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Paper 4 Tables and Figures 

Table 4.1. Descriptive Characteristics for tDCS Studies on Aggressive Behavior 
Study Samplea  

(% Male) 
Age in 
years 
(SD) 

Montage groups Current 
Strength 

and 
Duration 

Electrode 
size 

(Anode/ 
Cathode) 

Aggression 
Measure 

Sex Diff. 
Analyzed? 

Effect 
Size 

(Cohen’s 
db)  

Findings 

Hortensius 
et al. 
(2012)          

60 
university 
students 
(50) 

Not 
reported 

• Anodal lDLPFC/ 
Cathodal 
rDLPFC 

• Anodal rDLPFC/ 
Cathodal 
lDLPFC 

• Sham 

2 mA,  
15 min 

35 cm2 / 
35 cm2 

TAP  No 1.02 Anodal stimulation 
of lDLPFC 
increased aggression 
compared to anodal 
stimulation of 
rDLPFC or sham 

Riva et al. 
(2015) 

80 
university 
students 
(21)  

23.06 
(4.36) 

• Anodal rVLPFC/ 
Cathodal left 
supraorbital 

• Sham 

1.5 mA, 
20 min 

25 cm2 / 
35 cm2 

Hot Sauce 
Paradigm 

No -0.35 Anodal stimulation 
of rVLPFC 
exhibited less 
aggression after 
social exclusion 
compared to sham 

Dambacher 
et al. 
(2015a) 

64 
volunteers  
(61) 

21.89 
(3.26) 

• Anodal lIFG/ 
Cathodal rIFG 

• Anodal rIFG/ 
Cathodal lIFG 

• Sham 

1.5 mA, 
20 min 

35 cm2 / 
35 cm2 

TAP Yes -0.12 Null effects on total, 
proactive, or 
reactive aggression 
after stimulation of 
IFG 

Dambacher 
et al. 
(2015b) 

43 
university 
students  
(47) 

22.14 
(2.00) 

• Anodal rDLPFC/ 
Cathodal left 
supraorbital 

• Sham 

2 mA, 
12.5 min 

35 cm2 / 
35 cm2 

TAP Yes -0.13 Anodal stimulation 
of rDLPFC reduced 
only proactive 
aggression and only 
in men 
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Riva et al. 
(2017) 

79 
university 
students 
(52) 

21.73 
(2.38) 

• Anodal rVLPFC/ 
Cathodal left 
supraorbital 

• Sham 

1.5 mA, 
20 min 

25 cm2 / 
50 cm2 

TAP No N/A Anodal stimulation 
of rVLPFC reduced 
only proactive 
aggression and only 
for violent 
videogame players 

Choy et al. 
(2018) 

81 
volunteers 
(44)  

20.21 
(3.31) 

• Anodal lDLPFC 
and rDLPFC/ 
Cathodal neck 

• Sham 

2 mA,  
20 min 

25 cm2 / 
35 cm2 

Voodoo 
Doll 

Yes 0.26 Null effects of 
bilateral DLPFC 
stimulation on 
aggression. 

Gilam et al. 
(2018) 

24 
volunteers 
(40)  

26.16 
(3.63) 

• Anodal 
forehead/ 
Cathodal right 
shoulder at 
session 1, then 
sham at session 
2 

• Sham at session 
1, then anodal 
forehead/ 
cathodal right 
shoulder at 
session 2 

1.5 mA, 
22 min 

35 cm2 / 
35 cm2 

TAP 
 

No -0.94 Anodal stimulation 
reduced provoked 
aggression only for 
participants who 
received anodal 
stimulation at 
session 1 compared 
to those who 
received sham at 
session 1.  

Chen 
(2018) 

32 
volunteers 
(50) 

20.41 
(1.32) 

• Anodal 
rVLPFC/ 
Cathodal 
occipital 
midline 

• Sham 

2 mA, 
12.5 min 

35 cm2 / 
35 cm2 

TAP Yes Reactive:  
-0.73 
Proactive:  
-1.09 

Anodal stimulation 
of rVLPFC reduced 
levels of proactive 
and reactive 
aggression. 

Molero-
Chamizo et 
al. (2019) 

41 violent 
offenders  
(100) 

36.2 
(12.3) 

• Anodal 
lDLPFC and 
rDLPFC/ 
Cathodal lFP 
and rFP 

1.5 mA, 
15 min 

25 cm2 / 
35 cm2 

BAQ No N/A Anodal stimulation 
of bilateral DLPFC 
reduced physical 
aggression, anger, 
verbal aggression, 
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• Sham and hostility in 
murderers, and 
lower verbal 
aggression in violent 
non-murderers. 

l = left, r = right, DLPFC = dorsolateral prefrontal cortex, VLPFC = ventrolateral prefrontal cortex, IFG = inferior frontal gyrus, FP  = 
frontopolar, TAP = Taylor Aggression Paradigm. BAQ = Buss-Perry Aggression Questionnaire.  
a Sample sizes reflect the number of participants included in analyses of aggression. 
b The sign of the effect size reflects the direction of effect based upon the original study’s interpretation such that positive effect sizes 
indicate increased aggression while negative effect sizes reflect reduced aggression. Effect sizes were not calculated for studies 
reporting 2x2x2 analyses due to insufficient information and are indicated by “N/A”. See Appendix D (Table S4.1) for details on how 
Cohen’s d was calculated for each study. 
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APPENDICES 

Appendix A 

 
Table S1.1. Partial Correlations between Blue-Collar Criminality and Brain Regions a 

Variables (1) (2) (3) (4) (5) (6) 
(1) Blue-Collar Criminality 1      
(2) Frontal Lobe -.223* 1     
(3) Anterior Cingulate Cortex -.195 .408*** 1    
(4) Superior Frontal Gyrus -.201 .731*** .150 1   
(5) Middle Frontal Gyrus -.057 .718*** .312** .317** 1  
(6) Inferior Frontal Gyrus -.068 .546*** .182 .294** .291** 1 
(7) Orbitofrontal Gyrus -.055 .525*** .102 .156 .254* .245* 

a Controlling for age, cognitive intelligence, ethnicity, whole-brain volume, and gray-collar criminality. *p < .05 **p < .01 ***p < .001 
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Table S1.2. Demographic Controlsa: Regression Results for Frontal Lobe and Sub-Regions on Blue-Collar Criminality 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Whole Brain Volume .236 

3.767E-5 (.000) 
.243 
3.889E-5 (.000) 

.210 
3.363E-5 (.000) 

.207 
3.312E-5 (.000) 

.234 
3.744E-5 (.000) 

.249 
3.998E-5 (.000) 

Age .077 
.148 (.216) 

.075 

.146 (.195) 
.088 
.171 (.216) 

.083 

.159 (.201) 
.078 
.151 (.214) 

.074 

.143 (.198) 
Cognitive Intelligence -.117 

-.129 (.123) 
-.117 
.129 (.124) 

-.121 
-.133 (.123) 

-.117 
-.129 (.123) 

-.118 
-.130 (.123) 

-.118 
-.130 (.123) 

Ethnicity -.132 
-1.493 (1.336) 

-.133 
-1.502 (1.310) 

-.126 
-1.423 (1.340) 

-.131 
-1.482 (1.309) 

-.132 
-1.488 (1.327) 

-.135 
-1.528 (1.354) 

Frontal Lobe .005 
3.871E-6 (.000) 

     

 Anterior Cingulate  -.005 
-5.240E-5 (.002) 

    

 Superior Frontal   .045 
.000 (.000) 

   

 Middle Frontal    .043 
.000 (.000) 

  

 Inferior Frontal     .008 
4.167E-5 (.001) 

 

 Orbitofrontal      -.013 
-5.572E-5 (.001) 

a Controlling for whole brain volume, ethnicity, age, and cognitive intelligence. Bolded regions survived FDR correction (corrections 
were only performed on frontal sub-regions). For each variable, the standardized coefficient is shown in the top row and the 
unstandardized coefficient and standard error are shown in the bottom row. *p < .05 **p < .01 ***p < .001 
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Table S1.3. White-Collar and Demographic Controlsa: Regression Results for Frontal Lobe and Sub-Regions on Blue-Collar 
Criminality 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Whole Brain Volume .364* 

5.901E-5 (.000) 
.241* 
3.912E-5 (.000) 

.260* 
4.222E-5 (.000) 

.158 
2.563E-5 (.000) 

.161 
2.619E-5 (.000) 

.152 
2.463E-5 (.000) 

Age -.009 
-.017 (.153) 

.057 

.111 (.138) 
.001 
.001 (.153) 

.055 

.108 (.146) 
.044 
.085 (.156) 

.060 

.116 (.143) 
Cognitive Intelligence -.065 

-.072 (.086) 
-.060 
-.066 (.087) 

-.060 
-.066 (.087) 

-.081 
-.089 (.087) 

-.076 
-.084 (.088) 

-.085 
-.093 (.088) 

Ethnicity -.064 
-.719 (.932) 

-.037 
-.422 (.923) 

-.064 
-.721 (.940) 

-.033 
-.373 (.939) 

-.040 
-.453 (.950) 

-.043 
-.486 (.971) 

Gray-Collar Criminality .737*** 
2.909 (.289) 

.726*** 
2.865 (.288) 

.734*** 
2.898 (.291) 

.706*** 
2.785 (.290) 

.705*** 
2.784 (.290) 

.703*** 
2.775 (.289) 

Frontal Lobe -.334* 
.000 (.000) 

     

 Anterior Cingulate  -.199 
-.002 (.001) 

    

 Superior Frontal   -.240 
-.001 (.000) 

   

 Middle Frontal    -.065 
.000 (.000) 

  

 Inferior Frontal     -.079 
.000 (.001) 

 

 Orbitofrontal      -.061 
.000 (.000) 

a Controlling for whole brain volume, ethnicity, age, cognitive intelligence, and gray-collar criminality. Bolded regions survived FDR 
correction (corrections were only performed on frontal sub-regions). For each variable, the standardized coefficient is shown in the top 
row and the unstandardized coefficient and standard error are shown in the bottom row. *p < .05 **p < .01 ***p < .001 
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Socioeconomic Status 

In the current sample, Hollingshead index of social position (Hollingshead 1957) 

was calculated for each participant based upon their education and occupation as a 

measure of socioeconomic status. SES was not significantly associated with GCC (r = 

.094, p = .285), BCC (r = .120, p = .188), frontal lobe (r = .028, p = .752), or any of the 

sub-regions (ps > .445). However, given that the current sample is a high-risk sample of 

individuals seeking employment through temporary employment agencies, there may 

have been limited variation. A more socioeconomically and criminally diverse sample 

may reveal a more meaningful association between socioeconomic status and criminality. 

Future studies may also consider examining the impact of childhood socioeconomic 

status on criminality, and whether the frontal lobe may serve as a mediator between 

childhood socioeconomic status and gray-collar crime.  
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Appendix B 
 
 
Table S2.1. !"#$%&'(")*"+*,%&-'.'$%)-(*/'-0*1&%')*2#%3')3*4%-%*%)5*60"(7*8'-0"9-  

 Did not have brain imaging data * Had brain imaging data * *
Variables :* or %* ;4 * ) * * :* or %* ;4 * ) * * $ 
Age 12.00 0.59 129  11.90 0.59 307  .091 
Genital (males) or Breast 
(females) Development 

 
3.39 

 
0.98 

 
130 

  
3.21 

 
1.00 

 
300 

  
.076 

Pubic Hair Growth 3.40 1.07 131  3.22 1.16 300  .128 
High-Low Composite  
Callous-Unemotional Traits 

 
0.54 

 
0.50 

 
123 

  
0.55 

 
.50 

 
304 

  
.931 

Composite Narcissism 5.44 2.52 125  5.63 2.94 309  .490 
Composite Impulsivity 5.02 1.83 124  5.45 1.86 307  .031 
Aggression 10.58 6.59 125  11.91 6.71 303  .060 
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Table S2.2. !"#$%&'(")*"+*,%&-'.'$%)-(*2).<9575*')*=)%<>(7(*%)5*60"(7*?@.<9575*  

 Included in Analyses * Excluded from Analyses * *
Variables :* or %* ;4 * ) * * :* or %* ;4 * ) * * $ 
Age 11.91 0.59 272  11.95 0.61 164  .472 
Genital (males) or Breast 
(females) Development 

 
3.24 

 
0.99 

 
272 

  
3.30 

 
1.01 

 
158 

  
.516 

Pubic Hair Growth 3.23 1.16 272  3.36 1.10 159  .229 
High-Low Composite  
Callous-Unemotional Traits 

 
0.53 

 
0.50 

 
272 

  
0.57 

 
.50 

 
155 

  
.413 

Composite Narcissism 5.47 2.87 272  5.77 2.73 162  .287 
Composite Impulsivity 5.39 1.84 272  5.22 1.89 159  .361 
Aggression 11.81 6.65 272  11.01 6.75 156  .235 
Average Euler -379.54 281.79 272  -876.27 1049.27 41  .004 
Left Amygdala 1446.68 191.12 272  1467.54 198.90 41  .517 
Right Amygdala 1484.13 195.63 272  1524.00 215.96 41  .231 
Total Intracranial Volume 1518331.42 133908.89 272  1541735.80 144066.88 41  .302 
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Table S2.3. Repeated Measures ANCOVA for Hippocampus 

Effect df F p 
Hemi 1   .401 .527 
Hemi x Race 1   .166 .684 
Hemi x Age 1   .075 .785 
Hemi x Average Euler 1   .132 .716 
Hemi x Total Intracranial Volume 1   .000 .994 
Hemi x Genital/Breast Development 1   .189 .664 
Hemi x Pubic Hair Growth 1   .570 .451 
Hemi x Composite Narcissism 1 1.254 .264 
Hemi x Composite Impulsivity 1   .261 .610 
Hemi x Aggression 1 3.297 .071 
Hemi x Sex 1   .001 .971 
Hemi x Composite Callous-Unemotional Traits 1   .503 .479 
Hemi x Sex x Composite Callous-Unemotional Traits 1 1.599 .207 
Error (Hemi) 259 --- --- 
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Figure S2.1. Illustration of hippocampal asymmetries in high and low callous-
unemotional (CU) traits groups for male and female youth 
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Pubertal Development  
 

In exploratory robustness analyses, the OLS regression and repeated measures 

ANCOVA were re-run with pubic hair development as the only pubertal development 

covariate as this was the only pubertal measure common to both sexes. The results of 

these analyses yielded similar results (same direction and significance) as the analyses 

that included both pubertal development measures.    
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Appendix C 

Given that EI was found to be a mediator of the relationship between autonomic 

functioning and total psychopathy, further analyses were conducted to determine whether 

the mediation effect of EI was limited to a specific factor (see Figures S3.1-S3.2) or facet 

of psychopathy (see Figures S3.3-S3.6). Results indicate that EI had a mediating effect 

regardless of what psychopathy outcome was used. 

Mediation Analyses of Psychopathy Factors, Controlling for IQ 

Figure S3.1. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Interpersonal-Affective factor and (b) 
EI fully mediates the relationship between heart rate and the Interpersonal-Affective 
factor.  *p < .05 **p < .01 
 

 

 
Figure S3.2. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Lifestyle-Antisocial factor and (b) EI 
fully mediates the relationship between heart rate and the Lifestyle-Antisocial factor.  *p 
< .05 **p < .01 
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Mediation Analyses of Psychopathy Facets, Controlling for IQ 
 
Figure S3.3. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Interpersonal facet and (b) EI fully 
mediates the relationship between heart rate and the Interpersonal facet.  *p < .05 **p < 
.01 

 

 
Figure S3.4. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Affective facet and (b) EI fully 
mediates the relationship between heart rate and the Affective facet.  *p < .05 **p < .01 

 

 
Figure S3.5. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Lifestyle facet and (b) EI fully 
mediates the relationship between heart rate and the Lifestyle facet.  *p < .05 **p < .01 
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Figure S3.6. Results of EI mediation analyses, controlling for IQ: (a) EI fully mediates 
the relationship between skin conductance and the Antisocial facet and (b) EI partially 
mediates the relationship between heart rate and the Antisocial facet.  *p < .05 **p < .01 

 

  



 

142 
 

Sensitivity Analyses  

 Two sets of sensitivity analyses were conducted to determine whether alternative 

mediation models would yield similar results. The first set of analyses examines models 

with alternative temporal ordering. The second set of analyses examines whether IQ 

would be a mediator while controlling for EI.  

Alternative Temporal Ordering 

The hypotheses of the study were assumed to follow the temporal ordering of 

blunted skin conductance leading to impaired emotional intelligence that subsequently 

increased psychopathy, independent of cognitive intelligence. However, given the 

concurrent assessment of the study measures, alternative models were conducted to 

determine whether alternative models would yield similar results. In particular, 

psychopathic traits or a psychopathic lifestyle may predispose to impaired EI or blunted 

autonomic functioning. However, the results of these mediation analyses were non-

significant (Table S3.1), suggesting that it is not the case that psychopathy is a risk factor 

for impaired EI or blunted autonomic functioning. Nevertheless, longitudinal studies are 

needed to truly establish temporal ordering.  

 

Table S3.1. Alternative Temporal Ordering Mediation Models 
Predictor Mediator Outcome Mediationa? 

Psychopathy EI Heart rate No 
Psychopathy EI Skin conductance No 
Psychopathy Heart rate EI No 
Psychopathy Skin conductance EI No 

EI = emotional intelligence. 
a Determination of a mediation effect is based upon whether results yielded a significant 
indirect effect.  
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Cognitive Intelligence as a Mediator 

For skin conductance, using IQ as the mediator and EI as a control yielded non-

significant indirect effects for total psychopathy (95% CI [-.077, .013]), the 

Interpersonal-Affective factor (95% CI [-.039, .007]), the Lifestyle-Antisocial factor 

(95% CI [-.034, .006]), the Interpersonal facet (95% CI [-.017, .003]), the Affective facet 

(95% CI [-.022, .004]), the Lifestyle facet (95% CI [-.021, .003]), and the Antisocial facet 

(95% CI [-.019, .003]). These results indicate that IQ was not a significant mediator 

between skin conductance and any psychopathy measure. 

For heart rate, using IQ as the mediator and EI as a control also yielded non-

significant indirect effects for total psychopathy (95% CI [-.034, .008]), the 

Interpersonal-Affective factor (95% CI [-.017, .004]), the Lifestyle-Antisocial factor 

(95% CI [-.018, .003]), the Interpersonal facet (95% CI [-.009, .002]), the Affective facet 

(95% CI [-.011, .003]), the Lifestyle facet (95% CI [-.012, .002]), and the Antisocial facet 

(95% CI [-.085, .002]). These results indicate that IQ was not a significant mediator 

between heart rate and any psychopathy measure. 
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Appendix D 

Meta-analysis Procedures and Analyses 

The current study conducted a basic meta-analysis examining the effect of 

transcranial direct current stimulation (tDCS) of the prefrontal cortex on aggressive 

behavior. PubMed and PSYCINFO were used to identify relevant papers for the meta-

analysis in February 2020. The search terms were “tDCS” and “aggression”. The first 

author conducted the search, and Figure S4.1 provides a PRISMA schematic flowchart of 

the inclusion criteria.  

 
Figure S4.1. PRISMA flowchart for the inclusion process of articles for the meta-analysis 
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The meta-analysis calculator (Lyons & Morris, 2019; http://www.lyonsmorris.com/ma1/) 

was used to calculate the Cohen’s d of the studies reported in Table 4.1 unless otherwise 

stated. Table S4.1 provides details for how the effect sizes were calculated. The 

calculated reported effect sizes reflect the output of the meta-analysis calculator. The sign 

of the effect size reflects the direction of effect based upon the original study’s 

interpretation such that positive effect sizes indicate increased aggression while negative 

effect sizes reflect reduced aggression. For studies with multiple subgroups, the mean of 

the active and sham groups were determined by the formula (Higgins & Green, 2008): 

 
!!"! + !""" +…+ !#"#

!! + !! +⋯+ !#
 

 
Where n reflects the sample size of a subgroup and M reflects the reported mean of that 

subgroup.  For studies utilizing a 2x2 design, the effect size for the main effect of 

stimulation was calculated when possible. Effect sizes were not calculated for studies 

reporting 2x2x2 analyses due to insufficient information and are indicated by “N/A”. 
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Table S4.1. Details for Effect Size Calculations of tDCS Studies on Aggressive Behavior 
Study Conversion Method 

Option 
Data Used for Calculation as 
Reported in Original Studya!

Calculated Directional 
Effect Size for Main 
Effect of Stimulation  

(Cohen’s !"  
Hortensius et al. (2012)b       Transformation of the 

effect sizes d, r, f, Odds 
Ratio and η!  

f2 = 0.35 
Thus f = 0.51  

1.02 

Riva et al. (2015) Cohen’s d Cohen’s d = 0.35 
n = 80 

-0.35 

Dambacher et al. (2015a) One-way F statistic F = 1.906 
Between groups df: 2 
Within groups df: 61 
n = 64 

-0.12c 

Dambacher et al. (2015b) Means and SDs Total aggression from TAP:##$%&'#
()*" #
Active: 3.84 (1.16), n = 16 
Sham: 4.00 (1.33), n = 16 

-0.13 

Riva et al. (2017) --- --- N/A 
Choy et al. (2018) Means and SDs Behavioral aggression:#$%&'#()*"  

Active: 5.31 (11.84), n  = 39 
Sham: 2.62 (8.56), n = 42  

0.26d 

Gilam et al. (2018) Cohen’s d Cohen’s d = 0.94 
n = 24 

-0.94 
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Chen (2018) Means and SDs Proactive: $%&'#()*" #
Active: 3.43 (1.24), n = 16 
Sham: 4.82 (1.32), n = 16 
 
Reactive: $%&'#()*" #
Active: 5.19 (0.92), n = 16 
Sham: 5.96 (1.17), n = 16 

Proactive: -1.09 
Reactive: -0.73 

 

Molero-Chamizo et al. (2019) --- --- N/A 
Current Studye U-value and n Mann-Whitney U: 880.5 

Active n = 50 
Sham n = 42 

0.28 

a Sample sizes reflect the number of participants whose data were used in the analyses. When studies did not provide the final sample 
sized for analyses, it was assumed that there were no exclusions and the sample size reported for the overall study was used.   
b The Psychometrica calculator (http://www.psychometrica.de/effect_size.html) was used to convert Cohen’s f to Cohen’s d. 
c Direction of effect was determined by comparing the mean of the active group with the mean of the sham. Given that the overall 
mean of the active condition was lower than the sham condition, a negative effect size was reported to reflect the lower aggression in 
the active group. 
d Direction of effect was determined by comparing the mean of the active group with the mean of the sham. Since the mean of the 
active group was higher than the mean of the sham, the effect size is reported to be positive to reflect the higher aggression in the 
active group. 
e The Psychometrica calculator (http://www.psychometrica.de/effect_size.html) was used to calculate a Cohen’s d from a Mann-
Whitney U test. 
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>Z.09!68!@0J&892!3!()96/8!950<Z,!W&9./C+DSVC!$$"#\ $$EB,!
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@55192]]</6,/.>]"C,""""]S411,"E"CE!
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A//89#+H"@."I+($+4&.7./(#(?6C+SQ!+#"\ +F",!@55192]]</6,/.>]"C,""+H]&880.)7V!

4.6J68/(VC""#"BVCE++$$+
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<)96.)!5/!')!68!4/J1()5)!4/85./(l!h/^!(/^!9)(P V4/85./(!&8<!5@)!<)96.)!P/.!4/85./(!

.)(&5)!5/!4/.1/.&5)!/PP)8<68>,!4&.7"+_+3"#./Z8"/06C+MJC!HEF\ H+F,!

@55192]]</6,/.>]"C,""FF]CC"""EBFCB$E#C#E!

D/8<Q!_,!*,Q!R)I&((Q!=,!:,Q!K&J').5Q!:,!;,Q!R)4UJ&8Q!%,Q!G/89).Q!?,!;,Q!X!L684@&JQ!L,!

R,!MEC"EO,!_)10(9)<!'Z!76/()84)2!R69>095!9)89656765Z!'0PP).9!5.&65Q!')@&76/.&(Q!&8<!

<&6(Z!&>>.)996/8,!K(8&/9#+($+L"&1(/9#.)6+9/*+!(0.9#+L160G(#(?6C+DFSQ!"F#\ "BB,!

@55192]]</6,/.>]"C,"C$F]&CCE+EAH!

D//(Q!K,!R,Q!X!q0&(5).Q!D,!MEC"EO,!?J1./768>!)J/56/8&(!685)((6>)84)!&8<!)J/56/8&(!9)(PV!

)PP64&4Z!5@./0>@!&!5)&4@68>!685).7)856/8!P/.!0867).965Z!950<)859,!Y"9&/./?+9/*+

O/*.@.*89#+3.$$"&"/0"1C+SSC!$CH\ $"E,!@55192]]</6,/.>]"C,"C"H]S,(68<6P,EC"E,C",C"C!

D/.58/ZQ!W,Q!X!L&..68>5/8Q!R,!D,!MEC"#O,!_)9568>!@)&.5!.&5)!&8<!&8569/46&(!')@&76/.2!38!!

01<&5)<!9Z95)J&564!.)76)^!&8<!J)5&V&8&(Z969,!A??&"11.(/+9/*+b.(#"/)+W"G9@.(&C+

SSC+$$\ +#,!@55192]]</6,/.>]"C,"C"H]S,&7',EC"#,CE,CC+!

D/.58/ZQ!W,Q!_&68)Q!3,Q!=@)8Q!L,!_,Q!D&.<686Q!R,Q!K/)').Q!_,Q!X!W)8868>9Q!W,!_,!MEC"+O,!!

h)&.5!.&5)!&8<!&8569/46&(!')@&76/.2!%@)!J)<6&568>!./()!/P!6J10(967)!9)89&56/8!

9))U68>,!4&.7./(#(?6C+MSC!EAE\ $"",!@55192]]</6,/.>]"C,""""]"F+#VA"E#,"EC$B!

D./7)8{&(Q!:,!X!G68<).Q!Y,!G,!MEC"#O,!%@)!)PP)459!/P!)&.(Z!(6P)!95.)99!/8!5@)!)16>)8/J)2!!

L./J!5@)!^/J'!5/!&<0(5@//<!&8<!)7)8!')P/.),!,-'"&.7"/)9 #+B"8&(#(?6C+SJRQ!"C\

EC,!@55192]]</6,/.>]"C,"C"H]S,)a18)0./(,EC"+,CA,CC"!

_&68)Q!3,!MECCEO,!G6/9/46&(!950<6)9!/P!&8569/46&(!&8<!76/()85!')@&76/.!68!4@6(<.)8!&8<!



!

"B#!
!

&<0(592!3!.)76)^,!K(8&/9#+($+A5/(&79#+4G.#*+L160G(#(?6C+EFQ!$""\ $EH,!

@55192]]</6,/.>]"C,"CE$]32"C"#F#+"EE$"B!

_&68)Q!3,!MEC"BO,!38569/46&(!1).9/8&(65Z!&9!&!8)0./<)7)(/1J)85&(!<69/.<).,!A//89#++

H"@."I+($+4#./.09#+L160G(#(?6C+DPQ!E#A\ EBA,!!

@55192]]</6,/.>]"C,""+H]&880.)7V4(6819ZVC#CB"FVCB+B"A+

_&68)Q!3,!MEC"AO,!%@)!8)0./J/.&(!5@)/.Z!/P!&8569/46&(Q!76/()85Q!&8<!19Z4@/1&5@64!

')@&76/.,!L160G.9)&6+H"1"9&0GCC+SXXQ!H+\ HA,!

@55192]]</6,/.>]"C,"C"H]S,19Z4@.)9,EC"B,"",CE#!

_&68)Q!3,Q!G04@9'&0JQ!;,Q!X!K&=&99)Q!K,!M"AAFO,!G.&68!&'8/.J&(656)9!68!J0.<).).9!

68<64&5)<!'Z!1/965./8!)J6996/8!5/J/>.&1@Z,!W.(#(?.09#+L160G.9)&6C+PSQ!+A#\ #CB,!

@55192]]</6,/.>]"C,"C"H]*CCCHV$EE$MAHOCC$HEVA!

_&68)Q!3,Q!R/<>)Q!T,Q!K/)').Q!_,Q!-&5bU)VT/11Q!K,Q!KZ8&JQ!R,Q!_)Z8/(<9Q!=,Q!!

*5/05@&J).VK/)').Q!;,Q!X!K60Q!W,!MECCHO,!%@)!.)&4567)V1./ &4567)!&>>.)996/8!

`0)956/88&6.)2!R6PP).)856&(!4/..)(&5)9!/P!.)&4567)!&8<!1./&4567)!&>>.)996/8!68!

&</()94)85!'/Z9,!A??&"11.@"+W"G9@.(&C+ESQ!"#A\ "F", +

@55192]]</6,/.>]"C,"CCE]&',EC""#!

_&68)Q!3,Q!?9@6U&^&Q!*,!*,Q!3.4)Q!Y,Q!K)84bQ!%,Q!T805@Q!T,!h,Q!G6@.()Q!*,Q!K&=&99)Q!K,Q!X!

=/(()556Q!D,!MECC+O,!h611/4&J1&(!95.0450.&(!&9ZJJ)5.Z!68!089044)99P0(!

19Z4@/1&5@9,!W.(#(?.09#+L160G.9)&6C+MMQ!"B#\ "A",!@55192]]</6,/.>]"C,"C"H]*CCCHV

$EE$MC$OCCFEFV$!

_&68)Q!3,Q!K)84bQ!%,Q!G6@.()Q!*,Q!K&=&99)Q!K,Q!X!=/(()556Q!D,!MECCCO,!_)<04)<!1.)P./85&(!!

>.&Z!J&55).!7/(0J)!&8<!.)<04)<!&05/8/J64!&456765Z!68!&8569/46&(!1).9/8&(65Z!

<69/.<).,!A&0G.@"1+($+:"/"&9#+L160G.9)&6C+MXC!""A \ "EF,!!



!

"BH!
!

_&68)Q!3,Q!;)(/ZQ!W,!_,Q!G6@.()Q!*,Q!*5/<<&.<Q!W,Q!K&=&99)Q!K,Q!X!G04@9'&0JQ!;,!*,!

M"AABO,!_)<04)<!1.)P./85&(!&8<!684.)&9)<!90'4/.564&(!'.&68!P08456/868>!&99)99)<!

0968>!1/965./8!)J6996/8!5/J/>.&1@Z!68!1.)<&5/.Z!&8<!&PP)4567)!J0.<).).9,!

W"G9@.(&9#+!0."/0"1+9/*+)G"+Y9IC+DJQ!$"A\ $$E,!

@55192]]</6,/.>]"C,"CCE]M*?=?O"CAAVCFABM"AABEEO"H2$c$"A223?RV

G*K$""d$,C,=efEV- !

_&68)Q!3,Q!K&0P).Q!I,!*,Q!g&8>Q!g,Q!:&..Q!T,!K,Q!%@/J19/8Q!D,Q!X!%/>&Q!3,!I,!MEC"EO,!

?84.)&9)<!)a)40567)!P08456/868>Q!&55)856/8Q!&8<!4/.564&(!5@64U8)99!68!^@65)V4/((&.!

4.6J68&(9,!2879/+W&9./+<9''./?C+EEC!EA$E\ EA+C,!

@55192]]</6,/.>]"C,"CCE]@'J,E"+"#!

_&68)Q!3,Q!X!g&8>Q!g,!MECCHO,!:)0.&(!P/08<&56/89!5/!J/.&(!.)&9/868>!&8<!&8569/46&(!

')@&76/.,!!(0.9#C+4(?/.).@"C+9/*+A$$"0).@"+B"8&(10."/0"C+DC!EC$\ E"$,!

@55192]]</6,/.>]"C,"CA$]94&8]89(C$$!

_&68)Q!3,Q!g&8>Q!g,Q!:&..Q!T,Q!X!%/>&Q!3,!MECCAO,!*)a!<6PP).)84)9!68!/.'65/P./85&(!>.&Z!&9!!

&!1&.56&(!)a1(&8&56/8!P/.!9)a!<6PP).)84)9!68!&8569/46&(!1).9/8&(65Z,!<(#"08#9&+

L160G.9)&6C+DJC+EEF\ E$H,!@55192]]</6,/.>]"C,"C$B]J1,ECCA,"$H!

_&94@()Q!:,!;,Q!;)8U9Q!I,!;,Q!L)@('&0JQ!K,!n,Q!*5)11&8Q!;,Q!*J&.&><6Q!3,Q!-/8b&()bV

;&<.0>&Q!T,Q!_/>).9Q!W,Q!=(&85/8Q!_,Q!T/@(9Q!-,Q!;&.568)((6Q!3,Q!G).8@&.<Q!3,Q!

T/8.&<Q!T,Q!h).1).5bVR&@(J&88Q!G,Q!L.)65&>Q!=,!;,Q!L&6.4@6(<Q!-,Q!R)!G.65/Q!*,!3,Q!X!

*5&<().Q!=,!MEC"BO,!=&((/09V08)J/ 56/8&(!5.&659!&8<!'.&68!95.0450.)2!*)aV91)46P64!

)PP)459!68!&85).6/.!6890(&!/P!5Z164&((ZV<)7)(/168>!Z/05@9,!B"8&(O79?"N+4#./.09#C+DXQ!

B#H\ BH+,!@55192]]</6,/.>]"C,"C"H]S,864(,EC"F,"E,C"#!

_))<Q!-,!Y,!X!g)&>).Q!D,!=,!M"AAHO,!e.>&86b&56/8&(!/PP)8<68>!&8<!8)/4(&9964&(!!



!

"BF!
!

4.6J68/(/>Z2!=@&(()8>68>!5@)!.)&4@!/P!&!>)8).&(!5@)/.Z!/P!4.6J),!4&.7./(#(?6C+EPC!

$#F\ $BE,!@55192]]</6,/.>]"C,""""]S,"F+#VA"E#,"AAH,5'C"E"",a!

_64@J/8<Q!%,!*,Q!=@)8)ZQ!_,Q!*/ZP).Q!K,Q!T6JJ)(Q!_,Q!X!_&68)Q!3,!MEC"$O,!_)4.065J)85!

/P!4/JJ0865ZV.)96<68>!Z/05@!685/!950<6)9!/8!&>>.)996/8,!K(8&/9#+($+4(778/.)6+

L160G(#(?6C+PDQ!+E#\ +$+,!@55192]]</6,/.>]"C,"CCE]S4/1,E"#+H!

_67&Q!D,Q!-&''6&<686Q!3,Q!_/J)./!K&0./Q!K,!W,Q!38<.6>@)55/Q!K,Q!n/(1&5/Q!=,Q!X!G09@J&8Q!

G,!W,!MEC"FO,!:)0./J/<0(&56/8!4&8!.)<04)!&>>.)9967)!')@&76/.!)(6465)<!'Z!76/()85!

76<)/!>&J)9,!4(?/.).@"C+A$$"0).@"+9/*+W"G9@.(&9#+B"8&(10."/0"C+DXQ!+#E\ +#A,!

@55192]]</6,/.>]"C,$F#B]9"$+"#VC"HVC+ACVB!

_67&Q!D,Q!K&0./Q!K,!W,!_,Q!:&5@&8!R)I&((Q!=,Q!=@)95).Q!R,!*,Q!X!G09@J&8Q!G,!W,!MEC"#O,!

_)<0468>!&>>.)9967)!.)91/89)9!5/!9/46&(!)a4(096/8!0968>!5.&894.&86&(!<6.)45!

40..)85!956J0(&56/8,!!(0.9#C+4(?/.).@"C+9/*+A$$"0).@"+B"8&(10."/0"C+DFQ!$#E\ $#H,!

@55192]]</6,/.>]"C,"CA$]94&8]890C#$!

_/4`0)Q!;,Q!I)(9@Q!G,!=,Q!X!_&68)Q!3,!MEC"EO,!G6/9/46&(!4.6J68/(/>Z!&8<!J/<).8!4.6J)!!

1.)7)856/8,!K(8&/9#+($+4&.7./9#+K81).0"C+PFQ!$CH\ $"E,!

@55192]]</6,/.>]"C,"C"H]S,S4.6JS09,EC"E,C#,CC$!

_/>).9Q!W,!=,Q!X!R)!G.65/Q!*,!3,!MEC"HO,!=/.564&(!&8<!90'4/.564&(!>.&Z!J&55).!7/(0J)!68!

Z/05@9!^65@!4/8<045!1./'()J92!3!J)5&V&8&(Z969,!KA<A+L160G.9)&6C+XEQ!H+\ FE,!

@55192]]</6,/.>]"C,"CC"]S&J&19Z4@6&5.Z,EC"#,E+E$!

_/J68)Q!=,!G,!X!_)Z8/(<9Q!=,!_,!MEC"CO,!3!J/<)(!/P!5@)!<)7)(/1J)85!/P!P./85&(!(/')!!

P08456/868>2!L68<68>9!P./J!&!J)5&V&8&(Z969,u!A''#."*+B"8&('160G(#(?6C!DSC!"AC\

EC",!@55192]]</6,/.>]"C,"ECF]9"#$E+BEH&8"EC+wE!

_/99Q!Y,!3,!M"AFFO,!%@)!=.6J68&(/6<,!?8!-,!-)69!X!_,!L,!;)6).+MY<9,OQ![G.)" %4(##9&++



!

"BB!
!

4&.7"C+H"@.1"*!M11,!EA\ $FO;!;&4J6((&8,+

*&(/7)ZQ!D,Q!G.&4U)55Q!;,!3,Q!X!;&Z).Q!W,!R,!MY<9,O!MECC+O,!,7().(/9#+./)"##.?"/0"N+d"6++

&"9*./?1+(/+)G"+<96"&+9/*+!9#(@"6+7(*"#;!R0<)!D0'(69@68>,!

*&55).5@^&65)Q!%,!R,Q!*@68/@&.&Q!_,!%,Q!I/(PQ!R,!h,Q!h/19/8Q!_,!R,Q!Y((6/55Q!;,!3,Q!

n&8<)U&.Q!*,!:,Q!_01&.)(Q!T,Q!=&(U689Q!;,!Y,Q!_/&(PQ!R,!_,Q!-)88&5&9Q!Y,!R,Q!

W&4U9/8Q!=,Q!Y.09Q!-,Q!D.&'@&U&.&8Q!T,Q!R&7&5b6U/9Q!=,Q!R)5.)Q!W,!3,Q!h&U/8&.9/8Q!

h,Q!-0.Q!_,!=,Q!X!-0.Q!_,!Y,!MEC"+O,!?J1&45!/P!10').5Z!/8!5@)!)7/(056/8!/P!

4).)'.&(!1).P096/8!<0.68>!&</()94)84),!L&(0""*./?1+($+)G"+B9).(/9#+A09*"76+($+

!0."/0"1+($+)G"+^/.)"*+!)9)"1+($+A7"&.09C+DDDQ!BH+$\ BH+B,!

@55192]]</6,/.>]"C,"CF$]18&9,"+CC"FB"""!

*4).'/Q!3,!*,Q!L.))<J&8Q!K,!I,Q!_&68)Q!3,Q!R&^9/8Q!;,!Y,Q!X!n)8&'()9Q!D,!h,!M"AAEO,!3!!

J&S/.!)PP)45!/P!.)4/.<68>!965)!/8!J)&90.)J)85!/P!)()45./<).J&(!&456765Z,!

L160G('G61.(#(?6C+SVC!E+"\ E+H,!!

*4@&P).Q!W,!K,!X!e(9)8Q!;,!T,!M"AABO,!;0(561()!6J105&56/8!P/.!J0(567&.6&5)!J69968>V<&5&!!

1./'()J92!3!<&5&!&8&(Z95|9!1).91)4567),!<8#).@9&.9)"+W"G9@.(&9#+H"1"9&0GC!EEQ!

#+#\ #F",!@55192]]</6,/.>]"C,"ECF]9"#$EFACHJ'.$$C+w#!

*4@/)1P).Q!3,Q!D6`0)./Q!:,!K,Q!X!K&8>5/8Q!K,!MEC"$O,!K/^!9)(PV4/85./(!7).909!5@)!<)96.)V!

P/.V4/85./(2!38!)J16.64&(!5)95!/P!^@65)V4/((&.!4.6J)!&8<!4/87)856/8&(!4.6J),!

3"@.9/)+W"G9@.(&C+EMQ!"AF\ E"+,!@55192]]</6,/.>]"C,"CBC]C"H$AHE#,EC"$,B$+F#B!

*4@055)Q!:,!*,Q!;&(/0PPQ!W,!;,Q!X!%@/.95)6899/8Q!Y,!G,!MEC"$O,!?84.)&968>!)J/56/8&(!!

685)((6>)84)!5@./0>@!5.&6868>2!=0..)85!95&509!&8<!P050.)!<6.)456/89,!O/)"&/9).(/9#+

K(8&/9#+($+,7().(/9#+,*809).(/C+MC+#H\ FE,!!

*4@^)84UQ!=,Q!=6&.&J6<&./Q!3,Q!*)(67&8/7&Q!;,Q!%/0.8&ZQ!W,Q!L.)65&>Q!=,!;,Q!X!



!

"BA!
!

*686&54@U68Q!;,!MEC"FO,!:)0.&(!4/..)(&5)9!/P!&PP)4567)!)J1&5@Z!&8<!.)68P/.4)J)85!

()&.868>!68!'/Z9!^65@!4/8<045!1./'()J92!P;_?!)76<)84)!P./J!&!>&J'(68>!5&9U,!

W"G9@.(8&9#+W&9./+H"1"9&0GC+ESFQ!F#\ B+,!

@55192]]</6,/.>]"C,"C"H]S,''.,EC"H,"",C$F!

*4@^)84UQ!=,Q!;).>)85@&().Q!W,Q!T)(().Q!T,Q!i)4@Q!W,Q!*&()@6Q!*,Q!%&0.68)9Q!_,Q!_/J&8/9Q!

;,Q!*4@)4U(J&88Q!;,Q!*4@8)6<).Q!I,Q!I&.8U)Q!3,Q!X!L.)65&>Q!=,!;,!MEC"EO,!

YJ1&5@Z!68!4@6(<.)8!^65@!&0569J!&8<!4/8<045!<69/.<).2!-./01V91)46P64!1./P6()9!

&8<!<)7)(/1J)85&(!&91)459,!K(8&/9#+($+4G.#*+L160G(#(?6+9/*+L160G.9)&6C+MEQ!H#"\

H#A,!@55192]]</6,/.>]"C,""""]S,"+HAVFH"C,EC"",CE+AA,a!

*)'&956&8Q!=,!K,Q!;4=./.ZQ!Y,!W,Q!R&<<9Q!;,!_,Q!=)46(Q!=,!3,!;,Q!K/4U^//<Q!D,!K,Q!hZ<)Q!

i,!h,Q!<)!G.65/Q!*,!3,Q!X!n6<68>Q!Y,!MEC"+O,!:)0.&(!.)91/89)9!5/!P)&.P0(!)Z)9!68!

4@6(<.)8!^65@!4/8<045!1./'()J9!&8<!7&.Z68>!()7)(9!/P!4&((/09V08)J/56/8&(!5.&659,!

L160G(#(?.09#+<"*.0./"C+PPQ!AA\ "CA,!

@55192]]</6,/.>]"C,"C"F]*CC$$EA"F"$CCC+BE!

*)'&956&8Q!=&5@).68)!K,Q!R)!G.65/Q!*,!3,Q!;4=./.ZQ!Y,!W,Q!hZ<)Q!i,!h,Q!K/4U^//<Q!D,!K,Q!

=)46(Q!=,!3,!;,Q!X!n6<68>Q!Y,!MEC"HO,!-.)Z!J&55).!7/(0J)9!68!4@6(<.)8!^65@!

4/8<045!1./'()J9!&8<!7&.Z68>!()7)(9!/P!4&((/09V08)J/56/8&(!5.&659,!K(8&/9#+($+

A5/(&79#+4G.#*+L160G(#(?6C+PPQ!H$A\ H+A,!@55192]]</6,/.>]"C,"CCF]9"CBCEVC"#V

CCF$VC!

*}>068Q!W,!_,!MECCAO,!%@)!P./85&(!(/')!&8<!&>>.)996/8,!,8&('"9/+K(8&/9#+($+

3"@"#('7"/)9#+L160G(#(?6C+JQ!"CC\ ""A,!

@55192]]</6,/.>]"C,"CBC]"F+C#HECFC"HHABF"!

*)./4bZ89U6Q!3,!R,Q!G).>)J&8Q!=,!*,Q!X!=/44&./Q!Y,!L,!M"AAAO,!Y56/(/>Z!/P!5@)!



!

"AC!
!

6J10(96765Z]&>>.)996/8!.)(&56/89@612!-)8)9!/.!)876./8J)85l!L160G.9)&6+H"1"9&0GC+

RJQ!+"\ #F,!@55192]]</6,/.>]"C,"C"H]*C"H#V"FB"MAAOCCC"$Vk !

*).04&Q!%,!X!*6(7&Q!=,!L,!MEC"HO,!Ya)40567)!P08456/868>!68!4.6J68&(!')@&76/.2!!

R6PP).)856&568>!')5^))8!5Z1)9!/P!4.6J)!&8<!)a1(/.68>!5@)!.)(&56/8!')5^))8!

9@6P568>Q!68@6'656/8Q!&8<!&8>).,!O/)"&/9).(/9#+K(8&/9#+($+T(&"/1.0+<"/)9#+2"9#)GC+

DMQ!E$#!\ !E+H,!@55192]]</6,/.>]"C,"CBC]"+AAAC"$,EC"H,""#BF##!

* @&16./Q!*,!D,!M"AACO,!=/((&.68>!5@)!4.6J)Q!8/5!5@)!4.6J68&(2!_)4/896<).68>!5@)!!

4/84)15!/P!^@65)V4/((&.!4.6J),!A7"&.09/+!(0.(#(?.09#+H"@."IC+MMQ!$+H\ $H#,!

@55192]]</6,/.>]"C,E$CF]ECA#FH"!

*@&.U)ZQ!D,Q!G)9'.69Q!;,Q!X!L.6)<9/8Q!;,!MEC"BO,!D/7).5Z!&8<!4.6J),!?8!R,!G.&<Z!X!K,!;,!!
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