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3 Zusammenfassung (Deutsch) 

Aktue l le  S tud ien  ze igen ,  dass  d ie  e r ro r - re la ted  nega t i v i t y  

(ERN) ,  e in  e re ign isko r re l ie r t es  Po tenz ia l ,  we lches  nach 

feh le rha f ten  Reakt ionen  im  EEG messba r  i s t ,  be i  

ve rsch iedenen  psych ia t r i schen  S tö rungen ve ränder t  i s t  und 

dazu  be i t ragen  kann ,  Behand lungsen tsche idungen  zu  

un te rs tü tzen .  Dam i t  i s t  d ie  ERN e in  v ie lve rsprechende r 

Kand ida t  fü r  e inen  psych ia t r i schen  B iomarke r .  G rund legende 

method ische  An fo rde rungen an  e inen  B iomarker  s ind 

s tanda rd is ie r te  und  re l iab le  Messungen.  Zusä tz l i che  

Psych ia t r i e -spez i f i sche  An fo rderungen s ind  d ie  ze i te f f i z ien te  

und  pa t ien ten f reund l iche  Messung.  

Z ie l  d iese r  S tud ie  i s t  es ,  d ie  ERN re l iabe l ,  ze i t e f f i z ien t  und  

pa t ien ten f reund l i ch  zu  messen ,  um ih ren  E insa tz  im  k l in ischen 

A l l tag  zu  e tab l i e ren .   

Gesunde  P robanden  (N=27)  haben e ine  mod i f i z ie r te  Er iksen 

F lanke r  Task  m i t  adap t i vem Reakt ionsze i t fens te r  und  

aussch l ieß l i ch  inkong ruen ten  S t imu l i  bea rbe i te t ,  we lche  d ie  

Feh le ranzah l  max im ie r t .  A l l e  P robanden  wurden  m i t  dem Min i  

In te rna t iona l  Neu ropsych ia t r ic  In te rv iew (M. I .N. I . )  au f  

psych ische  Gesundhe i t  un te rsuch t .  D ie  e rs ten  N=12 

P robanden waren  Te i l  e ine r  P i lo t s tud ie ,  we i te re  N=14 

P robanden wurden  in  d ie  Auswer tung  de r  Haup tana lyse 

e ingesch lossen  (e in  P roband wurde  wegen techn ischer  

P rob leme ausgesch lossen ) .  I n  e inem Tes t -Re tes t -Des ign  m i t  

zwe i  Messungen im  Abs tand  von  28  Tagen wurde  d ie  

Re l iab i l i tä t  de r  ERN gemessen .  D ie  ex te rne  Va l id i tä t  wu rde  

du rch  Rep l i ka t ion  von  aus  de r  L i te ra tu r  bekann ten 

Ko r re la t ionen  der  ERN-Ampl i tude  m i t  (1 )  der  Feh le ranzah l  und  

(2 )  nega t i vem Af fek t  überp rü f t .  Dazu  wurde  de r  emot iona le  

Zus tand  des  P robanden zum Ze i tpunk t  de r  Messung  anhand 

des  Pos i t i ve  and  Negat i ve  A f fec t  Schedu le  e r fass t .  Um d ie  

k l in ische  P rak t i kab i l i tä t  de r  Au fgabe  zu  op t im ie ren ,  wu rde 
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un te rsuch t ,  inw iewe i t  d ie  Au fgabe  gekü rz t  we rden  kann ,  ohne 

e ine  m in ima le  Re l iab i l i t ä t  de r  ERN von  0 .80  zu  un te rsch re i ten .   

E ine  exze l len te  Re l iab i l i t ä t  de r  ERN 

( In te rko r re la t ionskoe f f i z ien t=0 .806 -0 .947 )  konn te  bes tä t ig t  und  

spez i f i sche  Ko r re la t ionsmuste r  rep l i z ie r t  werden  (ERN 

Amp l i tude  m i t  der  re la t i ven  Feh le ranzah l :  r=0 .394 ;  p=0.082 .  

ERN Amp l i tude  m i t  dem negat iven  A f fek t :  r=-0 .583 ,  p=0.014 ) .  

D ie  Au fgabe  kann  au f  e ine  pa t ien ten f reund l iche  und  im 

k l in ischen  A l l tag  p rak t ikab le  Länge von  nu r  8  M inu ten  gekü rz t  

we rden ,  wobe i  d ie  Re l iab i l i t ä t  e inen  Wer t  von  0 .80  n ich t  

un te rschre i te t .   

Zusammenfassend  läss t  s ich  sagen ,  dass  d ie  mod i f i z ie r te  

Er iksen  F lanke r  Task  e ine  re l iab le  und  e f f i z ien te  Messung der  

ERN und  d ie  E tab l ie rung  a l s  psych ia t r i schen  B iomarke r  

e rmög l i ch t .  
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4 Abstract  (English)  

There  is  accumu la t ing  ev idence  tha t  the  er ro r - re la ted 

nega t i v i t y  (ERN) ,  an  even t - re la ted  po ten t ia l  e l i c i ted  a f te r  

e r roneous ac t ions ,  i s  a l t e red  in  d i f fe ren t  psych ia t r ic  d iso rders 

and  may he lp  to  gu ide  t rea tment  op t ions .  Thus ,  the  ERN is  a  

p rom is ing  cand ida te  as  a  psych ia t r i c  b iomarke r .  Bas ic  

methodo log ica l  requ i rements  fo r  a  b iomarke r  a re  s tanda rd ized 

and  re l iab le  measu rements .  Add i t iona l  psych ia t ry  spec i f i c  

requ i rements  a re  t ime e f f i c iency  and  pa t ien t - f r iend l iness .  

The  a im o f  the  p resen t  s tudy  is  to  es tab l ish  ERN acqu is i t ion  in  

a  re l iab le ,  t ime-e f f i c ien t  and  pa t ien t - f r iend ly  way  fo r  use  in  

c l in ica l  p rac t ice .   

Hea l thy  sub jec t s  (N=27)  pe r fo rmed a  mod i f ied  Er iksen  F lanke r  

Task  wi th  adap t i ve  reac t ion  t ime w indow and  on ly  incong ruen t  

s t imu l i  tha t  max im izes  the  number  o f  e r ro rs .  A l l  pa r t i c ipan ts  

we re  tes ted  fo r  menta l  hea l th  by  the  Min i  I n te rna t iona l  

Neu ropsych ia t r i c  In te rv iew (M. I .N. I . ) .  The  f i r s t  N=12 sub jec t s  

we re  pa r t  o f  a  p i l o t  s tudy  and  fu r the r  N=14  sub jec ts  were  

inc luded  fo r  ana lys is  (one  sub jec t  was  exc luded  due  to  

techn ica l  p rob lems) .  In  a  tes t - re tes t  des ign  w i th  two  sess ions  

sepa ra ted  by  28  days  the  re l iab i l i t y  o f  the  ERN has  been  

assessed .  To  ensu re  ex te rna l  va l id i t y ,  we  a imed  to  rep l i ca te  

p rev ious ly  repo r ted  co r re la t ion  pa t te rns  o f  ERN amp l i tude  w i th  

(1 )  number  o f  e r ro rs  and  (2 )  nega t i ve  a f fec t .  S ta te  a f fec t  o f  

each  sub jec t  was  measu red  by  the  Pos i t i ve  and  Negat i ve  

A f fec t  Schedu le .   In  o rde r  to  op t im ize  the  c l in i ca l  use  o f  the 

task ,  we  de te rm ined  to  wh ich  ex ten t  the  task  can  be  sho r tened  

wh i le  keep ing  re l iab i l i t y  >0 .80 .   

We found  exce l len t  re l iab i l i t y  o f  t he  ERN ( in t rac lass  

cor re la t ion  coe f f i c ien t  =0 .806 -0 .947 )  and  rep l ica ted  spec i f i c  

co r re la t ion  pa t te rns  (ERN amp l i tude  w i th  re la t ive  number  o f  

e r ro rs :  r=0.394 ;  p=0.082 ;  ERN ampl i tude  w i th  nega t ive  a f fec t :  

r=-0 .583 ,  p=0.014 ) .  The  task  can  be  sho r tened  to  a  pa t ien t -
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f r iend ly  and  c l in i ca l ly  feas ib le  leng th  o f  on ly  8  m inu tes 

keep ing  re l i ab i l i t y  >0 .80 .   

To  conc lude ,  t he  p resen t  mod i f ied  task  p rov ides  re l i ab le  and 

e f f i c ien t  record ing  o f  t he  ERN,  fac i l i ta t i ng  i t s  use  as  a  

psych ia t r i c  b iomarke r .   
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5 Abkürzungsverzeichnis 

ACC An te r io r  c ingu la te  co r tex /  an te r io re r  c ingu lä re r  

Co r tex  

ANOVA Ana lys is  o f  va r iance  

CRN Correc t - re la ted  nega t i v i t y  

Cz  M id l ine  cen t ra l  

DC D i rec t -coup led  

EEG E lec t roencepha log raphy /  E lek t roenzepha log ramm 

EKP Ere ign is -ko r re l ie r tes  Po tenz ia l  

EOG E lec t roocu log ram 

ERN Er ro r - re la ted  nega t i v i t y  

ERP Event - re la ted  po ten t ia l  

FPz M id l ine  f ron topo la r  

FRN Feedback - re la ted  nega t i v i t y  

Fz  M id l ine  f ron ta l  

ICC In t rac lass  co r re la t ion  coe f f i c ien t /  

In t rak lassenko r re la t ionskoe f f i z ien t  

M. I .N . I .  M in i  In te rna t iona l  Neu ropsych ia t r ic  In te rv iew 

PANAS Pos i t i ve  and  Negat i ve  A f fec t  Schedu le  

PRO Pred ic ted - response  ou tcome 

RDoC Research  Doma in  Cr i te r ia   

RT Reac t ion  t ime 

SE Standa rd  e r ro r  
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6 Übergrei fende Zusammenfassung 

Das E lek t roenzepha log ramm (EEG) is t  e in  n i ch t invas ives ,  

neu rophys io log isches  Ve r fahren ,  we lches  ko r t i ka le  neu rona le  

Ak t iv i tä t  m i t  hohe r  ze i t l i che r  Au f lösung  m iss t .  Dabe i  we rden  

h i rne lek t r i sche  S t röme  a ls  Po tenz ia ld i f fe renz  zw ischen  zwe i  

E lek t roden  abge le i te t . 1  

Das  EEG ha t  sowoh l  i n  de r  Fo rschung a ls  auch  in  der  

k l in ischen  Diagnos t ik  e inen  hohen S te l lenwer t .  Es  i s t  b re i t  

ve r fügba r ,  kos tengünst ig  und  r is i koa rm.  Zu r  neu ro log ischen  

Ep i leps ied iagnos t i k  und  Sch la fpo lyg raph ie  is t  das  EEG 

unve rz ich tba r .  Abe r  auch  in  de r  Psych ia t r ie  ha t  es  n i ch t  nu r  i n  

de r  neu ro log ischen  Aussch lussd iagnos t ik  Re levanz ,  sonde rn  

un te rs tü tz t  be i  de r  D i f fe renz ia ld iagnose  von  o rgan isch  

psych ischen  S tö rungen ,  w ie  Demenz,  De l i r  ode r  dem 

n ich tkonvu ls i ven  S ta tus  ep i l ep t icus .  Außerdem kann  es  in  der  

Psychopha rmakothe rap ie  H inwe ise  au f  neu ro tox ische 

Med ikamen tene f fek te  oder  E igenmed ika t ion  geben. 1 – 3  

Neben  de r  F requenzana lyse  von  EEG-Daten  können 

e re ign isko r re l ie r te  Po tenz ia le  (EKP)  w ich t ige  In fo rmat ionen  

übe r  kogn i t i ve  Prozesse  geben .  D iese  EKP werden  durch 

senso r ische ,  kogn i t i ve  ode r  moto r i sche  E re ign isse  ausge lös t  

und  sp iege ln  d ie  summie r te  Ak t i v i tä t  pos tsynap t i scher  

Po tenz ia le ,  von  synch ron  feue rnden ,  ähn l i ch  o r ien t ie r ten ,  

ko r t i ka len  Neuronen  wiede r 4 .  Be i  EEG-Messungen  werden  

d iese  Po tenz ia le  repe t i t i v  evoz ie r t  und  im Ansch luss  d ie  

M i t te lwe r te  ana lys ie r t . 1   

Ak tue l le  Fo rschung  ze ig t ,  dass  besonde rs  d ie  e r ro r - re la ted 

nega t i v i t y  (ERN)  in  de r  k l in i sch  psych ia t r i schen  P rax is  

zukün f t ig  e ine  w ich t ige  Ro l le  sp ie len  könn te .   

D ie  ERN i s t  e in  nega t i ves  EKP,  we lches  innerha lb  von  100ms 

nach  e ine r  feh le rha f ten  Reak t ion  in  f ron tozen t ra len 

M i t te l l i n iene lek t roden  gemessen  werden  kann 5 , 6  und  
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ve rmu t l i ch  im  an te r io ren  c ingu lä ren  Co r tex  (ACC)  en ts teh t 7 – 9  

(Abb i ldung  1 ) .   

 

 

Abbi ldung 1  – (A )  Pos i t ion  de r  EEG E lek t roden .  (B )  

Schemat ische  Dars te l lung  der  e r ro r - re la ted  nega t i v i t y  (ERN) .  

(C)  Geh i rn  im  Sag i t ta l schn i t t  m i t  Mark ie rung  des  an te r io ren 

c ingu lä ren  Cor tex  (ACC)  in  b lau .  

 

Ve rsch iedene Mode l le  ve rsuchen  d ie  Funk t ion  de r  ERN a ls  e in  

Feh le re rkennungssys tem 1 0 ,  e inen  Kon f l i k te rkennungsp rozess 1 1  

ode r  a ls  Te i l  von  ope ran te r  Kond i t ion ie rung 1 2  zu  beschre iben .  

Außerdem wurde  kürz l i ch  au f  Grund lage  des  fo rwa rd  mode ls 1 3  

ve rmu te t ,  dass  d ie  ERN Feh le rp rognosen  wide rsp iege ln  

könn te .  D iese  Vermutung  s teh t  im  E ink lang  m i t  dem pred ic ted  

response -ou tcome (PRO)  Mode l 1 4 ,  we lches  d ie  ERN a ls  e ine 

A r t  Übe r raschungss igna l  in te rp re t ie r t .  D ieses  w i rd  ausge lös t ,  

wenn e in  E re ign is  n i ch t  m i t  de r  vo rangegangenen 

E rwar tungsha l tung  übe re ins t immt .  

Ve rsch iedene Fak to ren  bee in f lussen  d ie  ERN-Amp l i tude ,  dazu 

gehö r t  d ie  Le is tung  des  e inze lnen  P robanden:  E ine  höhe re  

Feh le r ra te  füh r t  zu  e ine r  ge r inge ren  ERN-Ampl i t ude 1 5 , 1 6 .  Auch  

d ie  Au fgabens t ruk tu r  i s t  re levan t :  a )  Kong ruen te  S t imu l i  

füh ren  zu  e ine r  höhe ren  ERN-Amp l i tude  a ls  inkong ruen te  

S t imu l i 1 7 ;  b )  so l l  de r  P roband d ie  Au fgabe  ehe r  p räz ise  a l s  

schne l l  bea rbe i ten ,  füh r t  d ies  zu  e iner  höhe ren  ERN-

Amp l i tude 1 8 .   
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Zudem haben nega t ive r  A f fek t 1 9 , 2 0  und  ve rsch iedene 

psych ia t r i sche  S tö rungen 2 1 – 2 4  Auswi rkung  au f  d ie  ERN.  

Ak tue l le  Fo rschungen ze igen ,  dass  d ie  ERN a )  

In te rna l i s ie rungss tö rungen 2 5  w ie  z .B .  Angs ts tö rung  wäh rend  

de r  Ado leszenz 2 6 , 2 7  vo rhe rsag t ;  b )  e in  Therap ieansprechen  

nachwe isen 2 1 , 2 2 , 2 8 – 3 0  und  c )  Behand lungsen tsche idungen 

un te rs tü tzen  kann 3 1 .  Au f  Grund lage  d ieser  S tud ien  könn te  d ie  

ERN a ls  neu rophys io log ische r  Parame te r  in  Zukun f t  

p rognos t ische ,  d iagnos t ische  und  the rapeu t ische  Re levanz 

haben und  den  S te l lenwer t  e ines  psych ia t r i schen  B iomarke rs 

e innehmen .  D ies  wü rde  d ie  E insa tzmög l i chke i t  des  EEG von  

e inem d iagnos t ischen  Ins t rument  au f  den  Be re ich  der  

P räven t ion  und  The rap ieen tsche idung  ausdehnen.   

E ine  Grundvo rausse tzung  fü r  e inen  B iomarker  is t  dessen  

re l iab le  Messung.  Nu r  wen ige  S tud ien  haben b is  je t z t  d ie  

Re l iab i l i tä t  der  ERN un te r  Anwendung ve rsch iedene r  

Va r ian ten  der  Er iksen  F lanker  Task  unte rsuch t  und  

In t rak lassen -Ko r re la t ionskoe f f i z ien ten  ( ICC)   zw ischen  0 .62  

und  0 .74  ge funden 3 2 – 3 6 .  

 

M i t  de r  vo r l iegenden  S tud ie  so l l  d ie  Tes t -Re tes t -Re l iab i l i tä t  

de r  ERN mi t  zwe i  Messungen im Abstand  von  28  Tagen  un te r  

Anwendung e iner  mod i f i z ie r ten  Er iksen  F lanker  Task  mi t  

adap t i vem Reakt ionsze i t f ens te r 3 7 , 3 8  un te rsuch t  werden .  Be i  

d ieser  Au fgabe  muss  de r  P roband e inen  zen t ra len  P fe i l  von 

umgebenden,  i r r i t ie renden P fe i l en  un te rsche iden .  Das 

adap t i ve  Reak t ionsze i t fens te r  ( s iehe  un ten )  der  Task  so l l  d ie  

Re l iab i l i tä t  au fg rund  höhe re r  Feh le r ra ten  max im ie ren 3 6 .   

Um d ie  Va l id i tä t  de r  ERN zu  p rü fen ,  so l len  be re i t s  bekann te 

Ko r re la t ionsmuste r  rep l i z ie r t  we rden :  a )  pos i t i ve  Ko r re la t ion  

de r  ERN-Amp l i tude  m i t  de r  Feh le ranzah l 1 5 , 1 6  und  b )  nega t i ve  

Ko r re la t ion  der  ERN-Amp l i tude  m i t  nega t ivem Af fek t 1 9 ,  we lche r  

du rch  den  Pos i t i ve  and  Nega t i ve  A f fec t  Schedu le  (PANAS) 

F ragebogen  e r fass t  w i rd .  Außerdem so l l  un te rsuch t  we rden ,  
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i nwiewe i t  d ie  Au fgabe  ohne  e inen  s ign i f i kan ten  Ve r lus t  an 

Re l iab i l i tä t  gekü rz t  we rden  kann ,  um d ie  k l in i sche 

P rak t ikab i l i tä t  de r  Au fgabe  zu  op t im ie ren .  

 

D ie  S tud ie  wa r  w ie  fo lg t  au fgebau t :  Für  e ine  P i lo ts tud ie  

wu rden  N=12 gesunde P robanden rekru t ie r t ,  um d ie  

P rak t ikab i l i tä t  de r  S t imu lusg röße  und  des  adap t i ven  

Reak t ionsze i t fens te rs  zu  tes ten .  In  de r  Haup tana lyse  wurden 

Daten  von  N=14 gesunden P robanden ausgewer te t .  A l le  

Te i lnehmer  wu rden  m i t  H i l fe  des  Min i  In te rna t iona l  

Neu ropsych ia t r i c  I n te rv iew (M. I .N . I . ,  Deu tsche  Ve rs ion 

5 .0 .0 3 9 )  au f  psych ia t r i sche  E rk rankungen gesc reen t .  

Aussch lussk r i te r ien  wa ren  ak tue l l e  ode r  f rühe re  psych ia t r i sche 

D iagnosen .   

Bevo r  d ie  Tes tpe rson  d ie  Task  bea rbe i te te ,  wurde  ih r  ak tue l le r  

A f fek t  m i t  de r  deu tschen  Ve rs ion  des  PANAS-Fragebogen 

e r fass t .  

D ie  Probanden bea rbe i t e ten  e ine  mod i f i z ie r te  Ve rs ion  de r  

Er iksen  F lanke r  Task  (E r iksen  &  E r iksen ,  1979 )  zwe ima l  im 

Abstand  von  28  Tagen.  Be i  jedem der  S t imu l i  wu rden  fün f  

ho r izon ta l  ausger i ch te te ,  inkong ruen te  P fe i le  au f  e inem 

Mon i to r  geze ig t  ( "<<<><<<"  ode r  ">><>>>"  ode r  "><><>>"  

ode r  "<><><" )  und  d ie  Tes tpe rson  angewiesen ,  so  schne l l  und 

kor rek t  w ie  mög l ich  d ie  R ich tung  des  m i t t le ren  P fe i ls  

anzugeben .  Unmi t te lbar  nach  dem Tastendruck  bekam de r  

P roband e in  Feedback ,  ob  e r  r i ch t ig ,  fa l sch  ode r  zu  langsam 

gean twor te t  ha t .  Um v ie le  Feh le r  zu  f o rc ie ren  und  dam i t  d ie  

Re l iab i l i tä t  de r  Messung zu  max im ie ren ,  wu rde  e in  adap t i ves 

Reak t ionsze i t fens te r  i n  d ie  Task  in tegr ie r t ,  we lches  s i ch  an 

das  Le is tungsn iveau  des  P robanden kon t inu ie r l i ch  anpass te .   

D ie  H i rnak t i v i tä t  wu rde  m i t te ls  EEG m i t  64  E lek t roden  nach  

dem in te rna t iona len  10 /20 -Sys tem au fgeze ichne t .  

 



17 
 

D ie  S tud ie  ze ig t ,  dass  m i t  de r  mod i f i z ie r t en  Er iksen  F lanker  

Task  d ie  ERN m i t  e ine r  exze l len ten  Re l iab i l i tä t  ( ICC=0 .806 -

0 .947 )  gemessen  werden  kann ,  was  im Ve rg le ich  zu 

vorangegangenen S tud ien  nomina l  e in  besse res  E rgebn is  i s t .  

E ine  mög l iche  Erk lä rung  da fü r  i s t  das  adap t ive  

Reak t ionsze i t fens te r ,  we lches  zu  e iner  höhe ren  Feh le r ra te  

führ t .  Mi t  e ine r  s te igenden Anzah l  von  Feh le rn  s te ig t  sowoh l  

d ie  ERN-Re l iab i l i tä t 3 6  a l s  auch  d ie  s ta t is t i sche  Power  e inen 

s ign i f i kan ten  Un te rsch ied  zw ischen  fa l schen  und  r ich t igen 

An twor ten  zu  messen 1 5 , 4 0 .  

Zudem reduz ie r t  das  adap t i ve  Reakt ionsze i t f ens te r  

S tö r fak to ren ,  we lche  d ie  Re l iab i l i tä t  de r  ERN negat iv  

bee in f lussen  könn ten .  Dazu  gehö ren  Le rne f fek te  zw ischen  den 

be iden  Messze i tpunk ten ,  we lche  zu  e ine r  Ve rände rung  de r  

ERN-Ampl i tude  füh ren  könn ten 1 4 .  Zudem g le ich t  es 

un te rsch ied l iche  Le is tungsn iveaus  e inze lne r  P robanden  aus 

und  kann  dadu rch  e ine r  po tenz ie l len  Ergebn isve r fä lschung be i  

G ruppenve rg le ichen  en tgegenwi rken 2 5 , 2 6 .  A l le rd ings  muss  

d iesbezüg l ich  bedach t  we rden ,  dass  das  adap t ive  

Reak t ionsze i t fens te r  zwar  d ie  Feh le r ra te  ve rg le i chba r  mach t ,  

doch  d ie  ind iv idue l le  Reakt ionsze i t  e inze lne r  P robanden  n ich t  

bee in f luss t  w i rd .  D ies  könn te  zu  ve rze r r ten  E rgebn issen  

führen 1 3 , 4 1 .  

 

W i r  fanden  H inwe ise  fü r  d ie  Va l id i tä t  de r  gemessenen  ERN, 

indem bekann te  Ko r re la t i onsmus te r  t e i lwe ise  rep l iz ie r t  

wu rden :  (A )  e in  pos i t i ve r  T rend  zwischen  ERN-Amp l i tude  und  

de r  Feh le ranzah l 1 5 , 1 6  ( r=0.394 ;  p=0.082 )  und  (B )  e ine 

s ign i f i kan t  nega t i ve  Ko r re la t ion  de r  ERN-Ampl i tude  m i t  

nega t i vem Af fek t 1 9  ( r=-0 .583 ,  p=0.014) .  Dass  unsere  S tud ie  

nu r  e inen  T rend  zur  S ign i f i kanz  zw ischen  ERN-Amp l i tude  und 

Feh le ranzah l  ze igen  konn te ,  i s t  ve rmut l i ch  au f  d ie  k le ine 

S t i chp robe  zu rückzu füh ren ,  da  unse re  gemessene E f fek tg röße 

m i t  den  zuvo r  ber i ch te ten  Wer ten  übe re ins t immt 1 5 .  Das  
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topog raph ische  Mapp ing  de r  ERN ze ig te  in  Übe re ins t immung 

m i t  ande ren  S tud ien 5 , 6  max ima le  Ak t iv i tä t  in  f ron tozen t ra len 

M i t te l l i n iene lek t roden ,  was  d ie  Va l id i tä t  zusä tz l i ch  

un te rmauer t .  

E ine  we i te re  w ich t ige  F rages te l l ung  unse re  S tud ie  wa r ,  ob  d ie  

Au fgabe  gekü rz t  we rden  kann ,  um d ie  k l in ische  Prak t i kab i l i tä t  

de r  Au fgabe  zu  ve rbesse rn .  Unsere  Ana lysen  lassen  den  

Sch luss  zu ,  dass  d ie  Au fgabe  au f  d ie  Hä l f te  de r  T r ia ls  gekürz t  

und  d ie  ERN inne rha lb  von  ca .  8  M inu ten  gemessen  werden  

kann ,  ohne  dass  d ie  Re l iab i l i t ä t  k le ine r  a ls  0 .8  w i rd .  D ies  

e rmög l i ch t  e ine  Ze i te f f i z ien te  Messung der  ERN im k l in ischen  

A l l tag .  

 

D ie  S tud ie  leg t  e inen  w ich t igen  Grunds te in  in  de r  

We i te ren tw ick lung  de r  ERN zum psych ia t r ischen  B iomarke r .  

Es  konn te  geze ig t  werden ,  dass  d ie  ERN mi t  e ine r  hohen 

Re l iab i l i tä t  und  Va l id i tä t  in  e inem prak t ikab len  Ze i t rahmen 

gemessen  werden  kann .  

In  e inem nächs ten  Schr i t t  so l l te  unse re  mod i f i z ie r te  Er iksen  

F lanke r  Task  i n  e inem ba lanc ie r ten  S tud iendes ign  m i t  e iner  

k lass ischen  Task  verg l ichen  und  dam i t  de r  E in f l uss  des  

adap t i ven  Reakt ionsze i t fens te rs  au f  d ie  ERN genaue r  beur te i l t  

we rden .  Zudem s te l l t  d ie  Bewer tung  und  In te rp re ta t i on  de r  

ERN e ines  e inze lnen  Probanden au fg rund  de r  hohen  Var ianz 

versch iedene r  p räana ly t ische r  und  ana ly t ische r  Fak to ren 4 2 ,  

d ie  a l le  e inen  po tenz ie l len  E in f luss  au f  d ie  Re l iab i l i tä t  haben ,  

e in  P rob lem da r .  Zukün f t ige  S tud ien  so l l ten  we i te re  Kr i te r ien  

(Gesch lech t ,  S t ress ,  A l te r ,  Vo re rk rankungen,  

Med ikamen tenwi rkungen,  z i r kad iane r  Rhythmus  e t c . )  und 

de ren  Ausw i rkungen  au f  d ie  ERN,  insbesonde re  innerha lb  de r  

Research  Doma in  Cr i te r ia  (RDoC) 4 3 -Mat r ix 4 4 , 4 5 ,  un te rsuchen .  
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7 Overview of  manuscripts and publ ications 
accepted for publ ication 

 

Suchan,  F . ,  Kop f ,  J . ,  A l then ,  H . ,  Re i f ,  A . ,  &  P l ich ta ,  M.  (n .d . ) .  

Re l iab le  and  e f f i c ien t  reco rd ing  o f  the  e r ro r - re la ted  nega t i v i t y  

w i th  a  speeded Er i ksen  F lanke r  Task .  Ac ta  Neu ropsych ia t r ica ,  

1 -8 .  do i :10 .1017 /neu .2018 .36  
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8 Introduction 

Dis t ingu ish ing  e r ro r  f rom co r rec tness  is  an  essen t ia l  

requ i rement  fo r  lea rn ing  p rog ress 1 2 .  In  o rder  to  unde rs tand  

the  func t ion  o f  e r ro r - re la ted  b ra in  ac t iv i t y ,  an  even t - re la ted 

po ten t ia l  (ERP)  has  been  inves t iga ted  in  seve ra l  

e lec t roencepha log raphy  (EEG)  s tud ies :  the  e r ro r - re la ted 

nega t i v i t y  (ERN) ,  a  nega t i ve  de f lec t ion  appea r ing  w i th in  

100ms a f te r  an  e r roneous response  tha t  peaks  in  f ron to -

cen t ra l  m id l ine  reco rd ing  s i tes 5 , 1 0 .  To  e l i c i t  the  ERN the 

E r iksen  F lanke r  Task 4 6  i s  b road ly  used 1 8 , 3 2 , 3 3 , 4 7  wh ich  invo lves  

d isc r im ina t ing  a  cen t ra l  t a rge t  symbo l  (e .g .  an  a r row)  f rom 

sur round ing  d i s t rac t ing  " f lanke r"  symbo ls .  The re  i s  s t rong 

ev idence  tha t  the  ERN is  gene ra ted  in  the  an te r io r  c ingu la te  

cor tex  (ACC) 7 – 9 ,  an  a rea  o f  the  med ia l  p re f ron ta l  co r tex 

respons ib le  fo r  the  in teg ra t ion  o f  a f fec t i ve  and  cogn i t i ve  

in fo rmat ion 4 8 .  

A  s im i la r ,  bu t  sma l le r  nega t ive  ERP can  a r ise  a lso  a f te r  

co r rec t  responses  in  the  same t ime w indow and  a t  the  same 

record ing  s i tes  as  the  ERN:  the  cor rec t - re la ted  nega t i v i t y  

(CRN) 1 7 , 1 8 , 4 9 , 5 0 .  I t  has  been  d iscussed  whe the r  the  same 

p rocess 5 0  o r  two  d i f f e ren t  p rocesses 5 1 , 5 2  unde r l i e  the  ERN and 

CRN.   

The  func t ion  o f  the  ERN is  desc r ibed  in  d i f fe ren t  mode ls  w i th  

rega rd  to  an  e r ro r  de tec t ion  sys tem 1 0 ,  re in fo rcemen t  l ea rn ing 1 2  

o r  genera l  con f l i c t -de tec t ion  p rocess 1 1 .  Recen t l y ,  by 

app l ica t ion  o f  a  fo rwa rd  mode l  i t  has  been  d iscove red 1 3 ,  tha t  

the  ERN i s  l i ke ly  to  re f lec t  an  e r ro r -p red ic t ion .  Th is  i s  in  l ine  

w i th  the  p red ic ted  response -ou tcome  (PRO) mode l 1 4 ,  wh ich  

in te rp re t s  the  ERN as  a  su rp r ise  s igna l  caused  by  non-

occu r rence  o f  a  p red ic ted  even t .  

Seve ra l  fac to rs  have  been  shown to  in f luence  the  ERN.  

Pa r t i cu la r l y  impor tan t  i s  the  pe r fo rmance  o f  the  ind iv idua l  

sub jec t :  The  h ighe r  the  e r ro r  ra te ,  the  lower  the  ERN 
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amp l i tude 1 5 , 1 6 .  Add i t iona l ly  the  s t ruc tu re  o f  the  task  and  the  

ins t ruc t ion  a re  re levan t :  a )  Us ing  cong ruen t  s t imu l i  ( i .e .  ta rge t  

and  f lanke r  a r rows  po in t  to  t he  same  d i rec t ion )  l eads  to  

i nc reased  ERN compared  to  i ncong ruen t  s t imu l i 1 7 ;  b )  task  

ins t ruc t ion  focus ing  on  accu racy  ove r  speed  leads  to  

i nc reased  ERN 5 , 1 8 ;  c )  t he  ERN sca les  w i th  the  ava i l ab i l i t y  o f  

senso ry  in fo rmat ion  and  the  task  goa l 5 3 .    

Mo reover ,  nega t i ve  a f fec t 1 9 , 2 0  and  severa l  psych ia t r i c  

d iso rders 2 1 – 2 4  a re  re la ted  to  the  ERN ampl i tude .  Recen t ly ,  i t  

has  been  demonst ra ted  tha t  the  ERN can  a )  p red ic t  the  onse t  

o f  in te rna l i z ing  d iso rder 2 5  such  as  anx ie ty  d i so rde r  du r ing  the  

ado lescence 2 6 , 2 7 ,  b )  p rov ide  ev idence  fo r  the rapy 

respons iveness 2 1 , 2 2 , 2 8 – 3 0  and  c )  he lp  to  gu ide  t rea tment  

dec is ions 3 1 .   

Pa r t i cu la r l y  the  la t te r  case  emphas izes  the  c l in ica l  re levance  

o f  the  ERN and  makes  i t  a  p rom is ing  cand ida te  as  a  b iomarke r  

fo r  psych ia t r i c  d iso rders .  A  bas ic  requ i rement  fo r  a  b iomarke r  

i s  the  re l iab le  measurement .  On ly  a  few s tud ies  have  

inves t iga ted  ERN re l i ab i l i t y  by  us ing  d i f fe ren t  Er iksen  F lanker  

Task  va r ian ts  and  found  in t rac lass  co r re la t ion  coe f f i c ien t s  

( ICCs)  be tween 0 .62  and  0 .74 3 2 , 3 3 , 3 5 , 3 6 , 5 4 .   

W i th  the  p resen t  s tudy  we seek  to  inves t iga te  tes t - re tes t  

re l iab i l i t y  o f  the  ERN by  us ing  a  mod i f ied  Er iksen  F lanke r  

Task  wi th  an  adap t i ve  reac t ion  t ime (RT)  dead l ine 3 7 , 3 8  in  two  

measurement  sess ions  sepa ra ted  by  28  days .  The  app l ica t ion 

o f  an  adap t i ve  RT  dead l ine  is  i n tended  to  max im ize  re l iab i l i t y  

due  to  h igher  e r ro r  ra te 3 6  wh i le  ERN is  s ign i f i can t ly  d i f fe ren t  

f rom  CRN ampl i tude  and  a  po ten t ia l  decrease  o f  ERN 

amp l i tude 1 5 , 1 6  i s  neg l ig ib le .  A t  the  behav io ra l  leve l  i t  i s  

expec ted  tha t  t he  accu racy  da ta  i s  cons tan t  ac ross  sess ions 

due  to  the  adap t ive  RT dead l ine ,  whe reas  RT  is  p red ic ted  to  

be  fas te r  in  sess ion  2  because  o f  t ra in ing  e f fec t s 3 3 .  To  ensu re  

the  va l i d i t y  o f  t he  mod i f ied  E r iksen  F lanke r  Task ,  we  a t t empt  

to  rep l i ca te  known  co r re la t ion  pa t te rns :  (1 )  pos i t i ve  cor re la t ion  
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o f  ERN amp l i tude  w i th  number  o f  e r ro rs 1 5 , 1 6  and  (2 )  nega t ive  

cor re la t ion  o f  ERN ampl i tude  w i th  nega t i ve  a f fec t ,  measured  

by  the  PANAS ques t ionna i re 1 9 .  In  o rde r  t o  op t im ize  a  po ten t ia l  

fu tu re  c l in ica l  use  o f  the  task ,  we  de te rm ine  whethe r  t he  task  

can  be  sho r tened  w i thou t  s ign i f i can t  loss  in  re l iab i l i t y .  

 

A ims  o f  the  S tudy  

To quan t i f y  tes t - re tes t  re l iab i l i t y  o f  the  e r ro r - re la ted  nega t i v i t y  

evoked  by  a  mod i f ied  Er iksen  F lanke r  Task  wi th  an  adap t i ve  

reac t ion  t ime dead l ine .  We seek  to  de te rm ine  whethe r  the  task  

can  be  sho r tened  w i thou t  s ign i f i can t  loss  in  re l iab i l i t y .   
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9 Materials and Methods 

9.1 Part icipants 

For  the  p i lo t  s tudy  N=12 hea l thy  pa r t i c ipan ts  we re  recru i ted  to  

ad jus t  task  pa rameters .  Two sub jec t s  had  to  be  exc luded  f rom 

ana lyses  due  to  techn ica l  p rob lems .  Power  es t ima t ion  fo r  the  

ma in  s tudy  was ca lcu la ted  based  on  the  p i lo t  s tudy  resu l t s .  

Us ing  G*Power  3 .1 .9 .2  we ca lcu la ted  a  requ i red  samp le  s ize 

o f  N=11 sub jec ts  g i ven  a  s ta t i s t i ca l  power  o f  0 .80 ,  α=0 .05 

(one - ta i led )  and  an  e f fec t  s ize  o f  0 .83  fo r  a  t - tes t  w i th  

dependent  means.  To  compensa te  fo r  d rop -ou ts  a  new samp le  

o f  N=15  sub jec ts  was recru i ted  fo r  the  ma in  s tudy .  One 

sub jec t  had  to  be  exc luded  f rom the  ma in  s tudy  due  to  

techn ica l  p rob lems .  F ina l l y ,  tes t - re tes t  da ta  f rom N=14 

sub jec t s  (9F/5M;  mean age=23 .5  yea rs ,  SD=2 .07  yea rs ,  

range=20 -28  years )  we re  inc luded  fo r  ma in  ana lyses .  A l l  

pa r t i c ipan ts  were  tes ted  fo r  men ta l  hea l th  by  the  Min i  

In te rna t iona l  Neu ropsych ia t r i c  In te rv iew (M. I .N. I . ) ,  Ge rman 

Ve rs ion  5 .0 .0 5 5 .  Exc lus ion  c r i te r ia  inc luded  cu r ren t  o r  

p reced ing  psych ia t r ic  d iagnoses .  We  documented  consumpt ion  

o f  c iga re t tes ,  ca f fe ine  ( i nc lud ing  co f fee ,  coke ,  o r  ca f fe ina ted  

tea)  and  a l coho l  be fo re  the  f i r s t  tes t ing  and  reques ted  the 

sub jec t s  to  appea r  in  a  comparab le  cond i t i on  fo r  the  second 

tes t ing .  

A l l  pa r t i c ipan ts  we re  compensa ted  fo r  the i r  pa r t i c ipa t ion  and 

gave  wr i t ten  in fo rmed consen t  a f te r  de ta i led  exp lana t ion  o f  

the  expe r imen ta l  p rocedu re .  The  s tudy  was app roved  by  the 

E th i cs  Commi t tee  o f  the  Un ive rs i t y  o f  F rank fu r t  and  is  in  

acco rdance  w i th  the  la tes t  ve rs ion  o f  the  Dec la ra t ion  o f  

He ls ink i .  
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9.2 Posi t ive and Negative Affect Schedule (PANAS) 

The German  ve rs ion  o f  the  Pos i t i ve  and  Nega t ive  A f fec t  

Schedu le  (PANAS)  i s  a  se l f - repor t  measu r ing  ins t rument  o f  

a f fec t  adap ted  by  K rohne ,  Eg lo f f ,  Koh lmann,  &  Tausch ,  (1996 )  

f rom the  Eng l ish  language  ques t ionna i re  PANAS 5 7 .  The  

ques t ionna i re  cons is t s  o f  20  ad jec t ives  desc r ib ing  d i f fe ren t  

emot ions  (see  supp lementa ry  mate r ia l ) .  Ten  ad jec t i ves  each  

cove r  the  d imens ions  pos i t i ve  a f fec t  and  nega t ive  a f fec t .  

Eve ry  i tem can  be  ra ted  on  a  F ive -Po in t  L ike r t -Type  Sca le  

rang ing  f rom 1  "no t  a t  a l l "  to  5  "ex t reme ly ” .  Sub jec t s  

responded  on  the  bas is  o f  the i r  p resen t  mood.  The  sum sco res 

rep resen t ing  nega t i ve  and  pos i t i ve  a f f ec t  have  adequate  

in te rna l  cons is tency ,  tes t– re tes t  re l iab i l i t y ,  and  conve rgent  

and  d i sc r im inan t  va l id i t y 5 7 .    

Sub jec t s  comp le ted  the  PANAS be fo re  the  Er iksen  F lanke r  

Task  s ta r ted  a t  bo th  sess ions .  To  ensu re  va l i d i t y  by  

rep l i ca t ing  known co r re la t ion  pa t te rns ,  s ta te  a f fec t  was 

cor re la ted  w i th  t he  ERN amp l i tude .  

 

9.3 Modif ied Er iksen Flanker task 

Sub jec t s  pe r fo rmed  a  mod i f i ed  a r row ve rs ion  o f  the  E r i ksen  

F lanke r  Task 4 6  two  t imes (sess ion  t1  and  sess ion  t2 )  

sepa ra ted  by  exac t ly  28  days  (F igu re  1 )  in  an  e lec t r i ca l l y  

sh ie lded ,  sound -a t tenua ted ,  d im ly - i l lum ina ted  room (sub jec t s  

o f  the  p i lo t  s tudy  f in i shed  on ly  sess ion  t1 ) .  P resen ta t ion 

so f twa re  Ve rs ion  18 .1  (Neu robehav io ra l  Sys tems,  Inc . )  was  

used .  The  who le  task  inc luded  411  t r ia l s ,  12  exerc i se  t r ia ls  

and  399  expe r imenta l  t r i a l s .  In  o rder  t o  fo rce  many e r ro rs  on ly  

i ncong ruen t  s t imu l i  we re  inc luded .  On  each  t r i a l  f i ve  

ho r izon ta l l y  a l igned  a r rows  were  shown in  the  m idd le  o f  the 

mon i to r  ( “<<><<“  o r  “>><>>”  o r  “><><>”  o r  “<><><“ )  fo r  125ms 

fo l lowed by  a  wh i te  sc reen  du r ing  the  RT dead l ine  o f  max ima l  

475ms.  Each  o f  the  s t imu lus  t ypes  was in tended to  be  shown 
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100  t imes (due  to  a  techn ica l  p rob lem,  “<<><<“  was on ly  

shown 99  t imes on  bo th  sess ions  and  a l l  sub jec ts ) .  The 

sub jec t  was  ins t ruc ted  to  respond as  fas t  and  accura te  as 

poss ib le  w i th  the  r igh t  o r  l e f t  a r row key  us ing  h i s /her  r i gh t  

i ndex  f inge r  on  a  keyboa rd ,  cong ruen t  to  the  d i rec t ion  o f  the 

cen t ra l  a r row.  Immed ia te l y  a f te r  the  bu t ton  p ress ,  a  feedback 

was p resen ted :  a  p lus  (+ )  s ign  fo r  co r rec t  answers ,  m inus  ( - )  

fo r  e r roneous answers  and  exc lamat ion  po in t  ( ! )  was  shown 

when the  sub jec t  d id  no t  answer  w i th in  the  cu r ren t  RT 

dead l ine .  In  o rder  to  fo rce  qu ick  answers ,  the  RT  dead l ine  was 

ad jus ted  a f te r  each  t r ia l  by  a  reduc t ion  o f  25ms  in  case  the  

sub jec t  reac ted  co r rec t l y  w i th in  the  cu r ren t  RT dead l ine  o r  an 

ex tens ion  by  25ms  in  case  the  response  took  longer  than  the  

cur ren t  RT dead l ine .  Be tween each  t r ia l  a  wh i te  sc reen  

w i thou t  f i xa t ion  c ross  was shown fo r  random ly  500 -1500ms.  

 

 

Figure  2  -  Execu t ion  o f  the  mod i f ied  Er i ksen  F lanke r  Task .  
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9.4 EEG recording 

The EEG was recorded  us ing  an  e las t ic  head  cap  w i th  64  

sca lp  e lec t rodes  acco rd ing  to  the  in te rna t iona l  10 /20 -Sys tem.  

Fou r  add i t iona l  e lec t rodes  were  p laced  to  record  an 

e lec t roocu log ram (EOG),  two  c lose  to  each  angu lus  ocu l i  

l a te ra l i s ,  one  on  the  supe rc i l ium and  one  on  the  pa lpeb rae  

in fe r io r i s .  G round  e lec t rode  was p laced  be tween  the  FPz  and  

Fz  e lec t rode ,  re fe rence  e lec t rode  be tween the  Fz  and  Cz 

e lec t rode .  A l l  s igna ls  were  d ig i t i zed  w i th  a  64 -channe l  DC-

amp l i f i e r  and  the  so f twa re  “Bra inV is ion  Reco rde r ”  2 .0  

(B ra inProduc ts ,  Mun ich ,  Ge rmany)  w i th  a  samp l ing  ra te  o f  

5000  Hz.   

 

9.5 Data analysis  

EEG da ta  we re  ana lyzed  us ing  the  so f twa re  “B ra inV is ion  

ana lyze r ”  2 .0  (B ra inProduc ts ,  Mun ich ,  Ge rmany) .  F i r s t ,  

e lec t rode  TP9 and  TP10  were  d i sab led ,  s ince  they  a re  p laced 

on  the  masto id  and  no t  used  as  re fe rence .  Da ta  we re  band  

pass  f i l t e red  w i th  a  low cu to f f  o f  0 .1Hz,  a  h igh  cu to f f  o f  50Hz 

and  a  no tch  f i l t e r  o f  50Hz.   B l inks  and  eye  movemen ts  we re 

cor rec ted  based  on  the  method  es tab l ished  by  Gra t ton ,  Co les ,  

and  Donch in  (1983 ) .  The  a lgo r i thm co r rec t s  eye  a r t i fac t s  by 

sub t rac t ing  the  eye  channe l  vo l t ages  mu l t i p l ied  by  a  channe l -

dependent  co r rec t ive  fac to r  f rom the  respec t ive  EEG 

channe ls .  

Subsequent ly  da ta  we re  re - re fe renced  on  an  ave rage  

re fe rence  o f  a l l  e lec t rodes  and  the  fo rmer  re fe rence  was 

reused  as  channe l  FCz.  The  EEG was segmented  response -

locked  w i th  an  en t i re  leng th  o f  800ms,  w i th  400ms p re  and 

pos t  response  each .  The  au tomat i c  a r t i fac t  re jec t ion  searched  

fo r  va lues  exceed ing  a  d i f fe rence  o f  ±70µV  wi th in  200ms and  

exc luded  da ta  200ms be fo re  and  a f te r  the  a r t i fac t .  Th is  

p rocedu re  d id  no t  revea l  any  a r t i fac t s .  A f te rwa rds  the 
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segments  we re  averaged  separa te l y  in to  co r rec t ,  e r ro r  and 

m issed  t r ia ls  and  a  w indow -400ms to  -200ms p r io r  to  the 

response  was used  as  base l ine .  The  ERP componen ts  ERN 

and  CRN were  ana lyzed  in  te rms  o f  a rea  and  peak  measures 

a t  e lec t rode  s i tes  FCz and  Cz .  For  a rea  measu res  the  mean 

ac t iv i t y  in  t he  in te rva l  0 -100ms a f te r  response  was  ca lcu la ted ,  

fo r  peak  ana lys is  au tomat ic  peak  de tec t ion  iden t i f ied  the  

la rges t  nega t i v i t y  i n  t he  same in te rva l .  

In  the  p rocess  o f  ou r  ana lys is  i t  was  necessa ry  t o  eva lua te  t he 

EEG da ta  add i t i ona l ly  s t imu lus - locked .  The  w indow -400  to  -

200ms p re -s t imu lus  was  used  as  base l ine  and  the  ave rage  

t ime  cou rse  sepa ra ted  in to  cor rec t  and  e r ro r  as  we l l  as 

sess ion  t1  and  t1  was  ca lcu la ted .  

 

9.6 Stat ist ical  methods 

For  s ta t is t i ca l  ca l cu la t ions  IBM SPSS s ta t is t i cs  (ve rs ion  22 )  

and  MATLAB R2017b  (The  Ma thworks ,  Na t i ck ,  MA)  was used .   

In  case  o f  behav io ra l  da ta  we used  W i l coxon- tes t  (a lpha=0 .05 ;  

two - ta i led )  due  to  non -no rma l l y  d is t r ibu ted  da ta  as  tes ted  by  

Shap i ro -W i l k - tes ts .  Fo r  d i f f e rences  in  peak  and  a rea  measu res  

o f  CRN and  ERN we used  pa i red  t - t es t s  (a lpha=0.05 ;  two -

ta i led )  a f t e r  tes t ing  f o r  Gauss ian  d is t r ibu t ion  by  Shap i ro -Wi l k -

tes t s  (a l l  ps  >0 .42 ) .  

In  o rde r  to  ana lyze  EEG da ta ,  we  ca lcu la ted  a  2x2  repea ted  

measure  ANOVA w i th  fac to rs  (1 )  accu racy  (CRN,  ERN)  and  (2 )  

sess ions  ( t1 ,  t2 ) .  Pos t -hoc  dependen t  t - tes t s  (a lpha=0 .05 ;  

two - ta i led )  we re  pe r fo rmed in  case  o f  s ign i f i can t  in te rac t ion 

e f fec ts .  

Tes t - re tes t  re l iab i l i t y  was  assessed  by  ca lcu la t ing  ICC(2 ,1 )  fo r  

abso lu te  agreement  de f ined  by  Sh rou t  &  F le i ss ,  (1979 )  as :  

 

ICC(2 ,1 )=BMS-EMS/ (BMS+(k-1 ) *EMS+k* (JMS-EMS)/N)  
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BMS=be tween -sub jec ts  mean squa re ;  EMS=erro r  mean 

squa re ;  JMS=sess ion  mean  squa re  ( the  o r ig ina l  te rm ino logy  o f  

“ J ”  i s  “Judge” ) ;  k=number  o f  repea ted  sess ions  and  N=number 

o f  sub jec t s .  Thus ,  in  the  cu r ren t  s tudy ,  k=2 and  N=14.   

Fo l low ing  Sh rou t  &  F le iss  (1979 )  we  de f ined  ICC va lues  <0 .4  

as  poo r ,  0 .4–0 .75  as  fa i r  t o  good  and  >0 .75  as  exce l len t .  

Negat i ve  ICC va lues  we re  rese t  to  0 6 0 .  

Fo r  co r re la t ion  ana lyses  o f  ERN amp l i tude ,  we  ca lcu la ted  the  

cor re la t ion  acco rd ing  to  Spea rman  (one - ta i l ed ) ,  s ince  the 

sco res  o f  nega t ive  a f fec t  and  number  o f  e r ro rs  we re  no t  

Gauss ian  d is t r ibu ted .    
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10 Results 

10.1 Behavioral  results 

Par t i c ipan ts  responded s ign i f i can t l y  fas te r  in  sess ion  t2  

compared  to  sess ion  t1 ,  fo r  bo th  co r rec t  and  e r ro r  t r ia ls  

(Tab le  1 ) .  There  was a  s ign i f i can t  e f fec t  on  number  o f  co r rec t  

t r ia ls ,  bu t  no t  on  number  o f  e r ro r  and  m issed  t r ia ls  be tween 

sess ions  (Tab le  1 ) .  Ac ross  sess ions  the  accuracy  was 

cons is ten t  a t  a  leve l  o f  app rox imate ly  80% (see  supp lementa ry  

F igure  1 ) .  

 

Table  1  -  Performance Data. 

 
Session t1 Session t2 Session t1 -t2 

 Median IQR1 Median IQR1 U p dz 

RT correct trials 
(ms) 

404 53 366 36 -3.296 <0.001 1.935 

RT error trials (ms) 373 50 343 30 -3.233 <0.001 1.604 

Number of correct 
trials 

199 8 201 2 -2.280 0.021 0.565 

Number of 
erroneous trials 

68 53 81 55 -0.471 0.659 0.181 

Number of missed 
trials 

136 46 120 56 -0.031 0.985 0.017 

1 IQR=interquartil range. 

 

10.2 Comparing CRN and ERN 

F igure  2A shows response - locked  ERPs fo r  e r ro r  and  co r rec t  

t r ia ls  a t  FCz  e lec t rode  averaged  over  a l l  sub jec t s  and  t r i a l s .  

As  expec ted ,  the re  was a  s ign i f i can t  d i f fe rence  be tween CRN 

and  ERN (peak  amp l i tude  measu res :  F (1 ,13 )=16 .673 ,  p<0 .001 ,  

ηp 2 =0.562 ;  a rea  measu res :  F (1 ,13 )=10 .008 ,  p=0.007 ,  

ηp 2 =0.435 )  w i th  more  p ronounced  nega t i v i t y  fo r  ERN vs .  CRN.  

Fo r  fac to r  sess ion ,  the re  was a  s ign i f i can t  e f fec t  (peak 

amp l i tude  measures :  F (1 ,13 )=15 .282 ,  p=0 .002 ,  ηp 2 =0.540 ;  

a rea  measu res :  F (1 ,13 )=27 .924 ,  p<0.001 ,  ηp 2 =0.682 )  w i th  a  
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more  p ronounced  nega t iv i t y  fo r  sess ion  1  vs .  sess ion  2 .  

Add i t iona l ly ,  the re  was a  s ign i f i can t  in te rac t ion  o f  accuracy  

and  sess ion  fo r  peak  amp l i tude  measures  (F (1 ,13 )=11 .484 ,  

p=0.005 ;   ηp 2 =0.469 )  bu t  no t  f o r  a rea  measu res .  Pos t -hoc  t -

tes t s  revea led  tha t  t he  in te rac t ion  resu l ted  f rom a  s ign i f i can t  

change  in  the  CRN amp l i tude  ( t=-4 .270 ,  p<0 .001 ,  dz=1 .141 )  

wh i le  t he  ERN amp l i tude  d i f fe rence  was  no t  s ign i f i can t  ac ross 

sess ions  ( t=-1 .841 ,  p=0.089 ,  dz=0 .492 ) .  

The  topog raph ies  showed  a  more  p ronounced  nega t i v i t y  i n  

f ron ta l  a reas  fo r  e r ro r  compared  to  co r rec t  t r ia l s  and  the  ma jo r  

d i f f e rence  be tween CRN and  ERN in  the  cen t ra l  co r tex  (F igu re  

2B) .   
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Figure  3  –  (a )  Response- locked  t ime cou rses  o f  co r rec t  and  

e r ro r  t r ia ls  a t  FCz  e lec t rode  (±SE)  fo r  sess ion  t1  and  t2 .  (b )  

Topog raph ic  mapp ing  o f  co r rec t - re la ted  nega t iv i t y  (CRN)  and  

e r ro r - re la ted  nega t i v i t y  (ERN)  and  t -map  o f  the  d i f f e rence 

ERN-CRN (a rea  measu re )  
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10.3 Test-retest rel iabi l i ty 

Tab le  2  shows  tes t - re tes t  re l i ab i l i t y  ind ices  o f  ERP measures  

fo r  e r ro r  and  cor rec t  t r ia l s  a t  FCz  and  Cz  e lec t rode .  

Cons ide r ing  the  FCz e lec t rode ,  ICC E R N  was  exce l len t  (peak 

amp l i tude  measures :  ICC=0.947 ,  p<0.001 ;  a rea  measures :  

ICC=0.806 ,  p<0.001 )  and  ICC C R N  was  fa i r  to  good  (peak 

amp l i tude  measures :  ICC=0.747 ,  p<0.001 ;  a rea  measures :  

ICC=0.675 ,  p<0.001 ) .  Fo r  peak  amp l i tude  measures  the  

ICC E R N - C R N  was  exce l len t  ( ICC=0.792 ,  p<0.001 )  and  fa i r  to  

good  fo r  a rea  measures  ( ICC=0.585 ,  p=0.013) .  On  the  

con t ra ry ,  peak  la tency  measu res  we re  cha rac te r i zed  by  a  low 

non -s ign i f i can t  re l i ab i l i t y  o f  ERN ( ICC=0.143 ,  p=0.290 )  and 

CRN  ( ICC=0.347 ,  p=0.113 )  bu t  a  modera te  and  s ign i f i cant  

re l iab i l i t y  o f  ERN-CRN ( ICC=0 .690 ,  p=0.002 ) .  Fo r  Cz  e lec t rode 

we found  comparab le  resu l ts .  

 

Table  2  -  Tes t - re tes t  re l iab i l i t y  fo r  ERN and  CRN a t  (a )  FCz 

and  (b )  Cz  e lec t rode 1 .  

(a)  FCz electrode: ERP ICCa (95% CI) p 

Peak amplitude 
measures 

ERN  0.947 (0.832-0.983) <0.001 

CRN   0.747 (0.030-0.930) <0.001 

ERN-CRN    0.792 (0.226-0.939) <0.001 

Area measures 

ERN  0.806 (0.052-0.950) <0.001 

CRN  0.675 (0.032-0.899) <0.001 

ERN-CRN    0.585 (0.092-0.846) 0.013 

Peak latency measures 

CRN   0.347 (0.000-0.736) 0.113 

ERN  0.143 (0.000-0.594) 0.290 

ERN-CRN    0.690 (0.295-0.887) 0.002 
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( b )  Cz electrode: ERP ICCa (95% CI) p 

Peak amplitude 
measures 

ERN  0.890 (0.679-0.964) <0.001 

CRN   0.740 (0.281-0.914) <0.001 

ERN-CRN    0.628 (0.195-0.861) 0.004 

Area  measures 

ERN  0.826 (0.482-0.943) <0.001 

CRN  0.800 (0.482-0.931) <0.001 

ERN-CRN    0.743 (0.361-0.910) <0.001 

Peak latency measures 

ERN  0.569 (0.055-0.840) 0.017 

CRN   0.572 (0.081-0.839) 0.014 

ERN-CRN    0.525 (0.012-0.819) 0.025 

 

1  No te  tha t  the  ICCs  a re  comparab le  a t  C 2  e lec t rode  whe re  the  

d i f f e rence  be tween ERN and  CRN was a t  max imum.  

a  ICC fo r  abso lu te  agreement  

 

10.4 Val idi ty 

Spearman  co r re la t ion  fo r  the  ERN amp l i tude  (FCz)  w i th  

re la t ive  number  o f  e r ro rs  (F igu re  3A)  revea led  a  t rend  to  

s ign i f i cance  ( r=0.394 ;  p=0 .082 ) .  The  co r re la t ion  o f  nega t ive  

a f fec t  and  ERN amp l i tude  (F igu re  3B)  reached  s ign i f i cance  

( r=-0 .583 ,  p=0.014 ) .  Topograph ic  mapp ings  o f  the  co r re la t ions  

show tha t  the  abso lu te  max ima were  loca ted  a t  cen t ra l  

e lec t rodes  (F igu re  3C) .   

A  nega t i ve  de f lec t ion  p reced ing  the  ERN i s  no t iceab le  i n  our  

response - locked  t ime cou rses  (F igure  2A) .  To  fu r the r  exam ine 

th i s  nega t ive  de f lec t ion ,  we  ana lyzed  the  EEG da ta  s t imu lus-

locked  (see  supp lementa ry  F igure  2 )  and  iden t i f i ed  v isua l  

evoked  po ten t ia l s :  The  nega t i ve  po ten t ia l  be fo re  the  ERN and 

CRN i s  most  l i ke l y  the  N200 wh ich  peaks  a t  FCz e lec t rode  

(co r rec t :  292ms  ( t1 ) /281ms ( t2 ) ;  e r ro r :  291ms  ( t1 ) /  277ms ( t2 )  

pos t  s t imu lus ) 6 1 .  
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Figure  4  -  (a )  Co r re la t i on  o f  ERN ampl i t ude  w i th  abso lu te  

number  o f  e r ro rs .  (b )  Co r re la t ion  o f  ERN amp l i tude  w i th  

nega t i ve  a f f ec t ,  measured  by  the  PANAS ques t ionna i re .  (c )  

Topog raph ic  mapp ing  o f  co r re la t ion  va lues  o f  ERN amp l i tude  

w i th  abso lu te  number  o f  e r ro rs  ( l e f t )  and  nega t ive  a f fec t  

( r igh t ) .  
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10.5 Can the task be shortened? 

F igure  4  shows ICC E R N  and  ICC C R N  va lues  w i th  inc reas ing  

number  o f  inc luded  t r ia l s  a t  FCz e lec t rode .  Ana lyz ing  peak 

measures  the  ICC E R N  exceeded the  th resho ld  o f  >0.80  

inc lud ing  35  t r ia ls ,  fo r  a rea  measu res  45  t r ia l s  we re  requ i red .   

Ana lyz ing  ICC C R N  va lues  fo r  peak  measures  a t  leas t  50  t r ia l s  

we re  requ i red ,  fo r  a rea  measu res  the  th resho ld  was  not  

exceeded.   

 

 

Figure  5  –  ICC va lues  o f  CRN and  ERN w i th  i nc reas ing 

number  o f  inc luded  t r ia l s  a t  FCz  e lec t rode .  
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11 Discussion 

The ove ra l l  ob jec t ive  o f  th i s  s tudy  was to  es tab l i sh  ERN 

acqu is i t ion  in  a  re l iab le ,  t ime-e f f i c ien t  and  pa t ien t - f r iend ly  

way .  The re fo re ,  we  used  a  mod i f ied  Er iksen  F lanke r  Task  tha t  

i nc reases  the  number  o f  e r ro rs .  To  ensu re  ex te rna l  va l i d i t y  we  

a imed to  rep l ica te  p rev ious ly  repor ted  co r re la t ion  pa t te rns  o f  

ERN ampl i tude  w i th  number  o f  e r ro rs  and  nega t ive  a f fec t .  In  

o rde r  to  op t im ize  the  c l in ica l  use  o f  the  task ,  we  de te rm ined  to  

wh ich  ex ten t  the  task  can  be  shor tened  wh i le  keep ing  

re l iab i l i t y  >0 .80 .  Ove ra l l ,  we  (A )  found  exce l len t  re l i ab i l i t y  o f  

the  ERN,  wh ich  was >0 .80  even  when  the  task  was  reduced  to  

ha lve  o f  t he  t r ia l s  and  (B)  ensu red  ex te rna l  va l id i t y  o f  the  ERN 

assessed  by  rep l ica t ing  p rev ious ly  repo r ted  cor re la t ion  

pa t te rns  w i th  in te rna l  and  ex te rna l  va r iab les .  

 

11.1 Reliabi l i ty and effects of  the adaptive RT 

deadl ine 

Exce l len t  re l iab i l i t y  o f  the  ERN was found .  Fo r  peak  measures ,  

re l iab i l i t y  i s  h ighe r  compared  to  o the r  s tud ies 3 2 , 3 3 , 3 5 , 3 6 , 5 4 ,  w i th  

a  95% CI  rang ing  f rom 0 .832  to  0 .983 .  A  po ten t ia l  exp lana t ion  

fo r  t h i s  i s  the  adap t i ve  RT dead l ine  wh ich  p roduced  abou t  

tw ice  as  many e r ro rs  in  compar ison  to  o the r  s tud ies .  Fo r  

example ,  the  sub jec ts  in  the  s tudy  o f  La rson  e t  a l .  (2010 ) 

made e r ro rs  i n  12% o f  the  incongruen t  t r i a l s  on  average .  In  

the  s tud ies  o f  We inbe rg  and  Ha jcak  (2011 )  and  O lve t  and  

Ha jcak  (2009 )  e r ro r  ra te  was  11 .97% and  11 .34%.  In  ou r  

pa rad igm,  howeve r ,  e r ro r  ra te  was  20%.  (The  da ta  re fe rs  to  

the  f i r s t  sess ion ,  bu t  the  second  sess ion  i s  comparab le ) .  An  

inc reas ing  number  o f  e r ro r  t r ia ls  has  been  shown  to  inc rease  

the  ERN re l iab i l i t y 6 2  and  power 1 5 , 4 0 .   

In  add i t ion ,  the  adap t i ve  RT dead l ine  coun te rac t s  a  po ten t ia l  

l ea rn ing  e f fec t .  Acco rd ing  to  the  PRO mode l 1 4 ,  the  ERN 

amp l i tude  changes w i th  the  l i ke l i hood  o f  e r ro rs .  When  a 
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sub jec t  per fo rms the  same task  a t  two  sess ions ,  a  lea rn ing 

e f fec t  a r ises  and  the reby  a  d i f fe rence  in  l i ke l ihood  fo r  e r ro rs  

be tween the  sess ions .  Howeve r ,  due  to  the  adap t i ve  RT 

dead l ine ,  the  pa rad igm adapts  to  the  pe r fo rmance  leve l  o f  the 

sub jec t  and  the  l i ke l ihood  rema ins  s tab le  desp i te  t he  lea rn ing 

e f fec t .  Th is  may exp la in  the  exce l len t  re l iab i l i t y  o f  the  ERN as  

found  in  ou r  s tudy .  

A  fu r the r  advan tage  o f  the  adap t i ve  RT dead l ine  i s  

pe r fo rmance  ad jus tment  across  g roups .  Seve ra l  s tud ies 1 5 , 1 6  

demonst ra ted  a  nega t i ve  re la t ionsh ip  be tween number  o f  

e r ro rs  and  ERN amp l i tude .  Th is  can  lead  to  b iased  resu l ts  

when compar ing  g roups  w i th  d i f f e ren t  e r ro r  ra tes 1 5 .  Acco rd ing  

to  the  PRO mode l 1 4 ,  d i f fe ren t  pe r fo rmance  leve ls  e .g .  in  

hea l thy  con t ro l s  and  pa t ien ts  wou ld  lead  to  d i f fe ren t  sub jec t s ’  

expec ta t ions  o f  mak ing  e r ro rs  and  thus  may con found  the  ERN 

amp l i tudes .  The  adap t ive  RT dead l ine  can  reduce  th i s  

po ten t ia l  b ias  because  sub jec ts  wou ld  p roduce  a  comparab le  

e r ro r  ra te .   

Howeve r ,  the re  a re  a l so  po ten t ia l  cavea ts :  a  h igh  task 

pe r fo rmance  can  be  de f ined  no t  on ly  by  the  e r ro r  ra te  bu t  a l so 

by  the  RT.  Accord ing  to  the  fo rwa rd  mode l 1 3 , 4 1  be t te r  task 

pe r fo rmance  co r responds to  more  accu ra te  fo rwa rd  model  

p red ic t i ons  abou t  the  per fo rmance  ou tcome.  Th is  cou ld  lead  to  

h ighe r  ERN amp l i tudes  in  sub jec ts  w i th  fas te r  RT.  The re fo re ,  

d i f f e rences  in  RT e .g .  be tween pa t ien ts  and  hea l t hy  con t ro l s  

m igh t  lead  to  b iased  ERN compar isons .   

F ina l ly ,  o the r  s tud ies  gene ra te  su f f i c ien t  number  o f  e r ro rs  by  

inc reas ing  task  leng th  (e .g .  900  t r i a l s 3 6 ) ,  wh i le  we  ach ieved  

the  h igh  number  o f  e r ro rs  by  a  h ighe r  e r ro r  ra te .  Accord ing  to  

the  PRO mode l 1 4  and  F ische r  e t  a l . ,  (2017 )  a  sma l le r  ERN 

amp l i tude  is  then  expec ted .  Howeve r ,  th is  ERN amp l i tude  

dec rement  seems to  be  neg l ig ib le  i n  ou r  case  s ince  we have  

de tec ted  s ign i f i can t  d i f fe rences  be tween ERN and  CRN.  
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11.2 Val idi ty  

We found  ev idence  fo r  va l id i t y  o f  the  reco rded  ERN by  

pa r t ia l l y  rep l i ca t ing  known co r re la t ion  pa t te rns :  (A )  a  t rend -

w ise  pos i t i ve  co r re la t ion  o f  ERN amp l i tude  w i th  number  o f  

e r ro rs 1 5 , 1 6  and  (B)  nega t ive  co r re la t ion  o f  ERN amp l i tude  w i th  

nega t i ve  a f fec t 1 9 .  In  ou r  s tudy ,  the  cor re la t ion  be tween ERN 

amp l i tude  and  number  o f  e r ro rs  showed  on ly  a  t rend  to  

s ign i f i cance .  Howeve r ,  th i s  i s  l i ke ly  due  to  the  sma l l  samp le  

because  ou r  revea led  e f fec t  s i ze  is  i n  l ine  w i th  the  repo r ted 

va lues 1 5 .  

An  add i t iona l  aspec t  suppo r t ing  the  va l id i t y  o f  the  ERN is  the 

topog raph ic  mapp ing :  the  ERN peaks  in  f ron to -cen t ra l  m id l ine 

record ing  s i tes  as  repo r ted  by  p rev ious  s tud ies 5 , 1 0 .   Howeve r ,  

compared  to  o the r  ERN s tud ies  a  nega t i ve  de f lec t ion 

p reced ing  the  ERN is  no t i ceab le  in  ou r  response - locked  t ime 

cou rses  (F igu re  2A) .  To  fu r ther  examine  th i s  po ten t ia l ,  we 

eva lua ted  s t imu lus- locked  t ime cou rses  (see  supp lementa ry  

F igure  2 )  and  iden t i f ied  th i s  nega t ive  de f lec t ion  most  l i ke ly  as  

the  N200 .  I t  has  been  shown in  fo rmer  s tud ies  tha t  the  N200 

appears  pa r t i cu la r l y  on  incongruen t  f lanke r  s t imu l i 6 1 .   

 

11.3 Can the task be shortened? 

To de te rm ine  whe the r  the  task  can  be  sho r tened  w i thou t  

s ign i f i can t  loss  in  re l iab i l i t y  we  ana lyzed  f rom wh ich  number  

o f  p rocessed  t r ia ls  a  re l iab i l i t y  g rea te r  than  0 .80  can  be 

ach ieved 6 3 .  Our  ana lyses  showed tha t  a t  leas t  35  e r ro r  t r ia ls  

a re  necessa ry  t o  ach ieve  re l i ab i l i t y  >0 .80  fo r  peak  amp l i tude 

measures  o f  the  ERN.  Fo r  a rea  measu res ,  45  e r ro r  t r ia l s  a re  

requ i red .  A  sub jec t  made  68  ( t1 )  and  81  ( t2 )  e r ro rs  on  ave rage  

du r ing  the  en t i re  task .  There fo re  i t  can  be  conc luded  tha t  a  

reduc t ion  o f  the  pa rad igm to  app rox ima te ly  ha l f  o f  the  t r ia ls  

(=200 )  can  equa l l y  ensu re  exce l len t  re l iab i l i t y  o f  ERN peak 

measures .  P rocess ing  the  who le  task  took  on  ave rage  16 .33  
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m inu tes .  Thus ,  ou r  pa rad igm can  acqu i re  h igh ly  re l i ab le  ERN 

w i th in  8  m inu tes .  Th is  is  advan tageous in  c l in ica l  p rac t i ce  as 

pa t ien ts  o f ten  have  sho r te r  concen t ra t ion  spans 6 4 .  

 

11.4 Limitat ions and Recommendations for future 

studies 

No compar ison  and  re l iab i l i t y  assessment  o f  congruen t  vs.  

i ncong ruen t  t r ia l s  cou ld  be  conducted ,  because  on ly  

i ncong ruen t  s t imu l i  were  shown .  

Moreover ,  ou r  mod i f i ca t ions  o f  the  Er i ksen  F lanke r  Task ,  i . e .  

us ing  on ly  incong ruen t  s t imu l i  and  an  adap t i ve  RT dead l ine ,  

m igh t  have  in f luenced  the  ERN.  For  examp le ,  i t  has  been  

shown tha t  fas te r  RTs  a re  assoc ia ted  w i th  la rge r  ERNs 3 9  wh i le  

h ighe r  e r ro r  numbers 1 5 , 1 6  and  incong ruen t  s t imu l i 1 7  lead  to  

reduced  ERN amp l i tudes .  In  o rde r  to  inves t iga te  t hese  

in f luences  sys temat ica l l y ,  fu tu re  s tud ies  shou ld  compare  the 

ERN e l i c i ted  by  a  f lanke r  task  va r ian t  w i th  ve rsus  w i thou t  

these  mod i f i ca t ions .  

The  ins tan t  feedback  does  no t  a l low  fo r  ana lyz ing  feedback-

re la ted  po ten t ia ls 6 5 .  To  ach ieve  th is ,  in t roduc ing  a  de lay 

pe r iod  be tween response  and  feedback  wou ld  be  necessa ry .  

Fu r the rmore ,  con tamina t ions  o f  the  response - locked  ERP 

components  by  the  v isua l  feedback  canno t  be  ru led  ou t .   

A l though  su f f i c ien t  fo r  de tec t ing  the  ERN wi th  a  power  > .80 ,  

the  cur ren t  samp le  s ize  does  no t  a l l ow  any  sub -ana lyses  e .g .  

gender  e f fec ts .  S tud ies  focus ing  on  such  e f fec ts  shou ld  

inc lude  la rger  samp le  s i zes .  

In  o rde r  to  use  the  ERN as  a  b iomarke r  e .g .  to  con t ro l  the  

cou rse  o f  an  in te rven t ion 3 1  i t  i s  impo r tan t  to  assess  and 

in te rp re t  the  ERN o f  a  s ing le  sub jec t  (e .g .  ass ignment  in to  

t rea tment  t ype ) .  Howeve r ,  measu r ing  the  ERN in  s ing le  

sub jec t s  usua l ly  i s  f a i r l y  d i f f i cu l t  because  o f  h igh  var iance  due  

to  d i ve rse  p re -ana ly t i ca l  and  ana ly t i ca l  sou rces 4 2  tha t  a l l  have  
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an  po ten t ia l  impact  on  re l iab i l i t y .  Fu tu re  s tud ies  have  to  

i nves t iga te  fu r ther  c r i te r ia  fo r  es tab l ish ing  the  ERN (e f f ec t s  o f  

sex ,  s t ress ,  age ,  p re -ex is t ing  d isease ,  med ica t ion  e f fec t s ,  

c i r cad ian  rhy thm e tc . )  as  a  t rans-d iagnos t i c  b iomarke r  in  

pa r t i cu la r  w i th in  the  Resea rch  Domain  Cr i te r ia  (RDoC) 4 3  

mat r ix 4 4 , 4 5 .   

F ina l ly ,  the  task  and  i t s  p rac t i cab i l i t y  shou ld  be  eva lua ted  in  

pa t ien ts  to  exam ine  feas ib i l i t y  and  compare  re l iab i l i t y .  

 

11.5 Conclusions 

The p resen t  s tudy  found  an  exce l len t  re l iab i l i t y  o f  the  ERN 

acqu i red  by  a  mod i f ied  Er iksen  F lanke r  Task  wi th  adap t i ve  RT 

dead l ine  w i th  on ly  200  t r ia l s  wh ich  i s  t ime-e f f i c ien t  and 

c l in ica l ly  f eas ib le .  Summar iz ing ,  the  p resen t  mod i f ied  task  

p rov ides  a  re l iab le  and  e f f i c ien t  record ing  o f  the  ERN,  wh ich 

w i l l  f ac i l i ta te  i t s  use  in  psych ia t ry .   
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12 Darstel lung des eigenen Antei ls 

Die  S tud ie  wu rde  in  de r  K l in i k  fü r  Psych ia t r i e ,  Psychosomat ik  

und  Psycho the rap ie  Un ive rs i tä tsk l i n i kum Frank fu r t  un te r  

Be t reuung von  Pro f .  P l ich ta  und  P ro f .  Re i f  du rchge füh r t .  

D ie  Konzep t ion  de r  S tud ie  e r fo lg te  in  Zusammenarbe i t  m i t  

P ro f .  P l ich ta  und  Dr .  Kop f .  

Sämt l i che  Da ten  wu rden  nach  E inarbe i tung  durch  P ro f .  P l i ch ta  

und  Dr .  Kop f  von  m i r  e igens tänd ig  e rhoben.   

D ie  s ta t i s t i sche  Auswer tung ,  In te rp re t ie rung  de r  E rgebn isse  

und  g raph ische  Da rs te l lung  e r fo lg te  du rch  m ich  m i t  

Un te rs tü t zung  von  Pro f .  P l i ch ta .  

I ch  ve rs i che re ,  das  Manusk r ip t  se lbs tänd ig  ve r fass t  zu  haben 

und  ke ine  we i te ren  a l s  d ie  von  m i r  angegebenen Que l len 

verwendet  zu  haben .  
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14  Supplements 

 

 

Supplemetary  F igure  1  -  D is t r ibu t ion  o f  co r rec t ,  missed  and  

e r ro r  t r ia ls  over  the  expe r imenta l  t ime  cou rse .  Each  b lock  

con ta ins  50  t r ia ls ,  excep t  b lock  8  con ta ins  49  t r ia l s .  
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Supplemetary  F igure  2  -  S t imu lus- locked  t ime cou rses  o f  

co r rec t  and  e r ro r  t r ia ls  a t  FCz e lec t rode  (+ / -SE)  fo r  sess ion  t1  

and  t2 .  
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PANAS 
 
 
Dieser Fragebogen enthält eine Reihe von Wörtern, die unterschiedliche Gefühle und 
Empfindungen beschreiben. Lesen Sie jedes Wort und tragen Sie dann in die Skala 
neben jedem Wort die Intensität ein. Sie haben die Möglichkeit, zwischen fünf 
Abstufungen zu wählen: 
 
1. ganz wenig oder gar nicht 2. ein bisschen 3. einigermaßen 4. erheblich 5. 

äußerst Geben Sie bitte an, wie Sie sich im Moment fühlen. 

 
 ganz wenig     
 oder  einiger-   
 gar nicht ein bisschen maßen erheblich äußerst 

aktiv O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

bekümmert O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

interessiert O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

freudig erregt O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

verärgert O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

stark O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

schuldig O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

erschrocken O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

feindselig O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

angeregt O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

stolz O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

gereizt O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

begeistert O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

beschämt O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

wach O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

nervös O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

entschlossen O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

aufmerksam O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

durcheinander O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 

ängstlich O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O - - - - - - - - - O 
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Schrif t l iche Erklärung 
 

I ch  e rk lä re  eh renwör t l i ch ,  dass  i ch  d ie  dem Fachbe re ich 

Med iz in  de r  Johann  Wo l fgang  Goethe -Un ive rs i tä t  F rank fu r t  am 

Ma in  zu r  P romo t ionsp rü fung  e inge re ich te  D isse r ta t ion  m i t  dem 

T i te l   

 

Re l iab le  and  e f f i c ien t  reco rd ing  o f  the  e r ro r - re la ted  nega t i v i t y  

w i th  a  speeded E r i ksen  F lanke r  Task .  

 
i n  de r  K l in ik  fü r  Psych ia t r i e ,  Psychosomat i k  und 

Psycho the rap ie ,  Un ive rs i tä tsk l i n ikum Frank fu r t  un te r  

Be t reuung und  An le i tung  von  P ro f .  P l ich ta  ohne  sons t ige  H i l fe  

se lbs t  du rchge füh r t  und  be i  de r  Ab fassung  de r  Arbe i t  ke ine  

ande ren  a ls  d ie  in  der  D isse r ta t ion  ange füh r ten  H i l f sm i t te l  

benu tz t  habe .  Darübe r  h inaus  vers i che re  ich ,  n ich t  d ie  H i l fe  

e ine r  kommerz ie l len  P romot ionsve rmi t t lung  in  Ansp ruch  

genommen  zu  haben .  

 

I ch  habe  b isher  an  ke ine r  in -  oder  aus länd ischen  Un ive rs i tä t  

e in  Gesuch  um Zu lassung  zur  Promot ion  e inge re ich t .  D ie  

vor l iegende A rbe i t  wurde  b ishe r  n i ch t  a ls  D isse r ta t ion  

e inge re ich t .  

 

Vo r l iegende  E rgebn isse  der  A rbe i t  wu rden  in  fo lgendem 

Pub l ika t ionso rgan  ve rö f f en t l i ch t :  

Suchan,  F . ,  Kop f ,  J . ,  A l then ,  H . ,  Re i f ,  A . ,  &  P l ich ta ,  M.  (n .d . ) .  

Re l iab le  and  e f f i c ien t  reco rd ing  o f  the  e r ro r - re la ted  nega t i v i t y  

w i th  a  speeded Er i ksen  F lanke r  Task .  Ac ta  Neu ropsych ia t r ica ,  

1 -8 .  do i :10 .1017 /neu .2018 .36   

 
 
 
_____________________             __________________________ 
            (Ort, Datum)      (Unterschrift) 
 


