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The Effectiveness of Neurofeedback Training on
Cognitive Function Improvement and Quantitative
Electroencephalography Features in Poststroke
Cognitive Impairment

Rini Nindela’, Yohanes Febrianto, Yusril Yusril, Muhammad H. Haddani, Sri Handayani,
Dya Anggraeni, and Mgs. Irsan Saleh

Sriwijaya University, Mohammad Hoesin Hospital, Palembang, Indonesia

Abstract

Background. Poststroke cognitive impairment (PSCI) involves cognitive deficits emerging within 3 months after
stroke. Quantitative EEG (QEEG) in PSCI typically shows changes in relative power, delta-alpha ratio, and peak
alpha frequency. Neurofeedback training (NFT) is a promising intervention to improve cognitive function and
gEEG patterns, though findings remain inconsistent. Nonetheless, even brief NFT interventions may yield
meaningful benefits. Methods. This study assessed the effectiveness of five individualized qEEG-guided NFT
sessions (30 min each) in 24 PSCI patients, focusing on changes in MoCA-INA scores and qEEG parameters.
Results. NFT significantly improved MoCA-INA scores (Z = —4.106, p < .001, effect size = 0.839), particularly in
visuospatial/executive and delayed recall domains, with sustained effects 1 month later. QEEG analysis revealed
increased temporal alpha (t = —1.875, p = .037, effect size = 0.23) and parietal beta relative power (t = —1.827,
p = .040, effect size = 0.11). Greater cognitive gains were observed in patients aged <60 years.
Conclusion. These findings support the clinical utility of short-term, qEEG-guided NFT in improving cognitive
outcomes and modulating neural activity in PSCI patients. The sustained benefits observed suggest potential for
long-term therapeutic impact.
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Introduction

Poststroke cognitive impairment (PSCI) is defined as
cognitive deficits occurring within the first 3 months
after a stroke, unrelated to other medical conditions
such as metabolic, endocrine, vasculitis, or
depressive disorders. PSCI can be classified into
cognitive impairment no dementia (CIND) and
poststroke dementia (PSD; Tugasworo et al., 2023).
This condition is often underrecognized and
overshadowed by the more prominent motor deficits
(McDonald et al., 2019). Indonesia Stroke Registry
Data showed that 60.59% of stroke patients
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experienced cognitive impairment in 2013 (Ong et
al., 2015).

Quantitative electroencephalography (qEEG) is a
low-cost, noninvasive tool with high temporal
resolution for assessing brain function, particularly in
dementia. It directly measures functional brain status
(Hadiyoso et al., 2022; Petrovic et al., 2017).
Spectral power analysis has demonstrated that
PSCI patients exhibit increased delta relative power,
decreased alpha and beta power, globally elevated
theta activity, increased frontal delta/alpha ratio
(DAR), and delta+theta/alpha+beta ratio (DTABR),
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as well as a reduction in peak alpha frequency
(PAF), a known indicator of cognitive function
(Babiloni et al., 2021; Hadiyoso et al., 2022).

Currently, no traditional cognitive rehabilitation
method is recommended as the mainstay therapy
with proven effectiveness in improving cognitive
function poststroke (Merriman et al., 2019).
Limitations of conventional rehabilitation include
repetitive tasks and evaluations, reliance on clear
patient responses, dependence on complex verbal
instructions, and the considerable cognitive effort
required. An alternative approach involves adaptive
use of brain-computer interface (BCI) technologies.
A prominent BCI modality for poststroke cognitive
rehabilitation is  electroencephalography-based
neurofeedback training (EEG-NFT; Kober et al.,
2015).

NFT aims to enhance cognitive function through
mechanisms such as implicit learning, operant
conditioning, self-regulation, and neuroplasticity. It
trains individuals to modulate their brain’s electrical
activity, either by enhancing or inhibiting specific
patterns. This process can induce long-term neural
changes that support the recovery or enhancement
of neurocognitive, emotional, and overall brain
function. NFT is also believed to help prevent
progression from mild cognitive impairment (MCI) to
dementia and may accelerate or enable functional
recovery previously thought unattainable (Ali et al.,
2020; Tosti et al., 2024).

EEG-NFT is considered a novel and off-label
therapeutic approach for cognitive disorders,
particularly in stroke patients, and remains
understudied. Most studies have reported cognitive
improvements following NFT, but these findings are
not always consistent or statistically significant.
Interestingly, the number and frequency of sessions
do not appear to significantly influence EEG-NFT
effectiveness (Tosti et al., 2024; Vilou et al., 2023).

Anggraeni et al. (2024) reported a 2.63-point
improvement in the Montreal Cognitive Assessment-
Indonesian Version (MoCA-INA) scores (p = .019,
effect size = —0.828) after 10 sessions of NFT in
eight PSCI-ND patients using individualized qEEG
protocols, though without significant domain-specific
changes. Hohenfeld et al. (2017) found that three
MRI-based NFT sessions in healthy individuals led
to a 1.187-point increase in MoCA scores (p = .002),
whereas Alzheimer’'s disease patients in the same
study exhibited a decline. Jang et al. (2017)
conducted an NFT study on MCI patients and
observed significant improvements in the Montreal
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Cognitive Assessment -Korean Version (MoCA-K)
scores after both 8 and 16 sessions (p = .042).
Marlats et al. (2020) demonstrated improvements in
MoCA scores following 3 to 20 sessions of NFT,
especially in executive and memory domains. Lavy
et al. (2018) reported sustained memory function
improvements 1-month postintervention, although
Marlats et al. (2020) noted that MoCA scores
returned to baseline after 1 month. QEEG
improvements following NFT have also been
documented, including increased power in targeted
frequency bands, enhanced peak alpha frequency,
and shifts from slower (theta and delta) to faster
(alpha and beta) brain waves, which correlate with
cognitive gains (Andrade et al., 2022; Hohenfeld et
al., 2017; Wigton & Krigbaum, 2015).

Given the inconsistent findings regarding
EEG-NFT impact on cognitive function, the limited
evidence on its effectiveness in PSCI patients,
particularly over the long term, and the limitations of
conventional rehabilitation, further research is
warranted to explore NFT as a rehabilitative option
for PSCI. Considering the high prevalence and
significant burden of PSCI on patients and their
families, this study represents the first in Indonesia
to assess the efficacy of NFT in improving cognitive
function and modifying qEEG parameters both
posttreatment and over a longer follow-up period.

Methods

Study Design and Setting

This study employed an analytical
quasi-experimental design with a one-group
pretest-posttest approach. The research was
conducted at the Memory and Neurofeedback Clinic
of Mohammad Hoesin Hospital (RSMH), Palembang,
between July and December 2024.

Participants

The study involved patients diagnosed with PSCI,
encompassing both individuals with PSCI without
dementia (PSCI-ND) and those with PSD.
Participants were recruited through consecutive
sampling at the memory outpatient clinic, where
diagnoses were established using comprehensive
neuropsychological assessments.

The inclusion criteria were patients aged 18 years or
older, with poststroke duration of more than
3 months, a confirmed diagnosis of PSCI, residing in
Palembang, and willing to participate in the study.
Exclusion criteria included individuals with visual and
auditory  impairments, moderate to severe
depression, aphasia, a history of epilepsy or
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seizures, or other neurological brain disorders such
as Parkinson’s disease, brain tumors, multiple
sclerosis, neuromyelitis optica spectrum disorder
(NMOSD), and congenital abnormalities. Patients
who had previously or were currently undergoing
other  neurorestorative  therapies, such as
transcranial magnetic  stimulation (TMS) or
transcranial direct current stimulation (tDCS), were
also excluded. Dropout criteria included patients
who withdrew before completing the study or passed
away before study completion.

All participants received explanations about the
potential benefits and adverse effects of the
intervention and provided informed consent before
enroliment. This study was approved by the Ethics
Committee of RSMH Palembang (Approval No:
DP.04.03/D.XVII1.06.08/ETIKRSMH/14/2024).

Procedure and Intervention

Diagnosed PSCI patients underwent baseline
assessment of cognitive function using the MoCA-
INA (TO), followed by baseline qEEG recordings.
The qEEG assessment included relative power
measurements in the frontal (F3, F4, F7-F8), central
(C3, C4), parietal (P3, P4), temporal (T3, T4, T5, T6),
occipital (01, O2), and global regions, along with
frontal DAR and PAF in frontal, central, parietal,
temporal, occipital, and global areas.

NeuroRegulation

Each patient then underwent five consecutive daily
neurofeedback training (NFT) sessions using the
Neurosoft-Neuron-Spectrum-61 system, with each
session lasting approximately 30 min. The room
setup, preparation, and execution of these sessions
are illustrated in Figure 1. The NFT protocol was
tailored to each patient’s baseline gEEG profile and
incorporated audiovisual feedback.

Thirteen patients followed the alpha protocol,
receiving visual feedback in the form of a mushroom
graphic that enlarged upon achieving the alpha
threshold. Seven patients followed the beta protocol,
with feedback delivered via a car racing animation in
which the car accelerated when the beta target was
reached. Four patients followed the alpha-theta
protocol, receiving feedback through a Millennium
Falcon spaceship animation that increased speed
when the training target was met. The visual
feedback used in each protocol is illustrated in
Figure 2.

Following the completion of the five NFT sessions, a
postintervention assessment (T1) was conducted
using MoCA-INA and qEEG. One month after the
intervention, MoCA-INA was reassessed (T2) to
evaluate long-term effectiveness. All MoCA-INA
assessments were performed by individuals not
directly involved in the study to minimize potential
assessment bias.

Figure 1. Room Setup, Preparation, and Execution of NFT Sessions.

= =2
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Figure 2A. Visual Feedback Used in Each Protocol: Mushroom Video for
Alpha Protocol.
Figure 2B. Visual Feedback Used in Each Protocol: Car Racing Video for
Beta Protocol.
Figure 2C. Visual Feedback Used in Each Protocol: Millennium Falcon Video
for Alpha-Theta Protocol.
e Cirent
in
‘-'Lrearning autcomes affect flight spwﬁ(l_ |”mmratlou and
them maximuin.
Data Analysis Changes in qeEG components—including increased

Data analysis was performed using SPSS version
30. Comparisons of MoCA-INA scores at TO-T1,
T1-T2, and TO-T2 were conducted using paired
sample t-tests for normally distributed data or
Wilcoxon tests for non-normally distributed data.
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fast-wave relative power, decreased slow-wave
relative power, reduced frontal DAR, and increased
PAF—were also analyzed using paired sample
t-tests or Wilcoxon tests, as appropriate. Differences
between PSCI-ND and PSD groups were assessed
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using independent f-tests or Mann-Whitney U tests.
Multivariate analysis was conducted using logistic
regression to identify  factors influencing
improvements in MoCA-INA scores.

Results

As shown in Figure 3, a total of 56 PSCI patients
were identified through comprehensive
neuropsychological testing. However, 26 patients
were excluded: 11 declined to participate, 6
presented with depressive symptoms, 4 had aphasia,
2 had seizure disorders, 2 were diagnosed with
Parkinson's disease, and 1 had previously received
TMS therapy. An additional 6 patients dropped out:
3 did not complete NFT, 1 failed to undergo qEEG
evaluation, and 2 missed the 1-month post-NFT
follow-up. Ultimately, 24 patients met the inclusion
criteria and completed all stages of the study. No
adverse effects were reported during the
intervention. The clinical and sociodemographic
characteristics of the patients are presented in
Table 1.

Figure 3. Flow Chart of the Study.

Patients with poststroke cognitive impairment
(PSCI) based on memory test results (N = 56)

NeuroRegulation

Among the participants, 54.17% were over 60 years
old, 62.50% were male, 91.67% had ischemic
strokes, 83.34% had subcortical lesions, 62.50%
had a stroke onset longer than 6 months, and
66.67% were classified as PSCI-ND. The cognitive
domains most commonly impaired based on MoCA-
INA results were visuospatial/executive function and
delayed memory. The five most affected
domains identified through comprehensive
neuropsychological testing were delayed memory
(83.34%), executive function (75.00%), recognition
(75.00%), working memory (70.83%), and language
(62.50%).

The average interval between the baseline (T0) and
immediate postintervention (T1) assessments was
81.83 days. This relatively long interval was due to
several factors, including patient scheduling after
initial memory testing, delays in receiving official
gEEG reports, and the initiation of NFT sessions.
The mean interval between T1 and the 1-month
follow-up (T2) was 33.42 days, and the mean total
duration from TO to T2 was 115.25 days.

A 4

30 patients participated in the study

\ 4

26 patients excluded

x 11 patients were unwilling

X 6 patients with depression

x 4 patients with aphasia

X 2 patients with seizures

X 2 patients with Parkinson’s

x 1 patient had already received TMS

\4

24 patients participated in the study

6 patients dropped out

x 3 patients did not undergo NFT
x 1 patient did not undergo qEEG evaluation
x 2 patients did not undergo control 1 month after therapy

Table 1
Sociodemographic and Clinical Characteristics, and Categorical Analysis of MoCA-INA Score Improvements
i Frequency P P P
Variable (n)/(%) TO-T1 T1-T2 To-T2
Age 0.0332 1.0002 0.014¢

<60 years old
>60 years old

11 (45.83%)
13 (54.17%)
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Flow Diagram of Experimental Design
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48;?,3:8:% @4,<% $8&% 2"4$-7-2"3$;(% DB&Y "+"2$"$-,3% B0 $&2;GY% $BEHY0 >&A&Y " A&+Y6$,% -<"B-38%6"3+% >8-; 28
:83,-$-C"$-,3%8.@ @&7$%:&3&@-$;%,=4%$"; A% #%&3;=4 SEROSB $#3% =$3&4"378% L$8&Y ", =+% "3;>&4M% >8-'&

$8&% ?&4;,3% &E?&4-&37&;% :,$8% ;$=$$8&4&+% B+% ;$=8$88"-3-3B% $8&%;"<&% @'=&37#%;$"$ &% M(B-E1Z 800

@48&8&% $4-"",% +=4-3B% $8&% @-9&% 4&?&$-$-,3;(% D8&ABAS HelI(F/6;$&980 , @% @-9&%-7,3,% 4&?48&;&3$-3B% @-9&% &
+% 3,$% >"3%$% $,% 7,3%4,'% @.,4% $8-;(% H% ;78&<BEK3$&+% ,3% "% NO% ;74&&3% =;-3B% N;#78%,",E
48?48;&3%"$-,3%,@%&"78%%$4-""%"3+%:", TA%-;%-"=;$4"$&$B%=BB8% ,?8&3=47&% PHDQH!% "3+% RST% U7$"9&%

[-B=4&%(% D8-;% <&%$8,+,'B#% &3":'&+% =,%%,%7,94'4& @=37%$-,3;% @,4% 9-;-,3% "3+% 3&=4,;,7T4&3F&HB%
$8&% ;-B3"% ,@% -+&3%-7"% =$$&4"37&;% >8IK9Ys":'&% "$%  8%$$7?;.22?;#78%,,",E(,4B2+,7;%

+-@@&4&3%$-"$-3B%$8&<%:";&+%,3%@ '=&37#(% 2V,>3"+N;#788$,".\E  M(%&$"-% ,@% $8&% &E&7=$-9&%

V<L HS%S H() 4%, /%S - 0%(/1231467 $86--6769- +,-./0(/11*0234(/ 5( (00 !


http://www.neuroregulation.org/
https://psychtoolbox.org/docs/DownloadPsychtoolbox
https://psychtoolbox.org/docs/DownloadPsychtoolbox
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64,7&+848%7"3%98%:,83+%-3%$;8% <$8+#% 9% "#"$% BBHAGIBE+%  $,% +835-#% &JI&3% "3% -3'8+-9'&
=)0)5>(%% 837,@:,4$"9'&% :&&'-3G% "<% <$8$$84-3G(% V,3J&A<&HC
% <BRE&T;% $:84"6-<$<% A&A&YS "<I&+% $,% "9&'% ,3'H% $;,<&Y
2,%7,@68&3<"$8%:,4%%$;&%' A%38@98&4%, %B8"--&+%$MN<CTh $:8#% A&I&Y% T7,@6'&$&H% 7&4%"-3% "9,85% "<
A&Yo +&T-+&+% $,% 8<8Y% $;8% $A, % 7,3+-$-,3<% , FDE% "3$BIWRA-3G (% ?;-<% "664,"7:% &'68&+% @"3"G&Y% $,&%
2@,3G% :,84% <6&&AL"$E&+% $"<I<>% -3% &"7:% $4-"% $P@@,3% -<<8&<% "<<,7-"$&+% A-$:% <$8EHBEBG
-3+-48T$H% -3748"<8% $;8% 38@98&4% ,:% "J"-""9'€Y% <-G X BEH&< (Y PEY"T7&6$8+%$;&%4-<1% ,:% @-<$"| &3 HY A& U&7
2:-<% "664,"7:% &::&T$-J&H% +,89'&+% $:89% ,66,4$83-$-8<%@ &Y $4-"<%$,% &3<84&% $:"$% $4-"<%-3% A;-7:%$;8% <89
$,%,9<84J8%3&84" %" 7$-J-$H%"<<, 7-"$&+%A-$:%9,$,%:'S0BBBUE+% $:8% 98$$,3% -37,44&7$#% A,8+% 3,$% 9&
"340p +-<:'883$% <6&&7;% <$"$&<(% K'$;,8G:% DEY% "3+%67FR%:-&+% "<V <$8$$&A&+% $4-""<% "3+% A,8'+% 9896 &O7'8+
$'<1<%-3J,' J8%+-1:8483$%7,G3-$-J8&%"3+% @,$,4%+&@"34@% $,8% &O684-@&3B(% E"4$-7-6"3$<% A&4&Ys " @-'-"4% A
$:84#% <;"48% ,J&A4"66-3G% 3&84"% @&7:"3-<@<% 48" $E&$ %% I&A9" % <$- @ BIGALEI<% 9&:,48%$; &% &O684-@ &3$(%
$,96<6&&7:%6486"4"$-,3%"3+%-3$843"% @, 3-$,4-3GY%=1"#790M6 <-G3"<% :4,@% $A,% <8IULT$<% A&48% 3,$% 64,684
&$% " (CY%)0)% 2A, % &JI&3$<% "<<, 7-"$&+% A-$;% $A, % $'<I@MI&+% +88% $,% 64,98@<% A-$:% $:8% 6"4"&'% 6,4%C
A-$:-3% <B&7--&+% $-@&% A-3+A<V% A&A&Y <&'&T$E&+UWH<IUD<CY 4&<8'$-3G% -3% $:8-4% &OT7'8<-,3% :4,@%
"3H<-<0h "3+%6 7,@6"4-<,3.9% )(*% <% 9&,48% $,8YB"#<-<(%V,3<&BS&3SHCI$:8%+"$"%:4,@%$;8%648@"-3-3G
"66&"4"378&% ,:%$:8%<6&"18&4%-7,3C%+8&<-G3"$&+%"<% NEEBOUL 7$<%A&A&YL" 3" AME+(

"3+96$;&% @+ 8, %$;8&%-@"G-3-3G%$"<IC%4&:&A4&HHS, %o

"<06$;&Y%6PB (% I"H$%& ($)*+%$),$-&'. *

% D$8$$&4-3G% <&I&A-$H#% A"<% &J"8"$&+% 8<-3G% $:8% E&4-
L84-3G%$;&% FD%7,3E%B-634$-7-6"3$<06 A&48&Y6 -3<$487 S&IM<- 3% ,:% $:8%HDBIB, % =2"; @"<&9-% &$% "'(C% )O/W>(%
$,9%J-<8"-M&% $;8-4% 4&<6,3<8&<% :4,@% $;8% 648.)- 8<UXSROEL: "' 8% "3+% J"-+% BI&@BA&3T &+% "<<&<<@&3$%
8<-3G% $;8% <"@&% A, 4+<% "3+% '8&3THD=PGBIEY% $,'% -<% <8-$'9'&% :,4% 9,$:% 7-3-7"% "3+% 4&<&"47;%
-4<$% *00% @<% ,:% FD% A&4&% &O7'8+&+% $,% B8ABZ&KW6 =X-'&#% Y% !"ll&4C% )00Z>(% ?}@% DDF
-3$84:848&378%:4,@%$;8%6483-,8<%<&7$-,3(%D-@- "4 HO%$;848.<% <$8$$&4-3G% <&JI&A-$#% "T4,<<% :,84% "4&"<¥
"<$%*00% @<% ,:% FD% A&4&Y% 48@,J&+% $,% &3<84&% SEEBRBIDE;"J- 4.% 4&BB&3ITHCY +84"$-,3C% 6:#<-7"%
-3$&3+8&+06"7$-J-$HUA"<%7"6$848+%69&:,48%6-$%:-3-<:&+FRARBRPLWD QWY DQG WKH QDWXUDOQF
<&7$-,3<% ,:% "3<A&4-3G% ", 8+% "3+0b A;-<684-3G% A&LETEET;(% ?A,% B8"-:-&+% -3+&6&3+8&3$% DTE<Y "<<&<<&+%
&O7'8+&+% :4,@% $;8% :-3"% "3"#<&<(% ?;&% A;-<688%% <$8$$84-3G% <&I&A-$H(%?;8% :-4<$% DTE% A"<% $4"-3
<&7%$-,3% =PQ>% A"<% &O7'8+&+% "$% $:-<% <$"G&Y% +3&SF,3+%DTECKA;, %+8I&' 6&+%$: 8% E&A<-"3%I&4<- 3
-3<8::-7-83$% &J-+&37&% -3% $,8% '-$&4"$84&% $,% <B6A%USH&% DREY $,% &J"8"$&% "3+% <7,4&% <$8$$&4-3G!
7,448"$- 3%9&$A&E3%S$: &%A -<6&4-3G%7,3+-$-,3%"3+00SBI&A-$H#% "3+% A&"$&+% 9&:"J-4<(% 2:8% <$8$$&4-3C
$:&4% $A.% 7,3+-$-,3<% 8<&+(% K++-$-,3"HC% 9&7"8<&K"8"$-,3% 64,7&<<% A"<% 7,3+87$8&+% -3% $;48&% <$"G&<.9
<6&&T;CY% &<6&T-""#% <$8$$84-3GCY% G&3&A"$8<% <-GJ-HVBMH<% 9&:,48% $;8% -3$8&4I&3FUBEHDo ":$84%
3,-<8%-3%%$;8% RRSC% @,<$% <$8+-&<% 648:&4%3,$%$ $6835 - B$&K) &3$-, 3CHYGH Ib; <% " $&4% $;8%-3$&4I&3$-,3%
6"4$<%,:%$;-<%<&7S$-,3%-3%<-G3"%"3"#ISAUIOOEE"  +84-3G%$;8%:, H6%<$ "Gy

<6&&7H'3G8"G&Y% 6"$;,',G-<$% =DTE>% <868&4J-<&+% $;&H

64,78+84&(% F:% "% 6"4$-7-6"3$% 4&<6,3+&+% A-$;% -37, 4487EUS) 0" (&1$2&.2  3++4* 5/6,878&-&'. *
$-@-3GBG(CH<A&L-3GY% 9&:,4&% $:8% 4&'&J"3$% T8&RRSYo+"$"% A&A&Y6 A& A+&+%"$% "% <" @6'-3G% 4"$&% ,:% *
"66&"4&+>% ,4% &O:-9-$&+% &0T8&<<-I&% @,J&@&3$% +ZINBBYB<-3G% "% \33&% 14°-3] -<-3% "@6"-:-&4%

$'<19 &O&78$-,3C% $:8% $4-"06 A"<V 7"<<-:-8&+% "<% "% AGIBTBEIULC Yo K8<$A"-">(% 2:8% "7$-J8% &'&T$4,+&<% A&A&
$4-"(% 2;8% <"@8&% 64,$,7,'% "66'-8&+%b $,% $4-"<% -3% A*MABGE+%6,3%"3%8&"<$-7%7"6%"77,4+-3G%S$,%$;&%<$"3+" 4
B8&<$-,3<% A&A&Y '&:$% 83"3<A&A&+Y6 0% $;8% &O"@-IB.&K &'&T$4,+&% 6,<-$-,3-3G% <H<$&@C% "3+% $;&9
K% <&7,3+% DTE% 48J-&A&+%6 $;&% A&7, 4+&+% J-+&,<% , B6& T8 7" % -@68&+"378&% ,:% $:&% <7"6% & &7$4,+&<% A"<?
<89U&T$<% +84-3G% $;&% $'<1% "3+% "<<&<<&+Ub $;&U@43RBE+698&' A%*% 6 XEMHFWV ZHUH LQVWU
9"<&+%,3%$:8-4% '8&3TH#%,::'-3&(% ?;8% J-+&,% A&7 A+-3B<@-MEY6EH8Y 9'-31<%"3+%69,+#% @, J& @ &3$<%+84-3G %
A&A&Y "+UB<$&+% $,% &3<84&Y% $;"$% $:8% :"T&<% "3+0HAEHEAIRIE3$<.% DEC% FDC% "3+% PQ(% KBEA,0-@"$é&
9,+-8<%,:%%$;8% 6"4$-7-6"3$<% A&A&YH J-<-9'&%$,%$; &% D) HE\B¥H'8< 8<% 9&$A&&3% D', 7I<% A&4&% - @6'& @&3$&+% $
$4-"%A"<%7,3<-+&4A&+%+#<'8&3$%,3'#%-:%$;8%<8IU& BRULIBEH6:"$-GB&Y6"3+% @8<T'&%$8&3<-,3(%?;8&%6"4"'&'%6,4
9,$:% DTE<% "G4&&+% ,3% $;-<% "<<&<<@&3$(% D-@-"4H @ % +& -J&A&+%"% @"41-3G%68'<8YA-$;%$; &Yo+-<6"#
$4-"<UARARY 7" <<-1-&+%"<%:'883$%-:%$;&%<B8IUE T $YEBFHD-B;386 $,% <#37;4,3-M&% RRS% <-G3"'<% :,4% "7784"$8Y
6/3V GHHPHG WKHP IOXHQW 3D UW-B&h SDHQ-W 7;89R68P&+84&% ,:% RRS% 4&7,4+-3G%
"<<&<<@8&3$<% ,:% $:&% 64&<&3T&Y 4% "9<&3TE&YA!H"TT,@6'-<;&+%-3% $A,% <I5B% A&&I<%6 9&:,48%
<$8$$84-3G% A&4A&Y &:&T$-J&% -3% +&$&A@-3-3CT-UYBAOVH"#<%" $&4%S;&Y%-3$84I&BS-,3(%%
7"<<--T"$-3<(% 1&:,4&% $;&% $&<SCY% 6"4$-7-6"3$<% A&4&%Y%b

V<L HS%S H() 4%, /%S - 0%(/1231467 $86--6769- +,-./0(/**10234( / 5( (00 !


http://www.neuroregulation.org/
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'#$%&'( )" - <H=>-2"@+ - &"A$"@",*+,-)-:$+)(-),=- ) -B(%CD/-E4-:+F+,-%G-:)@D@-),=-;"+$- H%$$" @A%,=+,"- IC%,@- B4- +F"-
J+,=%.@-%G-|,K"@*+')*"'=-LK",*@/

Time Is 3s 500ms 3s Is 3s 3s 500s
preparation Verbal blank  Promptof Deciding Imagingthe Whispering blank
stimulus answering  about the answer the answer
A aloud fluency
— 1 ] AAA ‘ <] = ‘7 ‘ ‘
. *~ * 5()
Question or command Imaging the answer
B 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Event of SP Event of IS
One Trial
One Block y
0
%
*$+,-"-+-".&'1,+012"2'34'-5&'667'8966 7: ' F9&% ET a?F(/(/(/% $,,'% S"4% ,B&E58&% OOP@E!%
"#$%&™()* +&$",-.$* /%0%.$"1)* -'2* 3%4-&-$"1™* 1,* B'=J-4% <S80 "$% 9$$B:.33:884(=8:+(&+=%

1#5%'$*-'2*6"7 ,#5%'$*8&"-# PT48&% $9&: &% $5-":%;&5&% 3;-L-3A'=J-4R-:$RVCU%" % &MB'#&+% $,% +&$&8%$%
&<M="$&+% >#% ?@A:% "4+% B"5$-8-B"4$:C% DEF@B!%&=5"% :,=58&:(% ET a?F% -:% "% I="#% "=$,M"$&+%
G)0/H>% :,1$;"5&% ;":% =:&+% $,% :&B"5"$&% $9&% :-J4"%"J,5-$9M% $9"$% - +&4$-1-&:% -4+&B&4A+&4$% 8,MB,4&4$:%,1%
"4+% "4"#K&% -$:% B,;&5% 1,5% I'=8&4$% <&5:=:% +-:I'=&4%%61"8$:%0 >#% 8,M>-4-4]% :$&5&,$#B&+% B"$-"% "4+%
8,4+-$-,4:(%F9&:&%$":L:%;8&58% &4$-5& #%:&B"5"$&C% ;-$89dB,5"% 1&"$=5&: (% F9&:&%1=48%-,4:% "5&% ,B$-M-K&+% $,9
9=M"4%&<"="$-,4%8&4:=5-41%"88=5"8#%-4%8""::-I-8"$-,4%8"B$=5&% >-4L:C% &#&% M,<&M&4$:C% "4+% |I5&W=8&4
"4+% DEF@E!% B5,<-+-4J% B5&8-:&C% ,>N&8$-<tB,4$-4=-$-&: % -4% $9&% 1&"$=5&% :&'&8%-,4% +"$":&$(% FO&
&IM&A$"$-,4% 1,5% :-J4"% "4"#:-:(% OOP% :-34":%15,M% "J,5-$9M% $9&4% B5,<-+&% "% 1$C% &lI-8-&4$C% "4+
&"89% :=>N&8%$% ;&5&% -MB,5%&+% -4%$, %@ EHHE! "=$,M"$&+% B5,8&::% 1,5% "BB#-43% Z[E% $,% 5&M,<&%
OOP@E!R/2R/R)>% ,B&®,=58&% :,1$;"5&% ST&' ,5M&%  "5%$-1"8$% SD,J4,4886% Q% )0//V (% EI$&5% $9&% 5&M,<"% ,1%
U% D"L&-JC% )002V(% F9&% :-J4":% ;&5&% $9&4% |-'$&5B8% +8&$&8$&+% 8,MB,4&4%:% =$-'-K-4J% $9&%H ET a?F%
=:-43% "% |-IP8+&5% |=$$&5;,589% >"4+B"::% |-'$&5% ;-$99YB'=IRAC% "4% &\B&5-&48&+% 4&=5,:8-&4%-:$% B&5I,5M&+% "¢
8=%11% I5&W=&48-&:% ,1% 0(X1% YK% "4+% 21% YK(% €F9&%0 -4:B&8$-,4% $,% -+&4%$-1#% 8,MB,4&4%$:% 5&:='$-41%
"<&5"J&%M,4$"1&%1,5%00P%"8W=-:-$-,4%:;":%=%6"-K&+(%45,M% M=:8'&% $&4:-,4% "5$-1"8%:% "4+% |"="$#% 89"44&"(%
% [[MB,4&4%:% "::,8-"$&+% ;-$9% >'-4L.-43% ,5% :B&"L-41%
F5"-4-43%1,5% -4+&B&A4+8&4%% 8,MB,4&4%% "4"'#:-:% SZ[EVP&4:-,4%;&5&% ™, % &'-M-4"$&+(%[9"44&": % -+&A4S-1-&+% >#%
;"% B&5I,5M&+% =:-4J% $9&¥A-8" %"J,5-$9M% -4% $9&% 4&=5,8-84%-$% "% I"='$#% ;&5&% -4$&5B,"$&+%
OOP@E!(% F9-:% B5,8&::% 5&:='$&+% -4% *2% -4+&B&A+&&BI' #-41%"%:BI&5-8"%M&$9,+%I|,5%&"89%B "5%:8-B"4$(%
8,MB,4&4%$:% 8,55&:B,4+-43% $,% $9&% 4=M>&5% 1%

5&8,5+-4)% &'&8%$5,+&:(% Z[E% -:% "4% &I1&8%-<&% $,,'%HEH:%I,5%;9-89%5&:B,4:&:%"85,::%$9&%|-<&%5&B&S-$-,4:9
=4AM-\-43% <,'=M&B,4+=8%&+% OOP% :-J4":C% #-&'+-43% -48'=+&+% >,$9% |'=&4%$% "4+% +-:1'=&4$% =$$&5"488&:% ;&5&
8,MB,4&4%:% I5M% >$9% 4&=5"% "4+% 4,44&=5"% &\$5"8$&+C% ;9-'&% $9,:&% $9"$% ;&5&% 8,4:-:$&4$'#% I'=8&4$
1,=58&:C% :=89% ":% M=:8=""5% "4+% "5$-1"8%=""% :,=58&:%5% +-:I'=&4%$% "85,::% "% |-<&% >',8L:% ;&5&% &\8'=+&+(%
S1&"% U% ?&N4,;:L-C% /]1"% 7'>5&8% % )0//V(% F9-:% "BB5,"89% ",;&+% 1,5% "% 8,MB"5-:,4% ,1% 4&=5"%
F5"-4-43% ;":% :$,BB&+% >#% +&I"='$% ;9&4% $9&% ;&-J9$8H-<"$-,4% >&$;&&4% $;,% >5"-4% :$"$&:% +-11&5-43% >#% "¥
89"4J&% ;":% >&',;% /% _% /8%d,5% M,5&% $9"4% 66% :-4J="5% |&"$=5&% S&(I(C% I'=8&48#% <:(% +-:I'=8&48#VC% ;9-'¢
89"44&": (%80 19"5-43% '-4J=-:$-8% ":B&8%:% S&(JI(C% $9&% <&5>"% :$-M="=:

V<L HS%S H() 4%, /%S - 0%(/1231467 $86--6769- +,-./0(/1120345(/ 6(/ (00 !
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"T% 8&"% "7T% $9&% :9,4,,;-<"% "4+% 7&="4%-<% +A5-4;% B,$9% >'A&4$% "4+% +#7>'A&4$% 7:&&<9% :5,+A<$-,4
<,=:,48487% ,>% $9&% 5&7:47&?(% @9&% 7-,4"7B'D&Y%B&&4%,B7&5D&+%HFLI"+&5-%&$%" (G %)0/Z7%_&47,4Y9
"<<,="A4H-4,% > A&4$% "4+% TSASS&5&+% 5&7:,47 &7 % 8&5&36% )0)0"% V&5 7 &6 T% )0/P"% |-"-% "% a9&4;G% )0/b"%
TAB7&CA&AS'#% "D&5";&+% 7&:"5"$&#% >,5% &"<9% D&IR-94&'&%0&$% G% )0/Z"% H™"$AE™5,;'A% &$% "(G% )0/* %
7$-=A'A7% "<5,77% $9&% $8,% $"7E7% F-(&(G% H1% "4+%HEB2%:$% %C"7-5G%)0/P?(%JI4%$9-7%7SA+#G% $9&% :,8&5
&"<9%&'&<$5,+&(N@9-7%"::5,"<9%"-=&+%$, % &CA"-K&Y$I&Fe;4™ 7% -4% $98&% >5& CA&A<#% 5"4,&% ,>% 0(*1% $,% 20%
7"="8&% 7-K&T7% ,>% $98&% >'A&4$% "4+% T$ASS&5&+% ASS &7 2 &T, 8- +&5&+% "7% $9&% MMLY% >&"$A5&G% 8-$9,A
@98&% 4A=B&5% ,>% "<<&:$&+% D&5B"% 7$-=A'-% F-$&=T2/5*H%% $9&=% -4$,% 7:&<->-<% >5&CA&4<#% B"4+7G

&"<9%:"5$-<-:"4%$%-7%:5&7 &A4$&+%-4%@"B'&%0/( 89-<9%-4<'A+&% +&'$"G% $9&$"G% ":9"G% B&$"G% "4+% ;"==
% MML% B"4+7(% @9&% :,8&5% ,>% MML% 7-;4"7%
"#$%8& '())*+,& -.[*$%& 0+1& 234+05& 6) 78*$$3+4& 97) & <,55&7:,4+-4;%3%,%>'A&4$%"4+%+H#7>' A&4A$%58&7:,47&7%8" 7%
#+13:31(053;*1&2,3<(50,37& <,=:"5&+% >,5% &"<9% :"5$-<-:"4%$% A7-4;% :"*QP&FHY %
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SCHLH->8&%?,-48: 75&$58&"$>843F% ?,:$$5& " "$>&4$F% "4+HCE&: &% 5&:8'$:% "5&% +&?-=$&+% -4% @-E85&:% )% "4+%
< TB8?7% :$"E&? 8:-4E% 5&7&"$&+% >&":85&% I7XYI%  5&:?7&=$-B&'#(
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IHE%68 () 0% "+ <-%0=-> %-?2$%H#@A-BCCUSD+, *USES™ *-*F$U%ott F-GE-HY%, D+*+%,/

A Delta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Alpha (8.0 - 12.0 Hz) Beta (12.0 - 25.0 Hz)

Alpha 2 (10.0 - 12.0 Hz) Beta 1 (12.0- 150 Hz) Beta 2 (15.0 - 18.0 Hz)

Delta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Alpha (8.0 - 12.0 Hz) Beta (12.0 - 25.0 Hz)

P-Value <= 0050 P-Value <=0 025 PValue == 0010

*+,&)' 6&78&3+.%89%::;%<&"$-=&%>,?7&4%"3+%!9%::;%>@"A&Y6B (@&4&3C&

%
%
%
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IHSY8& () [Y0:0%6", HH<- %=>0-2$UH@A-BCCUSDHES ") " *-  >F$Uott F-Gidb, D+*+9%

A Delta (1.0 -4.0 Hz) Theta (4.0 - 8.0 H2) Alpha (8.0- 120 Hz) Beta (12.0 - 25.0 Hz)
Alpha 2 (10.0 - 12.0 Hz) Beta 1 (12.0 - 15.0 Hz) Beta 2 (15.0 - 18.0 Hz)
Defta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Alpha (8.0 - 12.0 Hz) Beta (12.0 - 25.0 Hz)
B

P-Value <= 0050 PValue <=0 025 P-Value <= 0010

%
*+,&) WB&T7&3+.%89%::;%<&"$-=&%>,?&4%"3+%!9%::;%>@"A&%B, B&A&3IC&(
%
%
-./0'123'4%%%¢&2,'567&0" ' 48G"-3-37% AHMT&C$A% 4&C&-=&+% C"$@,+"% A$-GH"$-

;@8&% <DEAF%"',37% ?-$@% $@&% G &AM &AR/31%H0 "CC,4+-37% $,% $@&% +-11&4&3C&% -3% $@&% G&"AHA&G&:!
8KB%1,4% &"C@%L"4$-C-L"3$F% "4&% LA&A&3$&+%0-3% ; M &ISUUB+%+#AI'H&3$YA-73" %L, ?&4%-3% @ &YA&' &CH&+
>"4$-C-L"3$A% 3HGM&4&+% 1F% OF% "3+% N% G&$% SDEPE&YA0FHKY R-3C&Y% $@&Y0 ASH+#% "-G&+% $,% C,GL"4&9
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+-11&4&3C&AGFXI09F % " 3N S @ &% @-7 @EASY 8KB% , | %4REH'S-,3F% $@&% -GL"C$% ,1% $@&% $#L&% ,1% A$-GH
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C,3+-%-,3(% ;@&% 4&G"-3-37% A&=8&3% L"4$-C-L"3$A% ?8A&Y

-3C'H+&+% M"A&+% ,3% $@&% A&C,3+% C4-$&4-"FY3P@ECEIMF%$@&% >&"4A,3%C,44&"$-,3% $&A$Y 4&=&" &+Y
A&'&CH&+% 14,G% $@&Yo@RENBAY "3+% $@ &% @-7 Q&AW @% C,44&"$-,3% M&$?&&3% $@ &Y L4&$4&"$G&3$% L, ?&
8KB% G&"AH4&AY -3% $@&% R>% "3+% ER% C,3+-$-, SAREWERR47 3" A%-3% $@ &Y R>%"3+NER% C,3+-$-,3A%"C4,AA
$HL&AY 1% CH448&3%% "LL-&+% $,% &"C@% L"4$-C-L"30EALRE6 /(Y NFIKIB/FIURE A//*9(% ;@-A% C,44&™"$-,3%
A@,?3%-3%;"M'&%0(%D1%$@&%$&3%L"4$-C-L"35A%-3VBERIGABH -9 &35% 1,4% $@&%% L A$$4&"$C&3$% L,?&4%
74,HLF% A-S% 4&C&-=&+% "3,+"% A$-GH"$-,3F% ?@-' &I DA% 3" AIKTZIIFYe WBIF-@ ' %d/*9( Y%
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"#$%& &

&:1<-0=>*+ () *+%, B-BS")<-CHAMA"-D+HA"HE")<H$"<- U-BS")-F, G"$HA"- HHSI"- UtA"-&"J"+1"$-:K"$)*+, -

HA)$)I*"$*+]-3B&:HA-), GEA™+$-M"*"J*"G-E")<#$"<+,->N-),G-;>- H%, G+*+ %@ -*AB$")<-C+*ASA"-0%. "<*—

NR)(#'<- ),G- LA"+$-M"*"J*'G-E")<#$"<+ ->N-),G-;>- H%, G#%,%

65,789 %
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63+*& % (70 % (0501 % . %
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[,J&4&318&%-3+-1"$&%;-93-E-1"3$%-314&";&;%-3%$I&%; $: +#8%,:8;% -3% $&47;% ,E% 8J";&% 1,1&4&31&% +&7,3;$4"$&+%
94,:80%FJ-'&%R"&%!,",4;%:;-93-E#%7&"3-39E:'%-314&",&;%$J"'$% 84&8"4"$-,3% E,4% E"&3%$% ;8&&I1J% -3% $J&% 1,3$4,
-3% $J&% 1,3$4,'% 94,:8(% =J&% |,',4% 7"8;% E,4% 4&"$-<BHB% F";% ";;,I-"$&+% F-$I% &3J"31&+% -IHEI+%

8,F&4% J-97-9J%% $I&% "4&"% F-$I% ;-93-E-1"3$3%4"J&7-;8]&4-1% E:31$-,3"%1,33&I$-<-$#% TS6VY% "14,;;%

+-EE&4&31&4( $J&%;8&1$4:7(% P3%1,3$4";$0% $I&% ;$:+#% 94,:8% &WJ-R-$&
% -3148&",&+%'&E$%-3$4"J&7-;81&4-1%S6%$I4,:91%+&'$"% "3+%
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-314&";&% -3% +&'$"% R"3+% 8,F&4% "$% $J&% S61% & '&I$46+&%

T&U:-<"&3%$%$,% $J&% !4,1"% 4&9-,3V% "3+% "3%-314&"; &' (%" )." +,-/" 0./'1%,%" 234)&-3" (3%"

R&$"% R"3+% 8,F&4% ,<&4% $J&% ,I1-8-$"% "4&";% ,E% $J&Yp).")*" 9+ 8'P3% $J&% PK%|,3+-$-,30% $J&% +-EE&4&3I
,88,;-$&% J&7-;81&4&0% 1,78"4&+% $,% $I&% |,3$4,'Y%R&PF&E3%SI&YSF,%94,:8;% " 49&HWE," F&+%$I&% 8"$$&43
94,:8(% P3% $J&% 1,3$4,'% 94,:80% $J&% 8,F&4% ,E% $I&R &B%E+% -3% $I&% KN% 1,3+-$-,3(% P3% $I&% ;$:+#% 94,:8
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6'7&381% 9":% "::,8-"$&+% 9-$;% -384&":-3<% +&'$"% ="3+98,3$4,'% <4,7>C%-E"<-3&+%6'78&3$% :>&&8:% 9":%"'-3K&+%$,0
> 984% ,2&4% $;8&% @)% "3+% A)% & &8%$4,+&: (% B3% 8,3$44& A% -394 % -3$ 4" &KE-1>:&4-8% @A % 8,33&8%-?-$#%
$:89%8,3%4,'%<4,7>% &D;-=-$&+% 6'7&38#%"88, E>"3-&+% 1884::% $;8&% :>&8$ATE(% M; &% 4&:7'$:% ,6% $:&%8,E>"4-:,3%

-384&":&+% =&$"% ="3+% >,9&4% ,?&4% $,&% @FC% @A*CEBOLIXE% $;&% $9,% <4,7>:% -3% $;&% BNY% 8,3+-$-,3% "4
@AHC% A1C% "3+% Al% &'&8%4,+&:(% J++-$-,3"#C% -3%U BF4IB&+%0-3%@-<T4&%H(
!

"H#E%&'()UB;* 1P <" Fo==>-&" ()*+7"-:%."$-3&:4-), @-==>-:A);"-B%A"$",C"- >A$%#'A-D:B%, @+*4%,

Detta (1.0 - 4.0 Hz) Beta 1 (12.0 - 15.0 Hz) Beta 2 (15.0 - 18.0 Hz)

Delta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Alpha (8.0 - 12.0 Hz) Beta (12.0 - 25.0 Hz)

P-Value <= 0.050 P-Value <=0.025 P-Value <= 0.010

%
%
"HE%& *)UB;* 1) <" Fom=>-&" ()*+7"-1%."$-), @-==>-:A);"-B%A"$",C"- >A$%#' A-ED-B%, @+%%,/

Theta (4.0 - 8.0 Hz) Beta1(12.0-15.0 Hz)

P-Value <= 0.050 ) P-Value <=0.025 . P-Value <=0.010
%
+,-) WE&<&3+.% IP%-384&":&+% $;&$"% 4&"$-?&% >,9&AB0t, VB0 GB; & %0 :$7+#% <4,7>% "3+% -384&":&+% =&$" %
4&"$-?8% >,984% ,?8&4% @FC% @8*C% @8HC% ALC% AIC% "3+% G/% -38P%; &IBR3WH % AGE3H %
-3$4",&E-1>;&4-3%;":&%8,;84&388%$;4,7<;%$;&%:>&8$47EY%-3%$;&%8,3%4,'%<4,7>%D="7&%'"-3&:P(
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"H#P%HH" &' ( &$8,+9C% 9%$:$$&5-4=% 97,5&9% L&5&% 9-=4->-?"4$H9
% 5&+:?&+% H"9&+% ,4% $S&IBBRH W6 -4% $8&% 9%:+#%=5,:D%
78-9% 9$:+#% "-;9% $,% -4<&9%$-="$&% $8&% &>>&?$% ,>MBEELABEIB% &$% "(C% 60/YR(% B-4?&% $8&% 9%-;:"$-,
,D$-;-E&+%$85,:=8%FFG%D5,?7&99-4=%>,5%&"?8%9:HI&?8E% &% -4% $8&% ?,4$5,'% =5,:D% ,>% ,:5% 9$:+#% L"9%
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?&99"$-,4% ,>%$5&"$; &4$% NEFY6EHH 60060 % A5&$% 5&9:'$9% L-"% H&% "% ?5:?-"% "9D&?$% ,>% "4#% $5&"$; &4

"'( C%600P 0% @ &3¥¥706006R(%6 K8-'&% H,$8% ,:5% =5,:D9% &]D&5-&4?&+% "% +&?5&"9&%6 -4¢
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$8&% &>>&?$-<&4&99% ,>% $8&%0 -4$&5<&4$-,4C% $8EHAYGH"HIVR 64, +"% 9%-,:"'$-,4%,>% $8&% ' &>$% 9:D&S5-,5%=#5:9C
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L8&4% ?,;H-4&+% L-$8% H&8"<-,5"% -4$&5<&4$-,49(% 78-394$5-H:$&% $,% $BR&RE8% +#9>":&4BHE"4=985% Q%
?,;H-4"$-,4% 8"9% +&;,4935"$&+% =5&"$&5% "4+% ;,5&% 6066R(%B$:+-&9%5&<&"%,<&5"?$-<"$-,4%-4%$8&% 5-=8$%
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7,4-$,5-4896CW,5+"4, K"E%M":&4>$&-4E% X% Y ' &KE% 606 28Y64<58">8%-4% $;8%J;">&%<,:&584<&%  H%$;&$"E%" J;"E
Vi&>&% +&'$"% ><-"$-,4>% J5+=<&% TEBEEH-<%  "4+%8"77"%7?"4+>%"$%$:8% &HS%H5, 48" % & &<$5,+&>%9;-'8
>-84">% $:"$% "5&% &>>&4$-"% H,5% J&5H,57"4<M68]"5-48% H,5% >$=$$&5&+% =$$&5"4<&>(% V;&H% "$$5-7=
7,4-3,5-48E% &4"7'-48% $;8% +->$-4<$-,4% 2&$98&4% <,558<8% -4<58">8% $,% $;&% ;&-8;$&4&+% 884&5"% "<$-K-$
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$:&58% ;">% 4,$% #&$Y 28&&4% >=HH-<-&4$% 283$"% >=1IB&:5 T4% $ 545, 7"$,>84> 5#% "5&">% H% 2,$:%
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B<<,5+-48'#E%$;8&58% "5&%->>=8&>%-4%>J&<-H-<0b ?5"- A TRE/>%+% ' <"$- 4% HY% &'&<$5-<"0%b >$-7="$-4% 9&5&Y
H% BJ@E% >=<;% ">% $;8&% ?">"% 8"48'-"% "4+% $;&% @ ABIME584$% "4+ % ><"$$&5E&+% "<5,>>% ?,$:% ;&7->J;&5&>% -
V;&>8% 588-,4>% J5,K-+8&% $;8&% -4$&54" % $- 7-48% >=2>EGEHO=2C&<$>% ,HY% $;&% >$=+#% 85,=JE% $;&% <,4$5,'% 8
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J,985% ,H% $;&% 2&$"% 2" 4+% CD$<;&" % &FH(HBHEBO/2 ', 2='8% CLPOF%"5&">% ,H%$;&% >$=+#%85,=J(% G4&% J,>>-
>84>-$-K-$#% Ho%b 2&$'% ,><-"'$-4>% $.90,$®46,54 5&">4% H,5% $;&%",4885% J&5>->$8&4<&% HY% $;&% 2&;"K- 5
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AF7 - AF8 X a2 & AD)
\. Uil o
SmartSense Conductive SmartSense Conductive ’;1\ l,/b‘z\.,l /
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Training
for VR
Headset
VR Baseline Recording
ReCO rdings Trial (VR, Familiar song then unfamiliar song)
Baseline Recording
Trial (VR, Unfamiliar song then familiar song)
Short
break
Aud |O Baseline Recording
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Scientific Comparison of Al Models
Faceted dot plots with color-coded models
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Forest-Style Plot of Distribution Metrics

Absolute Skewness and Kurtosis faceted by metric
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Al Model Recommendation Breakdown
Heatmap comparison of correct vs incorrect recommendations
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I"HSU&() H+ $- +(, BB H#()*+%, | !

EHHQ VSRUDGLF DQG ZHUH QRW S D@;M$@,#H00K HD#SDIN-2HRWBY, #$3@<(-@, ;+9, C$,
<HHSO-, =HSHH?,29;$H9@., AS, @3($;-$1, -B*@, =+-*$9-, ;(+@@*D*$1, *9-2, >*(1L, >21$#+-$L, 2#, @$)$#3, ($)$(@, 2D,
C+@$1, 29,B*@ ;2#1+9;$, =#2D*($, E($D-, D#29-+(, +9d*$-?.,R,-2-+(,@;2#$, BB/, *91*+-$@<+(=+90*$-2.,
1*@;2#1+9;$F, +91, -B$, =#3@%$9;$, 2D, +, ;29)$9-*29+(, 4 H7,<%="3)*"- @$)$#*12+91,Y&H6Z,>"?"$" ,+9d*$-?,

G'H, I*-B, ; &;2#3@, I*-B*9, -BS$, 92#>+(, #+9J%., KB*@, EV+>*(-29L,40600,X2C2,%-,+(.L,Y55YF.,KB$,VRSQ,*@, +,
@$($;-*29, 1+@, >+1$, D2#, -12, >+*9, #$+@29@3, D*#@-L, -BES(*+C($, +91, ) +(*1, *9@-#<>$9-L, I*1$(?, <@$1, *9, ; (*9*;+(,
1*@;2#1+9;$, @<JI$@-$1, +, =2-$9-*+(, #3@=29@*)$9$@ @-<1*$@, +91,*9, +@ @$@ @*9J, -B$, $DD*;+;?, 2D, -#$+->$9-@
-2, 2#1+9;$&+@S$1LMN, IB*B, 1+@, -B$, 92)$(, D2#, +9d*$-?, E[$;BL, Y5500, |+*$#, $-, +(.L, 400,
*9-$#)$9-*29, C$*9J, -$@-$10, +91, @%$;291L, -BS$, (+;P, 2D, Q<J+#>+9,$-,+(.L,Y5470,KB2>=@29L,Y546F.

2-B$#, +C92#>+(, D*91*9J@, *9, -B$, ;29)$9-*29H, ,

>*O*>*0651, -B$, (*P$(*B221, -B+-, +9?, 2C@%#)$1, 9/>")% -,)+7,*6% =#68"% 29-=34 KB$, R\Q, EHT>$%
*>=#2)$>$9-@, ;2<(1, C$, +--#*C<-$1, -2, <O#$(+-$1, 2#, [$9*-2,%-,+(.L,Y5440,Q2(1+-2@,$-,+(.L, Y555L, Y55:F,*@, +,
<9;29-#2((%1, +#+C($@., KB*@, >+13%, -B$, =+-*$9-, +9, @IBL>*9*@-$#$1, G<$@-*299+*#3, 1$@*J9%1, -2, +1 @ @3@ @,
+==H2=#*+-$, +91*1+-8, -2, *@2(+-$, +91, $)+(<+-$, -BS, -B$, @3%$)$#*-?,2D,*9@2>9*+,C+@9%1,29,-BS, ;#*-$#*+,2D,-BS,
@=$;*D*;,$DD$;-@,2D,-B$,;2#1+9;$,-#+*9*9] =#2-2; 2. \9-$#9+-*29+(, W(+@@*D*;+-*29, 2D, Q($$=, U*@2#1$#@,
, EQ+-$*+L, Y547F., KBS, G<$@-*299+*#3, ;29 @$AED, 2D,

KBS, =+-*$9-, =#2)*1$1, I#*--$9, *0D2#>%1, ;29@$9-, D2#, *-$>@L,$+;B,#+-$1,29,+,5,-2,:, X*P&2=$, @;+($L,*-B,

-B$, *9-$#)$9-*29, +91, -BS$, =<C(*;+-*29, 2D, -B*@, @-<1?L,-2-+(,@;2#$,#+9J*9J,D#2>,5,-2,Y7,+91,B*IB$#, @ ;2#3@,
IB*;B, I+@, <91$#-+P3$9, +-, M'IQR, S$B+C*(*-+;*T9, *91*;+-*97, JI#S+-$#,*9@2>9*+, @) $H#*-?., R, -2-+(, @;2#%, 2D,
M$<#2(TI*+L, +, O$<#2(2J*;, #SB+CH(*-+-*29, ;(*9%;, Z, 2#, B*IB$#, *@, ;29@*1$#$1, *91*+-:)$, 2D, ;(*9%+((?,
+<-B2#*%$1, C?, -B$, S$I*29+(, US=+#->$9-, 2D, V$+(-B, #$($)+9-,*9@2>9*+,=#2C($>@,EQB+B*1,$-,+(.L,Y544F.
EW+@-*((+,?,X$TIL,Q=+*9.,R<-B2#*%+-*29,VEANSR, :/ ,

5Y4ZF., KB$,S$J*29+(, US=+#->$9-, 2D, V$+(-B,=#2)*1$1,  /(0*&1"#$%&1%# +8&2&3+$42,-""(""(),5 67789,

+==#2)+(,D2#,-B*@,P*91,2D,*9-$#)$9-*29. 22@Y0 #AB¥)*/*+,% 6,COD("(+#")* <  AW2#, -BS,

, :2(($;-*29,2D,-B$,"H@,-B$, =+-*$9-,1+@,D*--$1,1*-B, +9,
I"HS%& 0*+S, - "("™() "H, =L, ($-H2 N+, E'($-H#RA=, \O-$HO+-*29+(F,
8% & (") +,%-,."+O % 218:-3 KBS, [U\ &\, *-B, 40, ;B+99$(@, (2;+-$1, +;;2#1*9J, -2, \O-$#O+-*29+(,

E[$;P, $-, +(.L, 400ZO, Q+9%, $-, +(.L, Y55:F, *@, +, Q?@-%$>,45Y5EN=4L,N=YL,N/L,N:L,N%L,N7L,N"L,K:L,W:L,
@3BL>**@-$#51, G<S@-*299+*#3, 1$@*J9%1, -2, +@ @S@B®HL, W7L, K7L, K6L, I:L, 1%L, 7L, KZL, e4L, +91, eYF, +91,
-B$, @3%)$#*-?, 2D, 1$=#3@ @*)3$, @7?>=-2>@., Q2>$, *-$>@<@*9J, +, X*9P$1, '+#@, >29-+J%., N2#, 6, >*9L, "H,
I$#$, <=1+-31, C?, [$;P, $-, +(., E400ZF, -2, C$--$#, +(*J9, @*J9+(@, D#2>, +((, 40, ;B+99%5(@, I$#%, @*><(-+9$2<@(?,
1*-B, -B$, UQ] &, 1*+J92@-*;, :#*-$tt*+, D2#, >+ 2#, 2C-+*9$1,+91,;2(($;-$1,<@*9J,+U*@;2)$#?Y7,+>=(*D*$#,
1$=#$@@*)$, 1*@2#1%#.,\-,;29@*@-@, 2D, Y4,*-$>@, ; 2) $#T2>, [#+*9]+@-$#, K$;B92(2J*$@L,\9;.,\>=$1+9;3@, 2D,
C2-B, $>2-*29+(, +91, =B?@*+(, @?>=-2>@, 2D, ($@@,-B+9,B:, I$#$, >+*9-+*9%1L, 491, +, ;29@-+9-,
1$=#$@©@*29, @<;B, +@, @+193@@L, (2@@, 2D, *9-#$@H+-<#$, +91, B<>*1*-?, 2D, ($Q@ @, -B49Y ¥®1,
;B+9J$@, *9, +==$-*-$L, D+-*J<$L, +91, D$$(*9J@, 2D, J<*(65gL, #$@=%$;-)$(?L, I$#S$, >+*9-+*9$1, *9, -B$,
'+:B,*-$>,*@,#+-$1,29,+,5,-2,;, X*P$&2=3, @;+($L, I*-B, (+C2#+-2#2., "H, #$;2#1*9J@, I$#3$, >+1$, *9, -BS,
B*JB$#, @;2#$@, *91*+-*9J, J#$+-$#, @9)$#*-?, 2D,2@$8?$, @-+-$, 1*-B,-B$, <@$, 2D, [#+*9, R)+-+#,7.2.7,
1$=#3@@*)$, @?>=-2>@.,K2-+(, @;2#$@, #+9J$, D#2>, 5, -2Q 2D- | +#§#+*9]+@-$#,K$;B92(2J*$@L,\&, KBS, "H,
Z:,+91,+#83,;+-$I2#*%$1,*9-2,#+9J$@,-2,1$-$#>*9%,-BS, @*J9+(, =#$=#2;3@ @*9J, 1+@, =$#D2#>$1, <@*H, |M'

($)$(, 2D, 1$=#$@@*2934:,5 *91*+-$@, <+,+<)(- 12-B29, E)$#@*29, 4..5F., KB$, @*J9+(, I+@,
1$=#$@ @1297#40,<+(=1$=#$@ @1295 ", <%="$)*"- C+91&+@@, D*(-$#$1, C$-1$$9, 4, +91, 75, V%L, +91,
1$=#$@@12991, YOZ:, >"?"$"- 1$=#3@ @1 EY$;P, $-, +#-*D+;-@, I$#$, B+91($1, <@*9J, R#-*D+;-, Q<C@=+;$,

+(.L, 400ZF., \-, *@, I*13(?, <@%$1, *9, C2-B, ;(*9%+(, +91, S$;29@-#<;-*29, E[(<>, $-, +(.L, Y5400, a2-B$, b, h<9JL,
#$@%$+#,B, @$--*9J@, 1<$, -2, *-@, B*IB, #$(*+C*(*-?, +H54ZF,
)H(F1%-2,%9,>$+@<#*9J, 1$=H#$@ @*29, @$)$#*-?, Ea$91+((, $%

+(.L,40°/0,Q+9%,b,H+#;&%$#+L,Y54:F, 22@%9 ,680)%)% 6,CUD(+#")*,< 4 R((, "H, 1+-+,
, =#2; 3@ @*9J, I$#$, =$#D2#>31, <@*9J, 1?-B29, E)$#@*29,
567*8/+,% 9,7*"/0% ;6/*,<% =#68"% 259;=34 KBS, LAY AF, +91, -B$, IM' &?-B29, =+P+J$, E4.°.50

VRSQ,EV+>*(-29L,40600,X2C2,$-,+(.L, YS5YF,*@, 29$, 2DH#+>D2#-, $-, +(.L, Y547RB$@$, -22(@, I$#$, <@$1, D2#,
-B$,>2@-, I*1$(?, <@%$1,-22(@, *9, ;(*9*;+(, +91, #3@%$+#,B, @*J9+(, =#2;$@@*9JL, ;2#1+9B>=<-+-*29L, +91,
@%$--*9J@, 13@*J9%1, -2, +@ @%@ @, -BS, @$)$#*-?, 2D, +9PHB2B*;+(, #$S=#I@$9-+-*29., RI1*-*29+((?L, 1+-+,
@?>=-2>@., \-, ;29@*@-@, 2D, 47, *-$>@, ;2)$#*9J, C2-B)*@<+(*%+-*29, +91, -B$, I$9$#+-*29*2R@2D-d;$(,
=@7;B2(2J*%+(, +91, @2>+-%;, @7>=-2>@., '+;B,*-$>,*@, -+C($@, I*-B, -B$, 9<>$#*+(, ;2#1+9;$, 1+-+, IS#S,
#+-$1, 29, +, 5, -2, 7, X*P$&2?=%, @;+($L, 1*-B, B*IB$#, +;2>=(*@B%$1, <@*9J, Q;*!1?, EM#-+9%$9, $-, +(.L, YS5Y5FL,
@;2#3@, *91*,+-*9], J#$+-$#, @?>=-2>, @$)$#*-?., K2-+(, M<>1?, EV+H#H#*@, $-, +(.L, Y5Y5FL, +91, |+91+@, EKBS$,
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"HS%&\)*#+ ,$-,+(,

!

I +81+;, <$)$(2=>$8-, ?$+>@,A0A6B.,"C,#$D2#1*8E;,
F$#$,=#2D$;;$1,G;*8E,H*8I$1,"+#;,>28-+E$.!

IHS0681() | YH+106,-"R)
"#1$068" () *&+,'1 -.J01/.(2&3! &4! (),1 5/6).1 7.38 #
JK2#-L,=2F$#,F+;, D+(DG(+-$1,*8,-L$, +(=L+ M+848Y

J%B@, +, O#$PG$8DQ, M+81, O#$PG$8-(Q, ;-G1*$1, *8, "C,/01/.(2&3! &4! C,/.(2D,! *&+,'

1G$, -2, *-;, +;;2D*+-*28, F*-L, #$,-*8E, +D-*)*-Q, +81,
D2E8*-*)$, OG8D-*28:% DUDU HW D@, O%(-$#,
M$-F$$8,/,+81,49, 3%, F+;, +==(*$1,-2,-L$,"C, 1+-+,

BB H#()*+%, | !

ZL$#H$, 6 KP EKS A#S=#$,$8-;, -L$, =2F$#, 20, -L$,
+E8+(,02#, DL+88$4D#2;:,-L$, OG((, O#$PG$8DQ, &-8ES$
+81, G, #$=#$;$8-;, -L$, +>=(*-G1$, +, -*>$* *8,
DL+88%(+,

=#l A&'B.127.(2&3! &4! 5/6).! $%&'()! *&+,' .38!

#?2F2, 82#>+(*%+-*28,
*81*D$;, F$#S$, G;$1, -2, +;;$;;, D2#1+8D$, *8, $+DL,
DL+88%(@, M+;$1, 28, -L$, D2>=+#*;28, 20, =2F$#, *8, -L$,
+(=L+M+81,F*-L,-2-+(,=2F$#

G;*8E, ST' &Q-L28U;, O*(-$#*8E, -22(;@, $8;G#*8E, -L$,

$V-#+D-*28,20,*802#>+-*28,;=3D*0O*D,-2,-L$,+(=L+,M+81.

JK2#-L, =2F$#, *8, $+DL, DL+88%(, F+;, 2M-+*8%1, MQ,
D+(DG(+-*8E, -L$, >$+8, ;PG+#$, 20, -L$, +BOrE+$#$1,
*E8+(@,+DD2#1*8E,-2,-L$,02((2F*8E, $PG+-*283

s S
*FKREPKS AT To
A5

FL$#$3

I *,-L$,8G>M$#,20,;+>=($,@

T8, #3=H$:$8-;,-
+81,

L$, +>=(*-G1$, +-, -*>$; *8, DL+88$(1@
O2#,DL+88%,

?L*;, PG+1#+-*D, =2F$#, *;, +, D2>>28, >$+;G#$, -2,

R(=L+, 82#>+(*%+-*28) B3, 7L$, JK2#-L, =2F$#, 20,
$+DL, DL+88%(,*8, -LS$, +(=L+, M+81, F+;, 82#>+(*%$1, MQ,
1*)*1*8E, *-, MQL$, >+V*>G>, JK2#-L, =2F$#, )+(G$,
+D#2;;, +((, DL+88$(;@, +;, ;L2F8, *8, -L$, O2((2F*8E,
02#>G(#+3

*FKRPKS AN
=T*FKBRBPKS AN

=ééééé'.]"‘|

T2#>+(*%S1, #$(+-*), =2F$HBM-B3, 2L, #5(+-*)$,=2F $#,
*8,-L$, +(=L+, M+81, F+;, 1$0*8$1, +;, -L$, #+-*2, M$-F$$8,
JK2#-L, =2F$#, +81, -2-+(, =2F$#, *8, $+DL, DL+88%$(@,
:GM;$PG$8-(Q, 82#>+(*%$1, MQ, 1*)*1*8E, *-, MQ, -L$,
>+V*>G> #$(+-4)$,=2F$#,)+(GS$,+D#2;;, DL+88%(;3

*FKRPKS AN

6KPEKSAN
=1  FKEPKS AN

6KPEKRS AN

MaganA

,?L*; , 82#>+(*%+-*28, +((2F;, 02#, D28;*;-$8-, D2>=+#*;28,
20, =2F$#, ($)$(;, +D#2;;, DL+883$(;@, #SE+#1($;;, 20,
+M;2(G-$,*8-$8;*-Q,1*O0$#$8D$; N[@.$D46B.

+;$;,,-L$,*8-$8;*-Q,20,+D-*)*-Q,F*-L*8,+,;=$D*0*D,M+81@,

=#2)*1*8E, +8, +==#2V*>+-+28, 20, -L$, ;*E8+(, =2F$#, *8,
-L$,:$($D-$1,0#SPGSSBERESN 2$=(+8@,A00AB

O#! - J01/.(283! &41 :&(./! T'&.8;.38! *&+ 1 <" >
$2@ 72, 82#>+(*%S$, LS, =2F$#, )+(G$;, *8, -L$, +(=L+,
M+81@, -L$, -2-+(, =2F$#,*8, -L$, #+8ES, JD, 4%, F+;,
D+(DG(+$1, O28&+DL, DL+88$(@, $8D2>=+:*8E,

(2F&O#$PG$8DQ, D2>=28%8-;, N4, J%B, G=, -2, -L$, G==$#, ,

(*>*-,20,-L$,M$-+,M+81,N90,J%B.,?L*;,+==#2+DL,02((2F;,
$;-+M(*;L$1, =#+D-*D$;, *8, "C, PG+8-*O*D+-*28@, FL$#$,
-2-+(,=2F$#,;$#)$;, +;, +, #$0$#$8D$, O2#, #$(+-*)$, =2F $#,
+8+(Q;$;, +81, 82#>+(*%+-"2BNTG8%$%, W, X#*8*)+;+8@,
A00YB

20-+(, Z2F$#, F+;, D+(DG(+-$1, +;, -L$, >$+8, :PG+#8$, 20,
L$,E8+(, O*(-$H$1,*8,-L00, 1%, #+8E$3
|

¢

S .
KPEKSAMN- | Gy
6 SA Olwc&;

10 '], "HS%$ " #()*+%6,/%$

0%(/1231466 78-989: -

E#!-&'8.30,! -/.FF2420.(2&3 # ?2, D(+;;*0OQ, D2#1+8D$@,
-L#$S$, >+*8, D+-SE2#*$;, F$#$, $;-+M(*;L$1, M+;$1, 28,
-L$,82#>+(*%$1,)+(G$;, 224>, +81-Fox-@D2((2F*8E,-LS,
+==#2+DL, =#2=2;%1, *8, =#3$)*2G;G1*$;, HSGDL-$#@,
[221@,HGOI*8@, $@#(\ 6], HSGDL-$#@,[221@, SB1%-,
+.@\6 ],"+==$8>+8,W,HGDI@,A04B

<*;D2#1+8-3, DL+88%(;, FL$#$ 524>, 0.5, +81,
$Z#>,\0.5 ’

[28D2#1+8-3,DL+88%(;, FL$#$,824>, 0.5, +81,
$32#>,\0.5 ,

T$G-#+(3, DL+883(;, -L+-, 12, 82-, >$$-, +8Q, 20,
-L$,+M2)$,D281*-*28;
2L, D(+;;*O*D+-*28, F+:, *>=($>$8-$1, G;*8E, (2E*D+(,
D2>=+#*28;, +81, +((2F$1, D+-$SE2#+%+-+28, 20, $+DL,
FKDQQHOYV VWDWHV EDVHG RQ FRUG
-LHSHED)S(, 2MKSD-*)$, *8-$#=#$-+-*28, 20, -L$, +(*E8>$8-,

12*340.455607849.4.:; |
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"HS%&) H+ ,$-,+(,

I

$-<$$8, 82#=+(*%$1, >2<$#, +81, #$(+-*)$, >2<$#, *8,
$+7@,?@+88%(.

' S+ (/0 $(1F0L(L%) " A*B+((BC,

BB H#()*+%, | !

& SAH () A2#, -@$, *=>($=$8-+*28, 2H, -@P,
S#2-272(C, -@$, Y#+*8[)+-+#, F2H-<+#$, JL2((E#+C, S40SO0,
<+F, EF$1C, <@*?@, <+F, F>$?*H*?+((B, ?28H*DE#$1, *8, *-F,
N$8-, U+, -2, 2+(?E(+-$, +81, >H2)*1$, HBAES,

22#1+82$, =+D8*-E1$, <+F, 2+(?E(+-$1, -2, GE+8-*HB, -@$, H$S1;+?M,;+F$1,28,22#1+82% >+#+=$-$#F. |@*F ,F$-E>,
1$DHSS, 2H, 22822#1+87$, 2#, 1*F?2#1+87$, *8, $+7@, *8?(E1$1, -@$, 24#$+-*28, 2H, *>2(+#, *#-E+(, 2@+88$(FC,
2@+883(., |@*F, )+(ES, #$H($?-F, -@$, L$D#S$S$, 2H, 1$)*+-*28$8FE#*8D, +, =28-+D$, 228F*F-$8-, <*-@, TR/A@:50,

2H, $+?@, ?@+88%(, H#2=, +, #3H$#$87$, )+(ES, 2H, 4.5, *828(*8$,

2-@,82#=+(*%+*28FC,EF*8D,-@$,H2((2<*8D,H2#=E(+3

ot fe

Wi Rkl MEF raw+. . Fraw-sri

A2# DH#+>@*2+(, #$>HSF$8-+-+28C, +81, |B, 228)$8-*28,

#+8FH2#=+-+28, 2H, "R, >2-$8-*+(F, *8-2,
24-@2D28+(, F2E#?$, 1$#*)+-*28F, +81, $=>(2B$1, :B,
K$E?@-$% L22MC, P$8+C, $-, HONN6O ?22#1+8?%,
2+(?E(+-*28.

)
|@$, 22#1+82$2+(PE(+-*28, >H2?$1EHSF, <$#$, +>>(*$1,

JKSE?@-$#C, L22MC, KEHM*8C, $-, +(.C, ONN6OC, 1*F?2#EF38D, -@$, >#$)*2EF(B, 1$H*8%$1, =$-#*?FC, <@*?@, *8)2()$,

JHESF, +#$, -#+8FH2#=$1, -2, 8$D+-*)$, )+(E$FC, +81,
228722#1+82%, )+(ESF, -2, >2F*%$, )+(ESF., 1@*F,

22#1+87$,+8+(BF*F,<+F,*=>($=$8-$1,*8,!B-@28,EF*8D,
-@$, PQ'&B-@28, (*:#+#BR#+=H2#-, $-, +(.C, S409L¥,

-@%, +FFSFF=$8-, 2H, TV2#-@, >2<$#, *8, -@$, +(>@+, ;+81,
J/ 99, T%0, +81,-2-+(,>2<$#,*8,-@$, #+8D$,2M,1%.,
|@$F$, ?+(?E(+-*28F,<$#$,?281E?-$1,+?72#1*8D,-2,-@$,
=$-@21F $F-+;(*F@$1,*8,>#$)*2EF ,F-E1*$F, JKSER@-$#

"R, F*D8+(, >#2?$FF*8D, +81, H*(-$#*8DC, <@*(F-, QE=!B, +(C, ONNN_, K$E?@-$#C, L22MC, KEHM*8C, $-, +(.C, ONNE
JT+HHPF, $-, +(.C, S4S40, <+F, EF$1, H2#, =+-@%$=+-*?+(KSE?@-$#C, L22MC, P$8+C, $-, +(.C, ONN6OC, - @EF, $8FE#*8L

2>$#+-*28F,+81,1+-+,82#=+(*%+-*28.,

"#'$%E&'(#) (%) +(,-%$".(#) /%8&%) *($) +($0%#H1")
+(,-%$'.(#  212,19)$(2>, +, #SHSHES?S, 1+-+;+F$, H2#,
?22#1+873%, *8-$#>#3$-+-*28C, 1+-+, H#2=, 04, "RF, <$#3,
EF$1, H#2=, -@$, 1+-++B¥SF-*8IF-+-$, "R, 1+-+,

-@$,228F*F-$87B,+81,)+(*1*-B,2H,-@$,+>>#2+7@.,

|@$,F$($?-*28,2H,-@$,*8-$#)$8-*28, +#$+,<+F,;+F$1,28,
?2#1+879%, =$+FE#$=%$8-F., "+-@%#, -@+8, 1$H*8*8D, +,
F>$?*H*?,(2?+-*28C,+8,$8-*#$,GE+1#+8-,<+F,1$F*D8+-$1.,
|@$, GE+1#+8-, ?@2F$8, H2#, *8-$#)$8-*28, <+F,

SH2#S, +81, +H-$#, 22D8*-%)$, +2-%)*-B, +?2#2FF, -@$, +1E(- 1$-$#=*8$1, E>28,-@$, *8*-*+(, +FF$FF=$8-, >#*2#,-2,-@$,

(*H$F>+8, +81, + @B$+#, H2((F>C, )$#F*28, 0.N,4
JU+F?2@3$#, $-, +(.C, S4S60., 1@$, F$($?-$1, "RF,

*8-$#)$8-*28, ;B, ?2=>+#*8D, -@$, FE;V$?-"F, ?22#1+87?3,
)+(ESF, <@, -@2F$, 2H, -@3, 72=>+#'F28, 1+-++F$.,

:$(28D$1, -2, FE:V$?-F, <@, 2@+#+2-$#F-*2F, F*=*(+#, -2]>$?*H*?+((BC,-@$, GE+1#+8-,-@+-, $X@*;*-$1,-@$, D#$+-$F-,

-@$, F-E1B, FE;V$?-C, +((2<*8D, H2#, +,

=$+8*8DHE()$#+D$, 1$)*+-*28, H#2=,

-@$, 82#=+-%$, )+(ESFC,

?2=>+#*F28, *8, -$#=F, 2H, >@BF*2(2D*?+(, )+#*+;*(*-B, +81 $X>#$FFS$1, *8, -$#=F, 2HE?2#%F, +81, *81*?+-*8D, +,
1$=2D#+>@*?, 2@ +#+?-$#*F-*?F.,'+?2@, "R, H*($C, *8,'WA, =2#$, >#282E87$1, +(-$#+-*28C, <+F, F$($?-$1, H2#,

H2#=+-C,<+F,*=>2#-$1,+81, +8+(B%$1B& 28, EF*8D,
-@%, PQ'&B-@28, (*;#+#BJR#+=H2#-, $-, +(.C, S4090

L2#1+87?8,)+#*+;($F,<$#$, ?2+(?E(+-$1,EF*8D,-@$, F+=$,
>H2?$1E#S, $X>(+*8%1, +;2)3., |@9, 82#=+(*-B, 2H, -@$,

SH21E?$1, 1+-+, <+F, 2@%$?M$1, +81, 2#D+8*%%$1, *8, +,

-+ E(+#, H2#=+-, EF*8D, !+81+F, JI@9¥, +81+F,
WB)$(2>=$8-, | $+=C, S4S60.,@$, )+#*+,($F, -@+-, 1*1,
82-,H2((2<,+8, +>>#2X*=+-$, 82#=+(, 1*F-#*,E-128;(®,

*8-$#)$8-*28 J+;($ F,SC,8+81,60,

|@$, F2H-<+#$, <+F, FE>, -2, *8-$D#+-$, -@$, #$FE(-F, 2H,
-@$,22#1+8?$,2+(?E(+-*28F,*8-2,-@$,H$$1;+?M,>#2)*1$1,
-2,-@%,>+-*$8-C,-@$#$;B, H+?*(*-+-*8B = $$#(*8*8D,
S#H2?$FF,-@+- #$F>281$1,-2,)+#*+-*28F,*8,:#+*8,+2-*)*-B.,
|@$,F$-E>QA>#2-222(,>#2)*1$1, #$*8H2#?$=$8-,-2,-@$,
>+-*$8-, $+7@, -*=$, -@$*#, ?E##$8-, 728]1+8D8*-E1$,

60, <$#$, FE;V$?-$1, -2, +, (2D+#*-@=*?, -#+8FH2#=+-*28 *8?#$+F$1,22=>+#$1,-2,-@$, +)$#+D$, 2H, -@$, >#3$)*2EF,

CTAHKET,=s-2, +>>#2X*=+-$, 82#=+(*-B, +81,
F-+*(*%$, )+#*+8?2$, JY(+81, Z,-§+8C, ONN\O., 1@$,
+11*-*28,2H,0,<+F,+>>(*$1,-2,+)2*1,8$D+-*)$,)+(E$F,*8,

04,F. |@*F *F #$>#$F$8-$1,+F,H2((2<3,

AAEJBKN?AIAJP

-@$, #+8FH24=$1, 1+-+C, SF>$2*+((B, <@$8, 1$+(*8D, <*- @\saE B KN @5:h2464 R AN K% KN @ 5534

2#*D*8+(, )+(ESF, F=+(($#,-@+8, 0C, H2#, <@*?@, (2D+#*-@
B*$(1, 8%D+-*)$, #$FE(-F., JE;F$GES$8-(BC, -@$, F+=$,
(2D+#*-@=*?, -#+8FH2#=+-*28, <+F, +>>(*$1, -2,
FE;V$?-"F, 1+-+, -@+-, <$#3, -2, ;$, ?22=>+#%1, <*-@, -@3$
22=>+#*F28, 1+-+;+F$C, -@%#$;B, $8FE#*8D,
@2=2D%$8%*-B, *8, -@%, =$+FE#$=%$8-, F?+($., 1@*F,
F-#+-$DB, $8+;($1, -@$, 1$#*)+-*28, 2HE?2#$FC,

H+2*(*-8D, +, 1*#$7?-, 22=>+#*F28, ;$-<$$8, *81*)*1E+(,

)H(ESF, +81, -@$, >+#+=$-$#F, 2H, -@$, ?2=>+#'F28,

1+-+;+F$.,

10 '], "HS%$ " #()*+%6,/%$

0%(/1231466 78-989: -

=FaKPANSEOA

-@%, <@3$#$3

% KN @ 5432 44K, -@$, PE##$8-, 22#1+82$, =+D8*EL$
+81,

YRANKGKN @ b2 AF, -@$, +)$#+D$, 22#1+872$,
=+D8*-E1$,2)$#,-@3$,>#$)*2EF,04,F.

12*304.055647829.0.:; |


http://www.neuroregulation.org/

I"HSU&() H+ $- +(, BB H#()*+%, | !
|

< )HES, 2>, 4, *91¥2+-$@, #$*0>242$A%9-, *@, B#2)*1$1C;< *@,-ES$,@-+91+#1,1$)*+-*29,2> -E$,-$@-, @?72#$@,*9,-E$,
DE*($, 5, *91*?+-$@, 92, #$*9>24#7$A$9-., FES, #$*0>242$##E>SH$E9?$, B2B=(+-*29, NXYABDE*-2, $-, +(.C, 0544],

D+@, G*)$9, -2, -E$, B+-*$9-, $)$#H, -*A$, -ES$, 22#1+928$, \2K2,$-,+(.C,0550[,P+9%,$-,+(.C,056;@91

)+(=9$,$17$$1%1, +,B#S@%-,-EAS@E2(1.,J2)*$@, @$($?-$1, ,

KH,-E$,B+*$9-, D$#$,=@%$1, +@ ,#$*9>2#?$A$9-C, $9@=#"K3 @, -ES, #$(*+K*(*-H, 2>, -E$, -$@-, N@="E, +@5-EB -$ @-
-E$H, D$#$, $9G+G*9G, $92=GE, -2, @=@-+*9, +--$9-*29. #S(*+K*(*-H,?22$>>*2*$9-, 2# T#29K+?E]@,+(BE+O.

FE*@, +BB#2+?E, D+@, K+@$1, 29, $)*1$9?%, @=GG$@-*9G,

-E+-, @FE2@$9,+91,BS#@29+((H, @+*@>H*9G #$*9>24 R @; $#B#S-,-E$, STUC,*>-E$,)+(=$,* @, G#$+-$#,-E+9,4. WA,
+H#$, 2B-*AH(, >2#, >+PH(+-+9G, ($+#9*9G, -EEREGE, 2#, (3@@, -E+®).WAC, -ES$, ?E+9G$, *@, ?29@*1$#$1,
NI"#$9B()*#+,$-, +(.C,05040.,<, 1*AA$#, D+@,+BB(*$1,-2, @-+*@-*?+((H,@*G9*>*?+9-,+-,-E$,W6_,229>*1$9?7$,($)$(.,U>
-E$, A2)*$@C, DE*?E, *92#$+@$1, *9, 2BNK@P=#*9G,  -E$,)+(=$,*@, K$-D$$94.W", +91,4.WC, -ES$, ?E+9G$,*@,

-E$, @?4#$EIDESY, -ES$, B+-*$9-, >+*($1, -2, A$$-, -E$,  92-,229@*1$4#$1, @*GI*>*2+9-,

H*-$#+29,+91, K$?2+AS$, A2#$, -#+9@B+#g2D*9G, -ES, ,

A2)*$, -2, K$, )*@*KBDES9, -E$, 2#*-$#+29, D+@, A$-.,  F2,+BB(H,+ B+#$1, @+AB@RED-,+91, @-=1H,?E+9G$@,
P$)$9, 5 &A*9, @$@@*29@, D$#S$, 2291=2-$1C, -D*?$, BS#*9, 22#1+92$C, +, @*A*(+#,+BB#2+?E,-2,-E+- $IB4#S@ @$1,KH,
D$$QC,>2((2D*9G,-E*@,B#2?7$1=#$., FE*@, 1$?*@*29,-2, F@%$:?E$#, N05040, D+@, =@%$1., <, @(*1*9G, D*912D,
@9)$9, @$@@*29@C, +@, 2BB2@$1452 @BE @*29@, +BB#2+7E, D+@, $AB(2HS$1, -2, @$GA$9-, -ES, "X, 1+-+,
$AB(2HS$1,*9,2=#,B#$)*2=@, @-=1*$@, RIH$YS-,+(.C, *9-2, 2)$#(+BB*9G, ?E=9Q@., TE=9Q@, 2>, :5, @, D$#$,
0505C, 05040C, D+@, A+1$, -2, A*0*A*%$, -ES$, 9=AK$#, 2>, G$9$#+-$1.,<,D*912D,2>,-E$, @B$?*>*$1,($9G-E,D+@, @$-,
@$@@*29@, #SR="#$1C, -ESHSKH, +)2*1*9G, =99$?$@ @IHI® (*1,+?7#2@ @,-E$,$9-*#$,"X, #$?2#1*9GC,+1)+9?*9G,
K=#1%$9, 29, -E$, B+-*$9-, D*-E*9, -E$, 229-$I-, 2>, -E*@, 4, @, >2#, $+7E, 93D, @$GA$9-., PB$?*>*?2+((HC, -E$, >*#@-,
B=#$(H,$IBS#*ASI-+(,B#22$1=#$ @$GAS9-,*92(=1$1, 1+-+, >#2A, 4,-2, %", , C, DESHS,

, #$BHS@$9-@, -ES, -*A$, B2*9-@, 2>, -E$, @$GAS$9* @91,
I"H'$%"S&H' ( ) +USYF2, $)+(=+-$, PE+IGS@, *9, -ES,  -ES, -ES2#$-*2+(, =BBSH, (*A*-, 2>, -ES, @SGAS9-, *9-$#)+(.,
@22#%@, 2>, -E$, BQH?E2(2G*?+(, -$@-@, +1A*9*@-$#$1EEEID$?291, @$GAS9-, D2=(1, -E$9, $9?2AB+@@, 1+-+,
H(+K(SPE+9G$91$1, NSTUO, 25, V+22K@29, +91, F#=+], >#2A%,0,-2, %", , ,a,4C,+91,@2,29C, 22)$#+9G,-ES$, $9-*4#$,
NAWW40,D+@,=@$1., 1++@$:.

FES$,STU*@,7+(?=(+-$1,=@*9G,-E$,>2((2D*9G, >2#A=(+3 J+-ESA+-*2+((HC,>2#,-E$,"X,-*A$, @$#*S@DC, DESHS,
, ' AC,0C« > #$BHS@$9-@, -E$, -*A$, B2*9-@, %9, -E$, "X,

pog s s Fis #$224#1*9GC S+ BBGAS: - *@LS>*0$1 +@3

| ooy ' | GO X « #EASA tAQX s
DE$#$3 :

| DE$#$3

o *@, -ES, @?2#$, 2K-+*9$1, *9, -E$, B2@--#$+-A$O-,,

': o *@’ -E$, @?2#$' 2K-+*9$1, *Q, -E$, B#$-#$+-A$9-, ;PBta, &, i,40l$92-$@,-E$,@:K@$',2>,-E$,"X,@*G9+(,
+@Q@3@@A399] >H#2A,-E$,-*A$,B2*9=B,-2+a, & 1,4C

'5)( 0 U*@,_E$,@_+91+#1,$##2#, 2>,-E$, 1*>>$#$9?$,K$_D$$§§L LV WKH OH Q JWK,H1l, WKH ZL Q GRZ

-E$,-D2,@?2#$@,+91,*@,2+(?=(+-$1,+@3 :
$ @ $@ @ ( ( $ @ >, *@, 'E$, _2_+(, 9:AK$#, 2>, _*A$’ Bz*g_@, *9, 'E$, nX’

] _ &) *

5000 T H$P2H#1%9G,

’ , Z2-E,"X@, NB#$, +91, B2@-0, E+1,-E$, @+AS$, #$?72#1*9G,

FES, P, 2#, @-+OL+#1, $#H2#H, 2>, ASH@=HSASI- *@. 144429 K=-,1*>>$#$9-, $1*-$1, 1=#+-+29@., FES, >*#@-, E+1,

2K-+*9$1,=@*9G,-E$,>2((2D*9G,>2#A=(+3 +9, +#-*>+@#$$, 1=#+-*29,2> 4,A*9,+91,05, @C,DE*($,-ES,
, - @$7?291, E+1,+9, +#-*>8A$$, 1=#+-*29, 2>, 4, A*9, +91, 0,
5' 5&T¥FN @., FE=@C, 64, @+AB(3@, D$#$, G$I$#+-$1, >2#, -ES,
, B#®X, +91, i, >2#, -E$, B2@- &X., F2, A+-?E, -ES$,
DE$#$3 2AB+H#*@29@, +91, +)2*1, *\@@=%$@, D*-E, -E$, 1*>>$#$9-,

9=AK$#,2>, @+AB($@C,-ES$, 9=AK$#, 2>, @+AB($@, >2#, -ES$,
@E2#-3#,"X,D+@,@%$($?-$1C,A$+9*9G,-E+-,:;, @+AB($@,
D$#$,=@%$1,>2#,K2-E,AS+@=#$A$9-@.

10 1"/ "HS%S HO*+%. /%S - 0%(/1231466 #78--989: - 12*345.4667589% .4.;; |


http://www.neuroregulation.org/

I"HSU&() H+ $- +(, BB H#()*+%, | !
|

2#, -<$, +9+(=>$>?, @<*A<, *9)2()$1, BC(-*D($, EDSA*I*A+((=?, #SL+#1*9L, B221, +>>$>>B$9-?, &IQRN
A2BD+#*>29>?, @9, +DD(*$1, E-2#$8HCS, BS-<21, >A2#$, 2J, HI, D2*9->, @+>, 20-+*9$17?, >CLL$>-*9L, -<$,
GE-2#%$=?, H55HI?, @<*A<, $>-*B+-$>, -<$, D#2D2#-*29, 2D#$>$9AS, 2J, A(*9*A+(, 1$D#$>>*29, >=BD-2B>, >CA<, +>,
WUXH QXOO K\S$RY KNS, +IKC>-$1, (2@,B2217?,3$$(*9L>,23,<2D$($>>9$>>?,+91, 1$A#$+>$1,
<@+(C$>, GY+(CH>l, -<+-, A29-#2(, -<$, J+(>$, 1*>A2)$#=, *9-$#$>-, *9, +A-*)*-*$> ., SPL+#1*9L, +9T*$-=, >=BD-2B>?,
UDWH 7KH SDUDPHWHU ZDVW VHW<S$VWR(,>A2#$| R|HO,ECLL$>-$1, B21$#+-$, ($)$(>, 27,
HVWLPDWLRQ 6WDWLVWLFDO VLJQL ItH136.FU9, 28 VNEXH-WE, BOOKS$A-, >A2#%1, 4H, D2*9->7,
J2#, +((, +9+(=>$>?, @*-<, #$>C(->, A29>*1$#$1, >*L*IJ*A+RCLLS>-*IL,+,B21$#+-$,*9-$9>*-=,2],*9>2B9*+.
@<%$9; ,M,.56,+J-$#, A2##$A-*29. ,
LOH#& "M &1"+&' #-./01"&2*.'4))+5"# '
"#$%&#H P<$,>COKS$SH->A2#5>, I2#, $+A<, >A+($?, +>, @$((, +>, -<$,

, #HE>C(->, 2], -<$*#, >-+-*>FA+(, +9+(=>*>?, +#$,><2@9, %9, -<$,
OF"%*+" #- 101" 82* ' SHH"HH1"+& ' -+0($,B+0($,4l,

N9, -<$, O+>$(*9$, D>=A<2B$-#*A, +>>$>>B$9-, 2J, -<*>,
>COKS$A-?, >A2#$>, *91*A+-*)$, 2], D>=A<2(2L*A+(, 1*>-#$>>,
+91,*9>2B9*+, @$#$,J2CORD($,4l.,

6)7%"8'

=>?@A%B"$EE>">>B" * |

6"#&, I's, Iy, te #$ - 14: |
G <, H/, 46, W4 45.W iH./4,
=3> HO 47, .WH W.76 iH.0/,
3>, 4H, X W5 0.H7, i7.47,

?20&".,QRINEDSAY ,RED#$>>*29,N9)$9-E[VSE3S,[+B*(-29,VIT*$-=,S+-*9L , EA+($Z,VNE3,V-<E:2BI*+ >A+($D43,
1#$-#3+-B$9-,+>>$>>B$9-D3,12>--#3$+-B$9-, +>>$>>BS9-B #$(*+O*(*-=, A2$J J* 83 2, +91 +#1,1$)*+-*29Z,S\N3,S$(*+O($,
\<+9L$,N91$T,

402A)+. " 'Y +" %9, +11**29, -2, *> A299$A-*29, @*-<, -<$, D+*$9-F>,
N9 P+O($, 62, -<$, DHS-#$+-BS9-, A2#1+IAKAC(+-$1, >=BD-2B>, GM*BB, $-, +(.?, H55/Z, P<*021$+C, $-, +(.2,
+91,*-> +>>2A%+-$1,B+L9*-C1$,A+9,0$,J2COPAYS, H55XI?, -<$, ($J-, +O-$#*2#, |C+1#+9-?, D+#-*AC(+#(=, -<$,

H?,-<$, +)$#+L$, B+L9*-C1$, 27, -<$, A2#1+9A%, A+9, 03, ;14?, ;0?, +91, ;;, $(SA-#21$>7?, *>, +>>2A*+-$1, @*-<,
20>$#)$1, *9, +, A@EF>S*I*A+-*29, O=, ]C+1#+9->, $B2-*29+(, #$LC(+-*29, +91, <+>, 0$$9, (*9Y$1, -2, B221,
GM%%+9*L+?,H555Z,[+BB291?,H556I. +91, +9T*$-=, 1*>2#1$#>., V(-$#31, +(D<+, +91, -<$-+,

, A= Q) k> #BL*29, #$I($A-, *BDHH$L, $B2-*29,
_C+1#4+9-,V, @+>, >$(SA-$1, I2#, *9-$#)$9-*29, +>,*-, <+1, D#2A$>>*9L?, @*-<, >-C1*$>, ><2@*9L, #$1CAS$1, A2#-*A+(,
<$,<AL<$>-, +)SH+LERA2HS?, 1$)+-$1,-<$,B2>-, J#2B,  +A-*)*-=, %9, *91*)*1C+(>, @*-<, 1$D#$>>*29, +91, +9T*$-=,
-<$, A2BD+#*>29, )+(C$>?, +91, -<$#$I2#$, ST<*O*-$1, -<$, 1*>2#1$#>,GI2Y2#9=,$-,+(.?,HSH7Z,bC-%(,$-,+(.?,H5H7I.
($+>-, 2D-*B+(, JCOA-*29*AL 2#-<2JJ, a, PCB+-*?, H5AWI?,

6)7%"9'

CH"$)"- | %$J),@"-K2: #)J$),*- ,

, _CHI#+9-V, _CH+1#+9-Q _CHI#+9-)\, _ C+1#49-R
I#$ | i75.H:, HW.6X i4H.W6 40.4: ,
125 | iH5.W5 iX.4, H:.46, 7115

?0&".,_C+1#+9-V3,,D47?,;:?7,,0?,;%?\0Z,_C+1#+9-,Q3,;DH?,;/?,;7?,;%? \7Z,_C+1#+9-,\3\0?,10?,P6?,1%7?,U4Z, _C+1REO\/?,
172,1%7?,PX?,UH.

10 1"/ "HS%S HO*+%. /%S - 0%(/1231466 #78--989: - 12*345.466758940.4.; |
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I"HSU&() H+ $- +(, BB H#()*+%, |

"#$%& &
<"P)"- =$"=%?*-@-AB%$"?2EIDF$),*-
: 0%, (*+,
<+1#+8-4,, i5.:=6 , i5.0:6 ,
[<+1#+8-,>,, i5.76>, i5.9=6,
;<+1#+8-,9,, i5.05: , wD.>4>
;<+1#+8-,0,, 5.>0:, ,,5.>=7?,

*%. ,@(-A2<BA,-A$,C<DESBEGI2ASC, H+((,1*-A*8,-A$,C-+-*C-*F+((J,82#K-+( #+SBSABNDIASS, +8+(J%$1, F+$B2#F+((J,L-AS,
28(J, P24 F#*-$#*28,+)+*(+D($,H2#, F2#1+8F$NO,-A$, K+E2#*-J,I1$#$, 1*CF2#1+8-0, 1*-A 8$B+-*)$, CF24#$C,+C,CA2I8,*8,Q+D($,>.,R8,
F28-#+C-0,*8,-A$,F28-#2(,B#2<PO,+(K2C-,+((,)+(<$C, I$#$,8$<-#+(,2#,P2C*-*)$O, +PP#I+FA*8B, % $#2.

(*+,)%" /%0,81%)2"03%& & K$+C<#SKSS-, T*B<#$,4N.,Q+D($,9, CA2IC,-A$, FA+8BS,

Q+D($, 6, P#SC$8-C, -A$, FA+8BS$C, *8, F2#1+8F$, CF2#$C *8, -A$, +)$#+BS@CF2#$C, H2#, $+FA, U<+1#+8-., @((,
PH#E +81, P2C-*8-$#)$8-*280, +C, I$((, +C, -A$, C-+-*C-*F+(, U<+1#+8-C, $VA*D*-$1, +, 82-*F$+D($, -#$81, -21+#1, -A$,
C*B8*H*F+8F$, 2H, -A$CS, FA+8B$C., S)$#-+((O, +8, *8F#$+08$+80, SVFSP-, H2#, :<+1#+8-, 00, IA*FAO, A2I$)$#0, I+C,
*8, F2#1+8F$, )+(<$C, 1+C, 2DC$#)$1, +F#2CC, +((, -AS$, F(2C$C-, -2, -A$, K$+8,*8, -A$, PHS$-#$+-K$8-, PA+CS,
FA+88$(C, F2KP+#$1, -2, -A$, PHS-#$+KS8-, LQ+D($,9N.

4567)%&S$">) | F-=0%2*$")*H" *-G+JJ"$", B"-=$" =%62*-K%$F),B"-LI6MI6H) W E-= 0)(#'?-L%M%H)M/

Difference (Post - Pre) Pvalues 0.200
75 i
. | A 0175
" s0 — ¢ 40 g
N \ e a (D 0150
SR T 25 32 " ) A - 20
T v 0125
[lo 2 R P 0
e / o 0.100 a
5 = _,71. 20, 0.075
-50 ey ) | 3 -40 0.050
_75 Ry ) .

0.000

ralue

Difference
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Cordance Magnitude
vi
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|
~
@
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]
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"HS%&)*#+ ,$-,+(,

I"HS%& " #()*+%, |

"#$%& &

;%<=)$+>%,-?2)*)@)>"-A*)*+>*+B>-),C-D,C+E+CH#)(-;%$C),B"-AB%$ " >BEP#1%6$<"C-0) (#">4-

, , o 0+, G o % o o5 g ) )- [+, ©, (1, b Py 12, 13-, 4-, 4-, )4-,
56789, J, 44 /<, 5.90, i45.55, i5.54, i: .<6, i5.;<, 4.6:, 4<.<4, i; .9<, ; .0=, = 9/ =6, 4.6/, 5.9=, 5=/, i5.==,
s A?, 66.0<, 04.4<, 4.0, 00.95, 4./9, 0; .5/, 4.6, 4.46, 6:.;5, 6/ .5, 64.95, 60,4, 0=.95, 4.4= a4l 4.9, 4.=;,
8#,%<=  K$"-L, i6; .=, i69.=5, i4.=4, i69.=5, i4.=<, 160.55, 4.=9, 4.</, 9<.;: , 9<.56, i66.5, i9:.5;, i0:.9=5 4./6 , i4.=:, i4.=;, 4.=9,

K$"-M 4., i4.54, i4.4;, i5.=4, i5.<4, i5.:4, 4.45, 5.66, 5.64, 5./0, i4.40, i5./1, i4.:4, 5.94, i4.5<, i4.99, 4.6;,

, K%>*-| ;0 .55, 9=, i4.6:, i1.9=, i4.6=, 64,/ , 4.6, ;.65, i <9, ;1 .69, i95.5<, {96./6, i69.;9, 4.5, i4.6:, 4.0<, 4.<9,

K%>*-M 5.95, 5.9<, i4.56, 5.=< i5.:<, 5.<0, 4.4=, 5.6=, i4.59, 5.=9, i5.:<, i5./9, i4.60, 5.4:, i5.</, 5.09, 4.=5,

>7=%J 3,>#27@,A$+8B? 3,C#27?@,D-+81+#1,1$)*+-*28B,13H ?EF$G-HD, @#$-#$+-A$8-,G2#1+8G3$, 1*#$G-,) MEBBEFREG-HD, @#$-#$+-A$8-, G2A¥BBHAB, 12D 3,D?EF$G-HD,

@2D--#$+-A$8-, G2#1+8G$, 1*#$G-,)+(?$BVRD2EF$G-HD, @2D--#$+A$8-, G2AEBHE. JKS,)+(?$D, 2E-+*8$1, L#2A -K$, GK+88$(D, A+#MS1,N*-K,0,1*1,82- L2((2N, +,82#A+(,
1*D-#*E?-*28B,+81,+,(2C+#*-KA*G,#+8DL2#A+-*28,N+D,+@ @ (*$1,-2,E2-K,-K$,CH#2?7@, 1+-+,+81,-K$,*81%)*12+(,D?EF$G-, 1 +-+.

&

"#$%L &

AR +>*+B)(%<=)$+>%,-9K$"G),C- K%>B%SC),B"0)(#">-N)>"C- %,-22-00P-A#@>)<=(">--

2"@@%$ T6A"@<%&B"C@D=8A%&)6%XE T6A"@<%&B"C@D=8A%&)1GHRE HDIIJ&E)786%F HG="=DGzD< $H"$8% %4"$8%&MN
P9& i9/.0/,Q;.=9R& i;<.;6,Q4.4;R& <.96& i;4.6<& .545& JO*0,&
P6& i66.95,Q4.=/R i..<,QlIIR & 9=.04& il.5< & .545& JO*0,&
P& i9=.04,Q;.4=R ;;.04,Q94./5R& 0<5; & i44.=/ & .545& JO**+&
S9& i9:.69,Q4.<6R i;<.09,Q4.99B 1.<5& i;4.65 & .545& JO*0,&
S6& 19/.<4,Q;.50R i;/.<5,Q<.5/R& 45.54& i=.=<& .545& JO*0,&
S: & i64.:/,Q4.56 R i;6.<5,Q46.6/R 4=/ & ii=l & .545& JO*0,&
S/ & ;<.0=,Q;0.<;R& 4:.64,Q99.59R i4;,.40 & 4= & 44, & A4l &
S@& i6;.49,Q4.60R 1.4:,Q9;.;5R & 05.95& i45.6<& .545& JO*0,&
S@& i6;.55,Q4.66 46.:=,099.4/R 0=.=& i44.5 & 5458 JO*0,&
S9%. i64.69,Q;.5;R i;<.59,Q4.66R 4,65 & <=l & .545& JO**+&
T4& /4.5;,Q=.;=R& =6.99,Q049.,=R i4=.=<& 0./<& .545& JO*0,&
T, & <5.49,Q4.64% <<.<:,05.;;R& <./6 & i6;.=5& .545& JO*0,&
19 & i9/./:,Q44..<R & 9<.9/,Q/.6<R 4,0 & i94.05& .545& JO*0,&
16 & 65.<0,Q:.5;R 06.9;,Q0=.94R 49.9=& ir.9; & .545& JO*0,&
196& <.=5,Q;;./6R & /9.0=,Q=.6<R 09./: & i4;.<4 & .545& JO**+&
J9& i6;.4;,Q4.69R <.<:,Q94.59R 0;5/ & i45.<0& .545& JO*2RK
J6& i99.:5,04..<R i94.56,Q49.=<® ==& i4.=& G4=& 34=58&
JO& i06.5<,Q;.;:R& i;;.,0,Q9<.==R& 94./6 & i0.5/ & .545& JO*+&
J=& :4.=0,Q9.=5R 49.<=,Q6=.=R i0:.=<& 1.<9& .545& JO**+&

>7=9820,U, |-+81+#1,V$)*+-*28W,V*LL.,U, I@BEW, XYQR+(?$,U =8+(?$,+1F?D-$1,?D*8C -K$, X$8F + AFBGKESHC, S+(D$, V*DG2)$#Z, [+-$,A$-K21W, *C8*L*G +a83:¢0%,\,.50.,JKS,
)+(?$D,N*-K, +,D*C8*L*Gag+(?$,K+)$, E$$8, K*CK (*CK-$1,*8,E2(1
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I"HSU&() H+ $- +(, BB H#()*+%, |

"H#S%HE' &' ( F+--$#9>, 2C, =@F2F$#C?>*29, +91, =@F2B$-+I12(*>B, *9,
\ =%, ($C-, CH#29-+(, #3G*29, +B29G, *91*)*1?2+(>, A*-=,
<9,-=*>>-21@,A$,+*B$1,-2,+9+(@%$%$,-=$, ?-*(*-@,2C,+,9$A,CCSH-*)$, 1*>2#1$#>, OP$IH=, $-, +(.K, 4QPRSS-,
DE, F+#+1*GB H2#1+9H&+>$1, DE 2 C2#, +(($)*+-*9G, +(.K, R556 W*1$I$H=K, R556 V+@I$#G, $-, +(., OR555K,
+9J*27>, +91, 1$F#$>>%)$, >@BF-2B>., D2-+I(@K, -2, -=$, R556)#SF2#-$1, 29, +, H2##$(29, 1$-A$$9, ($C-, C#29-+(,
1$>-,2C,272#,L92A(S1GSK, -=*> *> -=$, C*#>-,-*BS,-=&-,#$+( B$-+12(*H, +H-*)*-@, +91, 1$F#$>>*)$, >@BF-2B>K,
#*B$, H2#1+9HS$, H+H(H?(+-*29, =+>, 1$$9, *BF($B$9-$1,  >=2A*9G, -=+-, 92#B+(*%+-*29, 2C, +H-*)*-@, *9, -=$, ($C-,
+91,+FF(*$1,*DE.,, 12#>2(+-$#+(, FHSCH29-+(, H2#-$J, *>, >-#29G (@, +>>2H*+-$1,
, A*-= H(*O*H+(, #$B*>>*29., M=$*#, >-?1*$>, ?>*9G, F2>*-#29,
M2, *BF($B$9-, -=%, DE, F#2-2H2(, 1+>$1, 29, $B*>>*29,-2B2G#+F=@, O!I'MX, #$)$+($1,-=+-, *OH#S+>$>,
H29H2#1+9H$K, AS$, >$($H-$1, +, F+-*$9-, A*-=, +9J*$-@K *9, G(?H2>$, B$-+I2(*>B, +91, HS#SI#+(, 1(221, C(2A, *9,
B221, 1*>-?#1+9H$>K, +91,*9>2B9*+., M=*>, F+-*$9-, +(>2, -=$>$, #$G*29>, +#$, >*GO*C*H+9-(@, H2##$(+-$1, A*-=,
B$-, -=$, #3N?*#$B$9-, 2C, $I=*1*-*9G, ($C-, C#29-+(, #$1?H-*29>, *9, 1$F#$>>*29, >H2#$>K, +>, B$+>7#$1, |@,
1*>H2#1+9H$, OP$9H=, $-, +(.K, 4QQRS, T$?H=-$#K, U22[K+91+#1*%$1, *9>-#?B$9->, >?H=, +>, -=$, a+B*(-29,
V$9+K, $-, +(.K, 4QQ7S, W*1$I$H=K, R555X, +91, 1*1, 92-, $F#$>>*29, b+-*9G, \H+($, Oa+B*(-29K, 4Q05X., <9, -=*>,
$I=*1*-, +9@, 2-=$#, #$($)+9-, +I92#B+(*-*$>, *9, -=$*#, HIGH#LK22L, $-, +(., ORSSRIF2#-$1, -=+-, FHECH#29-+(,
N'Y, $IF#$>>$1, *9, ; &H2#3>., M=%, F+-*$9-, A+>, H2#1+9H$, B+@, >$#)$, +>, +, ?>$C?(, 1*2B+#L$#, C2#,
$)+(?+-31, F>@H=2B$-#*H+((@K, A*-=, #$>?(->, H29>*>-$9F#$1*H-*9G, -#$+-B$9-, #$>F29>$, *9, 1$F#$>1929L,,
A= B221, 1*>-?#1+9H$>K, +9J*$-@K, +91, *9>2B9*+., $-, +(.,, ORS5RX>$#)$1, -=+-, H=+9G$>, *9, FHSCH29-+(,
Z11%*29+((@K, +>, F#$)*27>(@, B$9-*29$1K, -=$, F+-*$9- H2#1+9H$, F#SHS1$1, H(*9*H+(, *BF#2)$B$9-, *9, F+-*$9->,
?91$#A$9-,9$7#2BS-#*H, +>>$>>BFO-K, A=*H=#$)$+($1, A*=, 1$F#$>>*29, -#$+-$1, A*= F>@H=2-#2F*H,
92, >*G9*C*H+9-, C*91*9G>, *9, -=$, H2BB29(@, B$+>?#$1 B$1*H+-*29>., c?#, +FF#2+H=K, H2BF+#$1, -2, -=$*#>K,
N'Y, F+#+B$-$#>., U2#1+9H$, A+> H+(H?(+-$1, C2#,-=3, 1*CC$#>, *9, -=+-, A$, $BF(2@%1, DE, -2, 1*#$H-(@, B21*C@,
F+-*$9-[>,"Y,+91,1*)*1$1,1@,N?+1#+9->., M=$, F+-*$9-, H2#1+9HS$K, #+-=$#, -=+9, B$H$(@, 2I>$#)*9G, *-, +>, +,
$I=**-$1, B+#LS$1, 1*>H2#1+9H$, O(2A, H29H2#1+9H$X, *9, F+>>*)$, |*2B+#L$H,
-=$, ($C-, +9-$#*2#, N?+1#+9-., Z, DE, F#2-2H2(, A+>, ,
1$>*G9$1, -2, #$*9C2#HS$, -=$, F+-*$9-, $)$#@, -*B$, b$G+#1*9G, -=$, 9?BI$#, 2C, >$>>*29>, #EN?*#$1, C2#,
H2#1+9HS$, *9H#S+>$1. \$)$9,>$>>*29>, 2C,-=*> F#2-2H2(, *BF#2)$B$9-, -2, +FF$+#K, 2?#, #$>?(->, +(*G9, A*-=,-=2>$,
AS#S, +FF(*$1K, +91, *-, A+>, C2?91, -=+-, -=$#$, A+>, +, =*G=(*G=-$1, |@, P+L$#, OR5R:XK, A=2, +FF(*$1, F+>>*)$,
G$OS#+(, *H#$+>$, *9, H2#1+9HSK, #$>?(-*9G, *9, +X9CH#+#$1, =$B2$9HSF=+(2G#+F=@, OF<b, a'YX, -2, +,
>-+-*>FH+((@, >*G9*C*H+9-, H=+9G$, +H#2>>, +((, #$G*29BF($, 2C, *91*)*1?2+(>, A*-=,B$9-+(, =$+(-=, H291*-*29>K,,
SIHSF-, C2#, -=$, #*G=-, C#29-2-$BF2#+(, #3G*29K, A=*HE#*B+#*(@, $B2-*29+(, +91, +9J&E@-$1, *>>?$>K,
+#H$H1@, $I=*1*-$1, F2>*-*)$, H29H2#1+9HS$, 1?2#*9G, -=$, C*91*9G, F2>*-*)$, #$>?(->, +#2791,-=$, C*C-=,>$>>*29., M=$,
F#$-#$+-B$9-, F=+>$., M=*> H=+9G$,A+> +HH2BF+9*$1, F<b,a'Y #$C($H->,291$#(@*9G,H$#SI#+(,1(221,C(2A,+91,
1@, +, >*G9*C*H+9-, >=*C-, *9, -=$, 1$>*#$1, I*#$H-*29, *9, -=B$-+I12(*H, +H-*)*-@, OU+#B$IK, 7B55U21$9, *,
F>@H=2B$-#*H, )+ +|($>K, A*-=, *BF#2)$B$9->, *9, !+12(>L@K, R5X, +91, C2H?>$>, 29, $9=+9H*9G,
1SF#$>>*29, OCH#H2BH="$)*", -2, <+(=XK, +91*$-@, OC#2B, FH#HSCH29-+(, H2#-$J, C?9H-*29, -=#2?G=, 929*9)+>*)$, DEK,
<%="$)*",-2,<+(=X,+91,*9>2B9*+, O#$1?H$1,-2,=+(C,2C, B$+>?#*9G, H=+9G$>, *9, -=$#B+(, +H-*)*-@, +>, +,
-=$,*9*-*+(,>H2Z¥]|B$% &£3$9*-2,$-, +(.K,R544S,T212,$-, I@F#21?H-, 2C, H$#$1#+(, 1(221, C(2A., P2-=, -$H=9*N?$>K,
+(.K,R55RS \+9%,", Y +#@N$#+K,R54:X. F<b, a'v, +91, H2#1+9H$K, +>>$>>, [#+*9, C?9H-*29, I?-,
, +FF#2+H=, -=$, +9+(@>*>, C#2B, 1*CC$#3$9-, +9G($>.,
U2#1+9H$, =+>,1$$9,>=2A09, -2, H2##S$(+-$, >*G9*C*H+9-(@ U2#1+9HS$, 92-, 29(@, 2CC$#>, +, B2#$, 1$-+*($1,
A=, HS#SI#+(, FS#C?>*29, +91, BS-+I12(*>B., <9, =*>, CH#HIN?$IRE$L, )*$A, 2C, I#+*9, +H-*)*-@, 1?-, +(>2,
>$B*9+(, >-?1@K, T$?H=-$#, $-, +(., 04QQQX, 1$B29>-#+-$1F#2)*1$>, GHS+-$#, )$t>+-*(*-@, *9, -$#B>, 2C, -=$, #$G*29>,
-=+-, H2#1+9H$, ) +(?$>K, F+#-*H?(+1#(@, *9, C#29-+(, #$G*296K], >-#?H-2#$>, -=+-, H+9, I$, $)+(?+-$1.,<9, +9@, H+>$K,
ASHS, =*G=(@, H2##S(+-$1, A*-=, #$G*29+(, H$#SI#+(, 1(221,-=$, 9?BI$#, 2C, >$>>*29>, +FF$+#>, >*GI*C*H+9-(@, (2A$#,
C(2A, B$+>?7#%1, 1@, \'UM., M=*>, >?GG$>->, -=+-, -=+9, -=8, -@F*H+(, 9?BI$#, #$F2#-$1, *9, -=$, >H*$9-*C*H,
H2#1+9H$, B+@, >$#)3$, +>, +, 929*9)+>")$, (*-$#+-2#$, ?7>*9G, H29)$9-*29+(, +BF(*-?1$, DE,
$(SH-#2F=@>*2(2G*H+(, F#2J@, C2#, +>>$>>*9G, B$-+12(PH+BB291K, R556S, V+#%I+9*, $-, +(.K, R540X, 2#, 2-=$#,
+H-*)*-@, *9, -=$, I#+*9K, F#2)*1*9G, +, )+(?+($, -22(, C2#, B21+(*-*$>,>?2H=, +>, >(2A, H2#-*H+(, F2-$9-*+(>, O\*-+#+B,
9$?#2F>@H=*+-#*H #$>$+#H=,+91 H(*9*H+(,B29*-2#*9G. $-,+(.K,R54;X.

<9,-=*> #$G+H#1K, 2?2#, #$>2(->, >?GGSDEH+>$1, 29, M=*> >-21@, FH#$>$9->, (*B*-+-*29>, -=+-, B?>-, I3,
H2#1+9HS$, B+@, I, +9, SCCIH-*)$, *9-$#)$9-*29, C2#, H29>*1$#$1, A=$9, *O-$#F#$-*9G, *->, #$>7?(->., EX#>-K, +>, *-,
F+-*$9->, A*-= B221, +91, +9J*$-@, 1*>2#1$#>, +91, +#$5, $BF@>,+,>*9G&$+>$,1$>*GIK,-=$,G$I$#+(*%+I*(*-@,2C,
H20>*>-$9-, A*-=, F#$)*2?7>, #$>$+#H=, *1$9-*C@*9G=$, C*91*9G>, -2, +, H2+1$#, F2F2(+-*29, *>, (*B*-$1., <9,
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"HS%&\)*#+ ,$-,+(,
|

+11*-*29;, -<$, #$1=>3%1, 9="@%#, 2A, B$BB*29B;, ?+C,
#EB-#*>-<$, (290&$#?, SAA*>+>C, 2A, -<$, *9-$#)$9-*29
E<$9, >2?2F+#3$1, E*-<, >29)$9-*29+(, +?F(*-=1&2D+B$1,
GH F#2-2>2(B I<$#3A2#$;, A=-=#$, #$BS+#><,
#$>277$91%1, -2, *9>(=1$, (+#D$#, B+?F($B;, A2@2E
+BB$BB?$9; +91, +, >2?F+#*B29, *9-$#)$9-*29, -2,

*B,

BB H#()*+%, | !

%DuDU ( &WBIDX & .DUDNDUG 6
QS554T., W+?2+;, +(F<+;, 1$(-+;, +91, -<$-+, 2B>*((+-*29B, D2)$#9,
>2D9*-*)$, F#2>$BB$B., N,*'$,)*+%,)(- ;%#$,)(- %<-
=>?@A%LA?>+%(BTRBXT;, S74457/. ,<--FB38812*.2#D845.454",
8B54"@0"N5Q55T5547& '

Y+BB$--;, V., [.;, \, [F2#9B;, K., QS540T., G$-E2#L, 9$=#2B>*$9>$.,
N*#$"-1"#$%>@+",@"B-98:T;,:6: 7., <--FB38812*.2#D845.45/,
899.765S

>29A*#7?, +91, $JF+91, -<$B$, FH#S(*?7*9+#C, A*91*9DB, +91, vig2B: M., R.;,\, [><2AAS(S9;, 6R., QS5INT., M=-24%+(, #3)"$E, 2A,

-2, $J+7%93, -<$*#, (29R$#?, ?+*9-$9+9>%., K=#, 1+-+,

+9+(CB*B, E+B, @+B$1, 29, B-+-*B-*>+(, ><+9D$B;, E<*><,

A=9>-*29+(, >299$>-9*C, +9+(CB*B, ?$-<21B, +91, -<$*#
*Q-SHFH#S-+-*20+(, F*BAIEY, +"$>-+,-P2>"Q>-I"#$%>@ +!,@"

2*D<-, A+*(, -2, +FF#+*B$, >(*9*>+((C, 2$+9*9DA=(, >< +9D$BY$>M#-*>($,406<--FB38812*.2#D845.::/]8AQBCB.8546.55406

A2#,B?+(($#, SAAS>-, B*%$B, -<+9,-<$, 29%, #SF2#-$1,*9, -<$,
F#SB$9-, E2#L., M11*-*29+(, #$BS+#><, =B*9D, ?2#$,
B2F<*B-*>+-$1, B-+-*B-*>+(, ?$-<21B, -<+9, -<$, NOP,

QR>M($+)$C;,S5S7T,*B,9$$1$1.,

i<$, F#$B$9-, E2#L, *9-#21=>$B, +9, *992)+-*)&GH,
F+#+1*D?, @+B%$1, 29, #8+0$, >2#1+9>$, >+(>=(+-*29

| 2,2=#,L92E($1D$-<*B*B,-<$, A*#B-,+FF(*>+-*29,2A,-<*B
?$-<212(2DC.,I<$,#$B=(-B,2@-+*9%$1,B=DD$B-,-<+-,-<*B,
-$><9*U=$, >+9, SAAS>-*)$(C, ?221=(+-$, @#+*9, +>-*)*-C;,

E<*><,*B,+BB2>*+-$1,E*-<,*?F#2)$7$9-B,*9,BC?F-2?B,

2A, +9J*$-C, +91, 1$F#$BB*29., V$BF*-$, -<$, *9<$#$9-,

(x?*-+-*29B,2A,-<$,B*0B(EB$, 1$B*DY;,-<*B,>29-#*@=-*29,

2F$9B, 9$E, F$H#BF$>-+)$B,A2#,-<$,>(*0*>+(,+FF(*>+-+29, 2A,
-<*B, -CF$, 26H, +91, (+CB, -<$, D#2=91E2#L, A2#, A=-=#$,

*9)$B-*D+-*29B.

"H$%&'()*+,%*"&-
I<$, +=-<2#B, 1$>(+#$, -<+-, -<$C, <+)$, 92-, =B$1, MP,
1=#*9D,-<$,E#*-*9D,2A,-<*B,F+F$#.

A-&-0+-*

M1+?>%CL;,R.;, W+%$+;,R.;, X2(E$@$#;,Y.;, Z2(B@2%#;,H.;, VH#SB($#;,

R.;, [-$*D$#;, M.;, \, +E(2EBL*;, R., QS546T., 02#1+9>$, 1$#*)$1,
A#2? N'R,B($$F,"W,+B,+, @*2?7+#L$#, A2#,-#$+-2$9-, #$BF29BS$,
*9, 1$F#$BB*294 M 9+-=#+(*B-*>, B-=1C, +A-$#, +9-*1$F#$BB+9-,
2$1*>+-429. %648, )(- %<- =>?@A+)$+@- &">")$@AB- 857.,
<--FB38812*.2#D845.454"8_._ FBC><*#$B.S546.5S.550

M#9B;, R.;, 15, N*11$#;, [;, [#5<(, ".;, Y#S-$($#;, R.;,\, 02$9%$9;, M.,

QS55]T., 'AA*>+>C, 2A, 9$=#2A$$1@+>L, -#$+-7$9-, *9, MVZV3, I<$,

$AAS>-B, 29, *9+--$9-*29;, *?F=(B*)*-C, +91, <CF$#+>-*)*-C38M, ?$-+
+9+(CB*BG(+,+@)(- DDE- ),F- I"#$%>@+",@"BQGS, 4/5#4/].,
<--FB38812*.2#D845.44008466556]75]57555,;44

Y+@%*(29%;, O.;, Y(*92EBL+;, a.;, Y29+99%;, b.;, O*><2>L*;, M.;, V$, Z++9;,
X.;, VE(,1$#>*2;, 0.;, V=@2*B;,Y.;,'B>=1$#2;, c.;, H$#9d91$%;, M.;,
H#*B29*%;,W.;,W=9-$L*9;,Y.;,Z+_2B;,R.;,Z+?F$(;,Z.;, PAS+><2#,,".;,
a*(@2#9;,a.;,a=?+#;,[.;,c2<9B$9;,a.;,c2<+99BB29;,R.;,c$29D;,

5DQGDOO )

- «

+91, 1$F#$BB*295>? @A%*A"$)L?- ), F- =>?@A%>%Q)*+ @8- 6J

S5S14544. <--FB38812*.2#D845.446]8555S47774

Y$>L;, M., L;, [-$$#;, N., M.;, \, Y#2E9;, W., a., Q4]]"T., RSNNNB- R"@U-
S"L$">>+%,-N,V" *%$?5-W) #)BC><2(2D*>+(,02#F 24-+-%29.

Y$9><;, O., c.;, H#*B-29;, a., c.;, Y#2E9;, N., W.;, [>2--;, b., O.;,

H#+>L2E*+L;,N.,[.,c.;,\, V2(+9;,N.,C., Q4]|ST., I<$, +9+-22C, 2A,

2$(+9><2(*+, £ H2>+(, +@92#2+(*-*$B, 2A, >$#$@#+(, @ (221, A(2E, *9,

2+ _2#, 1$F#$BB*2%>? @A%(%'+@)(- W'F+@+QB 9950446,

<--FB38812*.2#D845.45408[55::S]40555:/5"

'Y(+91;, ¢, R\, M(-2+9;, V., W., QA4]]T., [-+-*B-*>B, 92-$B3,

1#+9BA2#7?*9D, 1+-+RW;B-21905::T;,005405.,<--FB38812*.2#D,
845.44:"8@7?_.:4S.05::.005,

Y(=?;, [, c+>2@B$9;, G., [., c.;, Y($*><9%#;, R., W.;, \, V$@$9%#;, [,

QS54]T., M, N*$?+99*+9221*A*>+-*29, 2A, +#-*A+>-, B=@BF+>$,

#$>29B-#=>-*282#, "W, +#-*A+>-, <+91(*9D$%,*+"$>- +,- X#Q),-

"#$%>@+",@"B- 12 M#-*>($,474., <--FB38812*.2#D845.::/],

8A9<=?.554].55474

Y#2+1E+C;,c.,R.;,Z2(-%<$*?$#;,..,".;,. Z*(*?*#$;,R.,N.;,|+#LB;,G.,M.;,
V$gC(1$#;, c., .;, R+C@$#D;, Z., [.;,\, O2#@+((*B;, ., R., QS54ST.,,
H#29-+(,-<$-+, >2#1+9>$, F#$1*>-B&L29-<, +9-*1$F#$BB+9-,
#$BF29B$, -2, B=@>+((2B+(, >*9D=(+-$, 1$$F, @#+*9, B-*?=(+-*29, A2#,
H#$+-2$9-#$B*B-+9-,  1$F#$@B3, M, F*2-, B-=1C
I"#$%L>? @A%LA)$Q) @%(% 208, 40" 2400S. <--FB38812*. 24D,
845.45:/89FF.S54S.S,

O+#72$9;, c., M., QS5BT ., 1+BB*)$, *9A#+#$1 $22$9>$F<+(2D#+F<C3,
H2=#C$+#B,+91,455,2*D#+*9$B0o#$,) (-%o<-I"#$%*A"$)L72BQ:T;,
S: #64.,<--FB38812*.2#D845.4:558¢c4/7)5/95:h5:

O+##2@(SBB+@3$C., M., QS54°T., Y*289$=#2A3$$1 @€Y, +@)- ?-
P)(#FB 96Q:T;, 4S64:4., <--FB38812*.2#D845.454",
8_.>(CB+.S54/.5].55:

O<*+#$9%+;,W.,M.,QS5S4T.,i=+9-*-+-*)$, "W, 38*(1<221, +--$9-*29,
1$A*>*-, <CF$#+>-*)*-C, 1*B2#1$#, +91, ($+#9*9D, 1*B-a@+(F@HB
DDE- ),F- "#$%>@+",@"B- KIST;, 47#66., <--FB38812*.2#D,
845.44008466556]7S5]"S:7: ,

02@%$9;, N.;, \, +12(BLC;, P., QSB5., POA#+#$12+D*9D, +91,
9$=#2A$$1@+>L3, PI*-*+(, #B(*+@*(*-C, +91, )HH#PIC %o<-
"#$%*A"$)L?B 11Q:T;, H, <--FB38812*.2#D845.45/5,
845/07S55/5S4S455,

02<$9;,R.,f., QSBATT.)(?Z+,- ,"#$)(- *+Q"- >"$+">- F)*)5- [A"%$?-
),F-L$)@*+@'<$,RPI,1#$BB., <--FB38812*.2#D845.06648?*-F#$BB,
8]"5].554.5554 ,

O2((=#+;, |., QS54ST., Y#+*OM)+-+#3, P9-$D#@%1*9, *?+D*9D;,
9$=#2A$$1@+>L;, +91, #BABH#$9>$, 1+-+@+B$,-$?BCB

:KDW HOHFWURSK\V LRGN, & HOPAQMEY.4 £/,

DERXW $0O]KHLPHUYY GLVHDVH $ ZLQGRZ LQ2R,RyMH\virF&1 RQH. | QAT R[Q9+F-*>, 1CBA=9>-*29, *9,

+91,>299%>-*)*-C, 2A, @#+*9, 9$=#PEBYH+%(%'?-%<-1'+,BK;,
6/ #:., <--FB38812*.2#D845.454"8 .9%$=#2@*2(+D*9D.S54].5].55/
Y+L$#;, O., I, QS5S:T., V2>=7$9-*9D, -<$, $AAS>-B, 2A, 929*9)+B*)$,
F#SA#29-+(, FPN, Z'W, 9$=#2A$31@+>L, *9, -<$, -#$+-2$9-, 2A,
>2?729, ?$9-+(, <$+(-<, F#2@($7?B.,"#$%&"#()*+%,B, 18Q:T;,
S50154/., <--FB38812*.2#D845.46675894#.45.;.S50
Y+L<B<+C$B<;,M.,N.;,Ze9B><;,[.;, XCB><L29;, M.;, N$%+*;,R., C.;,\,
'‘BB$#;, W., QS544T., G$=#2A$$1@+>L, *9, MVZV3, M, &0D($
#+912?2*%$1, >29-#2(($1, -#*BH#$%L"),- CA+(F- M- IF%(">@" *-
=>?@A+)*$EBQIT;, 7/44]4., <--FB38812*.2#D845.45508B550/0
544&S5/ &

10 1.1, "HS%S HO*+%, %S -

0%(/1231466 78-989: -

$O]KHLPHUYfVY GLVHDVH &OLQLFDO DVVHVVPH!

"W.,  RUAVH%HS)(- R$)+-  &">")$S@ABBIQAT;, 465,
<--FB38812*.2#D845.454"8BA3YQ]6T55S47&,

022L;,P.,M.;,b$=><-$#;,M.,H.; R2#D+9;,R.; X*--$;,".; [ =@ @$?+9;,X.,
H.;, M@#+?B;, R.;, N2B$9@$#D;, [.;, +91, *_-1$<++D$;, [., Z., C
QS55ST'+#(C, ><+9D$B, *9, F#SAH29-+(, +>-*)*-C, ><+#+>-$#*%$,
>(*9*>+(, #$BF291$#B, -2, +9-*1$F#$BB+9-B.,
"#$%L>?@A%LA)$Q) @ % (%' ?7B4964S5 #:4. , <--FB38812*.2#D,
845.45478[5/]: &::fQ5ST55S]7 &"

V$1$;, M., ¢, K.;, %+2;, X.;, g+>*;, G.;, 02<$9;, R., f.;,\, R*(9%;, .,
QS5S:T., b+>L, 2A, =9%)+#++-$;, >(*ORS(P+0-, @*27+#LSHB, 2A,

12*345.46675894: .4.00!
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I"HSU&() H+ $- +(, BB H#()*+%, | !

+;-¥<=, *8, #$<-*8>, <-+-$, "?2, @, <-;,0A, 1B, ::C, D+#-*E*D+8-<., G:3#99CS., (<$)*$#., F--D<27701*.1#>734.343C,
"<&=+> . |F--D<27701*.1#>734.33437G4G9.45.G3.G9GH4944 7U<.+EE.G4G4.4/.446

1#$)$-<J K.,L.J,#ESI,M.,N.J,O,P;#3AJ,Q.,N.,RG44/S. T#+*8 <-#,E-#+(, 1;8-$#J, @., Q.J, N$;EF-$#J, @., P.J, Q1#>+8J,Q.,N.J, O, L11Z7J, V., @.,
+80, B;8E-*18+(, +U81#=+(*-*$<, *8, =110, 0*<1#0%$#<2, V=D(*E+-*18<, RG44CS., LF+8>%<, *8J)#+*8, B;8E-*18, RI;+8+¥)$, "?,

B1l#, 8$;#1E*#E;*-#A, =10%(<, 1B, 0$D#$<24B:,- @*$#A*#$"- B- E1#6-8E$);#*8>, D(+E$U1, ($-88, +80, -#$+-=$8-, 1,-E1=$<,*8,
C#,A*+%,012R3HGSJ, HB3/ ., F--D<27701*.1#>734.344:7<446GH E(*8*E+(, -#*+(<, B1#, =+_1#, O$D#SXHIE; "$+A),- O%#$,) (- YoN-
44/ &3/H & EFGAH+)*$GD- R/8J, 36G869G., F--D<27701*.1#>734.33.C,

#>:9%$(J, X, X.IY%$Z$<J, [.J, ?;(-$2*8J, [.J, X+#F+8J,\.J, [*%(*, [+ A+#J, 7+_D.G44C.3C9./.36GC
?2.J, 0, T+A#+=], @., RG435S., \$;#8G-"1#Z, U+<$0, #$<D18<$, 1:8-%#J, @., Q.J, \>F*$=J, X., m.J, L11Z], V., @.J, c#+8-%J, I, 'J,
DH#$0*E-*18B, #XQ[,*8=+_1#,0$D#$<<*)$,0*<1#0$#,;<*B2, Q*8%$8US#>J, Q., M.J, O, N$;EF-$#J, @., P., RG43/S., LF+8>$, *8,
E1#8+8E$., EFGAH+)*$G- | >"F*+)*+%,D- R3R, CRBS, I; +8-*-+-%)$,"?, -F$-+, E1#0+8ES$, +<, +, D1-$8-*+(, D#$0*E-1#, 1B,
F--D<27701*.1#>734.694C7D*.G435.3G.3.C3 #$D$-*-*)$,-#+8<E#+8*+(,=+>8%-*E,<-*=;(+-*18,E(*8*E+(,1;-E1=%,*8,

P+*=+8J,V.J,[D+#Z<J,a.J,K*8<-18J,M.,[.J, T#;88F;U$#J,P.J,L*;(*8*J \.J, =+_1#, 0$DH$<<)$, OBk J(+,+A) (- WWY- ), <- I"#$%FA+" A'D
b1;8>J,@.,].J,0,[F1-U1(-J,!.,RG4AGIS.,N*=*-$0, E(*8*E+(,)+(*0*-A, 1B, Z7R5SJ,94835. F--D<27701*.1#>734.33::7355445H63::6 CG3G
;8%)+*+-$, #P<-*88-+-$, "?, =HHZ$H<, B1#, E(+<<*BA*8>, <$*%;#3, M+E1U<18J, \., [.J, O, X#;+WJ, !., R3HH3S., L(*8*E+(, <*>8*B*E+8E$2, @,
0*<1#0$#<.2$)+,- J%;;#,+A)*+%,FD, KRCSI@#-*E($BE+0994., <-+-*<-*E+(, +DD#1+EF, -1, 0$B*8*8>, =$+8*8>B;(, EF+8>$, *8,
F--D<27701*.1#>734.34H97U#+*8E1==<7BE+0994 D<AEF1-F$#+DA, #$<$+H#BBo#S$,)(- %N- J%,F#(*+,'- ),<- J(+,+A)(-

P#*<-18J, c., RG44HS., L+;<#10$((*8>, +80, U#+*8, E1883E-*)*-A, *8, EFGAH%(%'GD-RB3J, 38H., F--D<27701*.1#>734.349:744GG
B;8E-*18+(, =+>8%$-*E, #$<18+8E$, *=+>*FBL % @- ?+% (% EHESJ, 44Cm.5H.3.3G
@#-*E($, $3444499., F--D<27701*.1#>734.39:3, c+DD$8=+8J,",,[.J,0,N;EZJ,[.,M.,RG434S., XF$,$BBS$E-<, 1B, $($E-#10$,
7_1;#8+(.DU*1.3444499 *=D$0+8E$,18,0+-+,I;+(*-A,+80, <-+-*<-*E+(,<*>8*B*E+8E$,*8, 'al,

?2+%%+8*>+J, Q., [., RG444S., L$#IU#+(, <D$E*+(*%+-*18, +80, #PE1#0*8>EFGAHYRHGF+%(Y0RESY 6/ #H46. F--D<27701*.1#>,
*8-$#F$=*<DF$#*E, E1==;8*E+-*182, I113<, -F$, E1#D;<, E+((1<;=, 734.33337_.36@H/C.G434.4344H.W
$8+U($, -F$, F;=+8, E180*-*18d,?$)+,D 192R:SJ, 3GH89GC,, CHA*#+8],[.J,1;#<;8J,"3,'#=;-(;I\.J,I;#<;8I\.J,0,c+#+=n#<$(  J,[.,
F--D<27701*.1#>734.34H97U#+*873G9,:.3GH9 RG44:S.,\$;#1B$S0U+EZ, *8, B*U#1=A+(>*+, <ABOHQSH5- Q'$+-

?2e=3$%&$8*-1J, M.J, a;*%J, L.J, O, ?;*($#+J, ?., RG433S., @, [D+8*<F, $OJRORML 'HUQHJILYQLQ <D\LQ 2uUJDQLGLU
)$#<*18, 1B, -F$@F$8<, *8<1=8*+, <E+($.M#)(+*G- %N- L+N™ X#$T+FH-@%A+"*G-%N-Q( %RAGLEED. ,

&"F")$AHD- 9&CSJ, HI9:., F--D<27701*.1#>734.344:7<3&39C c$80+((J, !., L.J,]1((183, [., 1.3, T$EZJ, @., X.J, ]+==%$8J, L., N.J, O,
434&/G: &Y V8>#+=J,a.,".,R3H/:S.,V<<;$<,+80 #SE1==$80+-*18<,#$>+#0*8>,

?#+=B1#-J, @.J, N;$<<*J, Q.J, N+#<18J, 'J, '8>$=+88J, |., @.J, <$,1B,-F$, TSEZ,I$D#$<<*18,V8)$8-14R4',+*+>"-XH"$)RG-),<-
[-#1F=$*$#J, 1.J, TH1I0USEZJ, L.J, ?1_J, a.J, M+<J, Q.J, T#11Z<J, X.J, &"F)$AHD  11R9SJ, GABHH., F--D<27701*.1#>734.344:,
1+#2718%$8J,N.J,0,]=f(f*8$8J,Q.,RG439S.,Q'?,+80,"?,0+-+, 7TP433/CG/4,
+8+(A<*<, MF, Q\' 8A-F18., C$%,*+"$F- +,- I"#3%FA+" A"D; 6 cl-F$J, L., @.J,0, M;8>J], &, RG43CSQ$*+N)A*- $",%>)(- *"AH,+[#"F-
@#-*E($,GE;D<27701*.1#>734.99/H7B8*8<.G439. 44GC: AFH-F+,)(-$"A%, F*$#A*+RI+-$8-,\1.,g[G43C43395/: @3S .,

?#*==], [.J, TSEZJ, M.J, [EF;$DU~+EFJ, 1.3, ]$((J, I.J, T1$<*>$#J, 1.J, NS$;EF-$#), @., B.g*_-0$F++>%J, [, ].J,L11Z], V., @.J, Yo]+#+J, a.J, O,
T$#=D1F(J,P.J,\*$F+,<J,N.J, T1$Z$#J,].J,0,\1#-F1BBJ, ?.,RG44/S., Q+80$(Z$#8J, QR3HHHS., a$(+-*18<F*D, US-"$$8, Ut+*8, $(SE-H*E+(,
V=U+(+8E$, U$-"$$8,($B-, +80, #*>F-, 01#<1(+-$#+(, DHSBH#18-+(, +E-*)*-A, +80, E1#-*E+(, D$#B;<*18, *8, 81#=+(, <;U_EFEGAH+)*$G-
E1#-$W, *8, =+ _1#, 0$D#$<<*18, *<, (*8Z$0, -1, 8$>+-*)$, $=1-*18+(, &"F")$AH5- "#$%+;)'+'D- 78 RGSJ, 3GH4., F--D<27701*.1#>,
_;0>=$8-2,@8,BQa¥/;0A,*8,<$)$#$,=+_1#,05D#$<<*)HAH0$H., 734.343C7[4HG®HG:RHHS 44448
?+%(%'+A)(-EFGAH+)*$BEBR9CGBIC., F--D<27701*.1#>734.343C, NS$;EF-$#), @.,P.J,L112J,V.,@.J,N;BZ*8],a.,T.J3,1;8Z*8J,M.J,\$"-18J, X.,
7_.U*1D<AEF.G44:.45.499 P.J,L;==*8><J,M.,N.J, Q+EZ$AJ, M., c.J, O, K+(-$#J,1.,Y.,R3HHES.,

]+=*(-18J,Q.,R3H5HSXF$, +<<$<<=$8-,1B, +8W*$-A, <-+-$<,UA, #+-*8> L1#0+8E$2, @8%", =$-F10, Bl#, +<<$<<=$8-, 1B, E$#IU#+(,
2$+*+FH- O%#$,)(- %N- P'<+A)(- EFGAH%(RISD; 3865., D$#B;<*18,  +80,  =$-+Ul(*<=,  ;<*8>,  [+8-*+%)$,
F--D<27701*.1#>734.33337_&98863H5H.-U446C:.\\W S(PE-#1$BESDF+(1>#+BF 1"#$%I;)" J, 1R9SJ, GA4G3H,,

]+=*(-18J, Q., R3HCA4S., @+-*8>, <E+($, B1#, 0$D#$<<OBo#3,)(- %N- F--D<27701*1#>734.344C78*=> 3HH6l344C
1"#3$%(%'GD- !"#$%F#$"$G- B- EFGAH+)*$GR3SJ, 5€G., NS$;EF-$#J,@.,P.J,L112J,V.,@.J,Q%$8+J,V.J,1;8Z2*8J,M.,M.J,L;==*8><J,M.,
F--D<27701*.1#>734.339C7_88D.G9.3.5C N.J,\$7-18J,X.,P.J,Q*>8%E1J,Y.J,N;BZ*8J,a., T.J,K+(-$#J,1.,Y.J,0,

+==%$#J,T.,9.J,L1(U$#-J, @.,!.J, T#1"8J,c.,@.J,0,V(*1*J,".,L.,RG433S,, N+EF$8U#;EFJ,!., @.,R3HHES., @<<$<<=$8-, 1B, E$#SU#+(,D$#B;<*18,
\$;#1B$S0U+EZ, B1#, *8<1=8*+2, @, D*(1-, <-;0ASER#8$, [Qa, ;<*8>, [+8-*-+-%)$, "?, E1#0+8ES$., EFGAH+)*$G- &'F")$AHS5-
+80, *80*)*0;+(*%$0, D#1-1E1QRR(+"<- EFGAH%RHGF+%(%'G- ),<- 1"#$%+;)'+,'D- KK R9SJ, 3685G.,F--D<27701*.1#>734.343C7&HG5
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