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ABSTRACT: The neurofeedback (NF) inefficacy prob-
lem refers to the variability in NF success and has been
associated with attentional and motivational factors. Sus-
taining attention on any task over an extended period is
demanding and leads to attentional drops. By using eye-
tracking and skin conductance, we aimed at extracting
physiological features linked to cognitive work, with the
further purpose of monitoring changes in task engage-
ment during NF sessions. Here, we present preliminary
results on pupil diameter (PD) and phasic skin conduc-
tance responses (ISCR) linked to cognitive task execu-
tion. We observed that changes in both features are as-
sociated with performance and time-on-task. Thus, PD
and ISCR decreased along the task while the performance
increased. However, this trend is affected by manipula-
tion of the task difficulty level. We also monitored, in the
same participants, PD and ISCR during one NF session.
Finally, we discussed preliminary ideas for target adapta-
tion during NF sessions based on eye-tracking and skin
conductance monitoring.

INTRODUCTION

Neurofeedback (NF) consists in feeding-back a patient
with information about its neural activation to learn self-
regulating its own brain activity [1]. It is therefore a
powerful technique to trigger brain plasticity [2]. More
importantly, NF has been postulated as a brain rehabil-
itation technique as it has the potential to reduce mor-
bidity by correcting maladaptive patterns of brain func-
tion associated with a broad range of brain disorders [3].
NF is usually based on real-time electroencephalography
(EEG) feature extraction, and it has been studied for sev-
eral decades [4]. However, the NF inefficacy problem
refers to the variability in NF success, as around 38% of
participants undergoing NF training do not learn to regu-
late their own brain activity [5]. Among the different el-
ements that may influence NF response, motivational [5]
and attentional [6] factors have been identified as pre-
dictors of both performance and learning. Interestingly,
motivation is likely to influence attention, as poorer per-
formances can increase fear of incompetence and reduce
mastering confidence which can lead to disengagement
with the task and a potential label of “non-responder” [7].
To have the best success in NF training, it has been sug-
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gested to monitor participant’s motivation [8], as well
as, to adapt NF sessions to the participant [9]. A recent
review on NF for post-stroke motor rehabilitation con-
cluded that adaptation of NF target could lead to better
meet patients’ needs [10].

Sustaining attention on task-relevant information over an
extended time is crucial for successful performance in
any task, however, it is demanding and leads to atten-
tional lapses (i.e., disengagement from the task). Perfor-
mance relies on the “inverted-U shape” relationship be-
tween arousal and attentional states, linked to different
on-task and off-task engagement states [11]. Only inter-
mediate arousal activity is linked to task engagement and
good performance [12]. Eye-tracking (ET) [13] and skin
conductance (SC) [14] tools have been extensively used
to measure physiological features related to both atten-
tion and arousal levels.

In the present study, by using ET and SC, we aim to ex-
tract features linked to cognitive task execution, with the
further purpose of monitoring changes during NF ses-
sions. To synchronize our multi-modal set-up, and to
extract features of interest, we first collected data while
participants were engaged in cognitive tasks. As proof of
concept, the same participants performed one NF train-
ing session to observe physiological changes over time.
Here, we present preliminary results on pupil diameter, as
it has been strongly associated with cognitive load [15],
performance [16], fatigue and task engagement [17], and
on the phasic component of SC activity, as it has been
linked with arousal [18] and it changes faster than the
tonic component [14]. Finally, we monitored the same
features during the NF session.

MATERIALS AND METHODS

Farticipants: Twenty right-handed volunteers (11 fe-
males, age range=20 — 60 yo) reporting normal vision to
watch the screen participated in our study after signing
informed consent. This study has been accepted by the
COERLE, the Ethics Review Board at INRIA complying
with the European General Data Protection Regulation.

Procedure: The protocol was divided into a 10-minute
session of NF, followed by 30 min of randomised cog-
nitive tasks, conducted while sitting in front of a screen
with 1920 x 1080 display resolution in a dark room, while
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simultaneously recording EEG, ET and SC (Fig. 1A).

Cognitive tasks: Participants completed two different
tasks aiming to stimulate workload, (1) an adapted ver-
sion of the Stroop task [19], and (2) an Addition task
adapted from [20]. (1) During the Stroop task, partici-
pants were presented with two rows of words. In the row
above the name of a colour (jaune, vert, rouge, bleu) is
presented with the font in one of the following colours:
yellow, green, red, and blue. In the row below, the name
of a colour is written in black. The task of the partici-
pant was to judge if the meaning of the word below cor-
responds to the colour of the font of the row above or
not, and press the corresponding key. Each trial was pre-
sented for 1250ms, followed by a 30ms inter-trial inter-
val (ITT). Three task blocks (2min each), were interleaved
with three rest blocks (2min each). (2) In each trial of the
Addition task, a number from 1 to 9 was presented in the
centre of the screen flanked by two other numbers. The
task of the participant was to add the last two numbers
presented in the centre of the screen and select the correct
response among the flanker numbers by pressing the cor-
responding arrow on the keyboard. Three blocks of task
(1min each) were alternated with three rest blocks (1min
each). The time of appearance of the numbers decreases
across the blocks to increase the difficulty level and pre-
vent habituation (3sec in the 1st block, 2sec in the 2nd,
and Isec in the 3rd). An ITI of 30ms was set between tri-
als. For both tasks, during rest blocks, a heart-coherence
disengagement video was presented in which a blue dot
increase (in 4sec) and decrease (in 4sec) repeatedly in the
center of the gray screen.

Skin conductance: A BrainVision galvanic skin re-
sponse set was used to acquire electrodermal activity
from the index and middle fingers. After downsampling
to 10Hz, SC responses were estimated through a Contin-
uous Decomposition Analysis using MATLAB toolbox
Ledalab [21]. Integrated phasic driver activity (ISCR),
which corresponds to the area of the phasic driver within
each temporal window, was extracted by setting 10sec
consecutive temporal windows. Z-scores were computed
along each task.

Eye-tracking: Eye activity was recorded by using a
screen-based eye-tracker Tobii Pro X2-120 and the output
was saved with Tobii Pro SDK. When pupil detection was
judged as valid for both eyes according to the SDK va-
lidity codes, pupil diameter (PD) was averaged between
both eyes. Z-scores were calculated for each task. To
observe PD progression along time and for plotting pur-
poses, PD was averaged within 10sec temporal windows.

Neurofeedback: Participants were instructed to per-
form a motor imagery task with both hands simultane-
ously. They were presented with a visual metaphor, a
yellow ball moving inside a blue square rotated 90 de-
grees (Fig. 1B), depicting event-related desynchroniza-
tion (ERD) activity of the C3 and C4 electrodes. The
participant’s goal was to keep the ball during all the runs
in the upper corner of the metaphor, corresponding to a
simultaneous motor imagery of both hands. They were

CCBY

https://creativecommons.org/licenses/by/4.0/deed.en

This CC license does not apply to third party material and content noted otherwise.

255

10.3217/978-3-99161-014-4-045

informed that if their focus was more directed to the right
or the left hand, the ball would move to the respective
corner of the metaphor. The NF session consisted of
one calibration run, eight training runs, and one post-
run. Each run was composed of one rest (30sec) fol-
lowed by one task block (30sec). To record EEG activ-
ity, we used a Brain Products actiCAP set of 32 active
electrodes and an actiChamp amplifier. The Cz electrode
was used as the reference. The OpenVibe software [22]
was used for signal processing. Signals were epoched on
the last 2 sec every 0.25 sec. A discrete Laplacian spa-
tial filter with an 8 coefficient for the C3 and C4 chan-
nels and a -1 coefficient for their respective neighbours
FC5, FC1, CP5, CP1 and FC6, FC2, CP6, CP2 was ap-
plied to the resulting samples, Lap(C3) and Lap(C4).
Other channels were ignored. The power of Lap(C3)
and Lap(C4) denoted Bp(C3), Bp(C4) is computed in
the 8-30Hz frequency band. Powers Bp(C3) and Bp(C4)
were continuously sent to a dedicated program via the
LSL library to compute neurofeedback scores and dis-
play the ball in the right position on the metaphor. Neu-
rofeedback scores for each electrode were computed with

Bp,, —Bp(r
Score(t) = 71)’%’%;( )

med (Bp,.y|[10,20)), the median of the bandpower during
the 10 sec central interval of the last rest block [23]. The
goal target was set for each hand independently based on
the 70th percentile of the scores achieved during calibra-
tion. If this score was lower than 0.15, the target was set
to 0.15.

where Bp,, ¢ is defined as Bp,,, =
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Figure 1: (A) Setup for data acquisition synchronously collect-
ing EEG, eye-tracking and skin conductance signals, while the
participant is engaged in a neurofeedback session and in re-
solving cognitive tasks presented on the screen. (B) A neu-
rofeedback run composed of 30 sec rest, in which a heart-
coherence video (increasing/decreasing blue dot), and 30 sec
task, in which participants performed a motor imagery task of
both hands simultaneously.

In addition, we preprocessed data offline with EEGLAB
v2022.0 to test the difference between rest and task con-
ditions during NF training. EEG was pass band filtered
(1-40Hz) and re-referenced to average. EEG signal was
corrected for ocular, muscular and noise artefacts using
ICLabel 1.5 [24]. For power spectrum analyses, EEG was
first selected with 1-29 sec time limits based on events
corresponding to the beginning of the rest or the task con-
ditions. For each condition, data was epoched in 2-sec
no-overlapping temporal windows. Power in 8-30Hz fre-
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quency band was compared between rest and task condi-
tions. On the other hand, to observe ERS/ERD, data was
epoched on 60 sec no-overlapping temporal windows, in-
cluding rest (30 sec) and task (30 sec) conditions for each
run (8 x subject).

Statistical analysis: To observe differences in perfor-
mance along the task blocks, a one-way ANOVA was
conducted for each task including accuracy as a depen-
dent variable and block order (i.e. 1,2,3) as independent
factor. For statistical analyses on both ISCR and PD,
each task was analyzed independently and z-scores were
averaged within each block. First, a one-way ANOVA
was conducted including ISCR z-scores as the depen-
dent variable and condition as the independent factor (i.e.
baseline, task, rest). A two-way ANOVA was conducted
including ISCR as the dependent variable and condition
(i.e. task vs rest) and order (i.e. 1,2,3) as independent
factors. To investigate the relationship between ISCR and
accuracy, Pearson’s correlations were conducted between
ISCR and accuracy for each task block independently,
for the total task (average among all three blocks), and
for the whole task but including each block score sepa-
rately. In addition, a delta score (block 3 - block 1) was
calculated for both ISCR and accuracy scores. The cor-
relation between these delta scores was also tested. The
same analyses were conducted using mean PD z-scores
within each block as a dependent variable on 13 subjects
as the eye-tracking data for the first 7 subjects was ex-
cluded due to a change in the screen luminosity. To test
learning during the NF session, paired sample t-test were
conducted between calibration and post NF scores for C3,
and for C4 on 18 subjects due to recording problems in
the post-block for the first 2 subjects. The difference be-
tween NF scores for C3 and C4 was tested for both the
calibration and the post runs. Finally, to observe changes
in the NF score along the session, a one-way ANOVA
was conducted one for C3 and one for C4 including NF
scores as dependent variable and run as independent fac-
tor. To test changes in the synchronization between both
hands, a one-way ANOVA was conducted including the
difference in the NF scores between C3 and C4 as depen-
dent variable. To compare power spectrum between the
rest and task conditions during the training, paired t-tests
were conducted for all channels independently (31 chan-
nels) and p-values were Bonferroni corrected. Analyses
to investigate changes in ISCR along the NF session were
conducted on 16 subjects due to recording problems on
the first 4 subjects. A two-way ANOVA was conducted
including ISCR as dependent variable and condition (i.e.
rest vs task) and run (i.e. from 1 to 8) as independent fac-
tors. The same analysis was repeated for PD as depen-
dent variable in 13 subjects. All p-values corresponding
to post hoc tests included in this study were Bonferroni
corrected. Statistical analyses were conducted on JASP
0.17.2.1.

RESULTS
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Behavioral performance: For the Stroop task, mean
accuracy across participants in the task was 80% (sd =
0.13) for the 1st block, 89% (sd = 0.09) for the 2nd
block, and 91% (sd = 0.07) for the 3rd block. The
difference in accuracy between blocks was significant
(F(2,57) = 7.263, p = 0.002). Specifically, accuracy in
the 1st block was lower than in the 2nd (7(38) = —2.793,
p =0.021) and 3rd (#(38) = —3.642, p = 0.002) blocks.
Thus, performance increased along the task. For the
Addition task, the mean performance across participants
in the task was 89% accuracy (sd = 0.15) for the 1st
block, 80% (sd = 0.17) for the 2nd block, and 44% for
the 3rd block (sd = 0.18). As expected, the difficulty
level between blocks was different (F(2,57) = 40.755,
p < 0.001), with the 3rd block being significantly more
difficult than the others (both p < 0.001).

Skin Conductance: For the Stroop task (Fig 2A),
the one-way ANOVA evidenced a significant difference
in ISCR between conditions (i.e. baseline, task, rest)
(F(2,137) = 26.071, p < 0.001). Post hoc comparisons
evidenced that the ISCR for the rest condition was signif-
icantly lower compared to the baseline (¢(78) = —5.022,
p < 0.001) and the task condition (¢(118) = —6.629,
p < 0.001). The two-way ANOVA, including ISCR as
dependent variable and condition (i.e. task vs rest) and
block order (i.e. 1,2,3) as independent factors evidenced
a significant main effect of both condition (F(1,114) =
73.537, p < 0.001) and order (F(2,114) = 17.583, p <
0.001), and a significant interaction (F(2,114) = 10.104,
p < 0.001). Post hoc comparisons showed that ISCR
during rest was lower than the task condition (¢(118) =
—8.575, p < 0.001) and that ISCR in the 3rd block was
lower comparing the 1st (#(78) = —5.898, p < 0.001) and
2nd blocks (#(78) = —3.480, p =0.002). Specifically, the
task 1st block was significantly different from both the
2nd (¢(38) = 4.659, p = 0.002) and 3rd (¢+(38) = 6.673,
p < 0.001) task blocks, and from all the rest blocks (all
p < 0.001). ISCR in stroop task blocks 2 and 3 was
not different, but the 2nd task block was different from
the Ist and 3rd rest blocks (both p < 0.002). The rest
blocks were no different. Mean ISCR during all three
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Figure 2: Stroop task. (A) Skin conductance responses (ISCR)
and (B) Pupil’s diameter (PD). Black line: the mean across sub-
jects. Red area: +/-2 standard deviations. Blue shadow: task
blocks. White areas: rest blocks (2 min each block). Total du-
ration: 12 min plus 30 sec baseline at the beginning.
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tasks blocks negatively correlated with mean total ac-
curacy in the Stroop task (r = —0.48, p = 0.034) and,
when observing the relationship for each block indepen-
dently, ISCR negatively correlated with accuracy in the
2nd block (r = —0.44, p = 0.05) and the same tendency
was observed in the 3rd block (r = —0.39, p = 0.09).
Delta ISCR did not correlate with delta or mean accu-
racy. The correlation between accuracy scores and ISCR
for the complete task, including all blocks independently,
was significant (r = —0.47, p < 0.001), reflecting the
decrement in ISCR and the improvement in accuracy
along the task (Fig. 3A).
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Figure 3: Stroop task. Pearson’s correlations between accu-
racy scores and (A) Skin conductance responses (ISCR), and
(B) pupil’s diameter (PD). Dotted lines: linear correlations for
each block. Black line: correlation over all blocks.

For the Addition task (Fig. 4A), the one-way ANOVA
evidenced a significant difference in ISCR between con-
ditions (i.e. baseline, task, rest) (F(2,137) = 42.773,
p < 0.001). Post hoc comparisons evidenced that the
ISCR during the addition task was significantly different
from both the baseline (¢(78) = 6.210, p < 0.001) and the
rest (¢(118) =8.607, p < 0.001). The two-way ANOVA,
including ISCR as dependent variable and condition (i.e.
task vs rest) and block order (i.e. 1,2,3) as independent
factors evidenced, as expected, a significant effect of con-
dition (F(1,114) = 84.986, p < 0.001), a tendency for an
order effect (F (2, 114) =2.832, p = 0.063) but no signifi-
cant interaction. Post hoc comparisons showed that ISCR
was higher during the task compared to the rest (#(118) =
9.219, p < 0.001). Specifically, ISCR during all the task
blocks (i.e. 1, 2, 3) was significantly higher compared
to ISCR in all the rest blocks (all p<0.001). ISCR was
not different among the task nor the rest blocks. The cor-
relation was not significant between ISCR and accuracy
scores for the Additon task. However, we can observe a
negative tendency between ISCR and accuracy in the 1st
task block (r = —0.40, p = 0.081), and this relationship
seems to be inverted in the case of an increment in the dif-
ficulty level linked with an abrupt decrement in accuracy
in the 3rd task block (Fig. 5SA). We observed a negative
correlation between ISCR and accuracy scores along all
the tasks when including each block score independently
(r=-0.28, p =0.031), as accuracy decreased along the
task while ISCR increased with the increment on the dif-
ficulty level.

Eye Tracking: For the Stroop task (Fig. 2B), the one-
way ANOVA including PD as dependent variable evi-
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Figure 4: Addition task. (A) Skin conductance responses
(ISCR) and (B) Pupil’s diameter (PD). Lines and coloured ar-
eas are the same as for Fig. 2. Total duration: 6 min plus 30 sec
baseline.
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Figure 5: Addition task. Pearson’s correlations between accu-
racy scores and (A) Skin conductance responses (ISCR), and
(B) pupil diameter (PD). Dotted lines: linear correlations for
each block. Black line: correlation over all blocks.

denced a significant difference between conditions (i.e.
baseline, task, rest) (F(2,88) =20.407, p < 0.001). Post
hoc comparisons showed that PD during the rest was
significantly smaller compared to the baseline (#(50) =
—4.734, p < 0.001) and the task (¢(76) = —5.687,
p < 0.001). The two-way ANOVA, including condi-
tion (i.e. task vs rest) and order (i.e. 1,2,3) as inde-
pendent factors, evidenced a significant main effect of
both condition (F(1,72) = 79.651, p < 0.001) and or-
der (F(2,72) = 16.636, p < 0.001), but no significant
interaction (F(2,72) = 2.396, p = 0.098). Post hoc
comparisons showed that PD was bigger during the task
(#(76) = 8.925, p < 0.001) and that PD progressively de-
creased along the blocks, as PD was significantly differ-
ent across all three blocks (all p < 0.05). Specifically,
post hoc comparisons showed that PD in Stroop 1st block
was significantly different from PD in all rest blocks
(all p < 0.001) and the 3rd task block (#(24) = 5.556,
p < 0.001). PD in Stroop 2nd block were also different
compared to all the rest blocks (all p < 0.01). Finally,
PD in the 3rd task block was different from the rest 3rd
block (¢(24) =3.893, p = 0.003), but not from rest blocks
1 and 2. When testing the correlation between accuracy
and PD, no significant correlation was found. However,
the correlation between PD and accuracy scores along
all the tasks, including each block scores independently,
was significant (r = —0.46, p = 0.004), as PD decreased
while accuracy increased along the task (Fig. 3B).

For the Addition task (Fig. 4B), the one-way ANOVA ev-
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idenced a significant difference in PD between conditions
(i.e. baseline, task, rest) (F(2,88) = 67.208, p < 0.001).
Post hoc comparisons showed that PD during the addi-
tion task was significantly bigger compared to the base-
line (#(50) = 3.711, p =0.001) and rest (¢(76) = 11.586,
p < 0.001) and that PD during the rest was smaller also
compared to the baseline (1(50) = —4.482, p < 0.001).
The two-way ANOVA, including PD as dependent vari-
able and condition (i.e. task vs rest) and order (i.e. 1,2,3)
as independent factors, evidenced a significant main ef-
fect of both condition (F(1,72) = 237.530, p < 0.001)
and order (F(2,72) = 7.008, p = 0.002), but no signifi-
cant interaction. Post hoc comparisons showed that PD
was bigger during the task (#(76) = 15.412, p < 0.001)
compared to the rest and that PD increased along the task
duration, as PD in the 3rd blocks were bigger compared
to the 1st and 2nd blocks (both p < 0.01). Specifically,
PD did not significantly change among the addition task
blocks, nor the rest blocks, and PD in all the task blocks
was significantly different from all the rest blocks. Thus,
in the Addition task, we did not observe a decrement in
PD along the tasks. When comparing PD and accuracy
for the Addition task (Fig. 5B), a negative correlation was
observed in the 2nd task block (r = —0.59, p = 0.033)
and, although not significant, the same tendency was ob-
served for the 1st task block (r = —0.54, p = 0.055). An
opposite correlation was observed for PD and accuracy in
the 3rd block (r = 0.63, p = 0.022). Averaged accuracy
did not correlate with averaged PD, however, the PD delta
positively correlated with accuracy in blocks 2 (r = 0.85,
p <0.001) and 3 (r = 0.65, p = 0.017), and with total ac-
curacy (r =0.82, p < 0.001). When bigger the increment
in PD is along the task, higher the performance is. There
is a negative correlation between PD and accuracy scores
along all the tasks when including each block score inde-
pendently (r = —0.37, p = 0.022), as accuracy decreased
along the task while PD increased.

Neurofeedback: During the calibration, the NF score
was significantly different between C3 and C4 (¢(17) =
—2.189, p = 0.021). When comparing calibration and
post, although not significant, there was an increment in
the NF score only for C3 (#(17) = —1.580, p = 0.066)
(Fig. 6A). The one-way ANOVA conducted along the 8
runs, was not significant for NF scores in C3 nor C4,
nor for the absolute difference between them (Fig. 6B).
When comparing band power (8-30 Hz) between rest and
task along all the NF training, the difference was sig-
nificant for both C3 (#(19) = 4.183, p = 0.016) and C4
(t(19) = 4.3703, p = 0.010), but also for CP1 (¢(19) =
4.2515, p=0.013) and CP2 (¢(19) = 4.0952, p = 0.019)
(Fig. 6C). In the ERS/ERD conducted for training runs
(i.e. 30 sec rest, 30 sec task), we observed 8-30 Hz ERD
starting at the second 30, corresponding to the beginning
of the task (Fig. 6D).

The two-way ANOVA including condition (rest vs task)
and order (i.e. from 1 to 8) as independent factors and
ISCR as dependent variable evidenced only a significant
effect of order (F(7,240) = 23.098, p < 0.001), and a
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Figure 6: Neurofeedback. (A) NF scores calibration vs post
blocks for C3 (blue) and C4 (red). One line per participant. (B)
mean and SE for NF scores in the 8 task blocks. (C) Topoplot of
task vs rest, and channels with a significant difference (in red)
after Bonferroni correction. (D) ERS/ERD in 8-30Hz frequency
band along NF runs (30 sec rest then 30 sec task).

C4

significant interaction (F(7,240) = 3.283, p = 0.002).
Post hoc comparisons confirmed that ISCR for the Ist
and 2nd runs was significantly higher compared to all
the other runs (all p < 0.01). The same analysis with
PD as a dependent variable evidenced a significant effect
of condition (F(1,192) = 18.263, p < 0.001) and a ten-
dency (not significant) for an order effect (F(7,192) =
1.500, p = 0.169). Specifically, PD in the rest con-
ditions was significantly smaller compared to the task
(#(206) = —4.160, p < 0.001). Although not significant,
PD in runs 1 and 2 tended to be bigger compared to run
7.

DISCUSSION

As expected we observed differences in both ISCR and
PD between the task and the rest conditions for both the
Stroop and the Addition tasks. However, we observed a
different trend for both physiological features (i.e. ISCR
and PD) in the two different tasks. While in the Stroop
task we observed a decrement in both physiological sig-
nals along the task, on the contrary, we didn’t observe the
same trend in the Addition task, in which the difficulty
level was increasing along blocks. Thus, in the Stroop
task performance increased along the task blocks while
physiological signals decreased, probably linked to an ex-
pertise and/or habituation effect. In the Addition task,
both ISCR and PD remained stable along the task, while
the relationship between the physiological features and
performance changed based on the task difficulty level.
In the case of manipulation of the difficulty level, partic-
ipants who showed less decrement in physiological fea-
tures were able to keep a higher performance. For NF, we
observed a decrement in physiological signals during the
session. This may be an indicator of habituation linked
to expertise or, on contrary, linked to fatigue or even to
a lack of cognitive effort allocated on the task. In a fu-
ture study, we aim to develop a method that progressively
adapts the NF target based on individual performance and
physiological features monitoring. In NF protocols, with
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the repetition of sessions, participants may loose engage-
ment on the task and this may be linked to: (1) the task
has become too easy, or (2) they give up due to the dif-
ficulty in achieving the goal. For instance, if NF scores
are high and physiological features are dropping during
the session, we may increase the target difficulty level
to make the session more challenging. However, if NF
scores are high, but also physiological features are high,
the difficulty level might be challenging enough. If NF
scores are low and physiological signals drop, the target
might be set easier to re-engage the participant’s interest.
Finally, we would like to briefly comment on the differ-
ence in the NF score for calibration between c3 and c4.
We understand that, as all participants were right-handed,
the motor imagination of a movement with the left hand
might be less automatic compared to the right. Interest-
ingly, we observed differences only for the calibration,
during the NF runs, the difference tended to decrease.
This study aimed to present preliminary results on the use
of skin conductance and eye-tracking features to monitor
task engagement during NF sessions. These first results
encourage to individually adapt NF targets to keep par-
ticipants engaged in the task. In future analyses, we will
consider also other physiological features that might be
of interest to track cognitive load and attention, such as
blinks, saccades and fixations, as well as changes in the
tonic component of skin conductance.
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