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Abstract

Background. Over the past decade, psychological resilience has become a key focus in psychological science.
However, most research relies on self-report and psychosocial assessments to explore resilience across different
populations and contexts. Methods. This two-phased study examined resilience using self-reported measures
and EEG recordings. Phase 1 involved a cross-sectional analysis of resilience and anxiety in young adults using
correlation and regression analysis. Phase 2 utilized a grouped experimental design with EEG resting-state
recordings to compare high- and low-resilience individuals. EEG data were collected using a 64-channel
Geodesic Sensor Net, NetAmps 400 Amplifiers, and NetStation Acquisition 5.0 Software. Spectral analysis was
performed for group comparisons. Results. Significant EEG differences emerged between high- and low-
resilience groups in the anterior midline, right frontal, right central, left parietal, and right parietal regions. Alpha
band differences were predominantly frontal and right-sided, while beta band differences were posterior and left-
sided. Conclusions. Results of the two phased study bridge the gap between psychosocial measures and
electrophysiological measures in the study of resilience and anxiety. A conceptual model based on the findings is
outlined to guide future research to investigate the mechanism between resilience and clinical presentations of
anxiety and/or depression at the psychosocial and electrophysiological level.
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Introduction

Psychological science has examined cognitive,
emotional, psychosocial, and behavioral indices of
response to stress or adversity for nearly four
decades to grapple with the question of what makes
individuals successfully cope with and overcome
many adversities across their lifetime (Southwick &
Charney, 2018). Stress and anxiety in adulthood is
detrimental to happiness and optimal functioning
(Joéls et al., 2007). Stress is a condition or set of
conditions that perturbs the psychological and
physiological balance of the individual compromising
homeostasis (Franklin et al., 2012). Psychological
resilience is the individual’s ability to engage
metacognitive, emotional, behavioral resources to
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maintain a positive equilibrium and successfully
adapt to adversity (Gupta & McCarthy, 2021; Prince-
Embury, 2014). Simply put, collision with adversities
in life causes significant stress and/or trauma and
resilience is what helps one to adapt (Luthar et al.,
2000).

Resilience has been extensively researched from
behavioral and psychosocial perspectives (Bonanno,
2004; Bonanno & Diminich, 2013; Charney, 2004;
Cicchetti, 2010; Feder et al., 2009; Holman, 2011;
Masten, 2001). Evidence has identified states and
protective factors associated with resilience
(Fletcher & Sarkar, 2013). However, due to a lack of
studies addressing both  psychosocial and
neuropsychological indices of resilience which
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constitutes a glaring gap in the knowledge base
(Feder et al., 2009). From a psychobiological
foundation, resilience, the dynamic process of
responses to adversity, consists of short- and long-
term responses that reduce allostatic load (Curtis &
Cicchetti, 2007; Feder et al, 2009). Several
anatomical loci and functional connectivity in specific
networks of the brain have been highlighted as
having a key role in stress resistance and/or
vulnerability; for example, amygdala activation
(Davidson & McEwen, 2012; Kim, 2011; Mahan &
Ressler, 2012), the hippocamus-pituitary-adrenal
(HPA) axis (de Kloet et al., 2005), the medial
prefrontal cortex, and dorsal ralphe nucleus
(Franklin et al., 2012).

There is only limited research using EEG and/or
functional magnetic resonance imaging (fMRI) that
examines the neuropsychological foundations of
resilience in healthy populations. Waugh et al.
(2008) using task-based fMRI found that, when
facing threats, participants with high resilience had
prolonged activity in the insula to only adverse
stimuli; however, participants with low resilience had
prolonged activity in the insula to neutral and
adverse stimuli. This suggests that individuals with
greater resilience effectively adjust emotional
resources used based on the situation. Kim and Bell
(2006) linked the development of regulatory
behavior, a predictor of resilience, to frontal
asymmetry. Resilience was positive correlated with
left orbitofrontal cortex and right amygdala activation
in fMRI when firefighters had a relaxation versus a
trauma script, indicating emotional reactivity to
stress plays a role in resilience (Reynaud et al.,
2013). Kong et al. (2015) employed the regional
homogeneity (ReHo) measure to explore neural
correlates of trait resilience and discovered that
higher ReHo in the anterior cingulate cortex (ACC)
and the insula within salience network was
associated with lowered trait resilience. The study,
however, failed to find an association of resilience
with other prefrontal cortex (PFC) regions such as
the orbitofrontal cortex (OFC). Amyg-EFP-NF
(amygdala activation guided neurofeedback training)
reduces alexithymia and faster emotional Stroop
indicating better resilience among soldiers (Keynan
et al, 2019). This may be explained by the
moderating influence of theta/beta ratio on the
effects of stress on attention control biases (Putman
et al,, 2014). Using resting-state EEG measures
from delta, alpha, and beta bands from healthy
participants, Paban et al. (2019) have demonstrated
a negative association between brain network
flexibility and psychological resilience. A measure of
autonomic response to emotion, the late positive
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potential (LPP) for negative pictures, was also
reported to be negatively correlated with resilience,
and this was seen to be driven primarily by
optimism, a composite factor in resilience (Chen et
al., 2018). However, a limitation of these studies is
their focus on emotion processing. As such, except
for Paban et al. (2019) who have examined flexibility
of networks, no other study has examined if
resilience affects the resting brain state in a holistic
manner in order to generate markers of resilience.

This study uses the framework of the multisystem
model of resilience (Liu et al, 2017) which
conceptualizes psychological resilience to be
comprised of three structures. First, the innermost
layer (i.e., physiological and demographic profile);
second, the intermediate layer (i.e., internal factors
psychological makeup, personal experiences); and
third, the outer later (i.e. external, environmental
factors). However, except for a few studies (Kong et
al., 2015; Paban et al., 2019; Reynaud et al., 2013;
Waugh & Koster, 2015), none have focused solely
on exploration of the biological component. To
address this gap, we build upon extant evidence that
hypothesized resilience to be linked to regions within
the PFC ACC and medial PFC (mPFC; Liberzon &
Sripada, 2007; Milad et al., 2009; Sekiguchi et al.,
2015). The study is a two-staged study with
psychosocial indices of resilience being confirmed in
the sample before a pilot exploration of
electrophysiological indices. In doing so, this study
finds significance by combining self-reported
psychosocial aspects of resilience with
electrophysiological EEG markers to provide a
holistic insight into psychological resilience.
Resilience has an inverse relationship with anxiety in
young adults (Chesak et al., 2019; Connor &
Davidson, 2003; Roberts et al., 2021; Steinhardt &
Dolbier, 2008), acting as a protective factor (Dray et
al.,, 2017; Gupta & McCarthy, 2021, 2022; Shin &
Choi, 2020; Song et al., 2021). Therefore, resilience
to stress and anxiety provides fertile ground to
investigate neural differences in resilience. Hence in
the current study, the first phase measured
resilience and anxiety levels and identified a group
of individuals with high resilience—low anxiety and
low resilience—high anxiety. Subsequently, a
selected small sample from both groups underwent
EEG recording with a 64-channel EEG system. This
novel study reports on the relationship between
resilience and anxiety and aims to formulate an
understanding of an electrophysiological profile for a
resilient individual and, in particular, seeks to
establish markers in the EEG of individuals with high
psychological resilience and low anxiety as
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compared to individuals with low psychological
resilience and high anxiety.

Method

Recruitment and Screening (Phase 1)

Participants (n = 130) were recruited from population
from young adults (Agerange = 18—24). For Phase 1
(i.e., screening phase), purposive multi-stage
sampling was conducted to ensure equal distribution
of males and females based on sampling criteria.
Individuals with diagnosed mental health disorders,
learning disabilities, or sensory or motor deficits
were excluded from the study since the goal was to
understand EEG signature of resilience in healthy
adults. Individuals with formal training in muscle
relaxation, biofeedback or neurofeedback, and yoga
were excluded to control again extraneous variables,
since they act as a protective factor against anxiety.
The study was reviewed and approved by the
CHRIST (Deemed to be University) Ethics
Committee (CU-RECEC-8/19). Participants were
briefed on the procedures of the study, voluntary
withdrawal rights and data protection protocols.
Informed consent was obtained.

Procedure

Purposive sampling was undertaken for Phase 1
screening. Participants (n = 130) were briefed on the
aims and objectives of the study and informed
consent was obtained in line with the American
Psychological Association code of ethics for
psychologists. Participants were provided physical
copies of the informed consent, demographic details
questionnaire, and psychometrics. Identifying
information was anonymized prior to screening
analysis to mitigate potential bias. Psychometric
measures were used to screen for psychological
resilience, perceived stress, and anxiety.

Measures

Brief Resilience Scale (BRS). The BRS developed
by Smith et al. (2008) is a six-item measure of
resilience to adapt and bounce back from stress and
anxiety. BRS has been validated in young adults,
cardiac patients, fibromyalgia, vocational
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rehabilitation adults, and among individuals with high
anxiety and healthy controls (Jones et al., 2016;
Kyriazos et al., 2018; Salah et al., 2021). It has
adequate internal consistency across validation
studies ranging from Cronbach’s a of 0.71 to 0.91.

Perceived Stress Scale (PSS). PSS developed by
Cohen et al. (1994) is a widely validated instrument
that measures the perception to stress (i.e., the
degree to which situations are appraised as
stressful). Iltems are designed to tap into how
unpredictable, uncontrollable, and overloaded
respondents find their lives via their cognitive and
affective responses. Review evidence highlights the
PSS-10 item questionnaire used in this study has
consistency internal reliability across multiple studies
Cronbach’s a greater than 0.70 (see Lee, 2012),
which indicates adequate reliability.

Beck’s Anxiety Inventory (BAI). BAI (Steer et al.,
1990) consists of 21 items which closely represent
symptoms of severe anxiety. It measures the
following factors: subjective anxiety,
neuropsychological arousal, autonomic arousal, and
panic (Beck et al., 1991) and has a high internal
reliability (Cronbach’s a of 0.91) with a test-retest
reliability of 0.75 (Beck et al., 1988). BAI has been
evidence to be an effective screening measure of
anxiety (Chapman et al., 2009; Leyfer et al., 2006)
and has been used in nonclinical samples (Creamer
et al., 1995).

Phase 1 Data Analysis. Data was scored according
to the scoring instructions for each of the
psychometric scales. Data was transferred to
Microsoft Excel for sorting and scoring for Phase 1.
Correlation and regression analysis was conducted
using SPSS 20 to evaluate the relationship between
resilience and anxiety in psychometric data
obtained. In line with screening criteria, individuals at
extreme valences scores of high resilience (42), high
anxiety (302), low resilience (3<), and low anxiety
(21=) were screened as eligible and were invited to
participate in Phase 2 of the study. See Figure 1 for
Phases of research.
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Figure 1. Procedural Research Phases Chart.

Phase 1

Purposive Sampling per screening criteria (n=130)

BRS
High Resilience (n=91)

Low Resilience (n=39)

N\

\

BAI
High Anxiety (n=51)

Low Anxiety (n=79)

/

Phase 2

EEG Eyes Open and Eyes Closed Condition

/

Group A (n=6)
High Resilience

Low Anxiety

Group B (n=6)
Low Resilience

High Anxiety

Phase 2 Design and Participants

Study used an experimental design comparing EEG
data of two groups on eyes-open and eyes-closed
experimental  conditions.  Single-blind  group
assignment was conducted, and the EEG was
recorded. Phase 1 screening rendered 30 potential
participants meeting eligibility criteria. Potential
participants were approached for voluntary
participation in Phase 2 (i.e., EEG recording). Final
study consisted of 12 study volunteers (18—-24 years
of age, 9 women and 3 men). Participants were
assigned to groups in line with grouping criteria.
Individuals with psychometric scores of high
resilience and low anxiety were assigned to
Group A. Individuals with psychometric scores of low
resilience and high anxiety were assigned to
Group B (see Table 1). The participants had no
current or previous history of relevant physical
illness (head injury, epilepsy) and they had not
consumed any caffeinated beverage, drugs, or
medication known to affect their EEG.
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EEG Recording Sessions

The participants were seated comfortably in a dimly
lit sound attenuated room. EEG data were recorded
using a 64-channel Geodesic Sensor Net, NetAmps
400 Amplifiers, and NetStation Acquisition 5.0
Software (EGI, Inc., Eugene, OR). Scalp
impedances were kept below 50 kQ. The data was
recorded as referenced to Cz with 250 Hz sampling
rate. Data was viewed using 0.1 to 70 Hz band pass
filter and a Notch filter at 50 Hz and monitored
during the recording. All recordings were conducted
in the afternoon (12:00 pm to 2:00 pm) or evening
(4:00 pm to 6:00 pm). The participants were
instructed to relax, and EEG was recorded for 3 min
each for both eyes-open and eyes-closed
conditions.

EEG Data Preprocessing and Editing

The data were imported offline into Matlab R2016b
(The Matworks, Natick, MA, USA) environment using
EEGLAB v 14.1.2b (Delorme & Makeig, 2004) and
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Table 1

Demographic Information of Phase 2 Participants

Paréig;;;ant Sex Age Dlil\?i(::t;:rz:ﬁ) Handedness Exegi:zg Group BRF BAI
RE3006 F 21 3 88.25 (Right Handed) YES A 4.33 18
RE3034 M 24 3 100 (Right Handed) NO A 4.16
RE3001 F 22 4 100 (Right Handed) NO A 4.16 18
RE3003 F 20 5 100 (Right Handed) YES A 4
RE3004 F 21 2 100 (Right Handed) NO A 4.5
RE3005 F 21 8 100 (Right Handed) NO A 4.16
RE2007 F 19 3 100 (Right Handed) YES B 2.83 34
RE2006 F 21 4 100 (Right Handed) YES B 2.33 32
RE2002 F 19 5 100 (Right Handed) YES B 25 43
RE2005 F 21 5 100 (Right Handed) NO B 2.66 38
RE2004 F 20 3 100 (Right Handed) YES B 2 32
RE2003 M 18 5 100 (Right Handed) NO B 2.83 34

Note. RE3006, RE3033, RE3001, RE3003, RE3004, RE3005 are categorized as the high resilience group; and RE2007,

RE2006, RE2002, RE2005, RE2004, RE2003 are classified as the low resilience group.

mffmatlabio2.02 (Pernet et al., 2019) importer for
EGI files to preprocess the raw data. The data was
first bandpass filtered between 0.1-45 Hz. Bad
channels were identified after manual scanning of
each file and subsequently these channels were
excluded from the files. Hence, only some files did
not contain data from F10, F9 and T9 channels. Eye
electrode channels (61, 62, 63, and 64) were also
excluded for all files.

Next the data was segmented into 2-s epochs and
the epochs with artifacts (eye blinks, EMG etc.) were
rejected via visual inspection. All files with at least
90 s of good data were used. Four participants had
only 46 s worth of good data for eyes-open
condition. All data files were then rereferenced to
average reference prior to the spectral analysis.

Spectral Analysis. Fast Fourier transform was
applied using the Darbeliai plug-in (Baranauskas,
2009) for EEGLAB which uses the Welch’s method
to calculate FFT (window length = 1.996 s, no
overlap). Absolute power was computed for all
electrodes with good data for the following frequency
bands: delta (1-3.5 Hz), theta (4-7.5 Hz), alpha1
(8-10 Hz), alpha2 (10-12 Hz), beta1 (13-15.5 Hz),
beta2 (16-20.5 Hz), betad (21-30.5 Hz), and
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gamma (31-49.5 Hz). This was computed for both
eyes-open and eyes-closed conditions.

Statistical Analysis. Absolute power data for both
eyes-open and eyes-closed conditions was log
transformed and subsequently analyzed for low
anxiety versus high anxiety group differences using
SPSS 20. For analysis, first log power data for each
frequency band was aggregated into eight regional
averages by grouping electrodes based on
topographic contiguity. The regions were labelled as
follows: anterior midline, posterior midline, left
parietal, right parietal, left central, right central, left
frontal, and right frontal (Figure 2). The regional
averages were compared across groups (low
resilience versus high resilience) using ANOVA.

Absolute power, in the eyes-open condition, for
alphal (8-10 Hz) and alpha2 (10-12 Hz) for left
frontal electrodes was subtracted from absolute
power in the right frontal to create the frontal
asymmetry score. Greater right frontal asymmetry
values are positive and greater left frontal
asymmetry values are negative.
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Figure 2. Head Plot Showing the Various Regional
Electrode Groups.

Anterior Midline
Posterior Midline
Left Frontal

Right Frontal
Left Central
Right Central
Left Parietal

Right Parietal

Note. Electrode grouping provided in Appendix A.

Ethical Considerations

Eligible participants for Phase 2 of the study were
briefed on the EEG procedures and informed
consent was obtained in line with the American
Psychological Association code of ethics for
psychologists. The study was reviewed and

NeuroRegulation

approved by the CHRIST (Deemed to be University)
Ethics Committee (CU-RECEC-8/19). Participants
were debriefed post-EEG recording. Identifying
information such as legal name, address, and
contact information data was anonymized with a
participant code and stored in an encrypted drive
with sole access for the research team in line with
general data protection regulation (Voigt & von dem
Bussche, 2017). Participants were informed of the
voluntary nature of the study and their right to
withdraw at any point.

Results

Phase 1 of the study aimed to assess the
relationship between resilience and anxiety at
obtained from psychometric self-report tests of the
larger sample prescreening (n = 130). Shapiro-Wilk
test of normality revealed data was not normally
distributed (Resilience W = 0.026; Anxiety
W = .000). Hence, Spearman’s correlation was
used, and results indicated a significant negative
correlation  between resilience and anxiety
(r = -0.392, p < .01). Linear regression analysis
indicated that increase in resilience significantly
predicted a decrease in anxiety in this sample
(B=-6.778, p <.01; see Table 2 below).

Table 2
Linear Regression Model Between Resilience and Anxiety in Phase 1 Sample (n = 130)
Predictor Beta t AR? F D-W
Resilience -6.778 -4.800 0.147 23.038* 1.749
*p <.01.

Results (Phase 2)

From the subsample selected for EEG study,
statistical analysis of EEG absolute power data from
eyes-closed and eyes-open condition was
conducted. ANOVA results revealed significant
regional differences between the low resilience
versus high resilience group only in the eyes-open
EEG for high alpha and all beta bands (see Tables
3-5). Specifically, significant differences were
identified between high resilience and low resilience
groups in anterior midline region, F(1, 10) = 5.031,
p = .049); right frontal region F(1, 10) = 5.715,
p = .038); right central region, F(1, 10) = 7.758,
p = .019); left parietal region, F(1, 10) = 6.660,
p = .027); and right parietal region, F(1, 10) = 5.440,
p = .042). The difference in EEG Alpha band
showed a strong frontal and a right-sided
preponderance while the beta band findings were
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more posterior and left, when comparing between
high and low psychological resilience group.

Table 4 shows the comparison of means for all eight
frequency bands for the high and low resilience
groups in eyes-open condition. This table shows
higher power in high alpha and lower power in
beta 3 band in some regions for the high resilience
group, which was not reflected in ANOVA analysis,
perhaps owing to a very small sample size and high
variability. Specifically, in high alpha band in eyes-
open condition, right frontal area displayed a
difference with high resilience group showing higher
activation (M = 11.25, SD = 13.62) compared to low
resilience group (M = 1.94, SD = 0.65). Similar
difference was found in anterior midline area with
higher activation seen in high resilience group (M =
16.13, SD = 20.29) compared to low resilience group
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Table 3
ANOVA Between High and Low Resilience Groups in High Alpha (10-12 Hz), Beta 1 (13—15.5 Hz), Beta 2 (16—
20.5 Hz), and Beta 3 (21-30.5 Hz) Absolute Power

High Alpha Beta 1 Beta 2 Beta 3
(10-12 Hz) (13-15.5 Hz) (16—20.5 Hz) (21-30.5 Hz)
Absolute Power Absolute Power Absolute Power Absolute Power
Region F Sig F Sig F Sig F Sig
Anterior Midlines 5.031 0.049* 0.536 0.481 0.195 0.668 0.000 0.985
Left Frontal 3.489 0.091 0.172 0.687 0.077 0.787 0.083 0.779
Right Frontal 5.715 0.038* 0.442 0.521 0.088 0.773 0.357 0.563
Left Central 4.469 0.061 2.503 0.145 3.276 0.100 5.036 0.049*
Right Central 7.758 0.019* 1.071 0.325 1.548 0.242 0.367 0.558
Left Parietal 6.660 0.027* 5.577 0.040* 5.347 0.043* 8.094 0.017*
Right Parietal 5.440 0.042* 1.524 0.245 0.817 0.387 1.767 0.213
Posterior Midlines 4.008 0.073 1.328 0.276 1.312 2.279 6.443 0.029*
Table 4
Mean and Standard Deviation of All Frequency Bands From the Eyes-Open Condition
Delta Theta Low Alpha High Alpha Beta1 Beta2 Beta3
Loft LR*  7.67 (1.81) 3.13 (1.72) 2.94 (1.69) 1.93 (1.00) 0.81 (0.48) 2.48(3.28)  4.94(5.90)
Frontal
HR*  7.67 (2.65) 3.20 (1.18) 3.31(1.68) 8.95 (10.30) 0.84 (0.28) 1.34(0.56)  2.59 (0.68)
Right LR  7.28(1.53) 3.19 (1.65) 3.07 (1.66) 1.94 (0.69) 0.88 (0.36) 2.33(1.87)  7.69(10.07)
I
Frontal
HR  10.03 (2.93) 3.94 (1.40) 3.42 (1.61) 11.25 (13.62) 1.02 (0.38) 1.66 (0.83)  2.64 (0.95)
Anterior LR  6.15(1.44) 4.16 (2.95) 4.28 (2.48) 2.83 (1.44) 0.78 (0.54) 1.11 (0.46) 1.93 (1.45)
Midline
o HR  6.30 (1.5) 4.32(2.43) 4.81(3.19) 16.13 (20.29) 0.89 (0.36) 1.31 (0.75) 1.76 (0.92)
Loft LR 4.26 (1.41) 2.58 (2.35) 2.85 (2.27) 2.12 (1.32) 0.66 (0.46) 0.94 (0.50) 1.36 (0.72)
Central
HR  5.41(1.10) 3.11 (1.07) 3.31(2.00) 8.22 (8.13) 0.96 (0.34) 1.67 (0.92)  2.81(1.57)
Right LR 4.93(1.91) 3.00 (2.36) 3.07 (2.40) 1.97 (1.00) 0.80 (0.51) 1.11 (0.49) 1.86 (0.70)
I
Central
HR  5.51(1.23) 3.46 (1.48) 3.50 (1.87) 9.41 (8.50) 0.99 (0.35) 1.66 (0.91)  2.28 (1.30)
Loft LR  4.18(1.05) 2.96 (2.58) 3.51(2.00) 2.38 (0.88) 0.69 (0.32) 0.98 (0.50) 1.34 (0.51)
Parietal
HR  6.05(1.96) 3.94 (1.48) 5.70 (4.42) 21.09 (28.06) 1.55 (0.75) 2.38(1.36)  3.77 (2.28)
Right LR  4.59 (1.53) 3.05 (2.28) 5.12 (2.70) 3.74 (2.30) 0.82 (0.46) 1.20 (0.22) 1.46 (0.50)
Parietal
HR  4.97 (1.05) 3.39 (1.48) 6.74 (4.50) 16.28 (10.27) 1.26 (0.53) 1.92(1.28)  2.54 (1.62)
LR 7.48 (1.85 3.80 (2.13 7.34 (3.92 5.26 (2.86 1.21 (1.00 2.33 (1.87 1.29 (0.47
Posterior (1.85) (2.13) (3.92) (2.86) (1.00) (1.87) (0.47)
Midline
o HR  7.81(2.34) 4.32(2.43) 8.32 (5.96) 39.05 (50.58) 1.75 (1.05) 1.66 (0.83)  3.06 (1.85)

*LR = Low Resilience; **HR = High Resilience; * = Mean (SD).
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(M =2.83, SD = 1.44). High resilience group showed
higher activation in right central (M = 9.41,
SD = 8.50) and right parietal areas (M = 16.28,
SD = 10.07). Hypothesis H2 stating differences
between high and low resilience groups in alpha
band and hypothesis H4 stating differences between
high and low resilience groups in beta band stands
supported.

In eyes-closed condition (see Table 5), mean
comparison of high resilience versus low resilience
group revealed differences in the low alpha band
A(8-10 Hz) in the left parietal area with high

NeuroRegulation

(M = 14.44, SD = 13.55) compared to low resilience
group (M = 7.91, SD = 5.62). Many areas showed
differences in high alpha band (10-12 Hz) between
high resilience and low resilience groups. High
resilience group showed higher activation of high
alpha in right frontal (M = 14.65, SD = 13.60),
anterior midline (M = 18.82, SD = 18.66), left central
(M = 10.20, SD = 9.02), right central (M = 11.77,
SD = 8.72), right parietal (M = 23.96, SD = 18.07),
and posterior midline areas (M = 58.72, SD = 61.41).
Therefore, hypothesis H3 stating differences
between high and low resilience groups in delta
band stands rejected.

resilience group showing higher activation
Table 5
Mean and Standard Deviation of All Frequency Bands From the Eyes-Closed Condition

Delta Theta Low Alpha High Alpha Beta1 Beta2 Beta3
Loft LR* 13.89 (553" 549(3.31) 6.84(1.80)  5.43(2.73) 3.16 (2.84) 2.78(3.16)  3.16 (2.84)
Frontal HR*™ 11.42(2.05) 3.95(1.40) 6.64 (4.29) 12.31(12.19) 1.95(0.66) 1.55(0.79)  1.95 (0.66)
Right LR 10.18(3.38)  5.02(2.98) 6.77(1.78)  500(222)  2.58(1.69) 1.95(1.33) 2.58 (1.69)
Frontal HR 12.70 (4.66)  4.64 (1.54)  8.00 (4.94) 14.65(13.60) 2.06 (0.77) 1.74(0.84)  2.06 (0.77)
Anterior LR 948(4.164)  6.00(376) 996 (240)  7.62(4.47) 1.69(0.98) 1.67(1.81)  1.69 (0.98)
Midline HR 10.31(222) 5.36(2.25) 11.66(9.59) 18.82(18.66) 1.78(0.94) 1.77(1.14) 1.78 (0.94)
Loft LR 7.75(4.75)  4.87(3.22) 571(251)  4.09 (1.86) 1.69 (1.05) 1.45(0.65) 1.69 (1.05)
Central HR  6.34 (1.01) 3.90 (1.94)  6.20 (4.33) 10.20 (9.02)  2.18 (1.01)  1.74(1.09)  2.18 (1.01)
Right LR 892(479)  590(3.99) 6.25(297)  4.30(2.28) 1.89 (0.83) 1.49(0.62) 1.89(0.83)
Central HR  7.06 (1.29) 4.41(2.10)  7.32 (4.58) 1177 (8.72)  2.14(1.35) 1.95(1.18) 2.14(1.35)
Loft LR 6.69(291)  505(297) 7.91(262)  5.09(2.08) 1.80 (0.92) 1.59 (0.56) 1.80 (0.92)
Parietal HR  8.79 (3.53) 5.80(3.39) 14.44 (13.55) 25.02(25.41) 3.42(1.98) 3.14(2.23) 3.42(1.98)
Right LR 839(523)  6.37(4.27) 14.99(8.66) 9.85(6.70) 1.72(0.62) 1.87(0.34) 1.72(0.62)
Parietal HR  7.78 (2.91) 5.32(3.39) 14.70 (11.52) 23.96 (18.07) 2.44(1.27) 2.59(1.89) 2.44 (1.27)
Posterior 12.84 (7.28)  9.20(6.23) 2159 (6.74)  20.54 (14.87) 2.03(1.08) 2.60(1.22) 2.03 (1.08)
Midline HR 11.80(5.99) 7.21(5.43) 22.14(17.73) 58.72(61.41) 3.25(1.81) 3.41(2.57) 3.25(1.81)

*LR = Low Resilience; **HR = High Resilience; * = Mean (SD).
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Figure 3. Topographic Plots for High Alpha (10—12 Hz) Absolute Power.

High Resilience Eyes Closed 10-12 Hz High Resilience Eyes Open 10-12 Hz

£

l

59.3

45.9

Note. Top row: Left - High Resilience Eyes Closed and Right - High Resilience Eyes Open.
Middle row: Left - Low Resilience Eyes Closed and Right - Low Resilience Anxiety Eyes Open.

Topographical plots indicate differences in neural left frontal, orbitofrontal cortex, left and right parietal
activation between high resilience group and low and right central areas in the eyes-closed condition.
resilience group in both eyes closed and eyes-open low resilience group shows minimal high alpha
condition in high alpha band (10-12Hz; see Figure activity in eyes-open condition.

3). Specifically, we observe differences in right and

Figure 4. Topographic Plots for Beta 3 (21-30.5 Hz) Absolute Power.

High Resilience Eyes Closed 10-12 Hz High Resilience Eyes Open 10-12 Hz

Low Resilience Eyes Open 10-12 Hz
59.3
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Note. Top row: Left - High Resilience Eyes Closed and Right - High Resilience Eyes Open.
Middle row: Left - Low Resilience Eyes Closed and Right - Low Resilience Anxiety Eyes Open.
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Table 6
Frontal Asymmetry Index in Alpha1 (8—10 Hz) and Alpha2 (10-12 Hz) Absolute Power
Alpha1 Alpha2
LR LR HR
Eyes Open 0.13 0.01 2.3
Eyes Closed -0.07 -0.43 2.34

Note. LR = low resilience group; HR = high resilience group.

Topographical plots indicated marked differences in
neural activation between high resilience group and
low resilience group in both eyes-closed and eyes-
open condition in beta 3 band (21-30.5 Hz; see
Figure 4). In eyes-closed condition, differences
between high and low resilience groups were
observed in the left and right frontal, right central,
and posterior midline areas. In eyes-open condition,
low resilience group showed high activation in the
left and right frontal areas in beta 3 band (21-30.5
Hz).

Frontal asymmetry index was computed as the
difference of right minus the left hemisphere
electrode values for six pairs of electrodes (AF4-
AF3, F2-F1, F4-F3, F6-F5, F8-F7, F10-F9) and
averaged to generate one measure for HR and LR.
Positive values indicate greater right and negative
values indicate a greater left balance. The analysis
indicates high resilience group shows a stronger
right frontal asymmetry in both eyes-open and eyes-
closed condition in alpha 1 (8-10 Hz) and alpha 2
(10-12 Hz) bands. Low resilience group shows
greater left frontal asymmetry in eyes closed
condition in alpha 1 (8-10 Hz) and alpha 2 (10-12
Hz) bands.

Discussion

One of the results which evaluated the self-reported
resilience and anxiety levels indicate a significant
relationship between resilience and anxiety, with
higher resilience inversely predicting anxiety in the
regression model. The finding reflects extant
literature across cultural contexts indicating
resilience acts as a protective factor against anxiety
(Jefferies et al., 2021; Song et al., 2021). Framing
this finding with the multisystem model of resilience
(Liu et al., 2017), this is the intermediate layer (i.e.,
internal factors psychological makeup, personal
experiences) and outer later (i.e.,, external,
environmental factors) of resilience. In selected
participants for Phase 2 of the study, high resilience
individuals reported low to moderate perceived
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stress and anxiety (see Table 1). This finds support
in multiple types of evidence in literature which
outlined how moderately stressful and anxiety-
provoking events (perceived as tolerable) increase
resilience levels often through stress inoculation,
steeling, and anxiety-driven resilience (Cathomas et
al.,, 2019; Crane et al., 2019; Dooley et al., 2017;
Feder et al., 2019; Jefferies et al., 2021; Malhi et al.,
2019).

Phase 2 study results indicate a robust difference in
the scalp resting electrical patterns of high and low
resilience groups (as measured by psychometric
testing) in the eyes-open state as measured using
noninvasive brain recordings (EEG) in eyes-open
and eyes-closed condition (resting-states only). Our
results indicate that high resilience group had
greater high alpha band power in the right central,
right and left parietal regions. High resilience group
also had higher beta 3 power in left central, left
parietal and posterior midline regions, suggesting a
left and posterior preponderance. Functional
neuroimaging studies associated with resilience are
limited with most studies focused on clinical patient
populations such as depression, trauma, PTSD, and
anxiety disorder, where there are alterations present
in emotion and stress regulation brain circuitry (van
der Werff et al.,, 2013). Interestingly, our result
suggesting resting-state changes may be in line with
the findings of Kong et al. (2015) who reported that
resilience has a significant negative correlation with
rs-fMRI signals in bilateral insula, and rostral anterior
cingulate cortex. The insula may be key to the
resilience process due to its importance in human
emotional processes (Uddin et al., 2017), while the
ACC is linked to affect regulation (Stevens et al.,
2011) which is a key component of resilience. Figure
5 below outlines a preliminary model on the
operation of psychological resilience based on the
findings of this pilot study and the trends highlighted
during literature review.

Paban et al. (2019) used a dynamic network analysis
of EEG data to identify key regions belonging to the
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“core functional network” outlined by van den Heuvel
et al. (2009) as characteristics of high psychological
resilience. This network includes regions involved in
the cognitive processes of top-down attentional
control (superior parietal cortex; Sestieri et al.,
2017), decision-making in the OFC (Schuck et al.,
2018) and cognitive-behavioral regulation (Bush et
al., 2000) which oscillates in a fast-frequency beta
band linked to reflect aspects of sensory information
processes (Hong et al., 2008). Results from our
study supports the conclusions drawn by Paban et
al. (2019) indicating that high resilience group have
higher beta activation in the left parietal, left central,
and posterior midline regions. Topographical plots
show a more frontal distribution of beta 3 (21-30 Hz)
band (see Figure 4) also indicate regulated OFC and
frontal cortex activation in beta 3 band (see Figure
4). Review evidence on the neurobiology of
resilience have noted the importance of the PFC and
limbic connection (Bolsinger et al., 2018; Feder et
al., 2019; Holz et al., 2020; loannidis et al., 2020;
Malhi et al., 2019). Activation of the PFC is crucial in
cognitive and emotional inhibition, reducing
amygdala reactivity to stressors and adversity. The
findings of this preliminary pilot indicate that higher
resilience individuals have greater prefrontal beta
wave for cognitive and emotional regulation in
response to stressors.

ANOVA results also indicate high resilience groups
having greater activation in the right frontal, right
central and parietal region in high alpha band and
left central region in beta 3 band. The high alpha
results have a right side and anterior preponderance
while the beta 3 power results have a left posterior
preponderance. High alpha band activation in the
right frontal region is associated with less cognitive
demands (Miyake et al., 2000). This could potentially
point to the fact that high resilience individuals have
lesser cognitive demands when responding to
stressors and adversity. EEG resting state in high
resilience children who had adapted to
maltreatment, showed greater relative left central
activity in the alpha band, in the eyes-open state
(Curtis & Cicchetti, 2007). High and low resilience
groups have also shown consistent differences over
left parietal scalp regions in the high alpha, beta 1,
beta 2, and beta 3 bands, with high resilience
groups showing greater activation. A recent study
(Kahl et al., 2020) found that greater resilience was
associated with significant increase in cortical
thickness in areas in right hemisphere cluster that
included the lateral occipital cortex, the fusiform
gyrus, the inferior parietal cortex, as well as the
middle and inferior temporal cortex. The authors
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report that these anatomical areas are known to be
involved in the processing of emotional visual input.

These findings provide support to models of
adaptive regulation enhances resilience post
adversity. Some examples are the coping circumplex
model, systematic self-reflection model, cognitive
appraisal of resilience, cognitive growth, and
trajectory models (Bonanno et al., 2013; Crane et
al., 2019; Stanistawski, 2019; Tedeschi & Calhoun,
2004; Yao & Hsieh, 2019). These models theorize
aspects of cognitive flexibility in situational challenge
appraisal, benefit finding, self-reflection, and
regulation for resilient responses. Based on the
findings of this study and review of literature, the
interface between psychosocial and
neuropsychological markers that contribute to high
resilience are outlined in Figure 5 below.

A key driver of high resilience is the mastery
motivation system which includes the ability to recall
previous experiences where the individual overcame
adversity resiliently (Masten, 2015). Our results
indicate that the high resilience group shows higher
beta 3 activation in the posterior midline region in
addition to the higher left parietal activation. This
region (specifically the lateral posterior parietal
cortex and posterior midline region) has been linked
to activation during demanding cognitive tasks and
episodic memory retrieval (Daselaar et al., 2009).
The combined findings highlight the importance of
the psychological characteristics of resilience in
addition to the neural markers indicating different
brain region activation for high and low resilience
individuals as theoretically underlined by Gupta
(2021). Additionally, higher orbitofrontal, frontal,
parietal, and central activations are a feature of the
high resilience group. However, this activation
merely indicates greater episodic retrieval of events
and flexible cognitive reflections of it. The
psychological makeup of the individual determines
the nature of the episodic ruminations. They can be
deliberate reflections which are structured thoughts
to better understand the event and how to maximize
mastery motivation to cope with event or it can lead
to intrusive ruminations which lead to negative
automatic thoughts and worries reinforced by past
negative experiences which increases distress
(Luca, 2019).

Results from the asymmetry analysis indicates high
resilience group to have greater right frontal
asymmetry in eyes-open and eyes-closed condition
in the alpha 1 (8-10 Hz) band. This finding is in
contrast to Curtis and Cicchetti’'s (2007) study on
resilience related resting-state EEG differences
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Figure 5. Interface Between Psychosocial and Neuropsychological Markers Leading to High Resilience.
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where low resilience in children was associated with
greater right alpha hemispherical activity in eyes-
open condition. The findings of our study indicate
that low resilience group has greater left frontal
asymmetry in eyes-closed condition in alpha 1 (8—-10
Hz) and alpha 2 (10-12 Hz) bands. The difference in
findings of the current study and Curtis and Cicchetti
(2007) can be linked to the eyes-open and eyes-
closed conditions. Another explanation of the
divergent results can be traced to the fact that self-
reported anxiety was also a variable that may have
played a role (e.g., low resilience group had high
self-reported anxiety). Negative spontaneous mood
(e.g., anxiety, perceived stress, tension) decreases
when frontopolar activation asymmetry shifts to the
right (Papousek & Schulter, 2002). Therefore,
resilience individuals with greater right frontal
activation not only self-report lesser anxiety and
perceived stress but also have neural markers of the
same. Greater right frontal activity reflects
withdrawal related motivational states and traits of
sadness (Coan & Allen, 2004), empathy (Tullet et
al., 2012), with right-lateralized brain activity in the
frontal region linked to the ability to exert sustained
cognitive control (Ambrosini & Vallesi, 2016; Cicek &
Nalgaci, 2001). This is reflected at the psychosocial
level where highly resilience individuals do show
greater acceptance of negative emotions after
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adversity and can sustain cognitive control to
facilitate adaptation (Hoorelbeke et al., 2016;
Joorman et al., 2014). Wacker et al. (2010) found
that greater right frontal asymmetry was associated
with behavioural inhibition sensitivity during no-go
trials on the go/no-go task which ties into the self-
regulation ability that high resilience individuals
have. In a 2003 experimental study with anger
approach (fight) or anger-withdrawal (flight), Wacker
et al. (2003) found that greater right frontal
asymmetry was associated with fear-approach. This
is supported by the fact that at the behavioral level,
resilient individuals do not engage in avoidance
coping when exposed to adversity or stressors
(Campbell-Sills et al., 2006; Gupta & McCarthy,
2021). However, in-depth research is needed to
explain this mechanism since other studies have
linked increased rightward frontal alpha asymmetry
to anxiety disorders and depression (Coan & Allen,
2004; Thibodeau et al., 2006).

Limitations

The sample size of Phase 2 of the current study is a
limitation to generalizability as a pilot study. Data
collection was initiated pre-COVID but had to be
paused due to health and safety concerns.
Participants’ unavailability from Phase 1 screened
sample led to the comparatively lesser sample size
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in group A and B. The limited source localization
conducted in this study is another limitation which
future research can address.

Future Directions

Future research can improve upon the sample size
of this study and implement longitudinal designs with
multistage EEG recordings. This would provide data
into the stability of the EEG markers of resilience.
There is also a need to distinguish between
resilience and stress resistance (Fleshner et al.,
2011). Future studies could conduct source
localization to extend the precision of current
findings. fMRI based designs could provide further
insight into the EEG markers by testing the
replicability of the regions associated with resilience
in this study.
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Appendix A

Figure 1A. Electrode Grouping for the EGI 64-Channel Sensor Layout.
Anterior Midline (AFz_ A+F1_A+F2 A+Fz_ A+FC1_A+FCz_A+FC2_A)/7.

Posterior Midline (Pz_A + PO3_A + POz A+ PO4_A+0O1_A+0z_A+02_A)/7.
Left Parietal LM_A + P9_A+P7_A+P5_A+TP7_A+ CP5_A+P3_A)T.

Right Parietal (RM_A + P10_A+P8_A + P6_A + TP8_A + CP6_A + P4_A)/7.
Left Central (CP1_A+ C1_A+FC3_A+C3 A+C5_A+T7_A+T9_A)T.

Right Central (CP2_A+ C2_A+FC4_A+C4 A+C6_A+T8 A+ T10_A)/T7.

Left Frontal (AF3_A+F3_A+F5 A+FC5 A+ FT7_A+F7_A+F9_A)T.

Right Frontal (AF4_A +F4_ A+F6_A+FC6_A+FT8_A+F8_A+ F10_A)/7.

Montage used EGI 64-channel HydroCel Geodesic Sensor Net
(https://lwww.egi.com/research-division/geodesic-sensor-net
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