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[bookmark: _Toc444858040][bookmark: _Toc103332729]Abstract 
The present deliverable aims at describing the neurophysiological measures that will be employed during the validation activities to provide objective measures of effectiveness (i.e. mental workload and stress) and acceptability (approach-withdrawal) of XAI solutions. In particular, there will be reported the neurophysiological features that are responsive to the previously mentioned mental and emotional states, the processing chain to obtain those features, and the recording systems that will be used to record the related biosignals.
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1 [bookmark: _Toc99543105][bookmark: _Toc103332730]Neurophysiological measures
The following paragraph will describe from the theoretical point of view the neurophysiological measures related to mental and emotional states of interest for the purpose of the ARTIMATION project experimental validation. These neurophysiological measures will be employed to compare different XAI modalities in terms of effectiveness (i.e., Workload and Stress) and acceptability, or in other words the predisposition to use a specific modality or not (i.e., Approach Withdrawal). 
Moreover, it will provide information regarding the signal processing necessary to obtain these measures from the collected bio signals (i.e., Electroencelography – EEG, Galvanic Skin Response – GSR). Some theoretical bases on EEG and GSR signals and related features that could be extracted from it will be also provided. First it will be defined how the consortium intends to use the neurophysiological measures to validate the project objectives. 
1.1 [bookmark: _Toc99543106][bookmark: _Hlk99529563][bookmark: _Toc103332731]Neurophysiological measures in relation with project objectives
Neurophysiological measures evaluation will be used during the experiments regarding the Conflict Resolution tool, to provide a comprehensive assessment of the different solutions tested during the experimental phases. 
Below, Table 1 shows the conflict resolution objectives, reported also in the Deliverable 6.1.

[bookmark: _Toc99532449][bookmark: _Toc103332746]Table 1. List of objectives and success criteria for conflict resolution
	ID
	Objective
	Sub Objective
	Methods
	Success criteria

	VO_CDR_1
	Assess the impact of different levels of transparency and different types of visualisations on acceptance 
	Level of understanding
	Questionnaire
	Positive controllers’ feedback

	
	
	Level of agreement
	Questionnaire
	Positive controllers’ feedback

	
	
	Level of acceptability
	Questionnaire
Interviews
	Positive controllers’ feedback

	
	
	
	Neurometrics
	High level of Approach-Withdrawal index 



	
VO_CDR_2
	
Assess the impact of different levels of transparency and different types of visualisations on human performance
	Level of Usability
	Questionnaire
	Positive controllers’ feedback

	
	
	Situation Awareness
	Questionnaire
	Positive controllers’ feedback

	
	
	Trust
	Questionnaire
	Positive controllers’ feedback

	
	
	Mental Workload
	Neurometrics 
	Reduced/not increased workload/stress as level of transparency increases

	
	
	Stress 
	Neurometrics 
	

	
	
	Task Performances
	Log files from the simulator
	Increasing/not decreased level of performance as transparency increases

	 VO_CDR_3
	Investigate the correlation between acceptance and human performance
	
	All of the above
	Variations in human performance are directly proportional to variations in acceptance.

	 VO_CDR_4
	Assess system performance
	Expected impact on the safety
	All of the above
	Positive controllers' feedback

	
	
	Expected impact on ATM system
	All of the above
	 Positive controllers' feedback



As can be seen from the table above, Neurophysiological measures will be employed to cover three out of the four objectives expected from the validation (i.e., 1 to 3), and related success criteria. In fact, the acceptability, representing one of the three elements at the basis of the technology acceptance model defined by Davis [1] will be assessed by using the Approach-Withdrawal index. While Stress and Workload represent two out of the six elements composing the human performance of ATCOs that will be measured during the different experimental conditions (see D6.1 for further details). With regard to VO_CDR1, the it is expected to have higher level of Acceptance from the operator side (i.e. higher Approach-Withdrawal index) in correspondence of the level of transparency increase. Regarding the VO_CDR2, if the level of transparency increases, it is expected to not generate detrimental induced workload and stress levels (e.g., overload and overstress). With regard to VO_CDR_3, the working hypothesis that will be demonstrated during the project validation activities is that there could be a correlation between the technology acceptance and human performance (see Table 1 and Hypothesis 3 of the conflict resolution tool in the D6.1), meaning not only behavioural performance, but also workload and/or stress correlation. In this regard, the technology acceptance model (TAM, [1]) employed in the ARTIMATION project, suggests that the acceptance impacts on the degree to which a person believes that using a particular system would enhance their job performance.
With respect of just using subjective measures (e.g., questionnaires), one of the big advantages to have onboard the neurophysiological measures is the possibility to assess on time (e.g., second by second) the actual mental or emotional state of the user. So, it would be possible to assess during each experimental condition specific periods inducing mental and emotional states. 
What ARTIMATION project will also investigate during the validation activities, is the co-variation among the different factors, that not necessarily have to go in the same direction (e.g., workload and stress both increasing too much). We would like to see if and when these human factors become unacceptable, i.e., if they negatively affect the performances. To provide practical examples, if by using two solutions it can be reached comparable levels of performances, it is preferrable the one in which workload and stress are in the optimal range (see Figure 1), but with lower values, to save available spare capacity of the operator (see Figure 2). On the contrary, those solutions in which the operator goes in under/over workload and/or under/over stress, so inducing decreasing in performances, should be avoided.
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	[bookmark: _Toc99542995][bookmark: _Toc103332721]Figure 1. Relation among stress, workload, and performance
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	[bookmark: _Toc99542996][bookmark: _Toc103332722]Figure 2. Graphical representation of cognitive spare capacity




1.2 [bookmark: _Toc99543107][bookmark: _Toc103332732]Electroencephalography – EEG
The EEG is a recording of the brain’s electrical activity made from electrodes over the surface of the scalp (i.e., surface EEG) or from needle electrodes inserted into the brain (intracortical EEG). One of the first ever reports about EEG was by Richard Caton (1875[2]), who recorded the EEG oscillations from monkeys and rabbits. In 1929, Hans Berger [3] reported the first reliable recording of the EEG from a human scalp and a first categorization of EEG oscillation into alpha (8-13 Hz) and beta waves (14-30 Hz). Here, we refer EEG only to the signal measured from the head surface. Generally, the EEG recordings could be categorized into two types: the spontaneous activity and the evoked potentials. Spontaneous activity is often referred to the unprovoked occurrence of brain activity, in terms of the absence of an identifiable stimulus, with or without behaviour manifestation. The bandwidth of this signal is from under 1 Hz to over 100 Hz. The evoked potentials are time-locked components in the EEG that arise in response to a stimulus, which may be electric, visual, auditory, tactile, etc. Such signals are often evaluated by averaging several trials to improve the signal-to-noise ratio. EEG is measured using scalp electrodes, which record the difference in the electric potential between an electrode with an active neural signal and an electrode placed over a supposedly inactive region that serves as a reference (e.g., earlobes). These recordings are the resultant field potentials containing many active neurons. However, the action potential in axons is revealed to contribute little to the scalp surface records, as they are asynchronous while the axons run in many different directions. Surface records are thought to be the net effect of local postsynaptic potentials of the cortical cells. Mostly, the EEG measures the currents that flow during synaptic excitations of the dendrites of many pyramidal neurons, a type of neuron found in areas of the brain including the cerebral cortex [4]. Although there are various EEG recording systems in the market, such systems conventionally include four parts: electrodes with conductive gel, amplifiers with filters, A/D converter, and recording device. Electrodes are used to read the signal from the scalp; amplifiers increase the magnitude of the microvolt signals into a range which can be digitalized accurately; the converter changes the signals from analog to digital form; and the recorder system (normally personal computer) stores and displays the obtained data [4]. Additionally, a 10-20 system (Figure 3) EEG measurement has been adopted by the International Federation in Electroencephalography and Clinical Neurophysiology [5]. Such a system provides the standardized physical placement of electrodes on the scalp. The first part of derivation’s name indexes the array’s row—from the front of the head: Fp, F, C, P, and O. The second part is formed from numbers even on the left and odd on the right side, in the centre ‘‘z’’ or ‘‘0’’. 
	[image: ]

	[bookmark: _Ref76460918][bookmark: _Toc76554301][bookmark: _Toc99542997][bookmark: _Toc103332723]Figure 3. 10-20 system for the standardized electrode placement 



Two basic approaches are commonly used for the EEG analysis: (i) the analysis of evoked potentials (EPs); and (ii) the power spectrum analysis (EEG rhythms). These two methods have been applied in various experimental or field research into human cognitive activities. 
For ARTIMATION project, the second kind of EEG analysis (i.e., power spectrum analysis) has been employed. 
1.2.1 EEG rhythms analyses
The oscillatory activity of the spontaneous EEG is typically categorized into five different frequency bands: delta (0-4 Hz), theta (4-7Hz), alpha (8- 12Hz), beta (12-30Hz) and gamma (30-100 Hz), as shown in Figure 4. These frequency bands are suggested to be a result of different cognitive functions.
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	[bookmark: _Toc99542998][bookmark: _Toc103332724]Figure 4. Comparison of EEG bands over one second of activity. Gamma (30-100Hz), Beta (12-30Hz), Alpha (8-12Hz), Theta (4-7Hz), and Delta (0-4Hz).



Delta activity is characterized by high amplitude and low frequency. It is usually associated with the slow wave in the psychophysiology of sleep. It is suggested that it represents the onset of deep sleep phases in healthy adults [6]. Theta rhythm is generally linked to the hippocampus activity [7] as well as neocortex [8]. It is thought to be linked to deep relaxation or meditation [9], and it has been observed during the transition between wake and sleep [10]. However, theta rhythms are suggested to be important for learning and memory functions [11], encoding and retrieval [12], which involve high concentration [10]. It has also been suggested that theta oscillations are associated with the attentional control mechanism in the anterior cingulated cortex [13], and it is often shown to increase with a higher cognitive task demand [14]. Alpha activity has found in the visual cortex (occipital lobe) during periods of relaxation or idling (eyes closed but awake). In the continuous EEG, the alpha band is characterized by high amplitude and regular oscillations, over parietal and occipital areas. High alpha power has been assumed to reflect a state of relaxation or cortical idling; however, when the operator assigns more effort to the task, different regions of the cortex may be recruited in the transient function network leading to passive oscillation of the local alpha generators, in synchrony with a reduction in alpha power [15]. Recent results have suggested that alpha is involved in auditory attention processes and the inhibition of task irrelevant areas to enhance the signal-to-noise ratio [16]. Additionally, alpha activity may be further divided into sub-bands by means of the frequency corresponding to the alpha peak of the user [16], called Individual Alpha Frequency (IAF). For instance, alpha 3 (IAF÷IAF+2 (Hz)) reflects semantic memory performance, while alpha 1 and alpha 2 (respectively, IAF-4÷IAF-2 and IAF-2÷IAF (Hz)) reflect general task demands and attentional processes. Beta activity is predominant in wakefulness state, especially in the frontal and central areas of the brain. High power in the beta band is associated with increased mental arousal and activity. Dooley [17] pointed out that the beta wave represents cognitive consciousness and active, busy, or anxious thinking. Furthermore, it has been revealed to reflect the visual concentration and the orienting of attention [18]. This band can be further divided into low beta wave (12.5-15 (Hz)), middle beta wave (15-18 (Hz)), high beta wave (> 18 Hz). Low waves seem to be associated with inhibition of phasic movements during sleep, and high waves with dopaminergic system [19]. Finally, Gamma is the fastest activity in EEG and it is thought to be infrequent during waking states of consciousness [17]. Recent studies reveal that it is linked with many cognitive functions, such as attention, learning, and memory [20]. Gamma components are difficult to record by scalp electrodes, because of their low amplitude, but with Electrocorticography (ECoG) components up to 100 (Hz), or even higher, may be registered.

1.3 [bookmark: _Toc99543108][bookmark: _Toc103332733]Galvanic Skin Response – GSR 
The signal related to the Skin Conductance, named hereafter Galvanic Skin Response (GSR), is recorded by means of specific sensors applied to the non-dominant hand [21]: by means of two electrodes on the first phalanx of the index and middle fingers, a constant potential is applied in order to induce a skin electrical current. The variations of such current are functions of the skin conductance variations. By a specific processing (i.e. Continuous Decomposition Analysis [22]) it can be possible to obtain two main components: the Tonic (Skin Conductance Level—SCL) and the Phasic (Skin Conductance Response—SCR) components of the GSR. 
	[image: ]

	[bookmark: _Toc99542999][bookmark: _Toc103332725]Figure 5. In the analysis of the GSR (or SC) two components are usually considered, the Skin Conductance level (SCL), and Skin Conductance Response (SCR).



In this regard, Boucsein [23] provided the most exhaustive review of GSR physiological interpretation and GSR analysis techniques. Briefly, there are two major components for GSR analysis: the SCL (tonic component) is a slowly changing part of the GSR signal, mostly related with the global arousal of a participant during a situation, whilst the SCR (phasic component) is the fast-changing part of the GSR signal, which occurs in relation to single stimuli reactions (Figure 3). An increase in skin conductance level is considered a reliable bioindicator of human arousal variations [24], it is typically used to evaluate the anxiety produced by a situation or the stress related to a threat [25]–[27].
2 [bookmark: _Toc99543109][bookmark: _Toc103332734]Neurophysiological mental and emotional states assessment
This paragraph will report how neurophysiological measures can be employed to provide, even online, information regarding mental and emotional states of the user, regarding Workload, Stress and Approach-Withdrawal. 
2.1 [bookmark: _Toc99543110][bookmark: _Toc103332735]Workload
Various mental workload definitions have been given during the last decades, showing that workload is a complex construct resulting of different interacting cognitive aspects. Measurement of mental workload represents the quantification of mental activity resulting from performing a task. Several empirical investigations have indicated that performance declines at the extremes of the workload demand continuum - that is when the event rate is excessively high or extremely low. For these reasons, the mental workload is an important and central construct in ergonomics and human factor research. Moreover, the subjective measures of workload perception could be performed through several questionnaires, such as the NASA-TLX [28]. Because of their inherently subjective nature, questionnaires do not allow for an objective and reliable measure of the actual cognitive demand in a real environment. Therefore, it has already been demonstrated in several contexts that the assessment of mental workload by electroencephalography (EEG) provides the sought-after reliable and objective measure [29], [30].
This evidence showed that the brain electrical activities fundamental for the mental workload evaluation are the theta and alpha EEG rhythms, on the Pre-Frontal Cortex (PFC) and the Posterior Parietal Cortex (PPC) regions. The theta rhythm, especially over the PFC, presents a positive correlation - i.e. increases when the mental workload increases [31], while the alpha rhythm, especially over the PPC, presents an inverse correlation - i.e. decreases [32]. In recent studies [33]–[35], it has been demonstrated how it was possible to compute, by machine learning techniques and specific brain features, an EEG-based Workload Index able to significantly discriminate the workload demands during realistic tasks.
2.2 [bookmark: _Toc99543111][bookmark: _Toc103332736]Stress
Stress is typical defined as a state that occurs when demand outstrips coping strategies [36]. In realistic context, it is easy to meet up stressful factors as high task demand, uncontrollability, frustration and time pressure and such stressors negatively influence performance altering cognitive processes at the base of decision-making, attention, and memory. Laboratory studies have been largely adopted to study correlates of stress using tasks and protocols that are proved to be able to induce stress in a controlled way. According to the literature [37], one of the most effective stressors consists in exposing a participant to a negative judgment. In fact, when negative feedbacks are provided to the participant, stressful sensations based on frustration will cause time pressure and make the task harder. 
Classical biochemical markers for stress are cortisol and epinephrine, which will increase rapidly to stress exposure. However, it is difficult to measure the human cortisol level continuously and without interfering with the activities performed by the participant.
In this sense, a gold standard among the non-invasive measure of the stress level is the analysis of the skin conductance. In fact, when an individual is under mental stress, sweat gland activity is activated, thus reflecting in the skin conductance increasing. Since the sweat glands are also controlled by the Sympathetic Nervous System (SNS), skin conductance acts as an indicator for sympathetic activation due to the stress reaction [38]. In general, it has been widely demonstrated that the Skin Conductance, in both its two components the Skin Conductance Level (SCR) and Response (SCR), increases as the stress increases [39].
Finally, the EEG stress assessment is possible thanks to its high temporal resolution and the possibility to directly access to Central Nervous System (CNS) activity [40]. From this point of view, it has been assessed that in presence of stressors, there is decreasing alpha power in prefrontal cortex and increasing in beta in temporal and parietal sites [41]. Moreover, a correlation between cortisol and beta EEG band has been found [42]. In different contexts, it has been proved that stress condition induced brain activations asymmetry [43]: it has been demonstrated that the right brain hemisphere is mainly involved in cortisol production than the left hemisphere [44].
[bookmark: _Hlk99525721]In relation with the previous project STRESS (GA699381), in which a comprehensive assessment of stress state from a neurophysiological point of view was provided, the Artimation project will test a lighter version of the Stress neurophysiological index, by using just few EEG sensors in the parietal part of the head [45]. This will have clear impact on future use of this technology in the ATM field, in which biosignals technology must be minimally invasive to be accepted and employed in operational field.   
2.3 [bookmark: _Toc99543112][bookmark: _Toc103332737]Approach-Withdrawal
[bookmark: _Hlk99526512][bookmark: _Hlk99525748]Approach and withdrawal refer to how quickly and easily a person adjusts to changes or new situations. Some individuals may find it easy to adapt to new situations and are likely to jump in and meet new people or try new things. Others, whose style is withdrawing, tend to need more time to warm up to new situations; they may hang back before they join in. That’s why this concept could be very useful to assess the acceptability and consequent motivation towards a certain stimulus. A large body of research on the relation between emotion and motivation has postulated the existence of two overarching motivational systems that organize behavior. One system involves behavior prompted by a possible desirable outcome, whereas the other involves behavior prompted by a possible aversive outcome. A number of such models have been proposed, including Dickinson and Dearing's, 1979 [46] Aversive/Attractive systems, Gray's [47] Behavioral Activation/Behavioral Inhibition systems, and Lang et al.'s (1990)
Appetitive/Defensive systems. Davidson, 1983 [48] proposed a similar model linked to research on frontal EEG asymmetry during emotional states. He posited that frontal asymmetry was not related to the valence of an emotional stimulus but rather to the motivational system that is engaged by that stimulus. He proposed that the left PFC is involved in a system facilitating approach behaviour to appetitive stimuli, whereas the right PFC is involved in a system facilitating withdrawal behavior from aversive stimuli. During the experiments an Approach-Withdrawal neurophysiological index will be derived by the processing of the EEG signal on the PFC. Such index has been already employed in a variety of fields and conditions supporting its consistency, like experimental conditions characterized by a low-, a neutral and a high-approach positive mindset [49], the study of personality traits in children, [50], but also public service announcement [51] and neuroaesthetics [52]. Artimation is the first SESAR project in which this neurophysiological index will be validated in the ATM context, to assess an objective measure of acceptability from the operator side. This research will have a clear impact from an ergonomic point of view, e.g., during the testing of new HMIs and technologies, to assess in an objective way which is the degree of acceptability of the operator in front of the new solution.

3 [bookmark: _Toc99543113][bookmark: _Toc103332738]Biosignal processing
In this section they will be explained the processing steps necessary to calculate the above-mentioned neurophysiological measures from the electroencephalographic (EEG) and Galvanic Skin Response (GSR) signals. 
3.1 [bookmark: _Toc99543114][bookmark: _Toc103332739]EEG processing chain
After that the EEG signal is band-pass filtered with a 5th-order Butterworth filter in the interval 2-30 Hz, the blink artifacts have to be detected by means of the Reblinca method [53] and corrected leveraging the ocular component estimated by means of Multi-channel Wiener Filter (MWF) [54]. EEG signals will then be segmented into epochs of 1 second and if the EEG signal amplitude exceeds ±80 (μV) it marked as artifact (threshold criterion).
From the artifact-free EEG, the Global Field Power (GFP) is calculated for each EEG frequency band (Theta, Alpha, Beta, Beta High). In this case, each band is defined accordingly with the Individual Alpha Frequency (IAF) value estimated for each participant [55]. Since the alpha peak is mainly prominent during rest conditions, the participants will be asked to keep their eyes closed for a minute before starting the experiment. Such a condition will be used to estimate the IAF value specifically for each participant. Consequently, the EEG bands are defined as:
· Theta= (IAF-6) : (IAF-2) Hz
· Alpha= (IAF-2) :  (IAF+2) Hz
· Beta= (IAF+2) : (IAF+16) Hz
· Beta High= (IAF+11) : (IAF+16) Hz

For each mental state (Workload, Stress and Approach-Withdrawal) a subset of channels and bands of interest will be chosen according to the literature and results obtained from the previous EU projects [35], [51], [52], [56], [57]. 

The Workload neurometric is defined as:




The Stress neurometric is defined as:



The Approach-Withdrawal is defined as:





3.2 [bookmark: _Toc99543115][bookmark: _Toc103332740]GSR processing chain
The signal related to the Skin Conductance, named hereafter Galvanic Skin Response (GSR), will be recorded by means of two electrodes on the first phalanx of the index and middle fingers. A constant potential is applied to induce a skin electrical current. The variations of such current are functions of the skin conductance variations. The recorded signal will be down sampled (from 64Hz) to 8 Hz, to reduce the data amount. Secondly, the signal is filtered through a 5th order Butterworth low-pass filter, with the cut-off frequency at 2 Hz, to remove all the higher frequency components that are not related to the electrodermal activity, such as artifacts due to movements and fast high pressure on the electrode–skin contact surface. In particular, the latter causes fast and short signal peaks over the GSR signal: in this case a double-step procedure (automatic detection and expert visual check) will be applied in order to recognize the artefactual transient and to correct it by interpolating the corresponding signal through a piecewise cubic spline [58]. Then, the signal will be processed by using the Ledalab suite, a specific open-source toolbox implemented within MATLAB for the GSR processing: the Continuous Decomposition Analysis [22] will be applied in order to separate the Tonic (Skin Conductance Level—SCL) and the Phasic (Skin Conductance Response—SCR) components of the GSR. The mean value of the SCL during the experimental conditions will be employed as additional measure of stress.
4 [bookmark: _Toc99543116][bookmark: _Toc103332741]Biosignals recording systems
This paragraph will introduce the technology that it is expected to be employed during the ARTIMATION validation activities to record the previously ascribed neurophysiological measures. 
4.1 [bookmark: _Toc99543117][bookmark: _Toc103332742]EEG Technology
Because in some of the conditions of the validation activities the participants must use a Virtual Reality system (e.g., Oculus VR), we chose an EEG technology compatible with the VR helmet, already validated during the MOTO project (GA969379), in which the participants must wear a VR helmet for all the experiment duration, lasting about 2 hours. The same technology was also employed already in many other research projects involving ATCOs (i.e., NINA, STRESS, MINIMA), demonstrating to not negatively affect the operational task. 
In particular, EEG will be recorded by means of electrodes placed on the brain scalp following the traditional 10–20 electrode system [5] (Figure 6). Knowledge of the exact positions of electrodes is very important for both interpretation of a single recording as well as comparison of results, hence the need for standardization. 
EEG electrodes can be produced with the shape of a cup, disc or needle, and are usually made of Silver (Ag) and Silver chloride (AgCl). Before placing the electrodes over the scalp, it is necessary to rub scalp skin with pastes or alcohol solutions, to remove all the substances and any kind of impurity generally present over the scalp epidermis. Then, traditional Ag/AgCl electrodes require an electrolyte gel that facilitates the transduction of the ionic currents between the skin and the electrode. Furthermore, the electrode-skin impedance must be controlled and adapted to achieve acceptable low values, typically 5 ÷ 20 KΩ [59].
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	[bookmark: _Toc99543000][bookmark: _Toc103332726]Figure 6. ATCOs wearing an EEG cap



The EEG recording device that will be employed is named BE Micro (from EB Neuro), it is reliable, compact, lightweight, durable, and most importantly comfortable for the user. BE Micro is fully capable of performing high quality conventional EEG and ambulatory EEG monitoring. The reduced dimensions (Figure 7), together with the EB Neuro high signal standard, make the Be Micro the polyfunctional system, not only for ambulatory/holter solution but also for EEG recordings in particular environments, such as air traffic control or aircraft cockpit. The BE Micro allows to record an EEG signal with a sampling frequency of 256 samples/second. The device is closed in a plastic box with an LCD display and it has 16 EEG channels. 
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	[bookmark: _Toc99543001][bookmark: _Toc103332727]Figure 7. BE Micro EEG recording device




4.2 [bookmark: _Toc99543118][bookmark: _Toc103332743]GSR Technology
In the context of ARTIMATION we aim to continuously monitor the GSR by using a wearable technology already employed during previous projects (i.e., NINA, STRESS, MINIMA) and demonstrating that the tool does not negatively affect the operator task execution. As mentioned above, the GSR is a well-accepted indicator of stress/arousal, and it can be captured by sweat gland phenomena. When an individual is aroused, sweat gland activity is activated and increases skin conductance. Since the sweat glands are also controlled by the sympathetic nervous system (SNS), skin conductance acts as an indicator for sympathetic activation [60]. The GSR recording system that will be employed in ARTIMATION is the Shimmer3 GSR, from Shimmer Sensing, reported in Figure 8. It provides connections and preamplification for one channel of Galvanic Skin Response data acquisition (Electrodermal Resistance Measurement – EDR/Electrodermal Activity (EDA) at a sample rate of 64Hz.
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	[bookmark: _Toc99543002][bookmark: _Toc103332728]Figure 8. The figure shows the shimmer GSR recording device




5 [bookmark: _Toc99543119][bookmark: _Toc103332744]Conclusions
This deliverable has been reported the background on neurophysiological measures that will be employed during the execution of the validation experiments. With respect to other kind of measures (i.e., subjective ones), neurophysiological ones have the big advantages to be objective, and to not distract the operator from the main task execution. In addition, these measures can be assessed even online, paving the possibility to realize smart interfaces (i.e., passive Brain-Computer Interfaces) that can adapt their behaviours to the actual operator state. For example, in the futuristic ATM solutions the neuro technology could trigger a specific XAI solution, depending on the actual workload level of the operator (e.g., if overloaded minimum level of explainable, maximum level on the contrary).
  It is expected to use a technology already validated in many other Sesar projects (i.e., NINA, MOTO, STRESS, MINIMA), to be sure to not impact negatively on the operators’ task execution. Of course, before starting with the experiments (planned to be on the 2nd half of 2022), a pilot dry run will be performed to be sure that all the technology is still suitable with all the experimental constraints and compatible with all the employed additional technology needed to realize the specific XAI solution, to properly fine tune neuro-technology and related processing algorithms accordingly.
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