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Could electrodermal activity detect emotions soon?
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Electrodermal activity (EDA) refers to the changes in active
and passive electrical properties across the skin in areas of
the body that are psychologically responsive [1]. Studies of
the EDA date back more than 100 years ago when
researchers first identified a link between the flow of current
in the skin and psychological states. However, the essential
discovery of EDA phenomena is credited to two researchers
the French neurologist Féré (1888) and the Russian
physiologist Tarchanoff (1889), who likely worked without
knowledge of each other. Féré, using an external direct
current, observed a reduction in skin resistance following
emotional stimulation. On the other hand, Tarchanoff,
without utilizing any external source of current found
changes in skin potential as a result of emotional stimulation
[2]. The first connection between EDA and emotions can be
associated with the discoveries of Féré and Tarchanoff.
However, Jung and his colleagues (1906) in the first scientific
study used EDA to evaluate patients' emotional sensitivity
during word association tasks [3]. These early works laid the
foundation for modern psychophysiology and by the early
1970s several studies had been performed on using EDA for
detecting emotional states. Today EDA can be considered
one of the popular approaches for investigating human
psychophysiological emotion.

EDA plays a significant role in psychophysiological
measurements and is applied in various clinical applications.
EDA measurements are considered an invaluable tool for
assessing changes in autonomic reactivity, especially the
sympathetic branch evoked by different psychosocial events
such as stress, emotion, attention, anxiety, etc. Two key
features enhance the usefulness of EDA in psycho-
physiological applications. Firstly, EDA signals reflect only the

sympathetic activity of the autonomous nervous system and
there is no parasympathetic innervation of sweat glands.
Secondly, neurotransmission at the effector synapse is
predominantly cholinergic, meaning it is mediated by
acetylcholine release [4].

EDA measurements are considered to be effective in
investigating stress and anxiety compared to other
physiological measurements like heart rate, respiration rate,
and skin temperature [5]. Studies have shown that changes
in EDA responses are known to be associated with emotional
arousal [6, 7]. Their ability to provide real-time data in a non-
invasive way led to applications in stress detection [8-10],
autism examination [11], detection of depression [12],
schizophrenia prognosis [13], recognizing emotional states
[14], seizure detection [15], etc.

Advancements in EDA recording technologies and the
creation of innovative, reliable signal processing algorithms
have sparked a growing interest in using EDA measurements
across various new and emerging fields. More recent uses of
EDA measurements in psychophysiological applications
include continuous (long-term evaluation) stress monitoring
[16], automated mental workload monitoring [17], sleep
drowsiness and driver safety [18], and measures of
sympathetic nervous system activity [19].

Based on the aforementioned, it can be said that EDA is
rapid, inexpensive, non-invasive, and offers unbiased
information on sympathetic nervous system arousal [20].
EDA has made great strides in psychophysiological
assessments, although emotional measurements still
present certain challenges. Most of these challenges
contribute to inaccurate emotional behavior determination,
even though EDA monitors sympathetic nervous system
arousal and is frequently employed as an indirect indicator
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of emotional states. Some of these limitations are explained
as follows:

EDA measures physiological arousal, which is linked to
the activation of the sympathetic nervous system. However,
as with Multiple Arousal Theory [21], it cannot accurately
distinguish between different types of emotions (e.g., anger,
fear, happiness, neutral, sad, etc.) as they may produce
similar arousal patterns [22]. In other words, EDA requires
complementary data sources to assess the emotion
appropriately, which makes it challenging to recognize the
emotional valence (positive or negative) without further
measurements.

The non-emotional factors are another limitation; EDA
can be impacted by factors unrelated to emotions, such as
physical activity or movement [23], ambient temperature
[24] or humidity [25], sweat gland density, and caffeine
intake [23].

Individual differences in physiology and baseline EDA
levels are another significant factor that contributes to
response variability. These factors include age, gender [26,
27], and mental health conditions (e.g., depression or
anxiety disorders) [28].

Technical challenges also affect the efficacy of EDA in
psychological research and its applications. Sensitivity to
electrode placement [29], skin contact [30], and motion
artifacts are among these technical challenges. The low
satisfaction of users and reliability, particularly in wearable
or portable applications, necessitates improvements in
signal processing and sensor design development.

EDA devices are expected to be developed to detect
emotional states more accurately soon, assuming that these
challenges have been addressed and integrated with
multimodal systems like emotion-focused Al models and in
combination with other physiological signals like EEG, ECG,
heart rate variability, respiration (RSP), skin temperature,
photoplethysmography, and eye tracking (ET). Also,
concurrently monitoring EDA laterality would aid in gaining
a deeper comprehension [21]. This will bring them one step
closer to devices that can sense an individual's feelings and
potentially lead to a deeper understanding of human
emotions [31]. While EDA measurements of real-time
emotional feedback are making their forays into personal-
ized medicine and even brain function, the regulatory
framework must advance similarly for applications that are
safe, effective, and ethically responsible.

In the future, EDA measurements are expected to be
crucial in the following areas: detecting emotions, and
monitoring physiological signals continuously to identify and
track mental health conditions like stress, anxiety, or
depression; EDA-enabled wearables could soon enhance a
deeper understanding of human behavior and brain
function; improving educational experiences by adjusting to
students' emotional states during learning; and enhancing

communication and collaboration with robots, making them
more perceptive and empathetic.
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