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ABSTRACT 

In this work skin conductance measurement was used to investigate a number 

of aspects of response to repetitive audiovisual stimuli and at different age 

group subjects. Stimuli were induced with a range of film clips generating 

emotions and an audiovisual computer generated segment to investigate 

repetitive stimulation and resultant response. Past skin conductance 

experimental measurements indicate that a number of specific factors can 

influence the results. These factors include: electrode type and placement, 

sensitivity, resolution of the equipment, areas covered by the electrodes, skin 

temperature and experimental environmental conditions to name just a few. 

The electrode placement and recording site used in this work is based on the 

understanding that maximum neural innervations occur where the ring finger is 

innervated with both ulnar and median nerves. This was critically important 

when measured and calculated parameters of skin conductance such as 

latency, amplitude, response rate and duration of multiple stimulus sequence 

responses were investigated. 

An advanced portable skin conductance device was developed for biomedical 

application. An audiovisual computer program was prepared for optimisation of 

the biomedical application and the verification of the results . Repetitive multiple 

stimuli were introduced sequentially within this video clip that utilised a crashing 

glass sound to generate excitation. Results were plotted for 2·1 subjects in two 

separate experiments using this multiple stimuli. After measuring the skin 

conductance data, amplitude (intensity), latency (response time, delay), reaction 

rates (gradient of the rise), and the response length were calculated and 

statistical analysis carried out. 

The results showed that during three repetitive multiple stimulus, after a non 

action period if a crashing sound was introduced, a decrease in the amplitude of 

the skin conductance was observed, in contrast the latency or delay in reaction 
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time was increased with each repetitious stimuli, and the reaction rate for each 

stimuli was very close for each of the three consecutive crashes. 

For the analysis of continuous stimulation, five film segments were used and 

measured skin conductance parameters were again analysed. A detailed 

statistical analysis was carried out for one of the film segments and analysis 

was applied to 59 subjects that were grouped according to their age distribution 

and grouping. The results showed a good correlation of the groupings and it 

was determined that with increased age, skin conductance is reduced . 

This verification results showed that a reliable audiovisual stimulation may 

assist with subjects maintaining focus. The results also showed that attention 

may act as a filter for the response minimizing spontaneous sudomotor reflexes 

that enable the study of repetitive stimulus of oddball paradigm. 

The results validate the effectiveness of the developed device and indicate that 

under controlled conditions, multiple sequential stimuli might initiate brain-to-

skin conductance path might be crucial in controlling responsive psychological 

stimuli and possibly its clinical applications such as control of epileptic seizure 

and its use as early seizure warning device. 

To understand the brain pathways and the reaction mechanisms of the 

emotional stimuli, future work utilising this device, with functional magnetic 

resonance imaging and other classic medical monitoring equipment such as the 

EEG is recommended. 
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Chapter 1 Introduction 

1.0 INTRODUCTION 

1.1 Significance 

Epileptic seizures have induced devastating consequences within society. 

Currently a completely satisfactory seizure identifying and warning device does 

not exist. 

It has been reported anecdotally that seizure alerting behaviour may develop 

spontaneously in dogs living with epileptic adults (Dalziel et al. 2003). Published 

work suggests that of all the families investigated 40 percent owned a dog and 

about 40% of these dogs had seizure specific behaviour. It has also been 

reported that somatosensory stimulation can affect both seizure activity and 

other forms of pathologically increased brain activity such as the geste 

atagoniste of dystinia {MUiier et al. 2001 ). 

This remarkable ability of some dogs to anticipate human seizures has recently 

generated interest on seizure detection mechanisms and devices. Anticipation 

of the seizure occurred early by the dog and was both sensitive and specific. A 

few studies have focused on the identification of this seizure anticipation ability 

by proposing devices based on sensitive electromagnetic changes to novel 

materials and their application as electronic noses and tongues (Dalziel et al. 

2003, Edney 1991 ). 

Sensitivity of dogs is very well known on a range of sensory receptors. Their 

sensitivity to smell or odour has been the specific focus to build a device that 

could measure the change electronically somehow. Sweat formation influences 

the skin conductance and hence can be quantified. The question arises how 

can we measure emotional behaviours such as fear, reliably and quantitatively? 

Hence the preliminary aim of this thesis is to develop a biomedical device that 

measures the skin response, analyse the effects of emotional behaviour, and 
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Chapter 1 Introduction 

verify the results. A similar device can then be used as a biomedical tool to 

identify the emotional or related changes prior to a seizure. 

1. 2 Historical Overview 

The study of electrical activity of the skin was initiated over 100 years ago 

where two major methods were established. The first is referred to as exo-

somatic (the current for the measurement is introduced from an outside source) 

and was introduced by Charles Fere (1888) . This method focuses on galvanic 

skin response , psycho-galvanic skin response , skin resistance response or skin 

conductance response . 

The second type is called en do-somatic. It was pioneered by Tarchanoff ( 1889) 

where the source of voltage is internal and named skin potential level (SPL) or 

skin potential response (SPR). 

Historically, the most widely employed term to describe both phenomenons had 

been the galvanic skin response (GSR). Today, a general term, electroderrnal 

activity (EDA) is the preferred term to label this phenomenon, as it is a generic 

reference that covers all methods of measuring the electrical activity of the skin 

(Fowles 1986). 

EDA has been utilized to investigate numerous areas such as orienting and 

attention , learning and conditioning, psychopathology, personality disorders, 

individual differences, brain asymmetry and laterality, cognitive functions, as 

well as neuropsychology (Hugdahl 1995; Dawson et al. 2000). 

Boucsein in 1992 states that "EDA is mediated solely by the sympathetic branch 

of the autonomic nervous system (ANS) and is therefore not subjected to 

peripheral parasympathetic influences as most other autonomic variables". 
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Chapter 1 Introduction 

Work by Edelberg (1972) and Venables and Christie (1973), indicates that EDA 

has a direct correlation to sweat glands activity and is a complex reaction with a 

number of control centres in the Central Nervous System (CNS). The skin 's 

sweat glands are the apocrine and the eccrine glands. The apocrine sweat 

glands are large, open to the hair follicles , begin to function after puberty 

(Boucsein 1992), and do not play a role in EDA. The eccrine sweat glands have 

a wide distribution over the body surface and are most numerous in the palm of 

the hand and the sole of the feet (Andreassi 1995). 

The eccrine sweat glands are known to respond to sensory stimuli and are 

more responsive to psychological excitation (Stern , et al. 1980). 

The primary function of most eccrine sweat glands is thermo-regulation 

(Dawson et al. 2000) as well as improvement in grip (Darrow 1936, as cited in 

Hassett 1978), by greater tactile sensitivity, and increased resistance to 

abrasion or cutting of the skin (Hassett 1978). Most of these research areas 

were directed for short term recording and analysis. 

All previous work using EDA, Skin Conductance Response (SCR), Skin 

Conductance Level (SCL) and Skin Potential Level or Response (SPL/R) 

utilised different types of electrodes and their placement varied both on the 

palmar surface of different fingers and on different parts of the body from close 

proximity to a large distances, without taking to account a number of basic 

important experimental factors that influences skin conductance (electrode 

types, placement and distance to name just a few). 

The validity of skin conductance measurement is also dependent on the 

experiment protocol used. The use of some commercially available instruments 

may limit the scope of analysis due to limited signal processing capability and 

potential complexity of output files. 

Therefore, there is a need to develop a device that is portable and can be used 

under normal functional movements. In addition to portability, analysis of the 

emotional changes, the response times and the reaction rates has to be 
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Chapter 1 Introduction 

anlysed in situ and relevant warning signals need to be immediately passed to 

the patient. 

1.3 Aims and Objective 

The main aim of this thesis is to develop and verify a biomedical skin 

conductance measuring device that can easily identify and alert sudden 

emotional or physiological change. This device could be used for the analysis 

for repetitive stimuli (short or long inter trial intervals (ITI)). 

Measurement of the data under emotional audiovisual stimulation and their 

computational and statistical analysis will open new avenues in future seizure 

alerting medical devices. 

Considering the clinical and ethical approval processes and related financial 

constraints, this thesis did not aim to use the device developed to epileptic 

patients. This thesis does aim to demonstrate the ability of the device to identify 

the skin conductance change and its validity under emotional stimulation . 

1.4 Thesis Outline 

An overview of the proposed work, historical background, aims, significance 

and the thesis outline are given in the first chapter. Literature review is given in 

chapter 2 providing details on the relevant anatomical issues related to skin 

conductance. The extent of this chapter is related to the scope of the thesis and 

provides the necessary background on EDA in response to stimuli. The 

literature review is given with anatomical and physiological aspects of the skin , 

in particular the galbreous skin that is found on the sole of the feets and the 

palms of the hands which has special significance for EDA measurements. 

Attention is given to eccrine sweat glands; although their primary function is 

thermo-regu lation the eccrine glands on the palm's surface respond quickly and 
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Chapter 1 Introduction 

strongly to psychological and sensory stimuli. Therefore, they play a major role 

in EDA. The structure of the eccrine glands includes the local integration with 

the palm's skin and describes how the different parts of the sweat glands 

interact with different layers of the skin. Their distribution, sweat content and 

chemistry have an effect on EDA. 

This chapter is introduced to provide background on skin structure and the 

sweat glands with its relevance to the autonomic nervous system (ANS). The 

ANS peripheral and sensor organisation will be discussed as well as its primary 

division of sympathetic and parasympathetic branches. This section also 

includes the specific mechanism underlying electrodermal activity and reported 

aspects of electrical properties of the skin . 

The review includes highlight of the work that has been carried on electrodermal 

activity, the type of measurements conducted with a particular focus on skin 

conductivity as an exo-somotic measurement. Here close attention is given to 

the measurement systems used, as well as electrode placement methods or the 

lack of it specified . 

Chapter 3 describes general aspects of the development of the portable skin 

conductance measuring system. This chapter introduces the type of 

conductance measurement method used, the circuitry for signal amplification 

and the importance of electrode placements. It details the two methods of 

audiovisual stimulation developed: the first to induce controlled repetitive 

stimulation and the second joined film clips that induce continuous stimulation . 

Chapter 4 introduces the first of the two verification methods that describe the 

details of the equipment calibration method used, subject selection and new 

electrode placement procedures, under audiovisual repetitive stimuli and details 

of the data. Statistical analysis related to the intensity, latency, reaction rate and 

reaction length are calculation methods are explained. 
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Chapter 1 Introduction 

In the second verification methods, the effect of continuous stimulation was 

carried out within different age group participants. Therefore chapter 5 is 

designed to explore the effects of different age groups or ageing on the EDA. 

The experimental procedure is described. Grouping of the 56 participants was 

carried out with appropriate statistical analysis and taking into account the 

correlation factors. Statistical analysis to determine the effect of ageing on skin 

conductivity is also covered. 

A brief summary of all of findings and further discussions of the experimental 

results and the mechanism related brain-skin conductivity areas are briefly 

covered . 

In chapter 7 the recent work on the mechanisms of brain - skin conductance 

path variations related to the latency under continuous stimuli is explained. 

Possible future work on further understanding of these mechanisms using 

combined instrumentations is described . The final section covers conceptual 

issues related to the equipment and the procedure developed as a potential 

seizure alerting device for epilepsy. 
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2.0 LITERATURE REVIEW 

2.1 Skin Anatomy and Physiology 

The skin is the largest and most versatile organ in the body. It covers the entire 

external surface and it is a selective barrier that prevents entry of foreign matter 

into the body. The skin also facilitates the passage of materials from the 

bloodstream to the exterior of the body. It is a unique sensing organ that 

includes temperature tactile and pain receptors. It regulates perspiration of the 

body through the function of the sweat glands that controls hydration and the 

emission of fluids (Dawson et al. 2000) 

The skin has a layered structure primarily named the epidermis, dermis and the 

hypodermis. These layers can vary in thickness with the majority considered as 

the thin skin. The thicker or glabrous skin (hairless) is found on the palms of the 

hands (palmar) and the soles of the feets (plantar/volar). The thick epidermis 

layer in those parts of the body is not smooth and consists of complex patterns 

of ridges and groves that contribute to a strong and mechanically stress 

surfaces that have a special significance for EDA measurements. 

The epidermis is composed primarily (95%) of keratin synthesising epithelia 

cells (keratinocytes) and contains no blood vessels. It is entirely dependent on 

dermis for nutrient delivery and waste disposal via diffusion through the dermo 

epidermal junction. The epidermis can be divided into layers that represent the 

stages of keratinocytes migration. The stratum germinativum lay on top of the 

basal lumina that is included in the dermis. These produce mainly keratinocytes 

cells that within a period of around 30 days reach the skin surface and are 

exfoliated there in the form of plates. The cells of the bottom layer are meshed 

together like a zipper, sometimes a total melting of cell membranes appear 

together with a reduction of intercellular spaces and may act as a electrical 

contact areas for the transmission of action potential from cell to cell. 
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The stratum corneum (horny/top layer) is composed of clear dead scale like 

keratinocytes calls which become progressively flattened and fused it is 15 to 

20 cells deep in the palms and the soles. 
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Figure 2.1: Cross section of the human skin as a layered structure and its organs 
(Adapted from Skokie 1993) 

The next layer underneath the epidermis is the papillary stratum. Figure 2.1 

shows how it fits into cavities in the underside of the epidermis. It is also called 

the dermal junction arrangement. This allows for an increase of basal layer area 

that in turn enhances an enlargement of the area for producing new epidermal 

cells (Montagna & Parakkal 197 4 ). The top layer of the dermis consists of 

arterial and venous blood vessels which end in a capillary net and receptor 

organs, melanocytes and free collagen cells. The second layer of the dermis, 

the reticular stratum is made by strong collagenous fibres that give the skin 

higher resistance against rupture. 

The hypodermis consists of connective tissue that connects the skin with the 

muscle covering tissue and allows for a good horizontal mobility of the skin 

across its surface. The hypodermis has the ability to store fat and act as a 
12 
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thermal and mechanical insulation layer. It contains the nerves and vessels that 

supply the skin, the hair fossils and glands, which innovate adrenergically and 

regulates the cutaneous blood flow. Figure 2.1 show other skin sensory organs 

that appear in all layers of the dermis and hypodermis. These include (with 

localised exceptions to certain parts of the body) sweat and scent glands, the 

mammary glands and sebaceous glands that link with hair follicles, some free 

ending sensitive nerves as well as encapsulated interconnected tissue (e.g. 

pacinian corpuscles) sensory nerves that reach the epidermis and may be 

serving as tactile receptors. 

The hair mount diagonally to the body surface. The hair root is connected with 

sebaceous glands and a smooth muscle bundle is attached to the inclined part 

of the hair as the pillar active muscles. The muscle can erect the hair and the 

skin (from goose flesh), however those structures are unique for polygonal skin 

which is not the original use for EDA measurement as the parallel planter area. 

2.2 The sweat glands 

The human body has about three million sweat glands or exocrine glands which 

secrete directly onto the skins surface. The greatest density of glands is found 

on the palms, the soles and forehead and the least density of glands is on the 

arms, legs and trunk (Kuna 1956). The total number of sweat glands is fixed at 

birth (3000 per sq. cm in 24th week of pregnancy) and therefore density 

decreases from birth to adult hood as the total body surface area increases by 

factor of 7 (Montagana and Parakkal 197 4 ). 

There are two types of sweat glands: apocrine and eccrine. The apocrine sweat 

glands are typically found in the genital area and armpits and tend to be large 

and open into hair follicles (Boucsein 1992). While the exact function of 

apocrine glands is not well understood, there is some evidence to suggest that 

in some mammals, apocrine sweat glands produce a thick secretion that serves 

as a sexual scent hormone (pheromone). 
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Apocrine sweat glands do not play a role in EDA, and are consequently largely 

irrelevant to the field of psychophysiology (Boucsein 1993). The eccrine sweat 

glands are more numerous than apocrine glands and secrete a thinner, watery 

sweat. They are known to respond to sensory stimuli and are more responsive 

to psychological excitation, and are thus more important to the 

psychophysiologist (Stern at el. 1980). 

2.2.1 The structure of the Eccrine gland 

Eccrine glands are tubular structures with secretory ducts that open as a small 

pore on the epidermis. Depending on the degree of sympathetic activation , 

sweat rises toward the surface of the skin and often overflows onto the surface. 

Initially, it was thought that EDA was solely determined by how much sweat was 

present on the skin, however, changes in EDA occur with even a slight rise or 

decrease of sweat within the glands (Stern et al. 1980). 

The primary function of most eccrine sweat glands is thermoregulation (Dawson 

et al. 2000). The eccrine sweat glands are well distributed over most of the skin, 

but are especially dense on palmar and plantar surfaces of the hands and feet 

(Andreassi 1995). 

Eccrine glands on the palm and foot surfaces respond weakly to heat and 

strongly to psychological and sensory stimuli , whereas the opposite is true of 

the eccrine glands found on the forehead, neck and back of the hands 

(Andreassi 1995). Although all eccrine glands are responsive to emotional 

stimuli, sweating on the palmar and plantar surfaces tends to be especially 

apparent due to high gland density. The eccrine sweat gland is composed of the 

secretory segment and the duct. The secretary segment is located in the 

hypodermis and in the dermis it consists of a tube that is irregularly coiled into 

rounded mass approximately 0.4 mm in diameter (Boucsein 1992). The 

secretory segment leads to the duct that lead to the surface of the skin ; fi rst the 
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straight portion of the duct through the dermis and then a spiral corse through 

the epidermis both the secretory and the ductal segment are formed by a 

double or triple cell layer surrounding a lumen of 5 to 10 micrometer in diameter 

(Boucsein 1992). Although the spiralling epidermal part of the duct is 

considered as part of the gland , it has no cells of its own and the spirale is 

formed by the stratum corneum cells of the epidermis that lead to the skin 

surface through a little pore. 

Spiral shaped epidermal 
part of the duct 

Neural intervention 

Vascular intervention 

Figure 2.2: The structure of the eccrine sweat gland (Adapted from Boucsein 
1992) 

Hashimoto (1978) found that the dermal part of the duct is composed of only a 

single cell layer and is not surrounded by myoepithelial cells. The secretory 

segment however is surrounded by a thin sheet as basement membrane. The 

myoepithelial cells resemble smooth muscle cells. The stercorary cells consist 

of either clear serous cells or dark mucous cell. The clear cells consist of 

glycogen content and mitochondria (Sato 1977) that is required for the high 

metabolic activity necessary for active sweat secretion. The dark cells are 

responsible for the secretion of mucus substances. According to Ell is (1968) the 
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serous cells act like a filter through which water and specific ions pass from the 

plasma into the lumen. 

2.2.2 Sweat secretion and reabsorption 

Human sweat contains approximately 147-151mM Na, 123-124 mM Cl, 5 mM 

K, 10-15 mM bicarbonate (Glucose -C5H1205.H20),and 15-20 mM lactic anion 

(Sato, 1977). It also contains small amounts of other trace ions and nitrogen -

containing organic traces as: Urea (NH2CONH2 ), Ammonia(NH3 ), Creatine, 

Creatinine, Uric acid, and proteins that originating from the glands. The amino 

acids make up half the nitrogenous material on the non-sweating skin surface. 

The concentration of amino acids in sweat decreases with age and exercise. 

Other organic constitutes in the sweat are free fatty acids such as: Lactic acid 

( CH3CH(OH)C02H) and Pyruvic acid(CH3COC02H) as well as lipids, wax esters and 

vitamins. 

Although sweat as it is produced consists predominantly of NaCl, the sweat on 

the surface of the skin is secreted with a reduced amount of NaCl (Sato 1977). 

The variation in content is said to be due to the reabsorption mechanism of the 

ductal walls as it consists of interspaces. The drop in NaCl concentration is 

reduced with an increased rate of perspiration that may be due to the limited 

reabsorption capacity of the duct. Although most of the reabsorption take place 

in the dermal duct, it is possible that an additional absorption mechanism exist 

in the epidermal ductal walls to prevent the body from excessive lose of NaCl 

through sweating in high ambient temperature (Fowles 197 4 ). NaCl can be 

regarded as a mediator of sweat production as it is actively transported through 

the lumen within the secretory segment and after drawing water into the lumen 

it is reabsorbed within the duct. 

The sweat flow through the duct in pulsatile manner of 12-21 Hz, (Nicolaidis and 

Sivadjian 1972). The rhythmic contraction of the myoepithelial surrounds the 

secretory segment and the ductal part like a helix. It is regarded as the source 
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of the pulse. Sato (1977) observed rising and falling in micro peptide brought 

into the lumen at a frequency of .5-2 Hz during low sweating rate however Kuna 

( 1956) argued that the pulsation is due to neural stimulation rather then 

myoepithelial contraction, however the nature of the appropriate innervation is 

not clear. 

Thermo regulating sweat can be divided into the visible or sensible perspiration 

and the invisible or insensible perspiration. The natural temperature zone of an 

unclothed resting adult is 28-30° Celsius, with 50% relative humidity and calm 

wind, the loss is controlled solely by vasomotor activity. Below this temperature 

zone, water vaporises through insensible perspiration and above 34° Celsius is 

when significant amounts of sensible perspiration is lost (Thiele 1981 ). 

Apart from the thermoregulatory sweating, Schiliach & Schiffler (1979) showed 

that various types of sweating such as gustatory, spontaneous, reflex, induced 

and emotional sweating use the postganglionic sympathetic neurone. This 

neurone has its origin in the sympathetic trunk and descends to the sweat 

glands via the peripheral cutaneous nerve. It is known however, to cause 

increased sweat gland activity when one is exposed to physiological or 

emotional state. 

Although emotional sweating is observed mainly in the palmar and the planter 

sites, it has been shown that increased sweating of other areas of the body can 

occur during emotional stress or be induced by arithmetic exercise (Allen et al. 

1973 ). The amount of sweating is directly proportional to the number of sweat 

glands per region. Furthermore, the possibility of specific reactivity in the palmar 

and plantar sweating to psychological stimulation is dependent on the greater 

sweat gland density on these sites. 

2.3 Neural Pathways 

The context in which the skin and the sweat glands are placed is within the 

autonomic nerve system (ANS). Their function is determined on a peripheral 
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level by the physiological mechanisms of the ANS. The contraction or relaxation 

of muscles and secretion of glands usually expresses the functional activity of 

the nervous system. These actions are mediated through the somatic motor 

system and the autonomic nervous system (visceral motor system). These two 

systems interact but they are two different individual systems in the peripheral 

nervous system. 

Autonomic nervous system (ANS) is one sub-division of the peripheral nervous 

system (PNS) and is an effectors system. The general role of ANS is to 

influence the visceral activities, which helps to maintain internal homeostasis. 

The ANS has a two-neuron linkage, sensory neurons and motor neurons, which 

carry impulses between the central nervous system and the peripheral organ 

systems smooth muscles, heart muscle, glands and viscera. This is distinct 

from the somatic motor system that controls skeletal muscle (Kandel et al. 

1995). The autonomic nervous system mostly self-regulates and therefore, it is 

referred to as the involuntary motor system while the somatic motor system is 

the voluntary motor system. 

As mentioned previously, there are two neurons present in the autonomic 

nervous system: namely the pregangfionic neuron and postganglionic neuron. 

The preganglionic neuron is located within the brain stem or spinal cord and has 

an axon which courses through a cranial or peripheral nerve and terminates by 

synapsing another neuron or neurons located in an autonomic ganglion outside 

the central nervous system. With regards to the postganglionic neuron, it has an 

axon which extends peripherally to terminate on the effectors organs such as 

the smooth muscles, cardiac muscle, or glands (Kandel et al. 1995). 

The autonomic nervous system consists of three major divisions: 

i) Sympathetic division; 

ii) Parasympathetic division and 

iii) Enteric division. 
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The sympathetic division is involved in the response of the body to stress 

whereas the parasympathetic division acts to conserve the body's resources 

and restore the equilibrium of the resting state. The enteric division controls the 

function of the smooth muscle of gut. 

2.3.1 Sympathetic nervous system 

The sympathetic nervous system is also referred to as the thoarcolumbar 

system. In the sympathetic system, preganglionic fibers or neurons arise in the 

spinal cord. 

These cell bodies of the sympathetic chain are located in the intermediolateral 

nucleus of lamina VII, which extends from spinal segment T1 through L2. Refer 

to Figure 2.3 for a diagram of the structure of the sympathetic system in the 

autonomic nervous system. These preganglionic neurons travel through a short 

distance of the ventral roots, which are referred as the thoracolumbar outflow, of 

the spinal nerves and branch off to the white ramie communicants and the 

sympathetic truck. 
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Figure 2.3: The structure of the sympathetic and parasympathetic branch of the 
ANS (Adapted 'from Britannica 2007) 

These white ramie communicants are actually the branches of the spinal 

nerves. After branching off, these neurons will terminate by synapsing with the 

postsynaptic fibers located in the sympathetic ganglion. (Noback et al. 1996, 

Bakewell 1995) 

The sympathetic ganglia are organised into two chains that run parallel to and 

on either side of the spinal cord. This termination is either with the prevertebral 

ganglia of the sympathetic chain or prevertebral ganglia. The prevertebral 

ganglia of the sympathetic chain or trunk, which are called the sympathetic 

chain ganglion, are located along the centre of the vertebral column from the 

upper cervical through coccygeal levels. The thoracolumbar outflow provides 

the neurons to this sympathetic chain ganglion. The synapse starts from the 

midline in a terminal ganglion on the coccyx. The prevertebral (collateral) 
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ganglia are located in the abdomen adjacent to the abdominal aorta and its 

main branches consists of the celiac, aorticorenal, superior mesenteric, and 

inferior mesenteric ganglia derived from T6 through T2 spinal segments. Each 

preganglionic neuron has a relatively short axon that synapses with many 

postganglionic neurons whereby each of them has a long branching axon 

forming numerous neuro effectors junctions over a wide area. The preganglionic 

neurons will perform either one of the actions listed below in the sympathetic 

ganglion: 

• Synapse with postganglionic neurons that return to the spinal nerve via 

gray ramous before terminating in the sweat glands and the walls of 

blood vessels near the surface of the body, or 

• Moving up and down the sympathetic chain and synapse with the 

postganglionic neurons in a higher or lower ganglion, or 

• Pass via small nerves and prevascular plexuses to the visceral structures 

of the head, neck and thorax. Some of these preganglionic neurons pass 

into the adrenal medulla where they synapse with the specialised 

postganglionic neurons, which stimulate the secretory portion of the 

adrenal medulla (Noback et al. 1996, Kimball 1994 ). 

The preganglionic nerve terminals use acetylcholine (ACh) as the 

neurotransmitter at the synapse while the postganglionic nerve terminals 

release norepinephrine, also known as noradrenalin, as the r eurotransmitter. 

However, in the sweat glands, the postganglionic neurons use acetylcholine as 

the neurotransmitter. 

The sympathetic system is responsible for enabling the activities that are 

mobilised by the organism during emergency and stress situations. The 

responses can be referred as the "fight, fright and flight" responses. To respond 

quickly to the external environment, the hypothalamus and sympathetic nervous 

system activate an increased sympathetic outflow to the heart and to other 

viscera, the peripheral vasculature, and sweat glands as well as to piloerector 

and ocular muscles (Kandel et al. 1995). 
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2.3.2 Parasympathetic nervous system 

In contrast to the sympathetic system, the parasympathetic nervous system is 

concerned with the conservation and restoration of energy of the organ. It 

causes a reduction in heart rate and blood pressure, facilities digestion, 

absorption of nutrients and consequently the excretion of waste product 

(Bakewell 1995). The parasympathetic is also known as the craniosacral or 

cholinergic system due to its preganglionic fibers that emerge with cranial 

nerves Ill , VII, IX, X, and at sacral spinal segments S3 and S4. The other 

reason is the neurosecretory transmitter released by the postganglionic fibers 

usually is acetylcholine (ACh). Refer to Figure 2.3 for the structure of the 

parasympathetic nervous system and the organs affected by it (Noback et al. 

1996). 

The preganglionic neurons outflow from the cell bodies of the cranial nerves 

Ill , VII , IX and X in the brain stem and from the 82, 83 and 84 of the sacral 

segments of the spinal cord. The parasympathetic system has preganglionic 

neurons with long axons which synapse with a few postganglionic fibers with 

short axons. The neurotransmitter at the terminals of both the preganglionic and 

postganglionic uses acetylcholine (ACh) (Stern & Ray 2001 ). The sympathetic 

system also uses ACh as transmitter at the pregangl ionic nerve terminals and 

some postganglionic nerve terminals. 

Preganglionic neurons run almost to the effector organ , a muscle or gland and 

synapse with a few postganglionic neurons located near or in that effector 

organ , a muscle or gland. The postganglionic neurons then innervate the 

relevant tissues to react appropriately (Bakewell 1995, Kimball 1994 ). 

The parasympathetic system is responsible for the "rest and digest" responses. 

The parasympathetic system maintains basal heart rate, respiration , and 

metabolism under the normal conditions. 
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Skin is innervated with various efferent vegetative fibres such as the innervation 

of the secretory segment of the sweat glands piloerection muscles, muscles 

constrictive efferent for the blood vessels. The nature of innovation is highly 

debatable with sympathetic or parasympathetic innovation and it is hard to 

differentiate in the various fibres and inner fibres. The pseudo secretory and 

vessel constrictor fibre can only be differentiated on the peripheral level via 

stimulation and blocking procedures (Schliack & Schiffler 1979). The spinal 

sympathetic nerves which descend in the anterolateral part of the cord near the 

pyramidal tract switch over in the lateral horn and leave the cord via its ventral 

route together with the motoric fibres travelling via the white communicating 

ramus to the sympathetic trunk. This level of one preganglionic fibre may reach 

up to close to 16 postganglionic neurons. Local sweat secretion is dependant 

on the peripheral organisation of the vegetative fibres in a certain region of the 

skin , which all stand from a distribution point within the inner half of the dermis. 

Any mechanical stimulation will cause an impulse transmission backward to the 

distribution point which acts like a ganglion sending efferent sympathetic signal 

via other collaterals into the periphery, thereby causing a local sweat secretion 

(Schliack & Schiffter 1979}. 

Sympathetic nerve fibres supply both the secretory part of the sweat glands as 

well as the dermal part of the duct (Sinclair 1973). Although post ganglionic 

sympathetic transmission is normally adrenergic, pseudo rise secretory 

transmission is cholinergic which means that acetylcholine act as a synaptic 

transmitter. 

Fowles (1986) pointed to the fact that sweat glands have exocrine function as 

cholinerg ic innovation is common in exocrine glands. Although the contribution 

of adrenergic stimulation to the sweat secretion is poorly understood, its action 

on exocrine sweat glands plays a minor role compared to the role with 

cholinergic innovation (Fowles 1986; Millington & Wilkinson 1983 & Sato 1983). 

The preganglionic pseudorisesecretory neurons travel into the periphery 

together with other sympathetic nerve fibres from the lateral horn of the spinal 
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cord ipsilateral via the sympathetic trunk where they are switched to post 

ganglionic neurons according to Janig et al. (1983). Their transmission velocity 

is 1.2-1.4 metre per second. The secretary part of the sweat gland is 

surrounded by very dense plexus of sympathetic fibres that allow a wide 

distribution of ANS activity. It is not fully clear how the cholinergic transmission 

of the nerve impulses to the sweat gland cells is made, however 25-50% of the 

latency may be due to the mechanism of the acetylchol ine transportation 

Pseudorisesecretory fibres are in close proximity with other sympathetic fibres 

such as vasomotor or pilomotor efferentes (Schliack & Schiffler 1979) 

suggesting that there is no compact pathway for sweat gland activity instead the 

pseudorisesecretory fibres are diffusely mixed with the surrounding sympathetic 

fibres. Electrical stimulation of the hypothalamic area especially the 

paraventricular and posterior nuclei is always followed by sympathetic reactions 

such as vasoconstriction piloerection and sweat secretion. 

Boucsein (1992) suggests that the most important descending sympathetic 

pathway from the hypothalamus to the spinal cord goes via the reticular 

formation (RF) to the lateral spinal sympathetic tract. Schiliack & Schiffter 

(1979) suggested that this course: is mainly ipsilateral. The control of thermal 

regulatory hypothalamic functions control is mainly from the limbic system as 

shown in figure 2.4(1 ), especially from the amygdala and the hippocampus 

(Edelberg 1973). There is also close proximity to Papez circuit (Papez 1937) 

with the nuclei in which the hypothalamic - reticular - spinal sympathetic 

pathway originates. Schiliack & Schiffler (1979) used stimulations and lesion 

experiments and found that basal ganglia, the thalamus, and the cortical 

temporal lube that are adjacent to the precentral motor area as shown in Figure 

2.4(2), can be regarded as taking part in causing sweat gland activity. It is 

suggested that different level of CNS may be acting a centre of sweat origin. 
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Figure 2.4: suggested route of sweat gland activation. 1: limbic system via 
hypothalamus. 2: influences from premotor cortex and basal ganglia areas 
(Adapted from Boucsein 1992). 

Sympathetic activity can be elicited from the cortex, the basal ganglia, 

diencephalic structures like thalamus and hypothalamus, the limbic system and 

the brain stem area. The hypothalamus should be regarded as a main region for 

regulating sweat secretions (Schiliach & Schiffler 1979). The hypothalamus is 

also the main thermal regulatory centre however some regulatory sweating 

appear on the whole body surface except for the palm and the soles. Kuna 

(1956) suggested that emotional sweating is under cortical control, however, 

Schilack & Schiffter (1979) suggest that the limbic structure influences the 

hypothalamic sweating and therefore contribute to the emotional sweating. 

2.3.3 Cutaneous innervation of the Skin 

Specific innervation of the palmer and planter skin surface may differ from the 

rest of the body. It is controversial that the sweat glands on those sites take part 
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in thermo regulatory perspiration (Kuna 1956). Schiliach & Schiffler (1979) 

reported that the palms and soles remained dry while the rest of the body was 

vigorously sweating (after a hot bath). It appears that at least two different kinds 

of sweat gland receptors exist at the palmer site. Emotional sweating is 

completely abolished by atropine blockade while both adrenalin induced and 

spontaneous pal mar sweating remain unaffected (Millingeton & Wiljinson 1983 ). 

Sympathetic and parasympathetic division of the autonomic nerve system can 

be differentiated by cutaneous nerve innervation. Figure 2.5 shows the nature of 

this division whereby the hand is innovated by 3 nerves all of which originate at 

of brachia! plexus. The ulnar radial and median nerve fibres, supply both the 

palmar and the dorsale parts of the skin whereby the ulnar and median 

cutaneous innervation are of significance to EDA. Although Figure 2.5 shows a 

very defined cutaneous innervation where it appears that double or multiple 

innervation of the skin may exist. 

J-
Rad'al nerve ) ( 

/ 
Ulna! nerve 

/;/ 

Median nerve 

Figure 2.5: Cutaneous division of palmar and the dorsale parts of the skin; 
innervation of ulnar radial and median nerve fibres. 

Furthermore ulnar to median nerve communication exists both in the forearm 

and the palm between the recurrent branch of the median nerve and the deep 

branch of the ulnar nerve. Electro diagnostic findings has led to identification of 

ulnar to median nerve communication (Rodriguez-Niedenfuhr et al. 2002; 

Kimura et al. 1976). Those findings however are not conclusive and to date no 

pure sensory communication has been identif ied to provide sensibility to the 

median nerve territory via the ulnar nerve. 
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Anatomical inspection of nerve distribution will reveal (Figure 2.5) the ulnar 

nerve is innervating parts of the palm, the finger and half of the fourth ring finger 

and the median nerve supplies the palmar surface of the palm, the thumb, the 

index and the middle finger and half of the fourth (ring) finger. Furthermore a 

neural connection between the deep range of the ulnar nerve and the branch of 

the median nerve is at the tuner amnesties (Kimura et al. 1983). 

It is not always possible to establish unambiguous correspondence between the 

pseudorisesecretory cell bodies within specific segments of the cord and certain 

dermatomes. This is also due to the distribution of neuronal activity by 

collaterals to different levels of the sympathetic trunk. As mentioned 3 nerve 

endings are encountered in the dermis, the dermal papilla and the epidermis. It 

is not fully clear how the cholinergic transmission of the nerve impulses to the 

sweat gland cells is made. Ellis ( 1968) suggested these cells for the sweat 

glands may be simulated via neurohormonal substances poured out by nerve 

endings nearby. 

2.3.4 E'ectrical Properties oft.he Skin 

The skin is a layered structure perforated by the sweat ducts and the hair 

follicles of which effecting its electrical properties. Electrical conductivity of any 

structure is related to its ionic permeability and therefore contribution may be 

attributed to the various layers and their structure. Edelberg (1971) showed 

permeability in parts of the corneum however, the permeability level of the 

stratum lucidum is not clear. Permeability level of the skin may be highly 

affected once ions are driven by current, furthermore the ions can reach the 

dermoepidermal junction. It is suggested that permeability through the spiral 

sweat duct and down to the dermis is an obvious path , although it is unclear as 

to the contribution of the lower layers of the epidermis prior to reaching the 

dermoepidermal junction. Edelberg (1971) indicates that the lumina of the duct 

and the secretory portion is a good conductor when filled with sweat and 
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therefore allows currents to be transferred , to and from, through the hypodermis 

layer where the secretory portion is located. 

Neural activities affect the value of the electrical measurements, however in this 

case the measurement is frequency dependant as it is the result of membrane 

polarisation (d ifferential motil ities of oppositely charged ions). 

Potential difference exists at the face bound between most biological structures 

and surrounding fluid. The measurable potential differences across the surface 

could be membrane potentials that can develop across active living cell layers 

in the secretory portion of the sweat glands and the ducts, up to the level of 

deeper regions of the corneum. Active ionic transport mechanisms in these 

membranes may generate electro motive driving forces that would contribute to 

the overall membrane potential. Hydration of the skin can turn the surface more 

positive, however depending upon the initial state of the tissue increased 

sweating (and reabsorption) may cause either an increase or decrease in 

surface potential. Solutions of certain electrolyte placed on the skin surface 

often may alter the potential , increasing concentrations of either NaCl or KCI 

render the site more negative. Edelberg (1971) suggested that sweat glands 

may be the source of negative potential whereby the nearby epidermal area is 

also negative, with the respect to the inside of the body, but less so than the 

sweat gland. 

Voluminous literature exists describing the variations in electrical property of the 

skin such as when an individual is startled or frightened or when he is engaged 

in various tasks some involving motor behaviour or other purely intellectual 

behaviour such as problem solving (Edelberg 1971 ). 
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2.4. Repeated Stimulus and Orienting Response 

Cognitive processing is automatic when it appears involuntary. Automatic 

processing is necessary for the survival as it alerts the individual to relevant 

information in the environment without requiring constant vigilance. It is an 

alerting system for potentially dangerous situations by informing the individual of 

changes in his or her environment by eliciting an Orienting Response (OR) and 

habituation. The OR is an automatic process that is influenced by the level of 

attention; more attention allotted emit to the task facilitates a stronger OR 

(Sokolov et al. 2002). 

The OR as defined by Sokolov (1963) has at least 2 aspects; a sign of 

peripheral response and a change in central excitability; elicited by stimulus that 

is initially novel or unexpected and of moderate intensity. 

Ohman (1992) suggested a model whereby the orienting response is elicited 

whenever a stimulus requires attention resources. Figure 2.6 describes the 

orienting response as a 'request' for allocation of processing resources in a 

central, capacity-limited channel 1 which involves a search for stimulus 'matches' 

in long-term memory. 

Stimulus 

.-----I 

'Match' 

Automatic 
processing 

'Mismatch' 

Associative 
memory 

'Call' Attention 
shift 

Controlled 
processing 

[ Habituation 

Orienting 
Response 

Figure 2.6: Schematic outline of the cognitive-autonomic interactive model 
proposed by Ohman (1992). Adapted from Oman 1992. 
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This process requires attention to be focussed on the stimulus, which in turn 

elicits the orienting response. 

Thompson et al. (1978) suggested that in habituation repeated stimulus results 

have decreased in response (usually a negative exponential) and that after 

stimulation had stopped, spontaneous recovery occurs. It also suggested that 

habituation is directly proportional to the stimulus frequency and inversely 

proportional to the stimulus intensity. Presentation of another (usually strong 

stimulus) will cause dishabituation which in itself habituates with repetition. 

This last aspect of habituation can be defined as the destruction of previously 

established habituation of a response by presentation of another usually 

stronger stimulus. This habituating stimulus induces a separate superimposed 

process of sensitization as a reflex pathway and more generalised sensitization 

of the "state of the system". 

Ohman (1979, 1992) suggested the link of electrodermal phenomena to 

cognitive processes, using the orienting response as a key mediating variable. 

The orienting response is accompanied by an increase in both tonic and phasic 

autonomic and central nervous activity, including changes in skin conductance, 

cardiovascular: respiratory, skeletal muscle and EEG activity. Furthermore there 

appears to be no compelling arguments for selecting one or other measurable 

components of the peripheral response as the proper operational definition of 

excitation the OR is by definition a phasic response to stimulus. 

2.5 Electrodermal Activity (EDA) 

The study of electrical activity of the skin was initiated over 100 years ago 

where two major methods were established ; the first type of measurement is 

referred to as exosomatic (the current on which the measurement is based is 

introduced from the outside). It was introduced by Charles Fere (1888) mainly 

refer to as galvanic skin response, psychogalvanic skin response , skin 

resistance response and skin conductance response. The second type, which is 
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less commonly used, is called endosomatic and was pioneered by Tarchanoff 

(1889) where the source of voltage is internal and named skin potential level or 

response. Historically, the most widely employed term to describe both 

phenomena had been the galvanic skin response (GSR). Today, electrodermal 

activity (EDA) is the preferred term, as it is a generic reference that subsumes 

all methods of measuring the electrical activity of the skin (Fowles 1986). 

Since research on EDA first began, this response system has been linked to 

many aspects of emotion, focus, and attention (Dawson et al. 2000; Hugdahl 

1995). EDA has been utilised to investigate numerous areas such as orienting 

and attention, learning and conditioning, psychopathology, personality 

disorders, individual differences, brain asymmetry and laterality, cognitive 

functions, as well as neuropsychology (Hugdahl 1995). Boucsein (1992) states 

that "EDA measures are highly applicable to emotions and stress research. This 

is because EDA is mediated solely by the sympathetic branch of the autonomic 

nervous system (ANS) and is therefore not subjected to peripheral 

parasympathetic influences as most other autonomic variables are." The 

methodology of recording electrodermal activity (conductivity/resistance and 

skin potential) was standardised with publication recommendations for 

electrodermal measurements (Fowles 1981 ). 

EDA measurements can be distinguished as to whether the measurement is the 

tonic background level or level time varying (phasic responses). Lykken and 

Venables ( 1971) suggested that the tonic level of electrodermal activity will refer 

to the average level exclusive of phasic activity during specified time period , 

while phasic activity refers to a brief duration of change in tonic level that reflect 

more transient responses to stimuli. 

The endosomatic technique, involves measuring electrical activity at the skin 's 

surface with no externally imposed current. The voltage changes of the skin 

itself are measured. This method yields measurements of skin potential, which 

reflects the electrical activity of the sweat glands themselves (Dawson et al. 
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2000). Surwillo (1990) notes that both skin conductance and skin potential are 

reflections of the same process, i.e. eccrine sweating, and thus the two terms 

have often been used interchangeably in the existing literature despite the fact 

that they measure two different stages of the process. 

Measurements of skin potential activity include: skin potential response (SPR) 

and skin potential level. The SPR is a rapid fluctuation of skin potential, while 

level values fluctuate gradually as a background to the SPR. SPL refers to the 

measurement of skin potential over lengthy periods of time (tonic activity) and 

SPR refers to brief duration changes (phasic activity); tonic measures reflect 

relatively long term changes, while phasic measures reflect more transient 

responses to stimuli. 

Spontaneous skin potential responses are eccrine sweat responses that are not 

attributable to a specific external stimulus. Spontaneous SPR activity increases 

under conditions of emotional stress and cognitive problem-solving (Hassett 

1978). SPR may be uni phasic negative, biphasic (negative - positive), triphasic 

(negative - positive -· negative), or less commonly, uni phasic positive (Venables 

& Christie 1973). 

Literature findings show that skin conductance is used more often then any 

other measurement especially in research that seeks to relate EDA to behaviour 

(Andreassi 1995). Skin conductance can be assessed by 2 common ways 

exosomatically, as a constant current and as a constant voltage technique 

(Boucsein, 1992, Schaefer & Boucsein 2000). 

In the constant current technique, the voltage is applied to the skin through a 

very high resistance (up to 10 Mohm) that is set in series with the subject (see 

Figure 2.?a). The current flow through the entire system, (i=E), is equal to the 

total voltage impressed and divided by the sum of the two resistors in the circuit, 

SR (the subject) and Rs, (the very large fixed resistor). As changes in the 

subject's resistance are only a tiny proportion of the total resistance in the 
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circuit, the current flow is said to be constant. In such a circuit the measurement 

of the voltage drop across the subject's skin is directly proportional to the 

subject's resistance. Thus constant current circuits are used to measure skin 

resistance directly (Lykken & Venables 1971 ). 

A B ~iSA 

~~SA R1 
Ampifiw An1>1if..,. 

Rs» SR Re+ Rx << SR 

Figure 2. 7: Basic circuit diagram of constant current (A) and constant voltage (b) 
measuring techniques (adapted from Lykken & Venables 1971). 

In the constant voltage technique a similar series circuit is employed, but a very 

low fixed resistance is placed in series with the subject, and a low voltage, 

usually 0.5 V (Lykken & Venables 1971) is impressed across the circuit. In this 

circuit (see Figure 2.7b), the voltage drop across the small fixed resistor, Re, 
rather than the voltage drop across the subject, RS, is measured. Skin 

conductance will be higher then Re and Rx therefore the voltage applied across 

the skin electrodes will be approximately equal to the voltage across Re and will 

remain constant in spite of changes in skin resistance. The output voltage 

across Rx varies directly with current (I) and the current in this circuit, l=E (skin 

conductance), will vary directly with skin conductance since the voltage E is 

constant. 
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It can be seen that the current flow through the system now varies inversely 

with changes in the subject's skin resistance, and that the voltage drop across 

the fixed resistance is proportional to the reciprocal of the subject's skin 

resistance, i.e. skin conductance. 

Thomas and Karr ( 1957), suggested that skin conductance varies linearly with 

the number of active sweat glands at the electrode site, skin conductance was 

then suggested as superior measurement rather than skin (Fowles 1986). 

However, there are a number of reasons to question whether this is always 

advisable. Edelberg (1971) noted that the process of sweat gland duct filling is 

entirely too slow to explain the variability of phasic electrodermal response 

(EDR) amplitude, and he suggested that the EDR may be related to the 

permeability of the sweat gland membrane. Further, Blank & Finesinger (1946) 

demonstrated that the sweat glands show graded rather than all-or-none 

reactions to neural impulses of differing frequencies. 

Thomas and Karr ( 1957), measured EDR from dry, heated skin to suggest that 

the linearity assumed between sweat gland number and conductance may be 

called into question. There are other considerations which suggest that the 

question of whether to measure phasic electrodermal activity as a change in 

conductance or resistance is still open. Among these considerations is the 

question of the effect of tonic levels on phasic response sizes (Lyl<ken & 

Venables 1971 ). Boucsein suggested that the empirical explanation of the 

relationship between tonic and phasic EDA has not yet been reached, and the 

application of baseline corrections of the EDR and EDL is problematical. 

Furthermore, the connection of questions concerning level dependence to those 

concerning an adequate unit of measurement for exosomatic EDA is not 

justified on the basis of the existing data ." (1992, p. 205). 

2.5.1 Electrode sites and area of contact 

Recording of exosomatic techniques use two active sites from the palmar 

surface of the hand or the planter surface or the soles of the feet. Although 
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Edelberg (1967) recommended the medial site on the side of the right foot, the 

various aspects of the recording site will be focused on the palmar surface. 

EDA is found closely related to the sweat gland activity in the human body. 

Study from Freedman et al. ( 1994) showed that the skin conductance measures 

and the Palmar Sweat Index (PSI) reveal a greater electrodermal activity at the 

distal. The sweat glands count in the distal site and medial site are different as 

measured by the PSI. The distal site was found to contain more open and total 

sweat glands as compared to the medial sites. Figure 2.8 shows the distribution 

of sweat on the palm that was obtained by colorimetric method, sweating was 

provoked by mental arithmetic (Kuna 1956) 

Scerbo et al. (1992) found that the distal site (Figure 2.8 recording site 1) was 

observed to provide 2 times greater the raw mean skin conductance level and 

3.5 times greater raw mean skin conductance response amplitude than the 

medial site (Figure 2.8 recording site 2). This greater skin conductance activity 

is directly related to the larger number of active sweat glands found in the distal 

sites (Freedmen et al. 1994 ). Hence it is recommended to take measurement of 

skin conductance in the distal sites despite the fact that they will be prone to 

movement. 
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Figure 2.8: Distribution of sweat on the palm and suggested sites for exosomatic 
recording. (Adapted from Kuno 1956) 

Another consideration is the area of the contact with the electrodes for 

measurement. Lykken & Venables (1971) stated since conductance varies 

directly with effective electrode area, all measurements should be reported as 

specific conductance, that is, in µmhos per square centimete . As the contact 

error decreases, the potential error due to seepage of the eiectrode paste 

increases, and the conductance levels and response amplitudes decrease. 

Hence, Fowles et al. ( 1981 ) recommended the skin conductance measurement 

at the distal site with an area of contract of 1 cm2 is preferred if the measuring 

sites permit. 

Ever since the 1960's, silver to silver chloride electrodes (Ag-Ag, Cl) has been 

the golden standard (Fowles 1981 ). It is also suggested that the amplitude of 

the skin conductance will depend upon the density of the sweat glands in the 

skin area chosen , the degree of cycle-activity of sweat gland in that reg ion and 

the size of skin area in contact with the electrolyte. 

36 



Chapter 2 Literature review 

The electrodes have been referred to as snap electrodes or floating electrode 

may be of a reusable or disposable form. The electrodes consist of metal disk 

coated with silver - silver chloride (Ag - Ag , Cl) set in an insulating package or 

a plastic cup. The reusable electrode is filled with electrolyte gel, disposable 

electrodes use a gel coated sponge that will connect the metal disk to the skin. 

Either potassium or sodium chloride had been used as electrolyte. Sodium 

chloride is preferred over potassium as the sweat contains most of it. As for the 

electrolyte media, it is emphasized by Lykken & Venables (1971) and Fowles et 

al. ( 1981) that the commercially available paste for the ECG or EKG is not 

appropriate for the electrodermal measurement. This is because they usually 

contain near-saturation levels of sodium chloride. They have been shown to 

inflate measures of skin conductance level significantly. Hence, the electrolyte 

medium is chosen to be resembles as close as to the salinity of the sweat. The 

electrolyte paste can be constructed and the instructions can be obtained from 

Fowles et al. (1981 ). 

Contact with the electrode pastes will cause a major effect on the measured 

skin conductance levels and amplitudes. To avoid this, adhesive tape is used to 

secure the electrode to the skin . 

Lykken & Venables (1971) suggested that a reasonably homogenous 

distribution of the sweat glands will affect the EDA by varying linearly with the 

area of skin in contact with the electrode paste. It is important to firmly attach 

the electrode to the skin to minimize movement and pressure artefacts. It has 

been suggested that in order to maintain constant contact area double sided 

adhesive is used to attach the electrode to the skin. Any movement may also 

cause seepage of the electrode paste that may cause a decrease of 

conductance level and response amplitude, so a small contact area should be 

avoided. 

Fowles et al. (1981) suggested that skin conductance measurement should be 

recorded with both electrodes on active sites. Several applicable active sites 
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appear on the palm the thenar and the hypothenar eminences (Figure 2.8 

recording site 3) and the medial and distal phalanges of the fingers. When using 

adjacent sites of the thenar and the hypothenar eminences electrodes must be 

small enough and care must be taken to prevent direct electrical contact 

between them via electrode paste on the skin surface. Venables & Christee 

( 1980) recommended placing both electrodes on sites with the same 

dermatome (an area innervated by the same spinal nerve), however, the 

importance of using the same dermatome remains questionable since the 

organisation of the sudor secretory cell bodies in certain segments of the spinal 

cord is yet to be explained (Boucsein 1992). 

2.5.2 Parameters of skin conductivity 

Fluctuation in skin conductance, in response to external or internal stimulation, 

can be identified in its sequential sensory behaviour. The onset latency or delay 

is the time between the stimulus and the onset of the skin conductance 

response (SCR) - this value was suggested to be between 1.2 and 4 seconds 

(Boucsein 1992) and therefore any response within this time frame may be 

considered as a direct response to the stimulus (Dawson et al. 2001 ). Figure 

2.9 shows the various measurable parameters that had been used to 

characterise the EDA; Rise time is the time from the onset of response to the 

maximum amplitude of the response. The Amplitude is the difference between 

the conductance level at the onset of the response and the maximum level 

achieved. Other components of skin conductance relate to the recovery from 

the response to a stimulus or Habituation - described as recovery half time 

which is reported to be highly correlated with rise time (Venables & Christie, 

1980). Fowles et al. (1981) expected the skin conductance response (SCR) to 

be in the range of 0.01-5 µmhos/cm2 and the skin conductance level (SCL) in 

range from 2 -100 µmhos/cm2 (Martin & Venables 1980). 
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Figure 2.9: SCR waveform (Adapted from Marttin & Venables 1980). 

2.5.3 Factors affecting the EDA 

Literature review 

There are several external and internal factoirs that can be poss'ble sources of 

variance in EDA measurement. These inclwde both environmental conditions 

and direct influences inherent in physiologica1I factors such as age, gender, and 

race. It is well-established that climatic condittions such as ambient temperatu"e 

and possibly other meteorological variables can affect EDA. In a review of 

studies on this topic, Boucsein (1992) conclluded that there is an established 

dependency of EDA upon the room temp1erature as well as the seasonal 

temperature. Boucsein (1992) suggests optimal room temperature of 23° 

Celsius. Venables & Christie (1973) suggested 20-30° Celcius as an acceptable 

range. Less is known about the relation between EDA and meteorological 

variables, as experimental manipulation of th1ese variables is extremely difficult. 

Furthermore , most of the studies that have e,xplored these variables have used 

exosomatic measures. For example, Wate!rs et al. (1979) investigated the 

relation between skin conductance and temp>erature, humidity and air pressu-e 
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and found that these variables effectively predicted EDA, but the percentage of 

explained variance was somewhat low (6 - 9% ). While air pressure does not 

appear to influence EDA significantly, relative humidity seems to have more of 

an effect. It has been suggested that meteorological variables be recorded as 

controls if clear cl imatic changes are expected during the course of an 

experiment (Boucsein 1992). 

Previous studies show differences between males and females in regard to 

sweating as well as EDA. While women have greater sweat gland density, they 

tend to have more delayed and less prolific sweating than males (Morimoto 

1978). These gender-related differences can be due to endocrine influences 

(Venables & Christie 1973) and the menstrual cycle (Edelberg 1972). For 

example, progesterone has the ability to decrease palmar eccrine sweat output 

(Venables & Christie 1973). There is a reduction in palmar sweat count during 

the luteal phase of the menstrual cycle (MacKinnon 1954) as well as after the 

administration of progesterone (MacKinnon & Harrison 1961 ). A number of 

studies have determined that there are differences in both electrodermal activity 

and reactivity between the sexes. Specifically, most research indicates that 

females display higher tonic EDA, while males tend to have greater 

electrcdermal reactivity under conditions of stimulation (Boucsein 1992). 

Early studies show racial differences in EDA. Caucasians show increased skin 

potential reactivity when compared to African-American subjects (Janes et al. 

1978), as well as lower skin resistance levels and higher skin conductance 

levels during resting conditions (Boucsein 1992). These differences have been 

attributed to differing amounts of sweat glands dependent on the darkness of 

the skin; both African-American males and females have fewer active sweat 

glands than same-sex Caucasians of the same age range (Juniper & Dykman 

1967). Additionally, it has been found that Japanese subjects have more 

eccrine sweat glands on their extremities compared to individuals of European 

descent (Venables & Christie 1973). Consequently, Boucsein (1992) suggests 

carefully controlling for ethnic differences among subjects in EDA experiments 
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2.5.4 Electrodermal Activity and Age Factor 

For the most part, old age commonly brings a decrease in skin conductance 

level and an increase in skin resistance level, but the causes are not well 

understood (Boucsein 1992). 

EDA is a formed measurable response that increases with the level of 

behavioural state from 29 weeks gestational age and more than 10 days 

postnatal age (Storm 2001 ). A study of 640 subjects aged 5-25 years on the 

island of Mauritius found a rise in skin conductance (SC) levels from the age of 

10 onwards. The study found that it may be a function of arm length that 

influenced the measured values (Venables & Mitchell 1996). Further research 

indicates a reduction of palmar sweat counts with age, which has been found 

for males, females, African-Americans and Caucasians (Juniper & Dykman 

1967). In a study of skin potential activity in 132 male subjects, Surwillo (1965) 

found that older males had fewer SPR and found a significant negative 

correlation between age and skin potential level. 

Earlier studies of age effect found inconsistency in method of recording that 

may not be comparable due to difference in response mechanisms. 

Investigators introduced scores criteria. To eliminate variability across 

physiological measurement a number of investigators calculated change of 

score base line calculations, as well as transformation of raw scores into 

standard scores (Lau et al. 2001 ). 

Toyokura (1998) used SPL with nerve stimulation on 50 normal subjects age 21 

to 71 and measured mean latency and maximum amplitude showed significant 

differences among 3 EDA patterns categories, however age was not 

significantly different. Lau et al. (2001) also point to problems in age 

classification particularly when the terms "older adults" and "younger adults" are 

used to describe an extreme ranges of ages. Observations may not be valid 

since they may be indicative of a particular age group only. 
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Gavazzeni & Fischer (2008) recorded skin conductance of 78 healthy subjects 

using IAPS - 110 pictures with neutral to negative valence and self-reports of 

younger adults (20 to 30) and older adults (70 to 80). Mean amplitude and Skin 

Conductance Response (SCR) latency was computed and they found that age 

had opposite effects on intensity ratings and electrodermal activity however 

SCR latency showed no age effects. 

Neiss et al. (2007) used SCR (constant voltage) on 52 normal subjects younger 

adults (24 to 40) and older adults (65 to 85) recorded maximum peaks within 6 

seconds from stimulus of 70 pictures with positive neutral and negative valence 

and self-report. They found that elders were less likely to show measurable 

SCR, however, of those who did show measurable responses difference was 

not found between old and young . 

2.5.5 Electrodermal Activity and Behavior 

There are many papers reporting the use of EDA as markers of autonomic 

excitation in emotion and other related contexts (Ohman et al. 1993). There are 

three basic experimental paradigms that have been used to investigate the 

relation of EDA and psychological states and processes: 

(a) the presentation of a continuous, chronic stimulus or situation (i.e. 

performing an ongoing task); 

(b) the study of individual differences in which EDA is assumed to be a 

relatively stable trait; and 

(c) the presentation of discrete, novel stimuli. 

The latter paradigm is probably the most frequently studied and involves 

presentation of discrete stimuli and measuring the elicitation and habituation 

of the orienting response (Dawson et al. 2000). 
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An electrodermal response can be elicited by almost any type of novel stimulus 

in the environment or by the omission of a stimulus that is expected (Siddle 

1991 ). Often, this paradigm involves a repetitive presentation of a simple, 

discrete stimulus with varying intervals of time in between. Research indicates 

that, typically, the electrodermal response rapidly declines in amplitude with 

stimulus repetition and then disappears completely; that is, stimulus repetition 

results in a less active and reactive response system (Dawson et al. 2000), 

such as habituation. The electrodermal response is thought to be the most 

reliable and easily accessible index of the orienting (attention shift) response 

(Ohman et al. 1993). 

2.5.6 Electrodermal activity and emotion. 

Physiological excitation is a central component in emotion (Ohman et al. 1993). 

Much experimental evidence exists that suggests that EDA is an index of the 

"affective value of stimuli for a subject" (Andreassi 1995) and it has been shown 

that different emotions produce different physiological responses and varying 

degrees of EDA. For example, Ax {1953) was the first to demonstrate that 

feelings such as fear and anger evoked different patterns of ANS responses. 

Ax (1953) induced fear (anxiety) and anger in normal subjects, and showed that 

anger was characterized by greater increases in diastolic blood pressure, 

greater decreases in heart rate, greater increases in muscle tension, and 

greater increases in the number of skin conductance responses than fear. In 

contrast, the feeling of fear (anxiety) showed greater increases in the skin 

conductance level, muscle tension peaks and respiration rate than anger. 

Since Ax's publication , numerous studies have focused on studying EDA in 

relation to emotion . Differential electrodermal responses have been 

demonstrated with various types of music (Zimny & Weidenfeller 1963 ), differing 

interpretations of observed violence (Geen & Rakosky 1973), viewing affectively 
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valence pictures (Gavazzeni et al. 2008), emotional imagery (Lang et al. 1993), 

and films (Gerrards-Hess et al. 1994 ). 

It has also been demonstrated that EDA is more responsive to negative 

emotions in experiments that require subjects to generate facial expressions 

portraying positive (happiness and surprise) and negative emotions (anger, 

sadness, disgust) . Additionally, experimental evidence indicates that EDA is 

closely related to emotional excitation processes and that EDA specifically 

reflects the excitation aspect of emotion (Ohman et al. 1993). 

Despite the extensive past work, Cacioppo et al. (1997, 1999) indicate that 

feelings represent a special class of outcomes that are important to explain in 

theories of emotion , however, appropriate data for constructing or testing 

theories of emotion are limited to self-reports. In that regards LeDoux (2000) 

conclude "It is widely recognized that most cognitive processes occur 

unconsciously, with only the end products reaching awareness, and then only 

sometimes. Emotion researchers , though, remained focused on subjective 

emotional experience." 

2.5. 7 Electrodermal activity and performance. 

Electrodermal activity and motor performance has been extensively studied in 

reaction time experiments. An early and frequently cited study by Freeman, 

(1940) found that brief reaction times were related to moderate levels of skin 

conductance, while lengthier reaction times were associated with either very 

high or low skin conductance. Unfortunately, subsequent studies failed to 

replicate Freeman's finding, and instead found a linear relationship between the 

two variables; that is, short and long reaction times are associated with high and 

low levels of skin conductance, respectively (Schlosberg & Kling 1959; 

Andreassi 1966). Hay et al. (1997) used SP to investigate latency and 

amplitude to a sudden loud noise and an inspiratory gasp stimuli on 58 subjects 

age 13-79. They found that the latency of the response increased non-l inearly 
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with age and that males had longer latency then females with increase in 

latency after age 50-60 years. In a more recent study Gavazzeni et al. (2008) 

used SC on 78 subjects who were presented with pictures with neutral to 

negative valence. Mean amplitude and SCR latency was computed as a 

window of 1-4 seconds and found that latency showed no age effects and that 

age had opposite effects on intensity ratings and EDA. 

Additionally, research on spontaneous EDA (skin potential and conductance) 

indicates shorter reaction times occur when spontaneous responses are 

numerous (Andreassi 1995; Baugher 1975; Surwillo 1990; Surwillo & Quilter 

1965). 

2.5.8 Electrodermal activity and mental activity. 

Considerable research has focused on the study of EDA during conditions 

involving information acquisition and learning. Both verbal and visual material 

that is upsetting or sexually arousing, consistently evoke electrodermal 

responses of a greater magnitude than neutral information (Hamrick 197 4; 

Manning & Melchiori 197 4 ). 

EDA has also been a popular dependent variable in problem solving 

experiments (e.g. mental arithmetic). This line of research has consistently 

indicated that electrodermal levels are higher when subjects are engaged in 

problem solving than in resting conditions, as well as when computational 

problems are difficult or the subject is under significant pressure to complete the 

task (Schnore 1959; Surwillo 1990). Verbal learning experiments indicate that, 

in general, more successful learning is associated with a greater amount of 

EDA and that higher levels of EDA are associated with increased alertness and 

effort under conditions that involve novel information (Andreassi 1995). 
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Thus, it is obvious that a wide variety of stimuli can elicit EDA. Electrodermal 

responses can be elicited by novel stimul i, emotional stimuli, threatening stimuli, 

and attention-getting stimuli (Fowles 1986). 

2.5.9 Electrodermal activity and psychopathology 

The literature on psychophysiological response in affective disorders is 

relatively small (Zahn 1986), and only a few new findings have added to the 

literature since the 1960s. The majority of the studies of EDA and 

psychopathology focus on EDA in anxiety, depression, schizophrenia, and 

psychopathy. Results in some of these areas have been inconsistent (Boucsein 

1993). While a complete review of this area is beyond the scope of this thesis, a 

broad summary of the major findings will be given. 

2. 5. 9. 1. Anxiety. 

Studies done by Lader & Wing (1964, 1966) are the most frequently cited 

studies attempting to differentiate EDA among anxiety and control groups 

(Boucsein 1992). These studies found that skin conductance levels and 

responses were higher among anxious patients compared to controls. Others 

have also found that anxious subjects have elevated levels of tonic EDA (e.g . 

Chattopadhyay & Biswas 1983; Raskin 1975). Both elevated phasic and tonic 

EDA levels have been attributed to an "autonomic over excitation" in these 

patients. Furthermore, anxious subjects tend to have slow, or even failure of, 

habituation to stimuli (Lader 1967, 1975; Lader & Wing 1964, 1966). However, 

some studies have not confirmed this finding (e.g. Hart 1974). In addition EDA 

research with phobic individuals suggests elevated electrodermal responses to 

specific fear-relevant stimuli (Boucsein 1992). Boucsein (1992) also noted that 

the conflicting findings might be a result of the differing methods of diagnosis 

used in this research. 
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2.5.9.2. Depression 

Hugdahl (1995) cautions against drawing firm conclusions regarding EDA 

among depressed patients, as many studies have included results from 

individuals taking antidepressant medication, and many antidepressant drugs 

are anticholinergic. 

Much of the literature suggests low baseline activity among depressives, but the 

data are mixed. While a number of studies have indicated that EDA is reduced 

in individuals with depression (Dawson et al.1977; Iacono et al. 1983; Lader & 

Wing 1969; Mirkin & Coppen 1980; Storrie et al. 1981; Ward & Doerr 1986; 

Ward et al. 1983; Williams et al. 1985). There are also many studies which have 

not found this effect (e.g. Albus et al. 1982; Lapierre & Butter 1980; Toone et al. 

1981 ). These conflicting findings may also be due to the fact that many of the 

studies conducted have assessed the effects of depressed mood on EDA in a 

mixed sample of psychiatric patients (Zahn 1986). 

Electrodermal heterogeneity between specific subgroups of depressed patients 

has been shown. For example, Lader & Wing (1969) found that an agitated 

depressed group of subjects had significantly higher skin conductance levels 

and responses than controls, and that a retarded depressive subgroup had 

significantly lower values than the same control group. Some later attempts to 

replicate this finding, however, have been unsuccessful (Dawson et al. 1977; 

Lapierre & Butter 1980; Toone et al. 1981 ). However, laconco et al. (1983) 

demonstrated that both unipolar and bipolar depressive subjects displayed 

reduced EDA (i.e. smaller electrodermal responses) to tones presented. 

2. 5. 9. 3. Schizophrenia 

Hugdahl (1995) comments the most robust finding among studies that have 

investigated EDA among schizophrenic subjects is that many of these subjects 

tend to be non-responders when presented with novel stimuli. That is, they 

either fail to show an orienting response or they have unusually fast habituation 

to a stimulus (Bernstein et al. 1982). Approximately 50% of schizophrenics fall 
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into this non-responder group, while the remaiining 50% are normally responsive 

or hyper responsive, i.e. larger than normal rnrienting responses and prolonged 

habituation. Dawson (1990) states that non-responders tend to be more 

chronically psychotic, while hyper-responsiivity is a possible indicator of 

psychotic episodes. Interestingly, Ohman et al. (1989) demonstrated that non-

responders tend to have poorer treatme1nt outcome and more serious 

symptomatology. 

2. 5. 9. 4 Antisocial Personality Disorder!Psvchcopathy 

The main finding of studies focusing on EDA mnd psychopathy is that antisocial 

individuals tend to show reduced EDA (BoucIBein 1992). Specifically, antisocial 

subjects fail to show elevated skin conductanc e responses when anticipating an 

aversive event (Hare 1978a; Raine & Venab,les 1984) and show a prolonged 

electrodermal response recovery time as wffill (Hare 1978b; Loeb & Mednick 

1977; Siddle 1977). Lyyken ( 1957) initially hypothesised that this may be due to 

reduced anxiety and excitation in threatening s ituations. 

Boucsein (1992) notes that results of these s>tudies should be interpreted with 

caution, as it is difficult to compare results acrcoss studies on this population due 

to the extreme variety of diagnostic methods uised. 

2.6 Summary and study rational 

The study of electrical activity of the skin beman over a century ago, and since 

then much has been learned about this phemomenon. It is clear that EDA is 

associated with numerous factors such as focus attention alertness, effort, 

negative affect, reaction time, problem solwing and successful learning of 

information. The diverse usage of EDA in !general and skin conductivity in 

particular has been conducted by numerws technics and instrumentation , 

although some reporters includes the mak<e and model of the measuring 

apparatus, limited studies are available that irncludes parametric analysis of the 

response components. Furthermore, marny researchers appear to use 
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statistical values of limited conductance parameters without any mathematical 

justification for their choice. 

All previous work using EDA, Skin Conductance Response (SCR), Skin 

Conductance Level (SCL) and Skin Potential Level (SPL) utilised different types 

of electrodes and their placement varied both on the palmar surface of different 

fi ngers and on different parts of the body from close proximity to a large 

distances. Reports from recordings of the palmar side of the hand show that 

distal record ing sites may be preferred due to the large number of sweat glands. 

Although palmar recording sites can be placed in fixed proximity it is not 

reported, further more digital (finger) recording sites had been predominantly 

limited to the same dermatome. Previous work does not consider the Ulnar-to-

Median nerve communication as being a source of differences in both 

electrodermal activity and reactivity. It is probable that some of the conflicting 

results discovered by some researchers in the past could be due to the 

measurement techniques used including the placement of the electrodes. 

Any work that has aimed to develop a biomedical tool that can identify 

emotional and related changes prior to an epileptic or other seizure, requires 

thorough verification procedures of measurements, recording methods and 

equipment prior to any clinical trials. Although researchers have followed 

commonly accepted experimental procedures in regards to repetitive stimuli, 

only a few early studies provided parametric analysis of skin conductance while 

maintaining a quantitative, objective method for statistical analysis. 

Finely the study of the EDA response to emotional stimulation should provide 

verification framework for both method and recording equipment and highlight 

measurable difference or agreement within subject groups and type of 

emotional stimulation . 
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3.0 DEVELOPMENT OF THE DEVICE: DESIGN, EXPERIMENTAL 

METHODS AND OPTIMISATION 

3.1 Introduction 

The preliminary aim of this thesis is to develop a biomedical device to measure 

the skin response after an emotional behaviour, and verify the results. It is also 

intended that in the future a similar device can be used to identify emotional or 

related changes and alert the patient prior to an epileptic seizure. 

The conductance measurement system developed comprises of two electrodes, 

a sensing and amplification unit and a data logger that allow the recording and 

the storage of the data for further mathematical analysis. 

This chapter describes the conductance measuring system developed and its 

peripherals and basic components that are used to amplify and record the 

response to an induced stimulus. 

The validity of skin conductance measurement kept certain variables and 

factors constant and analysed solely the newly designed equ'pment and the 

experiment protocol. 

It was thought that the use of currently existing instruments may limit the scope 

of analysis due to their limited signal processing capability and potential 

complexity of output files. It was therefore imperative to design a new 

conductance measuring system and application protocol, where the 

measurement data were collected for further computational analysis (Figure 

3.1 ). 

The need for data collection allowed the exploration of two types of data 

loggers; component list and power supply were customised for each readily 

available data logging solution. Preliminary design of the measurement system 
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was set as a single channel , portable system, followed by a four channel 

recording system that was used for all experimental work. This chapter will 

include the verification of both measuring equipment, electrodes description and 

their placement. 

Subjects Conductance measuring system Mathematical 
Hand ... .. ... analysis ·1 I 

~ 

Data Logger I -
(Electrodes) Amplifier 

l 
Stimuli to evoke 

conductance response 

1 
Skin conductance 

parameters 

1 
Skin conductance 

response ... 

Figure 3.1: Block diagram of the skin conductance measurement system and the 
application protocol. 

To verify and optimise the capabilities of the developed device, two separate 

tests were introduced that involved stimulus. The choice of stimulus was applied 

by two separate compilations of audiovisual presentations. In order to 

investigate the skin conductance output parameters for a single (but repetitious 

stimulation) a new audiovisual clip was prepared as an oddball paradigm. 

The neuronal response patterns that are required for an adequate behavioural 

reaction to subjectively relevant changes in the environment are commonly 

studied by means of oddball paradigms, in which occasional 'target' stimuli 

have to be detected in a train of frequent 'non-target' stimuli. 
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In order to generate response to various emotional stimuli as continuous stimuli, 

a second set of tests were carried out by presentation of audiovisual 

compilation of various emotional film clips . 

Computational analyses were applied in both investigations with appropriate 

experimental procedures to demonstrate their statistical reliability and 

significance. 

3.2 Sensor and Amplification 

The primary component of the conductance measuring system consists of the 

sensor, amplification circuit and its extension to the skin electrodes. 

The design of the sensor and amplification circuit is based on constant voltage 

method. As previously mentioned, two surface electrodes were used to 

measure skin conductance to represent the resistance level of the subject. A 

very low fixed resistance is placed in series with the subject, and a low voltage, 

usually 0.5 V (Lykken & Venables 1971) is applied across the circuit. The 

voltage drop across the small fixed resistor is then measured. It can be seen 

that the current flow through the system varies inversely with changes in the 

subjecfs skin resistance, and that the voltage drop across the fixed resistance 

is proportional to the reciprocal of the subject's skin resistance, i.e. skin 

conductance. 

The fundamental principles of skin conductance measurement can be explained 

by using Ohm's law 

V=IR; 

Where: V = Voltage, I = Current, R = Resistance 

When the voltage applied across the circuit is held constant, 

1=1/R 
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As the inverse value of resistance is conductance =1/R, so is the measurement 

unit where by resistance values measured in Ohm's (0) and conductance level 

measured as µmho. 

Current flow from the skin is directly proportional to the conductance of the skin. 

A resistor was used to gauge the current flow for this purpose because of its 

negligible resistance, the amplification of the measured variable was carried by 

using an operational amplifier (Op-Amp type 7 41) which is DC- coupled High 

gain operational amplifier with differential input and a single output (Lowry 

1977). The output of Op-Amp is controlled ether by negative feedback that is 

largely determined by the magnitude of its output voltage gain or by positive 

feedback that facilitates regenerative gain and oscillation. 

Type 7 41 Op-Amps consist of internal structures that include three stages: 

1. Differential amplifier - provides low noise amplification, high input 

impedance usually a differential output. 

2. Voltage amplifier - provides high voltage gain, a single-pole frequency 

roll-off, usually single-ended output. 

3. Output amplifier - provides high current driving capability 1 low output 

impedance, current limiting and short circuit protection circuitry. 

The use of an Op-Amp (type 7 41 ) allowed for a simplified circuit design with 

minimal components and a single voltage output to be recorded . 

The circuit design (Figure 3.2) includes power supply (V) with a negative (-V), 

positive(+V) and a zero output (OV). Figure 3.2 shows the eight legged Op-Amp 

is connected with positive supply to leg 7 ( +V) and negative supply to leg 4(-V). 

The negative supply is also connected to a 1 OKTrim-pot that utilises legs 1 and 

5 to null output of the Op-Amp. The zero supply (OV) connected to leg 3 as a 

positive input, as well as the input from electrode 2 via forward bias diode 

(1 N4001) that maintained the constant voltage value. 
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------ 0.6V---~ 
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Figure 3.2: Circuit board design for sensing and amplifying conductance 
measurements 

Electrode 2 is also connected to the negative power supply via R2 (56K) 

resistor. Electrode1 is connected to leg 2 as a negative input, and the output of 

the Op-Amp comes off leg 6(Vout) . This output is also connected to electrode 1 

via R1 (1 K) resistor. Any difference in 0.6V that flow between the electrodes will 

be amplified and result in variation of Vout level. 

Voltage oscillation output from leg 6 was connected to a data logger, which has 

the capability of voltage readings and recording within a set range of voltage 

measurements. Experimental work was carried out using a data logger that 

records and writes the logged data onto the hard drive of a laptop. Preliminary 

experiments had utilised a portable data logging facility, which included power 

supply and storage. Sensor and amplification circuit design was applied to both 

data logger, however choice of power supply was specifically assigned to each 

data logging configuration to comply with resolution and sensitivity set by each 

data logger. 
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3.3 Calibration and sensitivity verification of portable system 

The Op-Amp utilises the power supply to amplify voltage that is connected to 

the data logger and is than translated to a conductance value. The level and 

resolution of amplification and logged values is determined by both power 

supply and data logger for the given sensing . The amplification is similar to 

other equipment and was described previously. In order to facilitate preliminary 

testing, a portable data logger was utilised, and the choice of power supply was 

based on maximising amplification resolution while maintaining small size for its 

portability. 

This portable conductivity measurement system included the sensing and 

amplification circuit, and was powered by 2 - A23 alkaline 12V batteries. The 

assembly, as shown in Figure 3.3(a) and b includes the sockets for electrodes, 

input and the output of the circuit data logger. 

The choice of data logger was EL-USB-3 (Lascar Electronics LTD) that 

measures and stores up to 32,510 voltage readings of 0-30V DC (Figure 3.3 

left). This device is designed to measure voltage readings, at a predefined rate 

were the interval can vary from 1 second to 9 hours. Data loggers software 

allows setting up logging rate and start time as well as download of the stored 

data. Upon completion of recording the data can be viewed by the software or 

stored as a text file . This file consists of sequential order of datel time and 

voltage (v), that reflect changes in increments of O.OSV. 
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(a) (b) 

Figure 3.3: Data logger (a) and sensing and amplification circuit, power supply, 
electrode input and circuit output (b). 

The circuit calibration was carried out using known values of eight resistors 

across the electrodes input as shown in Table 1. The voltage output level (Vaut) 

was measured and plotted against conductivity level of each resistor._ Table 1 

shows the resistance value of eight resistors (Ohm's 0) and their counterpart 

conductance (calculated 1/R=). The table als,o shows the output voltage as it 

was generated through the circuit 

Table 1: Circuit calibration table single channel system 

~ta;;ce -;f;ms-Conductanc:e umhos Vou1 Volts 

1 122220 45.0045 8.626 

2 33500 29.85075 5.717 

3 68650 14.56664 2.79 

4 268000 3.731343 0.7078 

5 335700 2.97885 0.5645 

6 445000 2.247191 0.4196 

7 697800 1.433075 0.203 

8 1531000 0.653168 0.1078 

The calibration diagram shown in Figure 3.4 dlemonstrates a linear behaviour 

of the voltage output against the conductivity level and can be given as: 

Y=0.1923X-0.0228 

therefore 
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Figure 3.4: Calibration curve of skin conductance amplifier, single channel , 
based on 8 resistors input. 

By using the equation of the calibration curve we can also confirm the circuit 

constants of: 

Vfixed = 
Rfixed= 

0.6899 
274.14 

v 
k ohms 

Given a resolution of 0.05v as it is determined by the abovementioned data 

logger the conductivity resolution will be: 

(0.05+0.02277)/0.19228 = 0.378458 µMho 

3.4 Preliminary recordings of conductance measurement 

Preliminary recording included measurements of skin conductance by using the 

portable measurement system developed. Skin conductance was measured 

and recorded during potentially stimulating activity such as a motorcycle ride 
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and a visit to a dentist. Both activities were described as emotional (arousing) 

by the subject as a high level of focus and attention was required. The visit to 

the dentist was expressed as painful and irritable. 

After the activities the recording were downloaded from the data logger and 

were viewed by using Esy-Lab (data loggers software). Figure 3.5 shows 

voltage change against time of recording, activities time included motorcycle 

ride until 16:30 followed by dental procedure until 18:00. Voltage reading shows 

high fluctuations for both activities; where the highest voltage value recorded 

was in the first 15 minutes of the dental appointment. 

Vollt 
1.4 

u -
1.1 

1.0 

I.I 

o.a 
t.7 ·· •.. ..• 
IU 

0.2 .. , 

···········:··l ··· ····· 
. . . 
. . 
; . ! ! 

. . . 
; •tq- : 

o.o- -------· 11:0il it:11 !S:JIO 1 :45 1:ff H :IS ll: -- ·-
l 

Figure 3.5: Voltage output recording (Vout vertical) of a subject while riding a 
motorbike and a visit to a dentist for dental treatment, time is given at the 
horizontal axis. 

The mobile conductance measurement system was proven to be reliable, and a 

very valuable tool for the exploration of SCL and SCR, however, this system did 

not allow for real time monitoring and the recording had to be stopped and 

downloaded to be viewed at a later stage in the laboratory. 
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3.5 Calibration and verification of final design 

Once the preliminary stages had been completed , it was established that in 

order to conduct parametric analysis of skin conductance, the recording or 

logging the data of the measurement system should allow for real time 

visualization of voltage variation while maintaining an appropriate level of 

sensitivity and resolution. As the mobility of the device at this stage was not 

pertinent but the ability to monitor the data was more important, it was decided 

to construct a device that would include a multi channel data logger with higher 

sampling rate and the ability to monitor and record the data in real time to allow 

for fu rther analysis. 

For this a 4 channel data recorder/ logger (Velleman Instruments, PCS 101 

Belgium) was utilised. 

The device shown in Figure 3.6 is a USB powered data logger that can output 

to a PC and allow digital/analogue display, 8 bit analogue to digital conversion 

(ADC) with sensitivity of 0.01V. 

Data loggers software applied a sample rate of 10 per second, selection of 3V 

input range (up to 30VDC). The recording of the data was written directly to a 

laptop for further statistical analysis. 

Power supply included two 9V rechargeable batteries insuring constant level of 

power supply prior to any recording. 

The circuit cal ibration procedure was applied to each channel separately in 

order to quantify potential variations. 

71 



Chapter 3 Development of the device 

Figure 3.6: Design of 4 channel data amplifier (bottom) and recorder/ logger (Top 
- Velleman Instruments, PCS10, Belgium) 

Verification procedure was implemented with 6 known value resistors. Table 2 

shows the resistance value of six resistors (Ohm's Q) and their counterpart 

conductance (calculated 1/R=} level, the table also shows the output voltage as 

it was generated through the circuit {V out - leg 6) of every channel. 

Table 2: Circuit calibration results showing the 4 channel system voltage 
readings for six resistor used 

Resistance Conductance Vout Vout Vout Volts Vout Volts 

(Ohm's 0) µMho VoltsCH1 VoltsCH2 CH3 CH4 

1 21500 46.51163 3.72 3.74 3.74 3.72 

2 32600 30.67485 2.46 2.49 2.54 2.47 

3 67100 14.90313 1.13 1.15 1.2 1.14 

4 265000 3.773585 0.2 0.2 0.25 0.2 

5 324000 3.08642 0.14 0.15 0.19 0.14 

6 662000 1.510574 0.1 0.1 0.06 0.1 
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Figure 3. 7: Calibration curve of skin conductance amplifier for 4 channels which 
was determined for 6 resistor inputs. 

The calibration curve shows a liner behaviour of the voltage outputs Vs 

conductivity level (R>0.999) for all four channels. In all our recordings channel 3 

was used for a comparable analysis. The given equation of channel 3: 

Y=0.082X-0.0785 

Therefore 

X=(Y +0.0785)/0.082 

µMho/cm2 = (Vv+0.0785)/0.082 

Using the equation of the calibration curve we can also confirm the circuit 

constants: 

Vfixed = 

Rfixed= 

0.6899 

274.14 

v 
kO 

Given a resolution of 0.001 V as it is determined by the abovementioned data 

logger the conductivity resolution will be 0.1 µMho 
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3.6 Electrodes and placement 

In this work we used floating , disposable snap electrodes designed with foam 

backing that properly attached the electrode body to the skin. The electrode 

body accommodates a sponge that is pre gelled with isotonic wet gel containing 

0.5% chloride salt and connects the skin to a one cm diameter disk coated with 

silver-silver chloride (Ag-Ag, Cl). The back of the electrodes includes stainless 

steel cl ips to allow the leads to be connected to the equipment. 

In order to clearly distinguish the optimal recording in the preliminary work 

employing single channel conductance measurement system, the voltage was 

sampled from 20 different sites on the palms and fingers of six different 

subjects. Measurements were taken from the distal, medial and proximal sites 

on the phalanges of the fingers, and the sites on the palm included the thenar 

and the hypothenar eminences as well sites at the central area. 

The results of site placement optimisation showed significant differences in the 

amplitude of conductivity, particularly when the electrodes were placed in 

different sites and positions. These measurements generated a number of the 

questions regarding past skin conductivity measurement work that was not 

consistent. Electrode placement varied and was not dete mined by a specific 

location with a particular distance. 

Furthermore, although palmar recording sites showed good amplitudes, 

adhesion of snap electrodes at these sites was unreliable. 

In order to not repeat the mistakes of the previously published work, and for 

consistency and meaningful reliable readings, disposable electrodes were 

placed to the ring finger at close proximity. The ring finger was shown in 1997 

by Kanzato et al. (1997) to contain the junction of the ulnar and median nerve 

distribution of innervations. 

Finally it was decided that the distance between the electrodes and the area of 

contact are important parameters that must remain constant for reliable and 
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reputable data. In order to achieve maximum neural innervations utilising 

dermatomes of both ulnar and median enervation. In all experimental work, the 

electrodes for each participant were placed at a fixed distance (30 mm). 

Figure 3.8: Conductance measurement system and palmar recording site. 

3. 7 Stimulus Generation 

Some of the past stimulation techniques to induce an EDA response include: 

emotional imagery (Lang et al. 1993 ); auditory oddball stimuli (Hay et al. 1997), 

music (Khalfa et al. 2002); films (Gerrards-Hess et al. 1994 ), and viewing 

affectively valence pictures (Gavazzeni et al. 2008). Other techniques include 

room temperature changes (Schaefer & Boucsein 2000), and thermal 

stimulation (Dube et al. 2009). 

Of these experimental options, films are particularly note worthy because they 

can be readily standardised, require little or no deception, and allow, if required, 

a "context without emotion" condition. Films also possess a high degree of 

validity in so far as emotions are often evoked by dynamic auditory and visual 

situations external to the individual (Gross & Levenson 1995). 
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To verify the reliability and to optimise the developed new device, it was 

decided to measure the skin conductance change between normal and an 

emotionally high condition , by stimulating emotion creating a series of films . 

Experimental work was then directed to emotional stimuli and related reactions 

for a number of different age groups that statistica l variance and correlation , if 

any, could be detected . 

In this research two types of audiovisual stimulation methods were used: 

1. The first is a program that directs the concentration to a neutral condition 

then suddenly changes this with a strong stimulation such as a crashing 

sound that modifies or ceases the concentration. 

2. The second one involved a film clip that generates continuous stimulation 

that includes a number of emotional states including fear. 

3.7.1 Audio visual stimulation 1 

Ir order to maintain the subject's focus and concentration an audiovisual 

presentation of black background and a white path of a 12 circuit labyrinth was 

designed. The pattern of the labyrinth captured 2/3 of the screen; the animation 

included the progressive movement of a white spot on a black background that 

generated the labyrinth . The subject's response was evoked by using a sound 

of crashing glass. The presentation started and ended with a black screen. 

The animation was constructed with Adobe Image Ready as a compilation of 

313 frames of the initial vector file in a designated sequence. Image ready 

compilation included frame delay of 0.5 to 3 seconds (the longest delay was at 

the start and end of each section). The final number of frames were produced 

by screen capture as a video presentation with size 720X576 pixels at 25 

frames-per-second (fps). The final compilation of the presentation included the 

insertion of the crashing glass sound track. This final stage was created by 
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using Microsoft Windows Movie Maker and a crashing glass sound that lasted 

1.26 seconds in total (0.8 seconds at constant intensity) was inserted at the 

required intervals. 

For repetitive stimuli, two audio visual presentations were compiled; for the first 

experiment a total of 52 seconds while two separate crashing glass sound were 

introduced at the 20th and 33rd second, and for the subsequent experiment a 

total length of 152 seconds while crashing glass sound introduced at three 

intervals, 30th, 70th and 11 oth second. 

3.7.2 Audio visual stimulation 2 

The study utilised movie clips of standardised films shown to elicit the discrete 

emotions such as: amusement, anger, contentment, disgust, fear, sadness, and 

a relatively neutral state. The six clips of commercially (with sound) and non 

commercially (no sound) available movies used varied in length ranging from 58 

to 246 seconds, with an average length of 180 seconds and 5 seconds intervals 

(see Appendix C - Movie list). The full compilation included sound track and 

was presented on a laptop computer approximately SO cm from the subject 

sound was delivered by a headset (Pioneer stereo headphone SE - A40). 
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4.0 Investigation of the Repetitive Stimuli 

4.1 Introduction 

The fi rst experiment was primarily designed to verify the ability of the skin 

conductance measurement system under repetitive stimul i. 

Subject selection 

Skin Conductance 
recording 

Audio visual 
presentation 

Computational and 
statistical analysis of 

skin conductance 
parameters: 

Delay 
Intensity 

Reaction rate 
Habituation 

Figure 4.1: Block diagram of repetitive stimuli experimental procedure. 

General procedure involved selection of appropriate subjects, the use of SC 

recording equipment and skin electrodes in controlled environment (room 

temperature, light intensity and positioning of equipment). 

After the placement of the electrodes, subjects were asked to watch the 

audiovisual presentation based on a moving white object on a black background 

that was designed to induce specific concentration prior to introducing a 

crashing sound (see Audiovisual presentation 1 ). 
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SC of the subjects was recorded in two different conditions. The first was with 

two separate audio stimuli were introduced while subjects concentrated on a 

moving object and in the second experiment, three audio stimulus were 

introduced in a predetermined equal time interval to create repetitious 

stimulation (multiple stimuli) (Figure 4.1 ). 

4.2 Subjects 

A total of 20 subjects were recruited subjects signed a consent form (see 

Appendix A&B) according to the University of Technology, Sydney Human 

Research Ethics Committee (HREC) regulations (Reference Number: 2008-

178A). 

In the first test, where double stimulation was introduced, fourteen healthy 

subjects (6 women and 8 men, mean age = 31.0 years, standard deviation of 

the sample population SD=±15.1 ), between 20 and 64 years old were recruited 

as volunteers for the recordings. Mean age of the 8 males (n·1m=8) was 33 years 

(80=±16.4) and range of age was 20-64 years. Mean age of the females (n1f=6) 

was 27 years (SD=± 13.4) with a 20-5'1 year age range. 

In the second simulation with three crashing sounds, six healthy subjects (3 

women and 3 men, mean age= 32.0 years [SD ±14.33] range= 21 to 64) were 

recruited. Three male (n2m=3) subjects with mean age of 36 years (SD=±1 7.1 ) 

ranged between 21 to 64 years . Three female (n2t=3) of mean age 26 years 

(SD=±9.3) ranged between 22 to 43 years. 

4.3 Procedure 

The initial experiment was carried out in a quiet room. Day light was minimised 

and room temperature was maintained by centra l air condition at 21°-23° 

Celsius. Recording with a dual screen mode was used. A Hewlett Packard 

laptop was used for recording and visualisation of the logged data as well as 
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movie play time. The movies for both experiments were viewed on a 48cm 

monitor and the sound produced by PC speakers (Acer 3W 40 with integrated 

audio amplifier 75% of full capacity). Figure 4.2 shows the setup as the monitor 

and speakers were placed on a table and subjects had to be seated 

approximately 0.5 m from it. 

The procedure of the experiments was explained to all subjects prior to their 

consent to participation. Inclusion and exclusion criteria as per usual format; 

participants were asked as to whether they were under the influence of drugs 

(mood altering drugs) or alcohol. Those who indicated a history of neurological 

deficits, cardiovascular problems, or those who were currently taking medication 

for hypertension, depression, or anxiety were excluded . At this stage of 

selection no subjects were actually dismissed. 

Subjects were asked to present their non dominant hand, to remove any 

jewellery from their fourth finger, and the experimental site was cleaned 

thoroughly with wet wipes free of soap and alcohol (Huggies baby wipes) and 

examined for any scaring of the skin. Disposable snap electrodes that had been 

designed for the use of EDA studies were placed at the centre of the distal and 

intermediate phalanges of the ring (fourth) finger while maintaining a fixed 

distance between electrode centres (30 mm). As stated earlier, the distance 

allowed a small gap between the foam backings of the electrodes (3-5 mm) to 

accommodate the joint and avoid direct contact between the electrodes as well 

as possible outpouring of the electrodes paste. 

Once electrodes had been connected, the subjects were asked to sit 

comfortably, breathe deeply and relax while baseline level of voltage recording 

was established. 
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Figure 4.2: Repetitive stimuli experiment setup. 

Base line values were observed for a period of 1-5 minutes until stabilised. After 

that, subjects were asked to focus on the video presentation and remain quiet. 

Recording was synchronised with the video to ensure that the length of the 

movie would match the exact recording period. 

4.4 Computational and Statistical Analysis 

The interpretation of the results was based on a computational and statistical 

analysis made on the values of conductance of each subject during the 

specifically designed video clip. The method and data analysis involved 

measurements of the values of voltage registered with the developed device 

and converted into values of conductance by the formula obtained from the 

calibration process. 

Volt=O. 082*mho-0. 079 

83 



Chapter 4 Repetitive Stimuli 

The analysis performed on the recorded data was made through a subroutine 

written in Fortran77 and executed in a Unix Operating System. The use of this 

software was combined with the drawing software Gnuplot to plot the data 

outputs. 

For each subject, the written software read the conductance values and after 

detecting a change, it focused on particular shapes of the plot based on the 

response of each subject to each audio stimulus. The software developed 

characterised this behaviour, compared it with other subjects and based on the 

obtained values performed statistical analysis. 

The term response stands for the delay between the instant of the audio stimul i 

and the moment from which the conductance begins to increase in a rise until a 

maximum value (called the "peak"). The peak is therefore the maximum value of 

conductance measured. 

The algorithm prepared to detect the particular response of a subject to the 

crashing sound checks the derivative values of the conductance intensity peak. 

Furthermore, in order to determine the response and thus the derivative to 

detect the raising process, the fluctuations of conductance needed to be 

corrected. 

The rapid fluctuations are detected when the conductance assumes opposite 

values in one less order of magnitude range of time than the one in which the 

rise happens. This problem was solved with the use of a fi ltering function that 

was embedded within the algorithm. 

The use of this filter also meets the necessity of taking into consideration the 

resolution of the equipment (determined as 0.1 µmho). 

Once the filtering is applied the algorithm allows the following functions to be 

calculated: the response time for each subject, the slope of the conductance 
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rise, the delay time to the subsequent stimulus, the integral of the curve, the 

peaks of conductance (intensity) and subsequent relative ratios related to the 

measured values that gives further descriptive quantities. 

Graphical outputs of the results were produced by Gnuplot, that allowed to plot 

different series of the abovementioned functions and to calcu late the correlation 

coefficient for the series according to the following formula: 

n 

~)x, - x)(y, - y) 

Where Xi and Yi represent the records relative to the two series of quantities for 

which the correlation is calculated and ~ and ~the main values obtained for the 

records in the respective series. 

4.5 Results and discussion 

Results were obtained from two experiments for a total of 20 subjects. The first 

experiment involved 14 subjects and an audio visual presentation which 

contained two audio stimuli with a delay of crashing glass sound was introduced 

at the 201h and 33rd seconds. To further quantify the response and verify the 

initial readings a second experiment was introduced with the three audio stimuli 

separated by constant time intervals of 40 sec (crashing glass sound was 

introduced at the 30, 70 and 110 seconds). In this experiment only 6 subjects 

were used for the recordings. Results from both experiments shown in Figure 

4.3 is tabulated in table 3, include the calculation of amplitude, delay in 

response and the reaction rates. 
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Table 3: Summary of the quantities computed by the algorithm on the 
conductance profiles for the experiment with 14 subjects and two audio stimuli . 

SUBJ ECT DELAY {sec) INTENSITY {sec) RATE (µmho/sec) 

first second first second fi rst second 
1 2.70 2.90 2. 70 0.72 0 .39 0 .51 
2 1.50 2.10 2.29 1.84 0.82 1.42 
3 1.90 2.20 1.01 0.57 0 .46 0.36 
4 1.80 1.80 4.42 2.42 0.96 1.73 
5 2.60 3.00 1.85 0.99 0.18 0.07 
6 2.10 3.30 2.85 0.57 0.47 0.17 
7 2.00 2.40 0 .99 1.01 0.55 0.50 
8 2.30 2.50 0 .99 0.85 0.50 0 .19 --~-----
9 1.40 2.00 1.71 1.56 0.38 0 .50 
10 1.50 2.00 8.13 3.56 0.92 3.24 
11 2.00 2.40 0.57 0.42 0.41 0.47 -·----,__ ___ -· 
12 0.90 2.40 2.13 0.99 0.40 0.83 
13 1.90 2.30 2.00 1.14 0.65 0.88 
14 2.90 3.40 0.99 0.57 0.15 0.48 

All of the 20 subjects showed a visible reaction to the crashing sound stimulus. 

This reaction was quantified by a rise in the skin conductance level which has: 

monotonous rise, maximum peak and a descent profile which in all the cases is 

not as fast (in term of derivative) as the rising process (Figure 4.1 ). Samples of 

recording can be found in appendix D. 

Table 4: Summary of the quantities computed by the algorithm on the 
conductance profiles for experiment with 6 subjects and three audiovisual 
stimuli. 

SUBJECT DELAY (sec) INTENSITY (µmho) RATE (µmho/sec) 

first second third first second third first second Third 
1 2.30 2.30 2.60 5.70 3.99 3.42 2.59 3.63 2.85 
2 n/a* n/a* n/a* 10.98 3.84 2.99 2.03 1.16 1.76 
3 2.30 2.40 2.60 7.84 2.85 2.70 1.45 2.37 1.93 
4 2.20 2.50 2.70 1.85 1.85 1.56 1.09 1.09 1.12 
5 2.20 2.30 3.60 1.99 1.99 1.01 0.44 0.48 0.59 

6 2.50 2.80 3.60 4 .70 4.70 1.99 0.50 0.63 0.64 
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*Response time (delay) recorded value of subject 2 (in experiment 2) was not included 

due to synchronization error. 

The quantities measured through the algorithm as shown in Tables 4.3 and 4.4 

show the subject's full conductance profile (Figure 4.3) generated four different 

response variations. 

The first one is the latency or delay response representing response time after 

audiovisual stimuli. The second one is the amplitude of each conductance 

response showing the maximum amount recorded respectively for each peak. 

The third one is the reaction rate that is represented with the slope of the peak 

observed. 

The algorithm also calculates the area under the peak. The difference between 

the partial and the total integration, both calculated using the absolute value of 

skin conductance recorded is clearly shown in Figure 4.3. Slope, integrals and 

response times are calculated after every audio stimulus and for every subject 

tested. 

In Figure 4.3, H represents the amplitude or the intensity of the skin 

conductance, X, Y, Z are the latency or delay in response at different 

consecutive stimulation respectively and M is the slope representing reaction 

rate. 
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SUBJECT #1 - FULL CONDUCTJANCE PROFILE 
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Figure 4.3: Skin conductance against time. Th :e three peaks represent three 
consecutive crashes and related changes. 

4.5.1 Response Times (Delay/ Latency) 

160 

The results show that in all of the subjects ttne response time after the second 

stimulus is longer than the one after the first Sltimulus. 

For the first stimulus the response time varied from subject to subject in the 

range 1-3 sec while for the second stimulus the range is about 2-3.5 sec. 

The subject who experiences the most signiificant difference between the first 

and the second stimulus had a difference of :2.5 sec between his two response 

times. 
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Figure 4.4: The delay (latency) at first and second stimulus. Subject numbers are 
reported on the horizontal axis while response times (sec) are given on the 
vertical axis. 

The finding of an increasing delay was further confirmed by the second 

experiment as the repetitive stimuli (3 audio stimuli with a constant time interval) 

also produced delayed responses. 

It should be noted that although the reaction time (latency) varied from subject 

to subject, the results prove that for each consecutive stimuli, this delay 

increased. 

Figure 4.5 shows the results of the second experiment using three repetitive 

stimuli, which had response times after equally spaced stimuli ( 40 second 

intervals). The three different colours indicate for each subject its response time 

after each emotional shock. The three values are proportional. These 
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observations confirmed our preliminary results with 14 subjects using two sound 

stimuli. 
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Figure 4.5: Response times (delay, latency) for 5 subjects under 3 consecutive 
crashing sounds at constant time intervals. 

The response time or latency and observed results proves that this is an 

important finding. Further investigations can open new ways to understand the 

repetitious stimulation of the learning processes both in education and in the 

further understanding of ever elusive brain function mechanisms fields. 

Toyokura et al. (1998) used not conductivity but skin potential response (SPR) 

in their work. After comparing the data, they found that latency changes 

between curve patterns in response to 22 nerve stimulation with inter-stimulus 

interval of 23-30 sec and showed that there were significant differences among 

the recorded patterns. 
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According to Sokolove's theory mentioned by Lovibond (1969), "the orienting 

response is unspecific response complex, involving central autonomic and 

skeletal mussel activity. The orienting response (OR) is elicited whenever 

stimulus input is discordant with the property of past input which are stored in 

an hypothetical organization of neurons termed "neural model". 

Sokolove's work has been confined primarily with studies of the habituation 

(response tota l duration) of OR with representations of the same stimulus. He 

believes however that an essentially similar mechanism underlie habituation of 

the OR to multiple stimulus sequences. Therefore based on this work, we can 

hypothesise that as the first stimulus appears, subjects maintain their focus and 

attention on the visual presentation and therefore any subsequent stimulus of 

the same nature has a diminishing effect on the subject's response which may 

explain the increasing latency of the response itself. 

Latency and related brain activity information is a measure of the statistical 

interdependence of two random variables such as a particular stimulus 

condition (e.g. audiovisual stimulation) and the blood oxygenation level-

dependent (BOLD) response: a higher mutual information value implies a 

greater predictability of the BOLD signal from the preceding stimuli. 

Kayser et al. (2007) combined the evidence obtained of the activation in a 

unimodal primary sensory cortex by stimuli to another modality (Kayser et al. 

2007). The facilitation of neural activity in primary sensory areas at early 

latencies suggested the existence of direct connections between primary 

sensory areas or nonspecific thalamic inputs. 

Assuming that the preferred latency reflects brain processing time, the temporal 

sequence of brain activity can be revealed by comparing the preferred latencies 

of different brain regions. 
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4.5.2 Amplitude (Intensity of Conductance) 

Skin conductance amplitude has been accepted as a maximum conductance 

level achieved (µmho/cm2
) within a given time frame of first and the second 

stimulus (see Table 3). All subjects responded to the stimulus by increased 

intensity of skin conductance (µmho/cm2
). Values had been subtracted from the 

base line that was determined by the conductance level prior to the stimulus. 

The conductance intensity levels of subjects to the first stimulus varied from 

0.57 µmho/cm2
, as the lowest response to 8 to13 µmho/cm2

, as the highest 

response from the recorded baseline. 

The second stimulus of the first experiment that had been introduced 23 

seconds later produced a lower conductance intensity levels for all but one 

subject. This subject showed a small increase (0.99 µmho/cm2 for the first 

stimulus and 1.01 µmho/cm2 for the second one). The decrease in conductance 

intensity for the second stimulus in the first experiment was recorded as an 

average intensity of 60% of the first stimulus. 
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Figure 4.6: Intensity excursion for 6 subjects after 3 repetitious stimulus. 

A similar trend on the reduction of the conductance amplitude was observed in 

the results of the second experiment (see Table 4) for the 6 subjects with 

constant time intervals ( 40 sec) between three consecutive stimuli. The second 

experiment shows that the response to the second stimulus was reduced to 

produce an average of 59% of the conductance amplitude achieved in the first 

stimulus, and the third stimulus producing 85% from the intensity of the second 

one. 

It was observed that for all subjects the peak conductance amplitude becomes 

progressively smaller with each repetitive stimulus (Figure 4.6). 
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4.5.3 The Reaction rate (Rise/Slope)) 

The algorithm developed describes the rapidiity of the conductance change or 

response rate after each stimulus by estimating the slope of the conductance 

rise in two different ways. The first one was the medium slope between the 

bottom of the rise and one data point at 30% 1of the rise. The other one was the 

medium slope calculated on the total rise of conductance. Our results are based 

on the medium slope calculated on the total rise. 

Table 5: Values of the Delay Time (sec), lntensiity (µMho) and Response Rate 
(µmho/sec) and the standard deviation (sigma) of the response rate of the three 
simultaneous simulations for 3 different particiipants. 

SUBJECT DELAY INTENSilTY RESPONSE RATE 

(sec) (sec) (µmho/sec) 

first 2.30 5.70 2.59 

second 2.30 3.99 3.63 
1 third 2.60 3.42 2.85 o=18% 

first 2.20 1.99 0.54 - · 
0.48 I second 2.30 1.28 -·--=r------- --~.42-~=13% l 3 _third 3.60 1.01 = 

first 2.50 4.56 0.56 --·--· ---·->---·-
second 2.80 2.28 0.63 

6 third 3.60 1.99 0.64 a=16% 

standard deviation over all subjects o=6i4% 

Table 4 shows the delay times, intensity cand the reaction rates for three 

subjects during the second experiment with three audio stimuli. The reaction 

rate (quantified by the slope or the gradient of the conductance rise after the 

stimuli) tends to remain almost constant for ome same subject during the three 

rises: the standard deviation from the mean vailue is, in fact, under the 20%. 

In addition, the computed standard deviation rnf the slope in a sample, points out 

those different subjects can have very differernt reaction rates. 
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Figure 4. 7: A graph of the 6 subjects showing that the value of the slope 
(reaction rate) is nearly the same (<20% difference) for each subject for the 3 
stimuli used. 

Computed reaction rates clearly demonstrate that for the multiple stimuli the 

slope value is within the 20% difference between the three readings for each 

individual subject, although different subjects have different reaction rates. 

These resul ts indicate that reaction rate in principle might depend on a range of 

factors that are based on individuals' physiology and needs further 

investigations. 

Low (2004) and Ogawa and Sugenoya ( 1993) have indicated that pulsating 

aspects of sympathetic sudomotor activity results in sweat secretion and 

gradual or sharp increase in conductance level (spontaneous sweating). Ogawa 

and Sugenoya ( 1993) further indicated that skin sympathetic nerve activity 

consists of multi-unit burst containing sudomotor, vasomotor, (vasoconstrictor) 
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and pilomotor impulses. Those bursts occur spontaneously or in response to 

mental stimulation with various amplitude and duration which affects the 

secretion of sweat and greatly affects the response rate. 

Fuhrmann Alpert et al. (2007) used short inter trial intervals (ITI) designs, which 

generated sluggish and sustained response that resultant first stimulus not 

being able to return to the baseline when the following stimulus evokes a 

subsequent response. The resultant subsequent response to a given stimulus 

than was contaminated by the responses to the adjacent stimuli. 

Based on our experimental results it can be postulated that the use of repetitive 

stimuli of long (ITI) (introduced with the developed skin conductance device) 

allowed us to obtain uncontaminated outputs and the specific behaviour. 

Conceptually, if we consider Fuhrmann Alpert et al. (2007) studies and our 

specific results, it can be proposed that the activation of particular brain neural 

pathways and related sympathetic nerve response that influences the ionisation 

rates in sweat may contribu te to the response rate and therefore produce 

similar slopes observed for every individual under repetitive stimulus. It is a 

difficult concept to prove but a very important observation. 

4.5.4 "Habituation" (Duration of response) 

Duration of response "habituation" has been described in the context of 

orienting response as the diminishing or reduced level of response . Results 

from both experiments show habituation to the audiovisual stimuli. Furthermore 

the repetitive stimuli in set time intervals provide a good framework for the 

analysis of the habituation. In order to quantify the habituation, the algorithm 

was modified to calculate the area of each curve obtained . 
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In literature "habituation" is described as recovery half time. Half time recovery 

concept stems from the fact that it is considered not possible to determine the 

exact point of response termination. It was therefore suggested that habituation 

will be measured as the response peak to the point where the curve falls bellow 

one half of the response amplitude (Boucsein 1992) and is highly correlated 

with the intensity (Venables & Christie 1980). This view is the currently 

accepted and used method of the calculation of the half area under the peaks 

observed. 

In this work we have calculated both partial (half area) and full area and 

determined the correlation factors to ascertain which one can produce a more 

accurate and reliable data. 

The partial area calculation method involves calculations starting from the onset 

of the audiovisual stimulus to the following rise of conductance and the total 

area was calculated between the onsets of the first stimulus to the next one. 

Figure 4.8 show both partial and total area calculated . 
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Figure 4.8: Skin conductance values against time. Time interval between two 
subsequent stimuli is 40 sec. The second peak shows the total integration from 
the baseline while the third one demonstrates "half peak integration". 
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The results show that during the second experiment (Figure 4.8) the partial 

recovery as it was calculated by partial area does not have a good correlation 

factor as the full integration (Figure 4.9a and 4.9b ). 
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Figure 4.9: Correlation values (reported on the top right of the graphs) and 
comparison between the Intensities and the areas: (a) half response (partial 
integral) and (b) full integration. 

Figure 4.10 shows the results obtained for the reaction duration during the first 

three stimuli that are listed in Table 6. The calculated area values for 4 out of 6 

subjects, show reduction of the reaction duration from the first to the 

subsequent stimuli. The percentages of the reduction from the first to the 
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second stimulus are the most representative of this behaviour and are reported 

in the last column of the results table . 

Table 6: Area calculation described as stimulus reaction duration for three 
stimuli of subject 1 to 6 and percentage reduction between 1st and 2nd stimuli. 
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Figure 4.10: Reaction duration as a function of area calculation, for three stimuli 
subjects 1 to 6. 
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Ohman in two separate studies (1979, 1992) suggested that the orienting 

response is accompanied by an increase in both tonic and phasic autonomic 

and central nervous activity, which includes changes in skin conductance, 

cardiovascular, respiratory, skeletal muscle and EEG activity. 

Although the response duration for all five subjects shows a reduction between 

the first, second and third stimulus, for one subject an increased level is 

observed during the sequential stimuli between the second and the third 

stimulus. 

4.6 Further Discussion 

Skin conductance measurements have been used to investigate various 

aspects of response to repetitive audiovisual stimuli in an oddball paradigm; 

The correlation obtained shows the validity of the measurement in relation to 

orienting response and attention. 

The use of an animated labyrinth seems to contribute to subject's attention in 

maintaining focus throughout the experiment 

Based on the previous published work, the choice of keeping the experimental 

environment temperature and humidity constant together and aiming to 

complete the experiments within a short time period was important. 

Electrode placement and recording site is based on the understanding that the 

ring finger has maximum neural innervations since it is innervated with both 

ullnar and median nerves. This may be of critical importance when parameters 

of skin conductance such as latency, amplitude and response rate and duration 

of response are being investigated. Furthermore, maintaining fixed distance 

between the electrodes is pertinent. 
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In general, during the last two decades an important question for research on 

audiovisual investigation in humans has been whether multi sensory information 

is brought together in the primary sensory or association areas of the cortex. 

For example, can auditory information activate the primary visual cortex directly, 

or must it first be processed by the primary auditory cortex and higher-order 

association areas? 

Studying the information flow of audiovisual processing in the human brain is 

crucial for discovering the neural mechanisms of audiovisual integration. 

Although many electroencephalography (EEG) studies have investigated the 

temporal aspects of brain processing during audiovisual integration , the limited 

spatial resolution of EEG cannot provide the actual propagation route across 

different brain regions in great detail. 

This study using skin conductance measuring device, although a protoype, 

shows that a properly designed visual stimulation may assist the subjects in 

maintaining focus and attention and might act as a filter for the response 

minimising spontaneous sudomotor reflexes. All this enables the study of 

repetitive stimulus of oddball paradigm. 

The increased latency observed in our experiments during the response of 

subjects under stimuli, can possibly be indicative of alternate brain neural 

response pathways or routes. 

Similarly during multiple stimulus sequencing, reduced intensity of the skin 

conductance, increased delay in reaction time or latency, and nearly constant 

reaction rate measured for each stimulus reinforce the above concept that brain 

to skin conductance path might be controlled by alternate neural routes that can 

be crucial in more responsive to psychological emotional change such as the 

fight or flight reflex response. 
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In a relatively recent work by Fuhrmann Alpert et al. (2007) on temporal 

analysis by stimulus, it was reported they encountered a number of difficulties 

due to the timing of the stimulus presentations. They further concluded the time 

course of the BOLD response made a temporal analysis difficult. 

As stated earlier for short (ITI) designs, more than one stimulus may contribute 

to the BOLD signal at short latencies because the BOLD response is sustained, 

such that the response to the first stimulus has not returned to the baseline 

when the following stimulus evokes a subsequent response. It means that the 

BOLD response to a given stimulus may be contaminated by the responses to 

the adjacent stimuli. This may shift temporally the peak BOLD response to the 

given stimulus and thus the peak latency of mutual information. 

Therefore, the device developed for this thesis is designed to have a suitably 

long ITI, with an event-related audiovisual stimulation that has been shown to 

circumvent this problem. 

Previous published work states that the recovery from the response to a 

stimulus or habituation which is described as recovery half time is reported to 

be highly correlated with the rise time (Venables & Christie, 1980). The 

measurement of the area beneath the curves in this current work shows that 

correlation between recovery half time measured by the partial area and the 

excursion of conductivity due to the stimulus is not as good as using the total 

area integration. 

In regards to slope or the response rate for each subject, similar values were 

obtained for specific individual. However these values are different between 

different individuals. This might indicate that under specific conditions each 

subject might have constant response rate. 
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In addition, during a multiple sequential stimulus the reduction in the amplitude 

value or the intensity are expected to continue as observed in our work. What 

was not investigated is more than three stimuli and its long term effects. 

Will further stimuli diminish the intensity to the background level? What happens 

when the time lapse is increased over 40 second intervals? Can we control 

phobias, or educate people to reduce the effects of emotional or even medical 

response with this method? 

Better understanding of these mechanisms and their application can open new 

ways to treat patients with phobias or other emotional issues. Further in depth 

studies with multiple-stimulus sequencing to answer the questions given above 

together with EEG and functional MRI can increase our understanding of brain 

function and open new ways of treatment. 
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5.0 Effect of Different Age Groups 

5.1 Introduction 

The study of SC response to continuous emotional stimuli as covered in this 

chapter, is a further verification of the functionality and reliability of the device 

developed. 

In this experiment SC was recorded while subjects were presented with a series 

of audio visual films with emotional content. Emotional stimulations were 

presented in sequence and were designed to build up a continuous emotional 

stream. Subject selection included different ages, and previously explained skin 

conductance measurement procedures and protocols were applied. The 

process is described in Figure 5.1 which includes the final computational and 

statistical analysis of SC that was performed on a selected movie segment. 

Although full film segments were analysed, in order to assess the effect of a 

specific emotional response on different age groups, only a particular part of the 

audio visual presentation was analysed in detail. 

L Subject selection J 
Skin Conductance 

recording 

Movie presentation: 
Amusement 

Anger 
Contentment 

Degust 
Fear 

sadness 

Computational and 
statistical analysis of skin 

conductance 
For selected movie 

Figure 5.1: Block diagram of experimental work, emotional stimulation and SC. 
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5.2 Experimental Procedure 

In this study we have used an audiovisual presentation of emotional content, 

and presented to subjects at indoor locations while recording SC. The study 

utilised standardized films shown to elicit emotions such as: amusement, anger, 

contentment, disgust, fear, sadness, and a relatively neutral state. 

Six clips of commercially (with sound) and non commercially (no sound) 

available movies used, film clips varied in length ranging from 58 to 246 

seconds, with an average length of 180 seconds. Neutral scenes of five 

seconds in length were used between each segment to separate the emotions 

and reduce the intensity to background level (see Section 3. 7.2 for further 

detail). 

The full compilation included sound track and was presented on a laptop 

computer placed approximately 50 cm from the subject; and the sound was 

delivered by a headset. 

Prior to the procedure subjects were asked whether they were under medical 

treatment or under the influence of any medication (mood altering drugs) and/or 

alcohol. Those indicating a history of neurological deficits, cardiovascular 

problems, or those currently taking medication for hypertension, depression, or 

anxiety were excluded. During this stage of subject selection no subjects were 

dismissed. 

Subject were then asked to sign the consent form that included their personal 

details and a second part of this form was to be completed after the experiment. 

In the second part of the form, subjects were asked to complete a questionairre 

which allowed the subject to assign the best emotional description for each one 

of the movie segments. This task was not compulsory. A copy of the complete 

form can be found in Appendix A & B. 
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As in the previous chapter, the subjects were asked to present their non 

dominant hand and to remove any jewellery from their ring (fourth) finger. The 

site was cleaned thoroughly with wet wipes free of soap and alcohol and 

examined for any scaring of the skin. 

Disposable snap electrodes that had been designed for the use of EDA studies 

were used. 

Electrodes were placed at the centre of the distal and medial phalanx of the ring 

finger while maintaining a constant distance between electrode centres (30 

mm). The distance allowed a small gap between the foam backings of the 

electrodes ( +/-3mm ), to avoid direct contact between the electrodes. 

Once electrodes were connected, a headset was given at a sound level that 

could be adjusted to a comfortable level. Subjects were asked to sit 

comfortably, breathe deeply and relax wh ile baseline level of recording was 

established. During this stage a total of 5 subjects showed minimal (below the 

threshold of 0.01 µmho/cm2
) or no signal at all and therefore those subjects had 

to be discontinued. 

Base line values were observed for a period of 1 - 5 minutes until stabilised, 

once achieved subjects were asked to focus on the video presentation and 

remain quite. Recording was synchronised with the film to ensure that the 

length of the movie matched the exact recording time. 

Data was logged using the developed data logger and was stored for post 

analysis as text file . Each file included recordings of a single subject compiled 

as a baseline and the subject's conductivity level , during the movie's time line. 

Privacy issues of the subjects were important and the personal data was kept 

separately. 
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5.2 Subjects 

Fifty-nine healthy subjects (25 women and 34 men, mean age of 39.0 years 

[SD= 13.5] range of 18 to 70) were recruited as volunteers. Ethics clearance 

was obtained (UTS Human Research Ethics Committee (HREC) Reference 

Number: 2008-178A). 

Female and male subjects were included in accordance with contemporary 

emotion specificity research (Nyklicek et al. 1997). 34 male (n1=34) mean age 

of 40.2 (80=15.2), ranged between 18 to 70, the range included subjects with 

repeating age (12 in total, max 3 per age value) and a slightly lower value of 

median age (39). 

25 Female (n2=25) mean age 41.6 (80=13.9), ranged between 18 to 64, the 

range included subjects with repeating age (6 in total , max 2 per age value) and 

a slightly higher value of median age(42). 

5.4 Computational and Statistical Analysis 

Computational and statistical analysis was carried out using Microsoft Excel and 

Minitab 15 (Minitab Inc.). These software applications were first used to convert 

voltage output from the data logger to conductance values, then to synchronise 

the full recording of each subject with each one of the films. This was followed 

by extraction of statistical data and a correlation analysis for skin conductance 

according to different age groups of the subjects. 

Values of voltage obtained were converted into values of conductance by the 

formula obtained from the calibration process (Section 3.5). 

The synchronisation of the full movie compilation with conductance values of 

each subject was carried out by matching time lines of recording ( 10 per 

second) and movie sequence. Final configuration of data files was compiled for 

each movie and its time line; including subject's number, age, gender, and 
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conductance value. Minitab software was used to produce statistical data for 

each movie and subject such as: the mean level of conductance with its 

standard deviation, as well as minimum, maximum values. 

Each movie presentation commenced with a 5 second segments of random 

colour beach display, conductance values of those periods were used to 

calcu late the baseline level for each subject as an average value during each 

period. 

The choice of using all the movies for determining the baseline was made due 

to the assumption that the baseline value is static and not a dynamic 

characteristic feature of each subject. It may not be related to the emotional 

response that each movie could induce. 

Although subjects were presented with a sequence of six movies of emotional 

content, only one movie segment was selected for the analysis . Responses for 

each movie segment were calculated by using the minimum and maximum 

values of the intensity. 

Once the base line was determined and one of the maximum skin conductivity 

values for each individual was determined, the population of the sample was 

divided in smaller groups of subjects. 

For this purpose, a direct approach for a statistical analysis involved organising 

the data according to different age groups in an appropriate interval of years. 

After determining the best interval spacing of the age, between the groups 

statistical analysis were carried out. 

The skin conductivity values associated with each group was calculated as the 

median of the values grouped in the same interval. The choice of using the 

median instead of the mean is consistent with the fact that the values for 

different intervals are calculated using a different number of records at different 
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days, some subjects might have recorded a strong deviation from the expected 

value such as high or low base line level. 

Skin conductivity data were grouped with respect to age with a spacing of 2, 4, 

6 and 8 years building 4 different series of data (4 groups). The goal was to 

determine which grouping would give the data with the highest level of 

correlation. 

To fulfil th is purpose an autocorrelation coefficient was calculated for each 

series by using Microsoft Excel with the following formula: 

N -k 

N L (Yi+k . Y;) 
1 

Where N is the number of the data in the series, K is the order of spacing 

between the groups of ages, y; is one element of the series and t is the mean 

value calculated between all the elements of the series. 

5.5 Results and discussion 

SC measurements were carried out for fifty nine subjects. The data collected 

from each subject was converted to conductance and synchronised with the 

total movie time line. 

Conductance amplitude recorded from each subject for the full presentation 

sequence was synchronised with each segment (1 to 6) clearly identified and 

was treated as separate emotional stimulation segment according to the content 

of the films. 
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Figure 5.2 shows the skin conductance recording of three randomly selected 

subjects after the conversion of their measured voltage output to conductance 

values. The three subjects can be identified by their gender and age, the stimuli 

segments (1 to 6) can be seen as dotted lines that correspond with the 

presentation sequence. Results show personal variability in response to 

stimulation and almost every sharp increase of conductance amplitude was 

returned to the approximate base line levels. Furthermore, as previously 

reported by Thompson et al. (1978), within the same emotion evoking segment 

multiple sequential responses with diminishing amplitude was observed. 

Films sequence commenced with a segment showing amusement with multiple 

and single response patterns, (Figure 5.2) while subject 1 (Female age 41) and 

subject 3 (Female age 42) showed multiple responses in the second part of the 

segment. Subject 2 (Male age 50) showed a single response at the start of the 

segment. 

Since segments of commercially available movies were used, certain subjects 

may have previously seen the particular segment therefore may respond upon 

recognition with habituated response. 
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Figure 5.2: The graph shows for selective three subject conductance 
amplitude(y) Vs movie timeline(x sec)· Doted line represents movies sequence 1 
to 6 with intervals. (3 subjects conductance measurements ranged between 2 to 
25 µmho). 

Subject 2 shows decreased SC levels in the first 3 film segments; amusement, 

anger and contentment, followed by an increased SC and SCRs for the next 3 

segments of: disgust, fear and sadness. 

All 3 subject showed decreased or minimal response during segment 3 

(contentment), which may have been attributed to its monotones content (wave 

crashing on shore) and its short length 58 seconds. Peak amplitude for subject 

1 was recorded at the start of segment 4 (disgust), while both subject 2 and 3 

reached their peak amplitude during segment 6 (sadness). 

5.5.1 Selection of segment for analysis 

The primary rationale for the choice of stimulus segment for further statistical 

analysis was based on the different range of responses received in observing 

six continuous film clips. However, the subject's agreement with the description 
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of emotional content for each of the segments was an important factor that 

needed to be clarified. 

Subjects were asked to assign the best emotional description for each one of 

the film segments. This task was not compulsory and resulted in 26 subject 

reporting on their emotional perception of the movie segments. Segment 1 had 

the highest number of subjects suggesting it was amusing, followed by segment 

6 that was described as sad. Both segment 2 and 5 were described by over 

70% of participating subject as producing anger and fear respectively. Only 

50% of subjects described segment 3 as producing contentment and only 60% 

described movie segment 4 to produce the feeling of disgust. 

LeDoux (2000) suggested that most cognitive processes occur unconsciously 

while only the end product may reach awareness. It is therefore irrelevant to 

use subjective emotional experience by subject tested and therefore a more 

subjective method to be employed. 

Response range calculation was carried to identify each subject's range of 

response during each segment. Range was calculated as the difference 

between maximum and minimum conductance value during each movie 

segment for all segments. 

Score value for each film segment was calculated as the mean value of 

responses range of all subjects for each segment. Figure 5.3 shows that range 

values reveal a consistent score for the range of response for segments 1, 4, 5, 

6 (100%). segment 2 and 3 produced lower score values (75% and 50% 

respectively) . 
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Figure 5.3: Calculated response range (Y) of 59 subjects for 6 sequential 
emotional stimuli (X). 

7 

This score calculation of response range justified the choice of segment 4 as a 

potential phase in the segments sequence. The gradual decrease of score for 

the segments 1 to 3 and the dramatic increase of the score of segment 4 was a 

significant factor to select segment 4 for detailed statistical analysis (Figure 5.3). 

This segment was a visual presentation (without sound) of a surgical procedure 

describing the amputation of a leg with its various stages. Samples of recording 

for segment 4 can be found in Appendix E. 

5.5.2 Age group correlations 

The effect of age on skin conductance values measured was statistically 

evaluated by inner correlation study of the population sample that has been 
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divided into smaller groups. Statistical analysis involved organising the data 

according to different ages in appropriate interval of years. 

The population of the sample on which skin conductance was measured were 

grouped in different intervals of years. This operation was repeated, using 

groups spaced 2, 4, 6, 8 years, obtaining four different series of data. For each 

series the correlation was calculated through the autocorrelation coefficient. 

Finally, the series for which the correlation coefficient was the highest were 

selected for the following statistical analysis. Therefore, an age spacing of 5 

years from two subsequent groups was adopted. The correlation coefficient is 

an index of inner coherence of the measurements. If squared, it gives the 

probability for a given series, where the value of the next record is comparable 

with the previous one. 

116 



Chapter 5 Effect on Different Age Groups 

Table 7: Correlation coefficients calculated for· the series of data regarding 
baseline and maximum value of skin conductiwity. The four different series are 
relative to the 4 different age intervals used fo1 grouping the subjects. 

K Age separation Auto- corrrelation Auto-correlation 
spacing (yrs) (base line) (max SC) 

1 2 -0 .11 0.33 
2 4 -0.18 0.31 
3 6 0.78 0.66 
4 8 -0.41 0.04 

According the results given in Table 5. 1, the maximum auto-correlation value 

suggests that the groupings should be space<d more than 4 years and less than 

6 years age separation . 

In accordance with these results , age groupiing was arranged in intervals of 5 

years and the calculation of the autocorrelattion coefficient r was calculated :o 

be: 

r = 0.81 

Age group definitions method was proven .o be highly effective. Five years 

spacings between groupings was found to» be optimal for (n=59) subjects. 

Similar age spacing value was confirmed by1 a previously published work in a 

study of 640 subjects (n=640) which detcerrnined age groupings of 5-25 

separation (Venables & Mitchell 1996). 

The baseline and maximum skin conductrvity values that were calculated 

according to the new age groupings using the median function in MS Excel XP. 

The relationship between age-baseline arnd age-maximum was quantified 

through the calculation of the correlation cmefficients between the two series 

according to the following formula: 
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n 

~~)x, - x)(y, - :ii) 
i=l 

r:i:y = -[ 2:-~-1-(x-.-_-x_)_2 2:-~-1-(y-, ---y-)2_]_1-/2 

Where Xi and Yi represent the records relative to the two series of quantities for 

which the correlation is calculated and ~ and y_ the main values obtained for the 

records in the respective series. 

Peak responses obtained for the film segment 4 were used as the maximum 

conductance values. The base line of each1 segment was calculated as the 

mean value recorded during the 5 seconds irn terval of natural stimulation (blank 

rest period prior to segment four). 

The base line values given in Figure 5.4 are tthe mean values of the base line (1 

to 6) which represents the conductance vailue of all intervals for each age 

groupings with 5 years age separation . 
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BASELINE REGRESSION WITH AGE 
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Figure 5.4 : Calculated conductance baseline values of 5 age groups (age 20-65) 
plotted against group's age (Correlation coefficient: -0.67). The slope of the best 
linear fit computed with Gnuplot for the data is displayed on the graph itself. 
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MAXIMUM REGRESS! ON WITH AGE 
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Figure 5.5: Maximum skin conductance amplitu e of 5 age groups (age 20-65) 
plotted against group's age (Correlation coefficient: ~0.83). The slope of the best 
linear fit computed with Gnuplot for the data is displayed on the graph itself. 

Significant statistical correlation was found for both base line calculation and 

peak amplitude during the selected segment; both values were found to have 

significant negative correlation values as skin conductance values decrease 

with age (Figures 5.4 and 5.5). 

The nature of decline obtained in Figure 5.5 might be indicative of the 

physiological changes of the skin observed with the ageing process. Changes 

such as thinning, skin laxity, fragility and wrinkles are common evident of the 

aging process (Boucsein 1992), 
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The effect of age on physiological measurement may be attributed to weakened 

cardiac muscles causing decreasing blood flow (Lakatta 1990). Also the number 

of active eccrine sweat glands that may decrease with age and hence active 

sweat glands may produce smaller amount of sweat after the age of 65 

(Catania et al. 1980; Silver 1965; Porges & Fox 1986). Burch et al. (1942) 

reported a decreased water loss from the surface of the finger tips, evidently 

due to decreased sweating. More specifically MacKinnon (1954) reported the 

decrease in the number of spontaneously active digital sweat spots in the aged. 

Manganotti (as cited in Silver 1965) described the glands of the ageing 

individual as having a flattened secretory epithelium, and that the glands 

change as a result of "physiochemical" alterations ion to the surrounding 

connective tissue. Chase (1963) has referred to ageing generally as an 

increase in variabilis in regards to digital sweating. 

Possibly more directly the process of aging regulation includes the integrative 

role of the nervous system, the neuro endocrine axis and its circadian rhythm. 

Meites (1998) suggested that as the brain ages so would the hypothalamus 

age, leading to menopause, andropausel somatopause and deregulated 

circadian rhythm. 

It can be suggested that any difference in conductance between young and old 

could as likely reflect difference in tonic neural activity as in morphology of the 

skin. 

5.6 Further Comments 

This thesis determines that the simplicity of skin conductance measurement 

system can provide a stable and reliable signal that can be logged with any 

required sensitivity. It can be used directly for long time periods to record EDA. 

As it has been demonstrated, all subjects showed measurable response 

throughout the audiovisual presentation duration. 
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The use of commercially available film clips was effective sequential stimulation 

in producing measurable electro-dermal response. 

Age group definitions method was highly effective and statistical analysis of the 

results showed that there is a good correlation between age groups. Results 

showed that younger subjects have higher SCR as well as SCL with a gradual 

decrease of conductance level with age increase. 

Our study supports the argument that in the case of skin conductance as an 

EDA measurements, electrode positioning and their placement distance should 

be kept constant for reliable and repetitious data. 
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Chapter 6 Concluding Remarks 

6.0 MAJOR FINDINGS AND CONCLUDING REMARKS 

6.1 Major Findings 

• The device developed is fully verified and after appropriate patient testing 

and clinical approval process may be used as epileptic alerting device. 

• Appropriate electrode placement and methodology to obtain reliable and 

comparative result. 

• Use of computerised audiovisual stimulation method based on increased 

concentration and suddenly introduced external noise for single and 

repetitive stimuli. 

• A method of data acquisition, filtration, separation and analysis. 

• The data related to amplitude, latency and the calculation of the 

habituation as full area rather that half area commonly used for repetitive 

stimuli. 

• Calculation of the gradient of the amplitude against time and related 

relationship that reaction rate for each repetitive stimulus is nearly 

constant for a single individual. 

• Most of the epileptic seizures reported have induced devastating 

consequences within society. The harm involves not only the patients, 

but their families and in general the society. A device that can identify the 

behavioural change or different levels of excitation might be used as 

epileptic seizure warning device. Currently there is no completely 

satisfactory seizure identifying and warning device exists. 

6.2 Concluding Remarks 

In this work a skin conductance measurement system was developed as a 

biomedical device for possible clinical applications. The device was verified by 

testing under repetitive stimulus and in different age groups. 
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Skin conductance is known to be a function of the eccrine sweat glands activity 

and had been used to measure autonomic response and particular activation of 

the sympathetic branch . 

As a fundamental guideline for any reasonable scientific observation of 

conductance, the application position of the electrodes, electrode contact area 

and distance between the electrodes must remain constant in order to perform 

a reliable statistical analysis. 

Past work included a range of applications of electrodes in different spots, 

different hands, using metal plates as contact areas and different regions of the 

body that generated data that could be analysed but could not be compared 

between different studies or patient. Most previous published past work 

indicates that many areas of the palmer surface of the hand have been used to 

measure EDA with no mention to distances between the electrodes and with 

electrodes of a different sizes. 

The results of this thesis highlight the importance of using similar selected areas 

with predetermined constant distance in skin conductivity studies to produce 

reliable results so that appropriate scientific comparisons can be carried out. 

Audiovisual stimulations such as films and video clips possess a high degree of 

valid ity in so far as emotions are often evoked by dynamic auditory and visual 

stimulations external to the individual. In addition, these audiovisual cl ips can be 

readily standardized, require little or no deception, and most importantly they 

allow, if required, a "context without emotion" that can be considered a neutral 

condition . The audiovisual method of stimulation developed provided a reliable 

method that has assisted the subjects in maintaining focus and attention. 

Furthermore, it has enabled the analysis of the response to repetitive 

stimulation with constant inter trial interval. 
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The simplicity of the circuit board design for the sensing and amplification part 

of the device, provided a simple approach to the measurement system and the 

use of operational amplifier allowed for a single oscillating voltage output that 

can be sampled by any rate and by any data logging facility or application. The 

advanced approach of separation of the data logging has been tested and 

verified in this work. 

Although suggestions had been made for the use of partial area calculation of 

the response in relation to habituation, in this work we have considered both 

partial (half area) and the full response area calculations to determine which 

one can produce more reliable data. Full area calculations produced better 

correlation factor. 

The context of repetitive stimuli provided a defined period of response to 

habituation particularly when constant inter trial intervals (ITI) were used. This 

framework allowed for an accurate definition of the full response area and 

provided the novel use of a numerical value to define the response duration. 

This simple quantitative approach to the response duration provides a greater 

insight to the sequential diminishing responses of each subject in the context of 

repetitive stimulus with a constant ITI. 

The use of reaction rate as a skin conductance parameter was proven highly 

valuable as it demonstrates that for the multiple stimuli the slope value is 

simular for each individual, although different subjects have different reaction 

rates. Reaction rate may depend on many factors which are based on individual 

physiology and neural pathways for the activation of the eccrine sweat glands. 

The use of reaction rate may provide a reliable data that can be used as a 

valuable tool to identify reaction patterns for each individual. 

The method of autocorrelation coefficient calculation for age group definitions 

was shown to be highly effective. It allowed for optimal grouping criteria that set 
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the data in the highest level of correlation . This method provided a good 

statistical approach in obtaining reproducible results in the study of age effect 

on skin conductance level and response. 
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Chapter 7 Future work 

7. 0 Future Considerations 

7.1 Application as epileptic seizure warning device 

Epileptic seizures can be broadly separated into two categories: partial or 

generalized seizures, previously described as petit mal and grand mal. Partial 

seizures are further divided into simple and complex. Simple partial seizures are 

classified when consciousness is not impaired and only part of the cortex is 

disrupted. Simple partial seizures manifest as auras or symptoms, the patient 

experiences at the beginning of the seizure. This type of seizure, petit mal, 

includes several types of simple partial seizures such as motor seizures 

sensory seizure, autonomic seizures and psychic seizures. Autonomic seizures 

cause changes in the autonomic nervous system. This may manifest as a 

change in heart rate, breathing rate, sweating or an unpleasant sensation in the 

abdomen, chest or head. Psychic seizures manifest as a sudden emotion such 

as fear, anxiety, depression, happiness or, a patient may feel as if they have 

lived through this moment before (deja vu) familiar things seem foreign to them, 

Uamais vu) or the world is not real. 

Complex partial seizures may include loss of consciousness to some degree 

and no memory of what happened during the seizure. It usually lasts for 30 

seconds to two minutes. In some cases, partial seizure evolve into a secondary 

generalized seizure. In these cases, the excessive electrical activity starts in a 

limited area and spreads to involve both sides of the brain. (Jacobsen & Eden 

2008). 

Partial and generalized tonic-clonic seizures are associated with a diverse set of 

autonomic nervous system, change in heart rate, blood pressure, respiratory 

rate, capillary size vasomotor and sudomotor activity, gastro intestinal, 

gastrointestinal maturity and glandular secretion (Devinsky et al. 1994 ). Some 

of the published work shows that electrical stimulation of limbic, hypothalamic, 

and brain stem area of humans evokes autonomic changes. Devinsky et al. 

( 1994) suggest that re-occurring epileptiform discharges from limbic structures 
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are richly interconnected with hypothalamic regions and may alter autonomic 

functions between seizures. 

Yet same authors reported an increased variability and reactivity of autonomic 

function amongst patients with epilepsy due to medication effects, anxiety 

associated with the testing procedure, and structural lesions in patients with 

chronic effect of epilepsy. 

Despite optimal anti-convalescents drug treatment, 30% of patients with 

epilepsy experience reoccurring seizures. Environmental or emotional 

participants are frequently identified as a cause of breakthrough seizures (Nagai 

et al. 2004) and many patients with epilepsy learn to develop effective 

behavioural counter measures to prevent or minimize the occurrence of 

seizures. 

Suggestions that epileptic seizures may begin as a cascade of electro 

physiological event that evolves over hours and quantitative measures of pre 

seizure electrical activity can be used to predict seizures. 

It has also been suggested the seizure threshold may be influenced by an 

emotional trigger and the behavioural intervention aimed at altering the 

excitation level might provide useful tool for the management of epilepsy 

(Lockard et al. 1977). An alerting device even not so precise, could generate 

changes in the excitation level and hence help to manage the possibly evolving 

seizure. 

Johnson & Davidoff ( 1964) analysed autonomic changes during partial seizure 

and reported that the changes in skin resistance and increased heart rate were 

present during nearly all partial seizures but respiration and temperature 

responses were variable. 

Bear ( 1979) proposed the existence of 18 traits associated with temporal lobe 

epilepsy (TLE) that reflected alteration in behaviour. These changes have been 
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postulated to the effective association to be due to progressive change in limbic 

system structure secondary to temporal epileptic focus. 

Although EEG response is complex and variable, Litt et al. (2001) used 

localized quantitative EEG changes to identify prolonged bursts of complex 

epilepsy from this charges that became more prevalent seven hours before 

seizures and highly localized sub clinical seizures like activity that became more 

frequent two hours prior to the seizure onset. He also suggested that the 

accumulated energy increased in fifty minutes before seizures onset compared 

to base line. A recent study at the University of Sydney did not verify the 

effectiveness of EEG as an seizure alerting device in epileptic patients (private 

communication). 

Kerem & Geva 2005, suggests that epileptic seizures could affect one or both 

branches of the autonomic nerve system and also suggests that pre-ictal phase 

can be identified by heart rate variability and predicted up to twenty minutes 

prior to seizure. They also suggest that a patient with epilepsy often reports the 

use of individualised behavioural counter measures such as walking, standing , 

clapping, pinching themselves, inducing relaxation by being still or sitting quietly 

and using non-specific message such as eating and drinking to diminish the 

likely hood of seizures on the set. 

Goldstein (1990) suggested that in addition to pharmacological intervention, 

behavioural intervention that alters states of emotional and peripheral 

autonomic excitation may have positive impact on seizure frequency. They 

suggest a bio-feedback treatment that are facilitated by provision of on-line 

feedback visually or auditory to convert physiological response such as heart 

rate, skin conductance or brain wave patterns and the subject learn actively to 

control such body response. (Nagai et al. 2004 ). They associated successful 

reduction in epileptic seizure in patients with drag resistant refractory epilepsy to 

50% reduction in seizure frequency after using a bio-feedback mechanism. 
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Swingle (1998) proposed that pseudo seizures are sudden changes in 

behaviour that appears to be seizures without any identifiable organic cause. 

Bowman & Markand (1996) suggested that the pseudo seizures are essentially 

an excitation disorder that is triggered by stimuli that intensify autonomic 

excitation. Such excitation could be associated with environmental stimuli such 

as loud noise, stimulants such as caffeine or emotional content such as 

traumatic memories. 

Most of the epileptic seizures reported above have induced devastating 

consequences within society. The harm involved not only the patients but their 

families and society in general. A device that can identify the behavioural 

change or different levels of excitation might be used as epileptic seizure 

warning device. Currently there is not a completely satisfactory seizure 

identifying and warning device exists. 

As stated in Chapter One, it has been reported anecdotally that seizure alerting 

behaviour may develop spontaneously in dogs living with epileptic adults 

(Dalziel et al. 2003). Published work suggests that all the families investigated 

40% owned a dog and about 40% of these dogs had seizure specific behaviour. 

This remarkable ability of some dogs to anticipate human seizures has recently 

generated interest on seizure detection mechanisms and devices. Anticipation 

occurred early and was both sensitive and specific. Few studies have focused 

on the identification of this seizure anticipation ability by proposing devices 

based on sensitive electromagnetic changes. 

Sensitivity of dogs is very well known on a range of sensory receptors. Their 

sensitivity to smell or odour has been the specific focus to build a device that 

somehow could measure the change electronically. 

Sweat formation influences the skin conductance and hence can be quantified 

by measuring the skin conductance. Hence the preliminary aim of this thesis 
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was to develop a biomedical device to measure the skin response, analyse the 

effects of emotional behaviour, and verify the results . 

It is proposed that in the future th is device together with other biomedical 

auxiliary devices (eg heart rate, blood pressure etc) can be considered to be 

used as a biomedical tool that can identify the emotional or related changes 

prior to a seizure. 

7.2 Suggested Future Work 

The outcome of this work suggests that future work can be carried on bui lding a 

device that can be coupled with other equipment for an appropriate approved 

clinical trial, to analyse epileptic patients and generate a functional, portable 

device that is wearable by patient prior to alert a possibly developing seizure. 

It is anticipated that the sensing and amplification circuit can be miniaturised to 

be included in the electrode body, potentially using radio frequency (RF) 

wireless data transfer and integrating the whole monitoring system into a single 

chip. 

It is suggested that fluctuations in conductance level as a response for 

psychological stimuli that is mediated by the filling of the sweat duct and 

modifying the amounts of certain mineral ions for example such as chloride, 

magnesium and sodium ions. These changes affect the conductance of other 

top skin layers such as stratum coroniam and lusidium. In order to identify the 

electrical property of those skin layers it can be suggested that instead of the 

electrode used, impedance measurement utilising Inter Digitated Array (IDA) 

micro electrodes should be used. Preliminary production and prototypes 

produced during the last stages of this thesis proved to be quite efficient. 

This thesis and its findings fu rther suggest that simultaneous audiovisual 

stimulation facil itates brain activity at early sensory areas. However, given the 
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importance of understanding the underlying neural mechanisms of audiovisual 

integration , more efforts should be made in the future to solve the actual 

temporal dynamics of audiovisual processing . In the past a number of 

hypotheses of the underlying neural mechanism have been proposed : 

( 1) Direct interactions between early sensory areas. 

(2) Non-specific thalamic inputs. 

(3) Feedback from higher-level multimodal areas. 

Given the extensive support from electrophysiological studies and the 

preliminary findings of this study, using fMRI and EEG can trace sequences of 

neural events adequately. 

In summary based on the experimental work and the above given statement, in 

future studies, simultaneous fMRI and dense EEG studies, or even magneto-

encephalography studies with an appropriate experimental designs may provide 

reliable and immediate evidence of additional validity of this novel method and 

might provide periinent information about the temporal aspect of audiovisual 

processing. 
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Appendix A 

Consent form 

• ¥ UNIVERSllY OF 
•• TECHNOLOGY SYDNEY 

DEPARTMENT OF PAM 

CONSENT FORM 

I (palficrpant 's name) agree to participate 1n the research project _2008-
178A _being conducted by ilan Avshalom of the University of Technology, Sydney for his degree 
__ PHO_. 

I understand that the purpose of this study is to verify and explore the relationship between emotions 
and skin conductivity/ resistance 

I understand that my participation In this research will involve audio I visual stimulation of potentially 
distressing nature With a pair of electrodes attached to the forth (ring) finger for monitoring response 

I am aware that I can contact ilan if I have any concerns about the research. I also understand that I 
am free to Withdraw my participation from this research project at any time I wish, without 
consequences. and without giving a reason 
I agree ttrat ilan has answered all my questions fully and clearly. 
I agree that the research data gathered from this project may be published in a form that does not 
identify me in any way. 

Signature (participant) 

Signature (researcher or delegate) 

Student: 
!Ian Avsr1alom 
Phone No(M). 0403 209374 
Ematl: 1tan ~v§hafom@st\icier,t.uts edv av. 
Chief Investigator. 
A/Professor Besim Ben-Nissan 
Phone No. 9514 1784 
Ema11· b beo-njssan@uts edu ay 

__ 1 __ , _ _ 

-'--'--· 

OepQrtment ot PAM, UTS, PO Box 123 BROACNVAV NSW 2007 
l"ll: 6129514 1784 Fax· 61 2 9514 1460 b.ben-nissan@uts.eoi au 
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Appendix 8 

Subjects details 

• ¥ UNIVERSITY OF 
•• TECHNOLOGY SYDNEY 

DEPARTMENT OF PAM 

Date: ................................................... . 

Time· .......... . .......... ............................ . 

Name: ................................................. . 

Surname: ........................................ .. .. 

Email address: ...................................... . 

Phone number·.. . .... 

What ts your age, height weight and gender? 

Age: __ years 

Height __ centimetre 

Weight· __ Kg 

Gender: _M _F 

ltst any over-the-counter or prescnpttOO medications you are currently taking. 

Choose b t description for th V1eY-1ed chps. (mark x} 

---movies Disgust Contemmant FHr A.musetTMnt Anger 
\i\hcn 

Harry Met 
Sallv 
Cry 
Freedom 
Waves 
crashing on 
shore 
Surgical 
amputation 
otal~ 
Silence of 
the Lambs 
TheChamo 
random 
colors 

Department of PAM. UTS, PO Sac 123 BRIOAONAV N&.V 2007 

SadntH 

Rl: 61 2 9514 1784 Fax; 6129514 1460 l b. ben-nissan@uts.~ au 
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Appendix C 

Movie list 

Appendicis 

Annusement (2:43), From When Harry Met Sally (rated R) Discussion of 

orgasm in a cafe. 

"Washout" Clip (0:05), random colors (noncommercial). 

A ger (2:04 ), From Cry Freedom (rated PG), Protesters are abused by police. 

C ntentment (0:58), Waves crashing on shore (noncommercial). 

"Washout" Clip (0:05), random colors (noncommercial). 

Disgust (2:49), Surgical amputation of a leg (noncommercial). 

"Washout" Clip (0:05), random colors (noncommercial). 

Fe1ar (4:06), From Silence of the Lambs (rated R).Chase scene in dark 

basement. 

"Wrashout" Clip (0:05), random colors (noncommercial). 

Sadness (2:37), From The Champ (rated PG), Boy cries at father's death. 

" ashout" Clip (0:25), random colors (noncommercial). 
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Appendix D 

Resu Its: experiment 1 
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Ap\pendix E 

Results: Experiment 2 
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Movie4 Conductivity level Vs Time 
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