providing brain activity insight and facilitating 
new health, human-​computer interface, and well-​being possibilities.
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