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   The	
  dissertation	
  consists	
  of	
  one	
  experimental	
  study	
  investigating	
  the	
  potential	
  

method	
  for	
  improving	
  exposure	
  therapy	
  outcomes	
  for	
  anxiety	
  disorders	
  through	
  the	
  

manipulation	
  of	
  attention	
  allocation.	
  	
  If	
  proven	
  effective,	
  these	
  methods	
  can	
  be	
  utilized	
  to	
  

optimize	
  exposure	
  therapy	
  for	
  anxiety	
  disorders	
  or	
  be	
  considered	
  as	
  adjunct	
  interventions	
  

intended	
  to	
  compliment	
  and	
  enhance	
  exposure	
  therapy.	
  

	
   Although	
  the	
  literature	
  on	
  fear	
  conditioning	
  and	
  the	
  literature	
  on	
  selective	
  

attention	
  to	
  threat	
  have	
  received	
  wide	
  support	
  and	
  have	
  consequently	
  implicated	
  the	
  

treatment	
  of	
  anxiety	
  disorders	
  in	
  their	
  own	
  right,	
  there	
  is	
  very	
  little	
  integration	
  and	
  

reconciliation	
  of	
  the	
  two	
  into	
  a	
  more	
  parsimonious,	
  yet	
  comprehensive,	
  theory	
  of	
  anxiety	
  

development,	
  maintenance,	
  and	
  treatment.	
  	
  This	
  study	
  attempted	
  to	
  integrate	
  both	
  bodies	
  

of	
  work	
  by	
  examining	
  the	
  effect	
  of	
  attention	
  bias	
  modification	
  training	
  upon	
  Pavlovian	
  fear	
  

extinction.	
  	
  This	
  study	
  tested	
  the	
  prediction	
  that	
  training	
  attention	
  towards	
  the	
  threat	
  cue	
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(CS+)	
  would	
  facilitate	
  fear	
  extinction;	
  whereas	
  training	
  attention	
  towards	
  the	
  safety	
  cue	
  

(CS-­‐)	
  would	
  impair	
  fear	
  extinction.	
  	
  High	
  trait-­‐anxious	
  participants	
  (N=44)	
  were	
  trained	
  to	
  

attend	
  towards	
  the	
  threat	
  cue,	
  towards	
  the	
  safety	
  cue,	
  or	
  equally	
  to	
  both	
  cues	
  in	
  a	
  modified	
  

dot	
  probe	
  task.	
  	
  Next,	
  transfer	
  of	
  attention	
  processing	
  tendencies	
  was	
  examined	
  in	
  a	
  

differential	
  conditioning	
  paradigm	
  across	
  2	
  visits.	
  	
  	
  Results	
  indicated	
  participants	
  trained	
  

to	
  attend	
  towards	
  the	
  safety	
  cue	
  demonstrated	
  temporary	
  enhancement	
  of	
  extinction	
  

performance,	
  but	
  it	
  did	
  not	
  persist	
  through	
  Visit	
  2.	
  	
  On	
  the	
  other	
  hand,	
  participants	
  trained	
  

to	
  attend	
  towards	
  the	
  threat	
  cue	
  demonstrated	
  reduced	
  fear	
  responding	
  on	
  an	
  expectancy	
  

measure	
  of	
  conditioning	
  that	
  did	
  not	
  become	
  apparent	
  until	
  Visit	
  2.	
  	
  These	
  results	
  suggest	
  

that	
  attention	
  training	
  towards	
  the	
  threat	
  cue	
  may	
  benefit	
  extinction	
  learning	
  in	
  the	
  long-­‐

term	
  and	
  that	
  attention	
  training	
  towards	
  the	
  safety	
  cue	
  may	
  provide	
  short-­‐term	
  relief	
  from	
  

fear.	
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   1	
  

INTRODUCTION	
  
	
  

Introduction:	
  Attentional	
  Bias	
  and	
  Anxiety	
  	
  

A	
  normative	
  function	
  of	
  the	
  mechanisms	
  underlying	
  fear	
  is	
  to	
  facilitate	
  detection	
  of	
  

danger	
  in	
  the	
  environment	
  and	
  to	
  help	
  the	
  organism	
  respond	
  effectively	
  to	
  threatening	
  

situations.	
  Biases	
  in	
  processing	
  threat-­‐related	
  information	
  have	
  been	
  assigned	
  a	
  prominent	
  

role	
  in	
  the	
  etiology	
  and	
  maintenance	
  of	
  anxiety	
  disorders	
  (Beck,	
  1976;	
  Eysenck,	
  1992;	
  

Mathews,	
  1990;	
  Mathews	
  &	
  MacLeod,	
  2002;	
  Williams,	
  Watts,	
  MacLeod,	
  &	
  Mathews,	
  1988).	
  

Specifically,	
  it	
  is	
  hypothesized	
  that	
  the	
  selective	
  attention	
  towards	
  threat-­‐related	
  stimuli	
  is	
  

moderated	
  by	
  trait	
  anxiety	
  (including	
  both	
  clinically	
  anxious	
  and	
  trait-­‐anxious	
  individuals;	
  

Bar-­‐Haim	
  et	
  al.,	
  2007),	
  which	
  is	
  considered	
  a	
  personality	
  trait	
  that	
  predisposes	
  an	
  

individual	
  to	
  respond	
  with	
  anxiety	
  to	
  novel	
  or	
  stressful	
  situations	
  (Spielberger	
  et	
  al.,	
  1983),	
  

and	
  is	
  an	
  important	
  predisposition	
  to	
  the	
  development	
  of	
  clinical	
  anxiety	
  (Barlow,	
  2002).	
  It	
  

seems	
  appropriate	
  that	
  the	
  mechanisms	
  underlying	
  selective	
  attention	
  allocation	
  towards	
  

threat	
  postulated	
  in	
  the	
  context	
  of	
  fear	
  learning	
  would	
  be	
  useful	
  in	
  understanding	
  the	
  

development	
  of	
  and	
  treatment	
  for	
  disordered	
  anxiety.	
  	
  

Theoretical	
  Models	
  of	
  Attentional	
  Biases	
  towards	
  Threat	
  in	
  Anxiety	
  	
  

While	
  there	
  is	
  robust	
  evidence	
  that	
  biased	
  attention	
  towards	
  threat	
  is	
  associated	
  

with	
  anxiety,	
  the	
  underlying	
  mechanisms	
  by	
  which	
  this	
  association	
  operates	
  are	
  less	
  clear.	
  

Over	
  the	
  last	
  two	
  decades,	
  various	
  attentional	
  bias	
  models	
  have	
  been	
  proposed.	
  	
  

Williams,	
  Watts,	
  MacLeod,	
  and	
  Mathews’	
  model	
  (1988)	
  

In	
  this	
  model,	
  threat	
  value	
  of	
  incoming	
  stimuli	
  is	
  determined	
  by	
  an	
  affective	
  decision	
  

mechanism	
  (ADF).	
  This	
  system	
  produces	
  an	
  initial	
  decision	
  about	
  whether	
  the	
  information	
  

is	
  high	
  or	
  low	
  in	
  threat	
  value	
  based	
  on	
  stimulus	
  features,	
  but	
  also	
  on	
  the	
  individual's	
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current	
  state	
  anxiety.	
  When	
  a	
  stimulus	
  is	
  appraised	
  as	
  highly	
  threatening,	
  a	
  resource	
  

allocation	
  mechanism	
  (RAM)	
  is	
  triggered.	
  When	
  stimulus	
  input	
  is	
  appraised	
  as	
  low	
  

threatening,	
  attention	
  is	
  maintained	
  to	
  the	
  task	
  at	
  hand	
  and	
  the	
  new	
  stimulus	
  input	
  is	
  

ignored.	
  Furthermore,	
  trait	
  anxiety	
  modulates	
  the	
  resource	
  allocation	
  mechanism	
  in	
  a	
  way	
  

such	
  that	
  high	
  trait	
  anxious	
  individuals	
  allocate	
  attention	
  to	
  threat	
  (which	
  results	
  in	
  an	
  

attentional	
  bias),	
  whereas	
  low	
  trait	
  anxious	
  individuals	
  ignore	
  threatening	
  information.	
  

These	
  directional	
  biases	
  are	
  intensified	
  by	
  increased	
  state	
  anxiety.	
  That	
  is,	
  under	
  stress,	
  

high	
  trait	
  anxious	
  individuals	
  become	
  more	
  vigilant,	
  whereas	
  low	
  trait	
  anxious	
  individuals	
  

become	
  more	
  avoidant	
  of	
  threat.	
  While	
  this	
  model	
  has	
  inspired	
  thorough	
  investigation,	
  one	
  

point	
  under	
  major	
  criticism	
  is	
  the	
  assumption	
  that	
  low	
  trait	
  anxious	
  individuals	
  will	
  direct	
  

their	
  attention	
  away	
  from	
  threat,	
  regardless	
  of	
  the	
  severity	
  of	
  threat.	
  It	
  seems	
  implausible	
  

that	
  severe	
  threat	
  will	
  not	
  attract	
  attention.	
  Indeed,	
  Wilson	
  and	
  MacLeod	
  (2003)	
  

demonstrated	
  that	
  low	
  trait	
  anxious	
  individuals	
  displayed	
  bias	
  towards	
  severe	
  threat,	
  but	
  

not	
  towards	
  moderate	
  threat.	
  Despite	
  this	
  limitation,	
  the	
  model	
  has	
  strongly	
  influenced	
  

contemporary	
  other	
  models	
  of	
  attentional	
  bias	
  to	
  threat.	
  Additionally,	
  an	
  important	
  

implication	
  of	
  this	
  model	
  is	
  that	
  the	
  bias	
  in	
  the	
  RAM	
  underlies	
  individual	
  differences	
  in	
  

vulnerability	
  to	
  anxiety,	
  thereby	
  suggesting	
  that	
  treatment	
  should	
  target	
  this	
  particular	
  

mechanism,	
  for	
  example,	
  by	
  attentional	
  retraining,	
  to	
  get	
  high	
  trait-­‐anxious	
  individuals	
  to	
  

stop	
  orienting	
  to	
  threat	
  and	
  to	
  adopt	
  instead	
  the	
  avoidant	
  attentional	
  style	
  of	
  low	
  anxious	
  

individuals.	
  	
  

Mogg	
  and	
  Bradley’s	
  cognitive-­‐motivational	
  model	
  (1998)	
  

In	
  this	
  model,	
  attention	
  to	
  threat	
  is	
  considered	
  to	
  be	
  a	
  normal	
  and	
  adaptive	
  

mechanism.	
  It	
  draws	
  strongly	
  on	
  neurobiological	
  work	
  of	
  LeDeoux	
  (1996)	
  who	
  



	
   3	
  

demonstrated	
  that	
  threat	
  can	
  be	
  processed	
  through	
  two	
  different	
  neural	
  pathways:	
  (1)	
  a	
  

fast	
  and	
  crude	
  analysis	
  of	
  stimulus	
  features	
  related	
  to	
  previous	
  encountered	
  threat,	
  and	
  (2)	
  

a	
  slower,	
  more	
  detailed	
  analysis	
  of	
  stimulus	
  input	
  based	
  on	
  contextual	
  information	
  and	
  

information	
  stored	
  in	
  long-­‐term	
  memory.	
  In	
  Mogg	
  and	
  Bradley’s	
  model,	
  attention	
  to	
  threat	
  

is	
  determined	
  by	
  two	
  systems:	
  first	
  being	
  a	
  valence	
  evaluation	
  system	
  that	
  is	
  responsible	
  

for	
  the	
  appraisal	
  of	
  stimuli,	
  which	
  includes	
  preconscious	
  appraisal	
  of	
  stimuli	
  parameters	
  

and	
  conscious	
  appraisal	
  based	
  on	
  current	
  state	
  anxiety,	
  contextual	
  information,	
  prior	
  

learning	
  history,	
  and	
  biological	
  preparedness.	
  Furthermore,	
  trait	
  anxiety	
  moderates	
  the	
  

reactivity	
  of	
  valence	
  evaluation	
  such	
  that	
  high	
  trait	
  anxious	
  individuals	
  have	
  a	
  heightened	
  

sensitivity	
  to	
  threat,	
  resulting	
  in	
  mild	
  threat	
  cues	
  being	
  more	
  readily	
  appraised	
  as	
  high	
  

threat	
  relative	
  to	
  low	
  trait	
  anxious	
  individuals.	
  Second,	
  output	
  from	
  the	
  valence	
  evaluation	
  

system	
  feeds	
  into	
  a	
  goal	
  engagement	
  system,	
  which	
  determines	
  the	
  allocation	
  processing	
  

resources.	
  If	
  a	
  stimulus	
  is	
  appraised	
  as	
  threatening,	
  current	
  behavior	
  will	
  be	
  interrupted	
  

and	
  attention	
  will	
  be	
  allocated	
  to	
  the	
  new	
  stimulus	
  input.	
  On	
  the	
  other	
  hand,	
  if	
  a	
  stimulus	
  is	
  

appraised	
  to	
  be	
  low	
  in	
  threat,	
  further	
  processing	
  of	
  the	
  stimulus	
  will	
  be	
  inhibited,	
  attention	
  

will	
  be	
  maintained	
  at	
  ongoing	
  tasks,	
  and	
  current	
  behavior	
  will	
  not	
  be	
  disrupted.	
  In	
  contrast	
  

to	
  Williams	
  et	
  al’s	
  model	
  (1988),	
  Mogg	
  and	
  Bradley	
  would	
  argue	
  that	
  it	
  would	
  be	
  fruitless	
  

to	
  retrain	
  anxious	
  individuals	
  to	
  avoid	
  attending	
  to	
  threat	
  (once	
  the	
  stimuli	
  are	
  appraised	
  

as	
  having	
  high	
  threat	
  value)	
  as	
  the	
  selective	
  allocation	
  of	
  attention	
  towards	
  threat	
  is	
  

inherently	
  an	
  adaptive	
  mechanism	
  of	
  evolution.	
  Instead,	
  therapeutic	
  efforts	
  may	
  be	
  more	
  

usefully	
  targeted	
  in	
  those	
  processes	
  involved	
  in	
  the	
  appraisal	
  of	
  stimulus	
  value	
  (such	
  as	
  in	
  

cognitive	
  restructuring).	
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Mathews	
  and	
  Mackintosh’s	
  model	
  (1998)	
  	
  

This	
  model	
  predicts	
  that	
  an	
  attentional	
  bias	
  may	
  be	
  triggered	
  when	
  threat	
  has	
  to	
  

compete	
  with	
  other	
  stimuli	
  or	
  task-­‐demands.	
  A	
  threat	
  evaluation	
  system	
  (akin	
  to	
  the	
  

affective	
  decision	
  system	
  in	
  William’s	
  (1988)	
  model)	
  automatically	
  evaluates	
  the	
  stimulus	
  

and	
  the	
  output	
  feeds	
  into	
  a	
  distracter/threat	
  representation	
  system.	
  The	
  interference	
  

caused	
  by	
  the	
  distraction	
  representation	
  is	
  countered	
  up	
  to	
  a	
  certain	
  degree	
  by	
  voluntary	
  

effort	
  aimed	
  at	
  attending	
  to	
  the	
  current	
  task	
  at	
  hand.	
  In	
  accounting	
  for	
  attentional	
  bias,	
  it	
  is	
  

postulated	
  that	
  the	
  output	
  of	
  the	
  threat	
  evaluation	
  system	
  is	
  strengthened	
  by	
  anxiety	
  level.	
  

More	
  specifically,	
  stimulus	
  input	
  needs	
  to	
  exceed	
  a	
  certain	
  threshold	
  before	
  output	
  will	
  

flow	
  from	
  the	
  threat	
  evaluation	
  system	
  into	
  the	
  distraction	
  representation	
  system.	
  A	
  

heightened	
  anxiety	
  level	
  lowers	
  the	
  threshold	
  value	
  from	
  the	
  threat	
  evaluation	
  system	
  and	
  

causes	
  an	
  increased	
  output	
  of	
  this	
  system.	
  This	
  model	
  further	
  proposes	
  that	
  strong	
  danger	
  

cues	
  will	
  attract	
  attention	
  in	
  everyone,	
  whereas	
  weak	
  danger	
  cues	
  will	
  only	
  do	
  so	
  in	
  

individuals	
  with	
  a	
  heightened	
  anxiety	
  level	
  (such	
  as	
  those	
  who	
  are	
  trait-­‐anxious).	
  This	
  

model	
  shares	
  many	
  similar	
  features	
  with	
  Mogg	
  et	
  al’s	
  model	
  (1998).	
  Specifically,	
  they	
  both	
  

recognize	
  that	
  the	
  threat	
  value	
  of	
  a	
  stimulus	
  event	
  can	
  be	
  evaluated	
  in	
  two	
  distinct	
  

pathways:	
  either	
  via	
  higher	
  level	
  cortical	
  processes,	
  or	
  via	
  a	
  less	
  precise	
  but	
  quicker	
  “short-­‐

cut”	
  route	
  directly	
  from	
  the	
  thalamus	
  to	
  the	
  amygdala.	
  With	
  that	
  said,	
  this	
  model	
  

emphasizes	
  the	
  automatic	
  nature	
  of	
  the	
  threat	
  evaluation	
  mechanism	
  relatively	
  more	
  than	
  

previous	
  models.	
  	
  

Eysenck	
  et	
  al.’s	
  attentional	
  control	
  theory	
  (2007)	
  	
  

This	
  model	
  posits	
  that	
  anxiety	
  disrupts	
  two	
  central	
  executive	
  functions	
  related	
  to	
  

attentional	
  control:	
  inhibition	
  and	
  shifting.	
  Inhibition	
  refers	
  to	
  the	
  ability	
  to	
  inhibit	
  or	
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regulate	
  dominant	
  or	
  automatic	
  responses.	
  Shifting	
  refers	
  to	
  the	
  adaptive	
  ability	
  to	
  shift	
  

attention	
  between	
  tasks	
  depending	
  on	
  the	
  context.	
  These	
  two	
  functions	
  involve	
  top-­‐down	
  

(goal-­‐oriented)	
  and	
  bottom-­‐up	
  (stimulus-­‐driven)	
  processing.	
  Anxiety	
  impairs	
  the	
  inhibition	
  

of	
  top-­‐down	
  regulatory	
  control,	
  such	
  that	
  anxious	
  individuals	
  exhibit	
  difficulties	
  in	
  

disengaging	
  their	
  attention	
  from	
  distracting	
  threat	
  stimuli.	
  Furthermore,	
  anxiety	
  heightens	
  

the	
  degree	
  to	
  which	
  attention	
  is	
  shifted	
  from	
  one	
  task	
  to	
  another,	
  so	
  that	
  stimulus-­‐driven,	
  

bottom-­‐up	
  processing	
  overshadows	
  top-­‐down	
  inhibitory	
  processing	
  of	
  automatic	
  

responses.	
  Unlike	
  aforementioned	
  models,	
  at	
  the	
  heart	
  of	
  attentional	
  control	
  theory	
  is	
  the	
  

impairment	
  of	
  the	
  efficiency	
  of	
  central	
  executive	
  components	
  of	
  attention.	
  The	
  existence	
  of	
  

a	
  threat	
  detection/evaluation	
  mechanism	
  and	
  a	
  goal	
  engagement	
  mechanism	
  described	
  in	
  

the	
  aforementioned	
  models	
  are	
  underlying	
  assumptions	
  of	
  Eysenck's	
  attentional	
  control	
  

theory,	
  but	
  are	
  not	
  central	
  to	
  the	
  theory	
  itself.	
  	
  

Bar-­‐Haim	
  et	
  al.’s	
  model	
  (2007)	
  	
  

Bar-­‐Haim	
  et	
  al.	
  propose	
  an	
  integrative	
  model	
  that	
  incorporates	
  several	
  aspects	
  of	
  

previous	
  models	
  and	
  is	
  consistent	
  with	
  the	
  findings	
  from	
  their	
  most	
  recent	
  meta-­‐analysis	
  

(2007).	
  According	
  to	
  this	
  model,	
  a	
  threat	
  evaluation	
  system	
  pre-­‐attentively	
  appraises	
  

stimuli	
  in	
  the	
  environment	
  on	
  their	
  degree	
  of	
  threat.	
  Once	
  a	
  stimulus	
  is	
  tagged	
  as	
  having	
  a	
  

high	
  threat	
  value,	
  a	
  resource	
  allocation	
  system	
  is	
  triggered	
  and	
  physiological	
  alert	
  state,	
  

interruption	
  of	
  current,	
  ongoing	
  activities,	
  allocation	
  of	
  processing	
  resources	
  to	
  the	
  

stimulus,	
  and	
  a	
  conscious	
  anxiety	
  state	
  will	
  follow.	
  These	
  outcomes	
  lead	
  to	
  strategic	
  

processing	
  guided	
  by	
  a	
  threat	
  evaluation	
  system.	
  Within	
  this	
  system,	
  assessment	
  of	
  

contextual	
  information,	
  prior	
  learning	
  history,	
  memory,	
  and	
  the	
  assessment	
  of	
  the	
  

availability	
  of	
  coping	
  resources	
  take	
  place.	
  If	
  the	
  outcome	
  from	
  this	
  guided,	
  conscious	
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evaluation	
  is	
  low	
  in	
  threat,	
  a	
  negative	
  feedback	
  loop	
  is	
  triggered	
  and	
  the	
  pre-­‐attentive	
  

threat	
  evaluation	
  system	
  re-­‐corrects	
  its	
  initial	
  evaluation	
  and	
  subsequences	
  processing	
  is	
  

terminated.	
  On	
  the	
  other	
  hand,	
  if	
  the	
  outcome	
  is	
  appraised	
  as	
  high	
  in	
  threat,	
  a	
  high	
  state	
  of	
  

anxiety	
  is	
  likely	
  to	
  proceed.	
  Individuals	
  with	
  trait	
  anxiety	
  or	
  disordered	
  anxiety	
  

demonstrate	
  an	
  automatic	
  tendency	
  to	
  evaluate	
  ambiguous	
  or	
  slightly	
  threatening	
  stimuli	
  

as	
  high	
  threat	
  and	
  consequently	
  allocate	
  more	
  attentional	
  resources	
  to	
  such	
  stimuli.	
  

Furthermore,	
  such	
  individuals	
  also	
  demonstrate	
  a	
  tendency	
  to	
  consciously	
  appraise	
  stimuli	
  

as	
  highly	
  threatening	
  despite	
  contradictory	
  evidence	
  based	
  on	
  contextual	
  information,	
  

prior	
  learning,	
  and	
  available	
  coping	
  resources.	
  Lastly,	
  deficiencies	
  in	
  their	
  ability	
  to	
  inhibit	
  

the	
  predominant	
  response	
  will	
  further	
  perpetuate	
  an	
  anxious	
  state	
  despite	
  conscious	
  

understanding	
  of	
  the	
  irrational	
  aspects	
  of	
  their	
  threat	
  evaluation.	
  In	
  summary,	
  these	
  

models	
  all	
  posit	
  a	
  mostly	
  preconscious	
  threat	
  detection	
  mechanism	
  responsible	
  for	
  

directing	
  and	
  orienting	
  attention	
  towards	
  threatening	
  stimuli.	
  Some	
  posit	
  a	
  resource	
  

allocation	
  mechanism	
  that	
  directs	
  the	
  use	
  of	
  available	
  cognitive	
  resources	
  (Bar-­‐Haim	
  et	
  al.,	
  

2007;	
  Mogg	
  &	
  Bradley,	
  1998;	
  Williams	
  et	
  al.,	
  1988).	
  Some	
  posit	
  a	
  threat	
  elaboration	
  

mechanism	
  in	
  which	
  strategic	
  processing	
  evaluates	
  the	
  identified	
  threat	
  as	
  either	
  major	
  or	
  

minor	
  (Bar-­‐Haim	
  et	
  al.,	
  2007;	
  Mogg	
  &	
  Bradley,	
  1998).	
  Some	
  posit	
  a	
  strategic	
  goal	
  

engagement	
  mechanism	
  in	
  which	
  goals,	
  beliefs,	
  voluntary	
  effort,	
  or	
  schematic	
  processing	
  

can	
  either	
  maintain	
  or	
  override	
  attentional	
  bias	
  to	
  threat	
  (Bar-­‐Haim	
  et	
  al.,	
  2007;	
  Eysenck	
  et	
  

al.,	
  2007;	
  Matthews	
  &	
  Mackintosh,	
  1998).	
  In	
  sum,	
  the	
  only	
  consistent	
  prediction	
  across	
  all	
  

the	
  models	
  is	
  that	
  a	
  threat	
  detection	
  mechanism	
  operates	
  at	
  the	
  automatic	
  stage	
  of	
  

processing	
  and	
  underlies	
  facilitated	
  attention	
  to	
  threat.	
  The	
  types	
  of	
  downstream	
  effects	
  

that	
  an	
  early	
  threat	
  detection	
  system	
  has	
  on	
  other	
  anxiety-­‐related	
  processes	
  (i.e.,	
  Pavlovian	
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fear	
  conditioning),	
  and	
  thereby	
  perpetuate	
  anxiety	
  and	
  the	
  eventual	
  development	
  of	
  an	
  

anxiety	
  disorder,	
  are	
  more	
  unclear.	
  	
  

Empirical	
  Evidence:	
  Attentional	
  Bias	
  and	
  Anxiety	
  	
  

A	
  wealth	
  of	
  research	
  has	
  demonstrated	
  that	
  anxiety	
  and	
  fear	
  are	
  associated	
  with	
  

selective	
  attention	
  for	
  fear-­‐relevant	
  stimuli	
  (see	
  meta-­‐analysis	
  based	
  on	
  172	
  studies	
  by	
  

Bar-­‐Haim	
  et	
  al.,	
  2007).	
  For	
  example,	
  attentional	
  biases	
  towards	
  threat	
  have	
  been	
  

demonstrated	
  in	
  individuals	
  experiencing	
  post-­‐traumatic	
  stress	
  disorder	
  (PTSD;	
  Buckley,	
  

Blanchard,	
  &	
  Neill,	
  2000),	
  social	
  phobia	
  (Clark	
  &	
  McManus,	
  2002;	
  Heinrichs	
  &	
  Hofman,	
  

2001;	
  Musa	
  &	
  Lepine,	
  2000),	
  obsessive–	
  compulsive	
  disorder	
  (OCD;	
  Summerfeldt	
  &	
  Endler,	
  

1998),	
  generalized	
  anxiety	
  disorder	
  (GAD;	
  Mogg	
  &	
  Bradley,	
  2005),	
  panic	
  disorder	
  and	
  

phobias	
  (McNally,	
  1999),	
  and	
  in	
  children	
  (Ehrenreich	
  &	
  Gross,	
  2002;	
  Waters	
  et	
  al.,	
  2010).	
  

Many	
  investigators	
  used	
  variations	
  of	
  the	
  dot	
  probe	
  task	
  (MacLeod	
  et	
  al.,	
  1986)	
  to	
  confirm	
  

this	
  association.	
  	
  

The	
  dot	
  probe	
  task	
  (Figure	
  2)	
  displays	
  two	
  words	
  on	
  a	
  computer	
  screen	
  with	
  one	
  at	
  

the	
  top	
  and	
  one	
  at	
  the	
  bottom	
  (alternatively,	
  the	
  words	
  may	
  appear	
  on	
  the	
  left	
  and	
  right	
  

side	
  of	
  the	
  screen).	
  Following	
  a	
  brief	
  stimulus	
  presentation	
  duration	
  (e.g.,	
  500	
  ms),	
  the	
  

stimuli	
  disappear	
  and	
  a	
  probe	
  appears	
  in	
  a	
  location	
  previously	
  occupied	
  by	
  one	
  of	
  the	
  

stimuli.	
  The	
  participant	
  is	
  asked	
  to	
  press	
  a	
  button	
  indicating	
  whether	
  the	
  top	
  or	
  bottom	
  

stimulus	
  had	
  been	
  replaced	
  by	
  the	
  probe.	
  Attentional	
  biases	
  are	
  inferred	
  from	
  different	
  

response	
  times	
  towards	
  probes	
  that	
  replace	
  threatening	
  stimuli	
  (i.e.,	
  congruent	
  trials)	
  

compared	
  to	
  probes	
  that	
  replace	
  neutral	
  stimuli	
  (i.e.	
  incongruent	
  trials).	
  If	
  an	
  individual's	
  

attention	
  is	
  systematically	
  drawn	
  to	
  the	
  threat	
  stimulus,	
  response	
  times	
  will	
  be	
  shorter	
  for	
  

probes	
  that	
  replace	
  threatening	
  stimuli	
  compared	
  to	
  probes	
  that	
  replace	
  neutral	
  stimuli.	
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Modifying	
  this	
  basic	
  design	
  for	
  anxious	
  individuals,	
  the	
  stimuli	
  that	
  precede	
  the	
  probe	
  have	
  

included	
  emotional	
  faces	
  (e.g.,	
  Bradley	
  et	
  al.,	
  1999),	
  emotionally	
  arousing	
  photos	
  from	
  the	
  

International	
  Affective	
  Picture	
  System	
  (e.g.,	
  Koster	
  et	
  al.,	
  2006),	
  threat-­‐relevant	
  words	
  

(such	
  as	
  “heart	
  attack”	
  for	
  panic	
  patients;	
  add	
  citation),	
  and	
  conditioned	
  (fear)	
  stimuli	
  (e.g.,	
  

Pischek-­‐Simpson	
  et	
  al.,	
  2009).	
  	
  

While	
  there	
  is	
  a	
  large	
  body	
  of	
  literature	
  confirming	
  the	
  association	
  between	
  

attentional	
  biases	
  towards	
  threat	
  and	
  disordered	
  anxiety,	
  the	
  assumption	
  that	
  attentional	
  

processes	
  play	
  a	
  causal	
  role	
  in	
  the	
  emergence	
  and	
  maintenance	
  of	
  disordered	
  anxiety	
  is	
  still	
  

speculative.	
  The	
  most	
  powerful	
  test	
  of	
  the	
  causal	
  hypothesis	
  comes	
  from	
  studies	
  that	
  

directly	
  manipulate	
  attentional	
  biases	
  and	
  then	
  observe	
  the	
  impact	
  of	
  such	
  manipulations	
  

on	
  the	
  emotional	
  experience.	
  In	
  essence,	
  this	
  involves	
  inducing	
  an	
  attentional	
  bias	
  towards	
  

the	
  to-­‐be	
  threat-­‐relevant	
  stimuli	
  (relative	
  to	
  neutral	
  stimuli)	
  in	
  healthy	
  volunteers	
  and	
  then	
  

examining	
  the	
  effect	
  the	
  attentional	
  bias	
  induction	
  has	
  on	
  anxiety	
  level.	
  For	
  example,	
  in	
  

healthy	
  individuals,	
  MacLeod	
  and	
  colleagues	
  (2002)	
  induced	
  either	
  an	
  attentional	
  bias	
  

towards	
  threatening	
  words	
  or	
  neutral	
  words	
  by	
  using	
  a	
  modified	
  version	
  of	
  the	
  dot	
  probe	
  

task.	
  For	
  the	
  group	
  that	
  underwent	
  threat	
  bias	
  induction,	
  probes	
  always	
  appeared	
  in	
  the	
  

location	
  of	
  threat	
  words.	
  For	
  another	
  group,	
  the	
  probes	
  always	
  appeared	
  in	
  the	
  location	
  of	
  

neutral	
  words,	
  with	
  the	
  intention	
  of	
  inducing	
  the	
  reverse	
  bias.	
  In	
  a	
  subsequent	
  non-­‐

contingent	
  test	
  phase,	
  the	
  former	
  group	
  was	
  faster	
  to	
  detect	
  targets	
  in	
  the	
  location	
  of	
  new	
  

threatening	
  words,	
  and	
  vice	
  versa	
  for	
  the	
  latter	
  group,	
  suggesting	
  that	
  differential	
  

attentional	
  bias	
  was	
  successfully	
  induced.	
  Most	
  critically,	
  in	
  a	
  subsequent	
  stress	
  task	
  

involving	
  difficult	
  anagrams,	
  the	
  former	
  group	
  reported	
  greater	
  increases	
  in	
  negative	
  mood	
  

than	
  did	
  the	
  latter	
  group.	
  By	
  implication,	
  learning	
  to	
  attend	
  to	
  threat	
  cues	
  served	
  to	
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influence	
  how	
  participants	
  process	
  the	
  later	
  stress	
  task,	
  leading	
  to	
  increase	
  anxiety	
  

reactivity.	
  	
  

Attention	
  Bias	
  Modification	
  Training	
  (ABMT)	
  	
  

Variations	
  of	
  MacLeod's	
  "attention	
  retraining"	
  dot-­‐probe	
  task	
  (2002)	
  is	
  collectively	
  

known	
  as	
  Attention	
  Bias	
  Modification	
  Training	
  (ABMT)	
  and	
  it	
  provides	
  further	
  support	
  for	
  

the	
  causal	
  role	
  of	
  attention	
  in	
  anxiety	
  development.	
  Namely,	
  if	
  the	
  elimination	
  of	
  an	
  

attentional	
  bias	
  towards	
  threat	
  can	
  cause	
  a	
  reduction	
  in	
  anxiety	
  symptomatology,	
  then	
  the	
  

induction	
  of	
  an	
  attentional	
  bias	
  towards	
  threat	
  should	
  also	
  cause	
  an	
  increase	
  in	
  anxiety	
  

symptomatology.	
  As	
  noted,	
  the	
  dot	
  probe	
  task	
  (MacLeod	
  et	
  al.,	
  1986)	
  has	
  been	
  adapted	
  to	
  

not	
  only	
  assess	
  attentional	
  bias,	
  but	
  to	
  also	
  modify	
  attentional	
  bias	
  by	
  altering	
  the	
  

contingency	
  between	
  the	
  location	
  of	
  probes	
  and	
  disorder-­‐relevant	
  stimuli	
  (MacLeod	
  et	
  al.,	
  

2002).	
  If	
  probes	
  always	
  replace	
  neutral	
  or	
  positive	
  stimuli,	
  attention	
  may	
  be	
  directed	
  away	
  

from	
  disorder-­‐relevant	
  stimuli	
  with	
  the	
  hope	
  that	
  with	
  practice,	
  the	
  anxiety	
  vulnerability	
  

associated	
  with	
  an	
  attentional	
  bias	
  towards	
  threat	
  will	
  be	
  reduced	
  or	
  eliminated	
  altogether.	
  

In	
  these	
  neutral	
  or	
  positive	
  training	
  conditions,	
  acquiring	
  an	
  attention	
  bias	
  away	
  from	
  

disorder-­‐relevant	
  stimuli	
  will	
  facilitate	
  faster	
  reaction	
  time	
  on	
  the	
  task	
  and	
  then	
  reduce	
  

dysfunctional	
  emotional	
  reactivity	
  to	
  a	
  subsequent	
  laboratory	
  challenge.	
  Researchers	
  have	
  

been	
  enthusiastic	
  about	
  using	
  ABMT	
  paradigm	
  because	
  of	
  the	
  methodological	
  advantage	
  of	
  

having	
  an	
  extremely	
  well-­‐matched	
  control	
  condition.	
  In	
  the	
  control	
  condition,	
  probes	
  

replace	
  neutral	
  or	
  positive	
  and	
  disorder-­‐relevant	
  stimuli	
  with	
  equal	
  frequency.	
  In	
  other	
  

words,	
  the	
  control	
  is	
  simply	
  the	
  assessment	
  version	
  of	
  the	
  dot	
  probe	
  task.	
  Work	
  by	
  

Matthews	
  &	
  MacLeod	
  (2002)	
  demonstrated	
  that	
  multiple	
  practice	
  sessions	
  designed	
  to	
  

train	
  attentional	
  avoidance	
  of	
  threat	
  in	
  high-­‐trait-­‐anxious	
  students	
  decreased	
  their	
  anxiety	
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scores	
  in	
  response	
  to	
  an	
  impending	
  examination.	
  	
  

Due	
  to	
  the	
  potential	
  treatment	
  implications	
  of	
  ABMT,	
  it	
  has	
  grown	
  rapidly	
  over	
  the	
  

last	
  decade,	
  and	
  two	
  quantitative	
  reviews	
  of	
  the	
  literature	
  have	
  been	
  published.	
  Hakamata	
  

and	
  colleagues	
  (2010)	
  conducted	
  a	
  specific	
  literature	
  review	
  of	
  the	
  effect	
  of	
  ABMT	
  on	
  

attention	
  bias	
  and	
  anxiety	
  based	
  on	
  12	
  datasets.	
  They	
  found	
  that	
  ABMT	
  resulted	
  in	
  a	
  large	
  

effect	
  on	
  attentional	
  bias	
  (d=1.16,	
  CI=0.82-­‐1.50)	
  and	
  a	
  medium	
  effect	
  on	
  anxiety	
  (d=0.61,	
  

CI=0.42-­‐0.81).	
  Furthermore,	
  effect	
  sizes	
  for	
  anxiety	
  were	
  moderated	
  by	
  several	
  variables:	
  

(1)	
  larger	
  in	
  clinical	
  population	
  (d=.78),	
  (2)	
  larger	
  after	
  stressful	
  task	
  (d=.77),	
  (3)	
  larger	
  on	
  

trait	
  anxiety	
  (d=1.06)	
  than	
  state	
  anxiety	
  (d=.41),	
  (4)	
  larger	
  to	
  words	
  (d=1.29)	
  than	
  to	
  faces	
  

(d=.37),	
  and	
  (5)	
  larger	
  in	
  top-­‐down	
  (d=.79)	
  than	
  in	
  left-­‐right	
  (ns)	
  presentational	
  form	
  of	
  

cues/probes.	
  	
  	
  

Extending	
  the	
  findings	
  by	
  Hakamata	
  and	
  colleagues,	
  Hallion	
  and	
  Ruscio	
  (2011)	
  

examined	
  the	
  effect	
  of	
  ABMT	
  on	
  depression	
  in	
  addition	
  to	
  anxiety	
  based	
  on	
  a	
  meta-­‐analysis	
  

of	
  45	
  studies.	
  Overall,	
  ABMT	
  had	
  a	
  medium	
  effect	
  on	
  biases	
  (g	
  =	
  0.49)	
  that	
  was	
  stronger	
  for	
  

interpretation	
  (g	
  =	
  0.81)	
  than	
  for	
  attention	
  (g	
  =	
  0.29)	
  biases.	
  ABMT	
  further	
  had	
  a	
  small	
  

effect	
  on	
  anxiety	
  and	
  depression	
  (g	
  =	
  0.13),	
  although	
  this	
  effect	
  was	
  more	
  reliable	
  when	
  

symptoms	
  were	
  assessed	
  after	
  participants	
  experienced	
  a	
  stressor	
  (g	
  =	
  0.23).	
  These	
  

findings	
  were	
  broadly	
  consistent	
  with	
  cognitive	
  theories	
  of	
  anxiety	
  and	
  depression	
  that	
  

propose	
  an	
  interactive	
  effect	
  of	
  cognitive	
  biases	
  and	
  stressors	
  on	
  these	
  symptoms.	
  

However,	
  the	
  small	
  effect	
  sizes	
  observed	
  here	
  suggest	
  that	
  this	
  effect	
  may	
  be	
  more	
  modest	
  

than	
  previously	
  believed.	
  Based	
  on	
  the	
  aforementioned	
  reviews,	
  the	
  magnitude	
  of	
  the	
  

efficacy	
  of	
  ABMT	
  is	
  unclear	
  given	
  that	
  Hakamata	
  suggested	
  large	
  effects	
  on	
  attention	
  and	
  

medium	
  effects	
  on	
  anxiety	
  while	
  Hallion	
  and	
  Ruscio	
  suggested	
  small	
  effects	
  on	
  both	
  anxiety	
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and	
  attention.	
  Additionally,	
  the	
  Hakamata	
  review	
  did	
  not	
  apply	
  standard	
  fail-­‐safe	
  N	
  

guidelines	
  when	
  interpreting	
  effect	
  sizes.	
  Furthermore,	
  the	
  Hallion	
  and	
  Ruscio	
  review	
  did	
  

not	
  examine	
  a	
  number	
  of	
  task	
  characteristics	
  as	
  potential	
  moderators	
  (e.g.,	
  population	
  

characteristics,	
  probe/cue	
  type	
  and	
  location,	
  etc.);	
  thus,	
  the	
  moderators	
  taken	
  into	
  account	
  

by	
  Hakamata	
  await	
  replication	
  in	
  a	
  larger	
  sample.	
  Such	
  findings	
  will	
  have	
  direct	
  

implications	
  for	
  how	
  future	
  ABMT	
  should	
  be	
  delivered.	
  But,	
  most	
  critically,	
  the	
  next	
  step	
  in	
  

attentional	
  bias	
  and	
  modification	
  research	
  is	
  to	
  elucidate	
  how	
  such	
  bias	
  may	
  independently	
  

contribute	
  to	
  or	
  synergistically	
  interact	
  with	
  other	
  etiological	
  models	
  (i.e.,	
  fear	
  

conditioning)	
  to	
  the	
  development	
  and	
  perpetuation	
  of	
  anxiety.	
  Similarly,	
  how	
  such	
  bias	
  

may	
  contribute	
  to	
  or	
  interact	
  with	
  other	
  anxiety	
  treatment	
  models	
  (i.e.,	
  fear	
  extinction)	
  to	
  

the	
  reduction	
  of	
  anxiety	
  symptoms	
  is	
  also	
  unclear.	
  	
  

Fear	
  Conditioning	
  and	
  Anxiety	
  	
  

Pavlovian	
  conditioning	
  is	
  a	
  widely	
  accepted	
  model	
  for	
  the	
  etiology	
  of	
  anxiety	
  

disorders.	
  During	
  aversive	
  conditioning,	
  repeated	
  pairing	
  of	
  a	
  neutral	
  stimulus	
  (conditional	
  

stimulus;	
  CS)	
  with	
  an	
  intrinsically	
  aversive	
  stimulus	
  (unconditional	
  stimulus;	
  US)	
  leads	
  the	
  

CS	
  to	
  elicit	
  a	
  conditional	
  fear	
  response	
  (CR).	
  The	
  early	
  conditioning	
  models	
  assumed	
  that	
  

traumatic	
  conditioning	
  experiences	
  were	
  both	
  necessary	
  and	
  sufficient	
  for	
  the	
  

development	
  of	
  phobic	
  fears	
  and	
  other	
  anxiety	
  disorders	
  (Watson	
  &	
  Rayner,	
  1920).	
  The	
  

paradigm	
  shifted	
  when	
  Eysenck	
  (1979)	
  proposed	
  that	
  pathological	
  anxiety	
  results	
  from	
  

excessive	
  fear	
  acquisition	
  to	
  aversive	
  stimuli	
  in	
  susceptible	
  individuals	
  relative	
  to	
  non-­‐

anxious	
  individuals.	
  In	
  other	
  words,	
  anxious	
  individuals	
  were	
  hypothesized	
  to	
  show	
  

enhanced	
  conditionability	
  to	
  cues	
  that	
  signal	
  threat	
  (CS+).	
  Contemporary	
  learning	
  theories	
  

expanded	
  on	
  these	
  models	
  by	
  incorporating	
  the	
  role	
  of	
  fear	
  incubation	
  (Eysenck,	
  1979),	
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evolutionarily	
  prepared	
  aversive	
  associations	
  (e.g.,	
  Ohman,	
  1986;	
  Seligman,	
  1971),	
  failure	
  

to	
  inhibit	
  fear	
  to	
  safety	
  cues	
  (Davis	
  et	
  al.,	
  2000),	
  associative	
  learning	
  deficits	
  (Grillon,	
  

2002),	
  and	
  stimulus	
  generalization	
  (Mineka	
  &	
  Zinbarg,	
  1996)	
  in	
  the	
  formation	
  and	
  

persistence	
  of	
  anxiety	
  disorders.	
  Davis,	
  Falls,	
  and	
  Gewirtz	
  (2000)	
  identified	
  a	
  failure	
  to	
  

inhibit	
  or	
  suppress	
  the	
  CR	
  in	
  the	
  presence	
  of	
  safety	
  signals,	
  such	
  as	
  the	
  CS-­‐	
  or	
  the	
  CS	
  during	
  

fear	
  extinction,	
  as	
  a	
  mechanism	
  by	
  which	
  pathological	
  anxiety	
  may	
  develop.	
  A	
  meta-­‐

analysis	
  of	
  the	
  conditioning	
  literature	
  concluded	
  that	
  anxious	
  individuals,	
  relative	
  to	
  

healthy	
  controls,	
  show	
  “deficits	
  in	
  inhibition”	
  of	
  fear	
  CR	
  to	
  a	
  CS	
  that	
  predicts	
  safety	
  from	
  

threat	
  (i.e.,	
  CS-­‐)	
  during	
  fear	
  conditioning	
  and	
  to	
  CS	
  that	
  no	
  longer	
  signals	
  threat	
  (i.e.,	
  during	
  

extinction)	
  (Lissek	
  et	
  al.,	
  2005).	
  It	
  is	
  now	
  believed	
  that	
  impaired	
  inhibitory	
  mechanisms	
  

may	
  be	
  central	
  to	
  development	
  of	
  various	
  anxiety	
  disorders.	
  Inhibitory	
  learning	
  means	
  that	
  

the	
  original	
  CS-­‐US	
  association	
  learned	
  during	
  fear	
  conditioning	
  is	
  not	
  erased	
  during	
  

extinction,	
  but	
  rather	
  is	
  left	
  intact	
  as	
  a	
  new,	
  secondary	
  inhibitory	
  learning	
  about	
  the	
  CS-­‐no	
  

US	
  relationship	
  develops	
  (e.g.,	
  Bouton	
  &	
  King,	
  1983;	
  Bouton,	
  1993).	
  It	
  is	
  this	
  secondary,	
  CS-­‐

no	
  US	
  association	
  that	
  forms	
  the	
  basis	
  for	
  fear	
  inhibition.	
  In	
  other	
  words,	
  this	
  model	
  implies	
  

that	
  at	
  the	
  end	
  of	
  extinction,	
  the	
  CS	
  engages	
  in	
  two	
  competing	
  processes	
  simultaneously:	
  an	
  

excitatory	
  association	
  from	
  fear	
  acquisition	
  and	
  an	
  inhibitory	
  association	
  from	
  fear	
  

extinction.	
  Consequently,	
  even	
  though	
  fear	
  expressly	
  subsides	
  by	
  the	
  end	
  of	
  fear	
  extinction,	
  

retention	
  of	
  at	
  least	
  part	
  of	
  the	
  original	
  association	
  can	
  be	
  uncovered	
  by	
  various	
  

procedures,	
  with	
  each	
  one	
  showing	
  a	
  continuing	
  persistence	
  of	
  the	
  original	
  excitatory	
  

association	
  after	
  extinction.	
  These	
  procedures	
  include	
  spontaneous	
  recovery,	
  context	
  

renewal,	
  rapid	
  reacquisition	
  and	
  reinstatement	
  (Bouton,	
  1993).	
  Exposure	
  therapy	
  is	
  an	
  

efficacious	
  treatment	
  for	
  anxiety	
  disorders	
  and	
  there	
  is	
  abundant	
  evidence	
  that	
  it	
  is	
  more	
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effective	
  than	
  either	
  wait-­‐list	
  or	
  attention	
  placebo	
  controls	
  (Norton	
  &	
  Price,	
  2007;	
  Hofmann	
  

&	
  Smits,	
  2008)	
  or	
  active	
  treatment	
  comparisons	
  (Tolin,	
  2010).	
  During	
  exposure	
  therapy,	
  

the	
  patient	
  gradually	
  confronts	
  anxiety-­‐provoking	
  cues	
  (internal	
  or	
  external)	
  that	
  are	
  

perceived	
  to	
  lead	
  to	
  an	
  aversive	
  outcome.	
  With	
  repeated	
  practice,	
  cues	
  that	
  were	
  originally	
  

anxiety-­‐provoking	
  (CS)	
  will	
  no	
  longer	
  elicit	
  such	
  reactivity	
  (CR)	
  because	
  patients	
  learn	
  that	
  

the	
  likelihood	
  of	
  an	
  aversive	
  event	
  (US)	
  happening	
  due	
  to	
  encountering	
  such	
  cues	
  is	
  

minimal	
  (or	
  non-­‐existent).	
  This	
  process	
  of	
  fear	
  reduction	
  is	
  believed	
  to	
  operate	
  in	
  part	
  

through	
  extinction	
  processes	
  (Bouton,	
  2001;	
  Mineka,	
  2006).	
  Although	
  exposure	
  therapy	
  is	
  

an	
  efficacious	
  behavioral	
  treatment	
  (Barlow	
  et	
  al.,	
  2002;	
  Chambless	
  &	
  Hollon,	
  1998),	
  not	
  

every	
  patient	
  benefits	
  (non-­‐response	
  rate	
  vary	
  from	
  10-­‐40%;	
  Craske,	
  1999).	
  Also,	
  of	
  those	
  

patients	
  who	
  do	
  benefit,	
  many	
  experience	
  a	
  subsequent	
  return	
  of	
  fear	
  (Rachman,	
  1989).	
  

Better	
  understanding	
  of	
  fear	
  extinction	
  mechanisms	
  will	
  help	
  to	
  optimize	
  exposure	
  therapy	
  

parameters,	
  which	
  in	
  turn	
  could	
  lead	
  to	
  more	
  efficacious	
  treatments	
  and	
  longer-­‐lasting	
  

outcomes.	
  	
  

Theoretical	
  Models	
  of	
  Pavlovian	
  Conditioning	
  	
  

It	
  is	
  apparent	
  that	
  better	
  understanding	
  of	
  Pavlovian	
  conditioning	
  processes	
  will	
  not	
  

only	
  illuminate	
  the	
  mechanisms	
  by	
  which	
  anxiety	
  is	
  developed	
  and	
  sustained,	
  it	
  will	
  also	
  

help	
  to	
  optimize	
  exposure	
  therapy	
  parameters,	
  which	
  in	
  turn	
  could	
  lead	
  to	
  more	
  efficacious	
  

treatments.	
  	
  

Rescorla-­‐Wagner	
  model	
  (1972)	
  	
  

This	
  model	
  has	
  generated	
  many	
  new	
  ideas	
  within	
  the	
  field	
  of	
  learning	
  and	
  behavior	
  

since	
  its	
  conception.	
  Although	
  it	
  has	
  failed	
  to	
  address	
  a	
  number	
  of	
  important	
  issues	
  (see	
  

Miller,	
  Barnet,	
  &	
  Grahame,	
  1995),	
  it	
  has	
  continued	
  to	
  be	
  the	
  standard	
  against	
  which	
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subsequent	
  theories	
  are	
  measured.	
  Rescorla	
  and	
  Wagner	
  created	
  a	
  formal	
  mathematical	
  

model	
  to	
  compute	
  the	
  amount	
  of	
  learning	
  expected	
  to	
  occur	
  with	
  each	
  trial	
  of	
  conditioning	
  

(ΔV).	
  The	
  model	
  is	
  based	
  on	
  the	
  critical	
  assumption	
  that	
  the	
  degree	
  to	
  which	
  learning	
  

occurs	
  to	
  the	
  CSs	
  presented	
  during	
  a	
  conditioning	
  trial	
  depends	
  on	
  how	
  “surprising”	
  the	
  US	
  

is	
  (λ	
  –	
  V).	
  By	
  definition,	
  an	
  event	
  (λ)	
  is	
  surprising	
  if	
  it	
  is	
  different	
  from	
  what	
  is	
  expected	
  (V).	
  

With	
  regard	
  to	
  fear	
  conditioning,	
  an	
  unexpectedly	
  aversive	
  US	
  is	
  the	
  basis	
  for	
  excitatory	
  

fear	
  conditioning	
  and	
  will	
  lead	
  to	
  increased	
  reactivity,	
  and	
  an	
  unexpectedly	
  neutral	
  US	
  (or	
  

the	
  absence	
  of	
  the	
  aversive	
  US)	
  is	
  the	
  basis	
  for	
  inhibitory	
  fear	
  conditioning	
  and	
  will	
  lead	
  to	
  

a	
  reduction	
  in	
  reactivity.	
  This	
  maps	
  on	
  well	
  to	
  rates	
  of	
  learning	
  in	
  human	
  fear	
  conditioning	
  

experiments	
  where	
  the	
  most	
  learning	
  occurs	
  at	
  the	
  beginning	
  of	
  the	
  phase	
  when	
  the	
  

presentation	
  of	
  the	
  US	
  is	
  the	
  most	
  surprising	
  during	
  conditioning	
  (and	
  its	
  absence	
  is	
  most	
  

surprising	
  during	
  extinction),	
  and	
  then	
  the	
  rate	
  of	
  learning	
  slows	
  with	
  each	
  subsequent	
  

trial	
  until	
  what	
  is	
  expected	
  (V)	
  grows	
  to	
  match	
  what	
  actually	
  happened	
  (λ)	
  and	
  the	
  surprise	
  

term	
  (λ	
  –	
  V)	
  becomes	
  zero,	
  at	
  which	
  point	
  no	
  more	
  learning	
  can	
  occur.	
  While	
  the	
  level	
  of	
  

surprise	
  of	
  the	
  US	
  is	
  necessary	
  for	
  learning	
  to	
  occur,	
  other	
  factors,	
  such	
  as	
  the	
  relative	
  

salience	
  of	
  the	
  CS	
  (α	
  )	
  and	
  the	
  relative	
  strength	
  of	
  the	
  US	
  (β),	
  will	
  also	
  determine	
  the	
  rate	
  of	
  

fear	
  conditioning.	
  Putting	
  everything	
  together,	
  the	
  formal	
  mathematical	
  model	
  can	
  be	
  

expressed	
  as:	
  V	
  =	
  (α*β)(λ	
  –	
  V).	
  The	
  Rescorla-­‐Wagner	
  model	
  assumes	
  that	
  the	
  salience	
  or	
  

the	
  “attention-­‐gettingness”	
  of	
  the	
  CS	
  is	
  a	
  constant	
  throughout	
  learning.	
  In	
  other	
  words,	
  

organisms	
  are	
  assumed	
  to	
  allocate	
  the	
  same	
  amount	
  of	
  attention	
  to	
  CSs	
  across	
  fear	
  

conditioning	
  (including	
  extinction)	
  trials.	
  	
  

Mackintosh’s	
  model	
  (1975)	
  	
  

Unlike	
  the	
  Rescorla-­‐Wagner	
  model	
  where	
  learning	
  is	
  driven	
  by	
  the	
  effectiveness	
  of	
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the	
  US,	
  attentional	
  models	
  of	
  conditioning,	
  namely,	
  Mackintosh’s	
  model,	
  suggest	
  that	
  

learning	
  depends	
  on	
  how	
  well	
  the	
  CSs	
  command	
  one’s	
  attention	
  (α).	
  Specifically,	
  attention	
  

to	
  a	
  given	
  CS	
  increases	
  when	
  that	
  CS	
  is	
  the	
  best	
  predictor	
  of	
  the	
  US,	
  and	
  decreases	
  

otherwise.	
  This	
  model	
  can	
  be	
  expressed	
  as	
  ΔαA>0	
  if	
  |λ−VA|≥|λ−VX|,	
  where	
  αA	
  is	
  the	
  CSA-­‐

specific	
  learning	
  rate,	
  λ	
  is	
  the	
  occurrence	
  (λ	
  =1)	
  or	
  absence	
  of	
  the	
  US	
  (λ	
  =0),	
  VA	
  is	
  the	
  

association	
  of	
  CSA	
  with	
  the	
  US,	
  and	
  VX	
  the	
  association	
  with	
  the	
  US	
  of	
  all	
  CSs	
  other	
  than	
  CSA.	
  

As	
  one	
  can	
  see,	
  the	
  main	
  change	
  proposed	
  by	
  Mackintosh	
  to	
  the	
  Rescorla-­‐Wagner	
  equation	
  

was	
  that	
  α	
  is	
  not	
  a	
  fixed	
  function	
  of	
  the	
  salience	
  of	
  the	
  CS,	
  but	
  changes	
  as	
  a	
  result	
  of	
  

experience	
  with	
  the	
  CS.	
  Furthermore,	
  it	
  emphasized	
  that	
  attention	
  to	
  the	
  CS	
  is	
  equivalent	
  to	
  

its	
  learning	
  rate.	
  The	
  specific	
  rule	
  proposed	
  captured	
  the	
  common	
  intuition	
  that	
  subjects	
  

would	
  learn	
  to	
  attend	
  to	
  relevant	
  stimuli	
  that	
  predicted	
  trial	
  outcomes	
  and	
  ignore	
  

irrelevant	
  stimuli	
  that	
  did	
  not.	
  

Pearce	
  and	
  Hall’s	
  model	
  (1980)	
  	
  

Attentional	
  models	
  of	
  conditioning	
  differ	
  in	
  their	
  assumptions	
  about	
  what	
  

determines	
  the	
  noticeability	
  of	
  the	
  CS	
  on	
  a	
  given	
  trial	
  (α).	
  For	
  example,	
  Pearce	
  and	
  Hall	
  

assumed	
  that	
  the	
  amount	
  of	
  attention	
  a	
  subject	
  devotes	
  to	
  the	
  CS	
  on	
  a	
  given	
  trial	
  is	
  

determined	
  by	
  how	
  surprising	
  the	
  US	
  was	
  on	
  the	
  preceding	
  trial.	
  Like	
  many	
  attentional	
  

models	
  of	
  conditioning	
  (including	
  Pearce	
  &	
  Hall,	
  1980),	
  an	
  important	
  feature	
  is	
  that	
  they	
  

assume	
  that	
  the	
  level	
  of	
  surprise	
  of	
  the	
  US	
  on	
  a	
  given	
  trial	
  influences	
  what	
  is	
  learned	
  on	
  the	
  

next	
  trial.	
  This	
  differs	
  from	
  US-­‐reduction	
  models	
  like	
  the	
  Rescorla-­‐Wagner	
  model,	
  in	
  which	
  

the	
  level	
  of	
  the	
  US	
  surprise	
  on	
  a	
  given	
  trial	
  determines	
  what	
  is	
  learned	
  on	
  that	
  given	
  trial.	
  

This	
  also	
  differs	
  from	
  the	
  Mackintosh	
  model	
  (1975)	
  in	
  that	
  once	
  sufficient	
  learning	
  has	
  

occurred	
  and	
  the	
  US	
  is	
  no	
  longer	
  surprising,	
  there	
  should	
  be	
  little	
  attention	
  allocated	
  to	
  the	
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CS.	
  In	
  other	
  words,	
  this	
  model	
  would	
  hypothesize	
  that	
  little	
  attention	
  would	
  be	
  directed	
  

towards	
  the	
  CS	
  at	
  the	
  end	
  of	
  fear	
  acquisition	
  and	
  extinction.	
  	
  

In	
  summary,	
  while	
  researchers	
  have	
  built	
  upon	
  Rescorla	
  and	
  Wagner’s	
  model	
  of	
  

conditioning	
  by	
  including	
  a	
  term	
  to	
  capture	
  modifications	
  in	
  attention	
  to	
  the	
  CS	
  based	
  on	
  

one’s	
  experience	
  with	
  the	
  US	
  after	
  each	
  learning	
  trial	
  (Pearce	
  &	
  Hall,	
  1980),	
  many	
  

attentional	
  models	
  of	
  conditioning	
  (some	
  of	
  which	
  were	
  not	
  included	
  in	
  this	
  proposal)	
  

differ	
  in	
  what	
  determines	
  the	
  attention	
  allocated	
  to	
  the	
  CS	
  on	
  a	
  given	
  trial.	
  What	
  is	
  common	
  

to	
  all	
  models	
  (i.e.,	
  Mackintosh,	
  1975;	
  Pearce	
  &	
  Hall,	
  1980)	
  is	
  that	
  they	
  examine	
  the	
  causal	
  

effect	
  of	
  associative	
  learning	
  (whether	
  or	
  not	
  the	
  CS-­‐US	
  or	
  CS-­‐no	
  US	
  association	
  is	
  

predictable)	
  has	
  on	
  attention	
  allocation.	
  While	
  it	
  is	
  universally	
  assumed	
  that	
  paying	
  

attention	
  to	
  the	
  CS	
  and	
  US	
  are	
  requisites	
  for	
  any	
  learning	
  to	
  occur	
  and	
  procedures	
  that	
  

disrupt	
  attention	
  to	
  the	
  CS	
  are	
  expected	
  to	
  also	
  disrupt	
  learning,	
  these	
  models	
  do	
  not	
  

explicitly	
  delineate	
  how	
  such	
  modifications	
  to	
  attention	
  may	
  enhance	
  or	
  impair	
  Pavlovian	
  

conditioning	
  and	
  Pavlovian	
  fear	
  conditioning	
  in	
  particular.	
  This	
  is	
  not	
  particularly	
  

surprising	
  as	
  many	
  models	
  of	
  Pavlovian	
  conditioning	
  were	
  derived	
  from	
  animal	
  research	
  

where	
  measuring	
  the	
  animal’s	
  attention	
  was	
  difficult	
  (or	
  nearly	
  impossible)	
  to	
  carry	
  out	
  on	
  

a	
  trial	
  to	
  trial	
  basis.	
  However,	
  in	
  order	
  to	
  advance	
  our	
  knowledge	
  of	
  the	
  etiological	
  and	
  

treatment	
  models	
  of	
  pathological	
  anxiety	
  based	
  on	
  basic	
  science	
  research	
  of	
  Pavlovian	
  

conditioning,	
  theories	
  of	
  attention	
  (broadly	
  speaking)	
  ought	
  to	
  be	
  incorporated	
  as	
  

sufficient	
  data	
  has	
  accumulated	
  from	
  human	
  research	
  pointing	
  to	
  the	
  association	
  between	
  

disordered	
  fear	
  learning	
  and	
  an	
  attentional	
  bias	
  towards	
  the	
  CS	
  that	
  predicts	
  threat	
  (Bar-­‐

Haim	
  et	
  al.,	
  2007).	
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Attentional	
  Bias	
  and	
  Fear	
  Conditioning	
  	
  

Experimental	
  research	
  that	
  integrates	
  attentional	
  bias	
  and	
  fear	
  conditioning	
  is	
  

relatively	
  limited	
  despite	
  an	
  obvious	
  need	
  to	
  consider	
  the	
  role	
  that	
  cognitive	
  processes,	
  

such	
  as	
  attention,	
  play	
  during	
  Pavlovian	
  fear	
  conditioning	
  in	
  understanding	
  the	
  etiology,	
  

maintenance,	
  and	
  treatment	
  of	
  anxiety	
  disorders.	
  To	
  date,	
  only	
  a	
  handful	
  of	
  studies	
  using	
  

the	
  dot	
  probe	
  task	
  or	
  the	
  spatial	
  cueing	
  task	
  (visual	
  task	
  capable	
  of	
  teasing	
  apart	
  attention	
  

engagement	
  and	
  disengagement)	
  have	
  demonstrated	
  increased	
  attentional	
  bias	
  to	
  the	
  CS+	
  

after	
  fear	
  conditioning	
  relative	
  to	
  before	
  conditioning	
  and	
  relative	
  to	
  the	
  CS-­‐	
  (Koster	
  et	
  al.,	
  

2004;	
  Van	
  Damme	
  et	
  al.,	
  2004a;	
  Van	
  Damme	
  et	
  al.,	
  2004b;	
  Hermans	
  et	
  al.,	
  2005;	
  Beaver	
  et	
  

al.,	
  2005;	
  Van	
  Damme	
  et	
  al.,	
  2006;	
  Pischek-­‐Simpson	
  et	
  al.,	
  2009).	
  Furthermore,	
  two	
  studies	
  

also	
  found	
  evidence	
  for	
  the	
  reduction	
  of	
  such	
  bias	
  towards	
  the	
  CS+	
  after	
  fear	
  extinction	
  

(Hermans	
  et	
  al.,	
  2005;	
  Van	
  Damme	
  et	
  al.,	
  2006).	
  These	
  studies	
  converge	
  in	
  providing	
  

preliminary	
  evidence	
  for	
  the	
  causal	
  impact	
  of	
  Pavlovian	
  conditioning	
  procedures	
  on	
  

attention	
  allocation	
  to	
  the	
  cues	
  presented.	
  With	
  that	
  said,	
  there	
  is	
  very	
  little	
  experimental	
  

research	
  illuminating	
  the	
  role	
  that	
  attention	
  allocation	
  play	
  in	
  fear	
  acquisition	
  and	
  

extinction.	
  No	
  studies	
  to	
  date	
  have	
  manipulated	
  attention	
  allocation	
  towards	
  or	
  away	
  from	
  

a	
  signal	
  of	
  threat	
  during	
  fear	
  acquisition.	
  It	
  is	
  perhaps	
  obvious	
  that	
  attention	
  to	
  the	
  task	
  at	
  

hand	
  is	
  required	
  for	
  learning	
  to	
  occur.	
  Therefore,	
  it	
  may	
  be	
  universally	
  assumed	
  that	
  

directing	
  attention	
  away	
  from	
  the	
  threat-­‐relevant	
  cue	
  will	
  impair	
  fear	
  acquisition	
  and	
  

directing	
  attention	
  towards	
  the	
  threat-­‐relevant	
  cue	
  will	
  enhance	
  fear	
  conditioning.	
  What	
  is	
  

more	
  surprising	
  is	
  that	
  only	
  one	
  study	
  to	
  date	
  has	
  examined	
  the	
  effect	
  of	
  training	
  

individuals	
  to	
  attend	
  towards	
  or	
  away	
  from	
  an	
  acquired	
  signal	
  of	
  threat	
  during	
  extinction	
  

(Van	
  Bockstaele	
  et	
  al.,	
  2010)	
  despite	
  clear	
  implications	
  for	
  exposure	
  therapy.	
  Van	
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Bockstaele	
  and	
  colleagues	
  (2010)	
  modified	
  the	
  spatial	
  cueing	
  task	
  such	
  that	
  during	
  fear	
  

extinction,	
  participants	
  were	
  assigned	
  to	
  one	
  of	
  three	
  groups:	
  1)	
  attend	
  towards	
  threat,	
  2)	
  

attend	
  away	
  from	
  threat,	
  and	
  3)	
  control.	
  These	
  groups	
  differed	
  in	
  the	
  frequency	
  to	
  which	
  

the	
  CS+	
  was	
  followed	
  by	
  the	
  probe,	
  as	
  similarly	
  described	
  in	
  MacLeod	
  et	
  al’s	
  (2002)	
  

attention	
  bias	
  modification	
  training.	
  Importantly,	
  Van	
  Bockstaele	
  found	
  that	
  attending	
  

towards	
  the	
  CS+	
  during	
  extinction	
  enhanced	
  extinction	
  learning	
  via	
  participants’	
  self-­‐

reported	
  measures	
  of	
  CS-­‐US	
  contingency,	
  and	
  CS	
  valence	
  and	
  arousal.	
  While	
  these	
  findings	
  

await	
  replications,	
  these	
  results	
  were	
  the	
  first	
  to	
  suggest	
  a	
  causal	
  role	
  of	
  attention	
  

allocation	
  upon	
  fear	
  conditioning	
  (i.e.,	
  extinction),	
  provide	
  further	
  evidence	
  for	
  the	
  

interplay	
  between	
  attentional	
  processes	
  and	
  fear	
  learning,	
  and	
  provide	
  preliminary	
  

evidence	
  that	
  attention	
  modification	
  training	
  may	
  optimize	
  fear	
  extinction	
  (or	
  exposure	
  

therapy).	
  However,	
  it	
  must	
  be	
  noted	
  that	
  this	
  finding	
  is	
  in	
  contradiction	
  with	
  the	
  growing	
  

body	
  of	
  literature	
  based	
  on	
  MacLeod’s	
  AMBT	
  which	
  posited	
  that	
  directing	
  attention	
  away	
  

from	
  threat-­‐relevant	
  stimuli	
  can	
  lead	
  to	
  reductions	
  in	
  anxiety	
  (Hakamata	
  et	
  al.,	
  2010).	
  

Clarification	
  of	
  the	
  exact	
  nature	
  of	
  the	
  causal	
  influence	
  of	
  attention	
  allocation	
  on	
  fear	
  

extinction	
  is	
  urgently	
  warranted	
  given	
  its	
  clinical	
  implications	
  for	
  anxiety	
  disorders.	
  	
  

Theories	
  of	
  Attentional	
  Bias	
  on	
  Fear	
  Conditioning	
  in	
  Anxiety	
  	
  

Although	
  a	
  satisfactory	
  theory	
  that	
  is	
  capable	
  of	
  integrating	
  both	
  attentional	
  and	
  

Pavlovian	
  mechanisms	
  of	
  fear	
  conditioning	
  in	
  explaining	
  the	
  development	
  of	
  anxiety	
  is	
  yet	
  

to	
  be	
  available,	
  one	
  can	
  speculate	
  as	
  to	
  what	
  the	
  role	
  of	
  a	
  selective	
  attention	
  towards	
  threat	
  

may	
  play	
  in	
  explaining	
  the	
  inhibitory	
  Pavlovian	
  deficits	
  (i.e.,	
  elevated	
  responding	
  to	
  CS-­‐	
  

during	
  acquisition	
  and	
  impaired	
  extinction	
  to	
  the	
  CS+)	
  exhibited	
  by	
  trait-­‐anxious	
  and	
  

clinically-­‐anxious	
  individuals.	
  Due	
  to	
  an	
  over-­‐active,	
  automatic	
  threat	
  detection	
  mechanism	
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(Williams	
  et	
  al.,	
  1988;	
  Mogg	
  &	
  Bradley,	
  1998;	
  Bar-­‐Haim	
  et	
  al.,	
  2007)	
  and	
  a	
  difficulty	
  in	
  

disengaging	
  from	
  threat	
  once	
  it	
  is	
  located,	
  when	
  an	
  anxious	
  individual	
  undergoes	
  fear	
  

conditioning,	
  it	
  is	
  possible	
  that	
  the	
  elevated	
  fear	
  responding	
  to	
  the	
  CS-­‐	
  occurred	
  as	
  a	
  result	
  

of	
  not	
  learning	
  the	
  safety	
  of	
  the	
  CS-­‐	
  as	
  attention	
  continues	
  to	
  be	
  allocated	
  to	
  the	
  CS+.	
  

Similarly,	
  during	
  extinction,	
  the	
  attention	
  may	
  continue	
  to	
  be	
  drawn	
  towards	
  the	
  CS+	
  as	
  the	
  

CS+	
  now	
  represents	
  two	
  contradictory	
  associations	
  (an	
  excitatory	
  one	
  from	
  conditioning	
  

and	
  an	
  inhibitory	
  one	
  from	
  extinction),	
  and	
  hence	
  draws	
  greater	
  attentional	
  resources	
  from	
  

the	
  anxious	
  individual	
  due	
  to	
  its	
  ambiguous	
  nature.	
  This	
  hypothesis	
  would	
  be	
  consistent	
  

with	
  attentional	
  theories	
  posited	
  by	
  Mogg	
  et	
  al	
  (1998)	
  and	
  Mathews	
  et	
  al	
  (1998),	
  who	
  

predicted	
  that	
  the	
  most	
  robust	
  difference	
  between	
  anxious	
  and	
  non-­‐anxious	
  individuals	
  is	
  

the	
  selective	
  attention	
  towards	
  "weak"	
  threat.	
  However,	
  instead	
  of	
  using	
  the	
  additional	
  

attentional	
  resources	
  allocated	
  towards	
  learning	
  the	
  "inhibitory"	
  CS-­‐no	
  US	
  contingency,	
  a	
  

preconscious	
  threat	
  evaluation	
  mechanism	
  will	
  automatically	
  appraise	
  a	
  previously	
  

encountered	
  threat	
  as	
  threatening	
  when	
  it	
  is	
  encountered	
  again	
  (Mathews	
  &	
  Mackintosh,	
  

1998).	
  Alternatively,	
  the	
  inhibitory	
  learning	
  during	
  extinction	
  that	
  usually	
  takes	
  place	
  in	
  

non-­‐anxious	
  individuals	
  may	
  be	
  high	
  jacked	
  by	
  the	
  conscious	
  appraisal	
  of	
  the	
  CS+	
  as	
  

threatening	
  in	
  anxious	
  individuals	
  due	
  to	
  their	
  prior	
  learning	
  about	
  the	
  CS+	
  (such	
  as	
  during	
  

fear	
  acquisition),	
  biological	
  preparedness	
  for	
  hyper-­‐arousal,	
  among	
  others.	
  (Bar-­‐Haim	
  et	
  

al.,	
  2007;	
  Mogg	
  &	
  Bradley,	
  1998).	
  	
  

Neural	
  Bases	
  of	
  Fear	
  Conditioning	
  and	
  Selective	
  Attention	
  to	
  Threat	
  	
  

The	
  neural	
  bases	
  of	
  fear	
  conditioning	
  and	
  extinction	
  have	
  been	
  well	
  established	
  in	
  

human	
  samples.	
  The	
  amygdala	
  plays	
  a	
  primary	
  role	
  in	
  fear	
  conditioning.	
  In	
  healthy	
  

humans,	
  fMRI	
  studies	
  show	
  elevated	
  amygdala	
  activation	
  during	
  conditioning	
  (for	
  a	
  review,	
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Shin	
  &	
  Liberzon,	
  2010).	
  Conditioned	
  fear	
  is	
  presumed	
  to	
  be	
  mediated	
  by	
  the	
  transmission	
  

of	
  sensory	
  information	
  about	
  the	
  CS	
  and	
  US	
  to	
  the	
  amygdala	
  and	
  the	
  subsequent	
  control	
  of	
  

fear	
  reactions	
  via	
  projections	
  from	
  the	
  amygdala	
  to	
  hypothalamic	
  and	
  brainstem	
  regions	
  

that	
  regulate	
  behavioral,	
  endocrine,	
  and	
  autonomic	
  responses	
  (e.g.,	
  skin	
  conductance	
  

responding	
  (SCR);	
  LeDoux,	
  2000).	
  In	
  support,	
  amygdala	
  activity	
  has	
  been	
  positively	
  

correlated	
  with	
  SCRs	
  during	
  fear	
  conditioning	
  (LaBar	
  et	
  al.,	
  1998;	
  Phelps	
  et	
  al.,	
  2001).	
  

Other	
  regions	
  associated	
  with	
  fear	
  conditioning	
  are	
  the	
  insular	
  cortex	
  (e.g.,	
  Shin	
  &	
  

Liberzon,	
  2010;	
  Phelps	
  et	
  al.,	
  2004)	
  and	
  the	
  dorsal	
  and	
  rostral	
  anterior	
  cingulate	
  (ACC;	
  e.g.,	
  

LaBar	
  et	
  al.,	
  1998;	
  Phelps	
  et	
  al.,	
  2004).	
  The	
  ventral	
  medial	
  PFC	
  (vmPFC)	
  appears	
  to	
  mediate	
  

extinction.	
  Human	
  neuroimaging	
  studies	
  have	
  associated	
  greater	
  vmPFC	
  activation	
  with	
  

extinction	
  and	
  at	
  extinction	
  recall	
  (e.g.,	
  Milad	
  et	
  al.,	
  2007;	
  Phelps	
  et	
  al.,	
  2004).	
  Specifically,	
  

the	
  vmPFC	
  modulates	
  fear	
  CR	
  through	
  descending	
  inhibitory	
  projections	
  to	
  the	
  central	
  

nucleus	
  of	
  the	
  amygdala	
  (CeA;	
  e.g.,	
  Maren	
  &	
  Quirk,	
  2004;	
  Sotres-­‐Bayon	
  et	
  al.,	
  2009).	
  

Furthermore,	
  the	
  dorsal	
  ACC	
  and	
  the	
  vmPFC	
  have	
  been	
  implicated	
  during	
  extinction	
  by	
  

down-­‐regulating	
  the	
  expression	
  of	
  the	
  fear	
  CR	
  from	
  the	
  amygdala	
  (e.g.,	
  Carlsson	
  et	
  al.,	
  

2006;	
  Phelps	
  et	
  al.,	
  2004).	
  Such	
  regions	
  activated	
  during	
  extinction	
  may	
  also	
  serve	
  as	
  the	
  

neurobiological	
  basis	
  for	
  fear	
  inhibition	
  to	
  safety	
  cues	
  (CS-­‐)	
  during	
  conditioning.	
  The	
  neural	
  

correlates	
  of	
  anxiety	
  disorders	
  may	
  involve	
  hyper-­‐activation	
  of	
  the	
  amygdala	
  during	
  fear	
  

conditioning	
  and	
  extinction	
  and	
  hypo-­‐activation	
  of	
  frontal	
  regions	
  during	
  extinction	
  (e.g.,	
  

Bishop	
  et	
  al.,	
  2004;	
  Bishop	
  et	
  al.,	
  2007).	
  For	
  example,	
  high	
  trait	
  anxiety	
  is	
  related	
  to	
  

amygdala	
  hyperactivity	
  during	
  the	
  processing	
  of	
  aversive	
  and	
  neutral	
  stimuli	
  (Bishop	
  et	
  al.,	
  

2004;	
  Etkins	
  et	
  al.,	
  2004;	
  Dickie	
  &	
  Armony,	
  2008)	
  and	
  even	
  during	
  the	
  extinction	
  of	
  

conditioned	
  fear	
  (Barrett	
  &	
  Armony,	
  2009).	
  Anxiety	
  also	
  correlated	
  with	
  decreased	
  activity	
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in	
  the	
  dACC	
  during	
  extinction	
  (Sehlmeyer	
  et	
  al.,	
  2010)	
  and	
  decreased	
  activity	
  in	
  vmPFC	
  

during	
  extinction	
  (Bremner	
  et	
  al.,	
  2005)	
  and	
  extinction	
  recall	
  (Milad	
  et	
  al.,	
  2007;	
  2009).	
  

Neurocircuitry	
  of	
  selective	
  attention	
  to	
  threat	
  in	
  anxiety	
  suggests	
  a	
  pathway	
  between	
  the	
  

amygdala	
  and	
  PFC	
  that	
  corresponds	
  with	
  the	
  neural	
  correlates	
  of	
  extinction	
  learning.	
  That	
  

is,	
  evidence	
  to	
  date	
  indicates	
  that	
  anxious	
  individuals	
  show	
  an	
  increased	
  amygdala	
  

response	
  to	
  both	
  attended	
  and	
  unattended	
  threat	
  stimuli	
  (fearful	
  faces;	
  Bishop	
  et	
  al.,	
  2004)	
  

and	
  hypoactivation	
  in	
  prefrontal	
  control	
  mechanisms	
  in	
  response	
  to	
  attentional	
  

competition	
  from	
  threat-­‐related	
  distracters.	
  For	
  instance,	
  when	
  the	
  frequency	
  of	
  threat-­‐

related	
  distracters	
  was	
  increased,	
  anxious	
  individuals	
  showed	
  both	
  reduced	
  activity	
  in	
  the	
  

and	
  lateral	
  prefrontal	
  regions	
  and	
  the	
  rostral	
  ACC	
  (Bishop	
  et	
  al.,	
  2004;	
  Bishop	
  et	
  al.,	
  2006;	
  

Hull,	
  2002;	
  Shin	
  et	
  al.,	
  2001).	
  These	
  findings	
  parallel	
  the	
  findings	
  reported	
  for	
  fear	
  

conditioning	
  and	
  extinction	
  in	
  anxious	
  adults	
  (Bremner	
  et	
  al.,	
  2005).	
  This	
  commonality	
  at	
  

the	
  neural	
  level	
  possibly	
  reflects	
  a	
  greater	
  conceptual	
  link	
  than	
  is	
  sometimes	
  recognized	
  

between	
  fear	
  conditioning	
  and	
  selective	
  attention	
  to	
  threat.	
  A	
  closer	
  integration	
  of	
  

attentional	
  and	
  Pavlovian	
  conditioning	
  models	
  of	
  anxiety	
  disorders	
  may	
  help	
  inform	
  

etiology	
  and	
  provide	
  insight	
  into	
  discordant	
  findings	
  at	
  the	
  behavioral,	
  affective,	
  and	
  

cognitive	
  level	
  when	
  examined	
  in	
  isolation	
  from	
  one	
  another.	
  	
  

Specific	
  Aims	
  	
  

The	
  broad	
  goal	
  of	
  this	
  study	
  was	
  to	
  elucidate	
  the	
  interaction	
  between	
  attentional	
  

and	
  Pavlovian	
  processes	
  in	
  fear	
  learning.	
  While	
  attentional	
  and	
  Pavlovian	
  processes	
  may	
  

reciprocally	
  contribute	
  to	
  the	
  development	
  and	
  maintenance	
  of	
  anxiety,	
  this	
  study	
  intends	
  

to	
  emphasize	
  the	
  causal	
  impact	
  of	
  attention	
  on	
  Pavlovian	
  fear	
  conditioning.	
  This	
  goal	
  was	
  

achieved	
  by	
  (1)	
  directly	
  examining	
  the	
  causal	
  influence	
  of	
  differential	
  fear	
  acquisition	
  on	
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attention	
  allocation	
  to	
  safety	
  vs.	
  threat	
  cues	
  as	
  measured	
  by	
  autonomic	
  reactivity	
  and	
  self-­‐

report,	
  and	
  (2)	
  evaluating	
  the	
  effect	
  of	
  attention	
  retraining	
  (towards	
  threat	
  or	
  safety	
  cues)	
  

on	
  self-­‐reported,	
  physiological,	
  and	
  behavioral	
  measures	
  of	
  fear	
  extinction.	
  

Hypotheses	
  	
  

(1)	
  Differential	
  fear	
  acquisition	
  on	
  attention	
  allocation	
  to	
  safe	
  vs.	
  threat	
  cue.	
  	
  

Consistent	
  with	
  extant	
  data	
  (e.g.,	
  Pischek-­‐Simpson,	
  2009;	
  Van	
  Damme	
  et	
  al.,	
  2006),	
  we	
  

predicted	
  that	
  a	
  selective	
  attention	
  towards	
  threat	
  (CS+)	
  relative	
  to	
  a	
  neutral	
  stimulus	
  will	
  

occur	
  as	
  a	
  result	
  of	
  undergoing	
  fear	
  acquisition.	
  The	
  association	
  between	
  the	
  CS+	
  and	
  the	
  

US	
  will	
  make	
  the	
  CS+	
  a	
  stimulus	
  of	
  high	
  threat	
  value;	
  therefore	
  directing	
  one's	
  attention	
  

towards	
  a	
  threatening	
  stimulus	
  may	
  be	
  adaptive.	
  Also	
  consistent	
  with	
  extant	
  literature	
  

(Pischek-­‐Simpson,	
  2009;	
  Van	
  Damme	
  et	
  al.,	
  2006),	
  We	
  also	
  predicted	
  that	
  participants	
  will	
  

not	
  selectively	
  attend	
  to	
  the	
  CS-­‐	
  relative	
  to	
  a	
  neutral	
  stimulus.	
  The	
  CS-­‐	
  predicts	
  the	
  absence	
  

of	
  threat	
  just	
  as	
  a	
  neutral	
  stimulus	
  could	
  also	
  predict	
  the	
  absence	
  of	
  threat	
  as	
  it	
  was	
  never	
  

paired	
  with	
  the	
  US	
  during	
  fear	
  acquisition.	
  	
  (2)	
  Effect	
  of	
  attention	
  retraining	
  (towards	
  

threat,	
  towards	
  safety,	
  or	
  neither)	
  on	
  measures	
  of	
  fear	
  extinction.	
  We	
  predicted	
  that	
  

attentional	
  retraining	
  will	
  have	
  differential	
  effects	
  on	
  fear	
  extinction.	
  Namely,	
  training	
  

participants	
  to	
  attend	
  towards	
  the	
  CS+	
  will	
  enhance	
  fear	
  extinction	
  (compared	
  to	
  attending	
  

towards	
  the	
  CS-­‐	
  or	
  to	
  neither)	
  as	
  attention	
  is	
  needed	
  to	
  detect	
  the	
  contingencies,	
  or	
  lack	
  

thereof,	
  between	
  a	
  stimulus	
  and	
  its	
  negative	
  outcome	
  (Van	
  Bockstaele	
  et	
  al.,	
  2010).	
  

Although	
  a	
  number	
  of	
  studies	
  have	
  demonstrated	
  the	
  beneficial	
  effects	
  of	
  ABMT	
  on	
  

cognitive	
  and	
  behavioral	
  responses	
  to	
  a	
  subsequent	
  stressor	
  (see	
  review	
  by	
  Hakamata	
  et	
  

al.,	
  2010),	
  implying	
  that	
  attention	
  retraining	
  (i.e.,	
  directing	
  attention	
  away	
  from	
  the	
  CS+)	
  

may	
  also	
  benefit	
  fear	
  extinction	
  (if	
  fear	
  extinction	
  is	
  conceptualized	
  as	
  a	
  stressor),	
  the	
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results	
  from	
  Van	
  Bockstaele	
  et	
  al	
  (2010)	
  provided	
  direct	
  evidence	
  against	
  ABMT	
  on	
  fear	
  

extinction.	
  Furthermore,	
  we	
  also	
  predicted	
  that	
  training	
  individuals	
  to	
  attend	
  towards	
  the	
  

CS-­‐	
  would	
  impair	
  fear	
  extinction	
  relative	
  to	
  training	
  individuals	
  to	
  attend	
  towards	
  the	
  CS+.	
  	
  

METHOD	
  

Design	
  

	
   Participants	
  were	
  randomly	
  assigned	
  to	
  one	
  of	
  three	
  experimental	
  groups.	
  	
  Namely,	
  

participants	
  underwent	
  one	
  of	
  three	
  attention	
  bias	
  modification	
  training	
  (ABMT):	
  (1)	
  

Training	
  towards	
  the	
  CS+	
  (TD),	
  (2)	
  Training	
  towards	
  the	
  CS-­‐	
  (TS),	
  or	
  (3)	
  Training	
  to	
  attend	
  

equally	
  to	
  the	
  CS+	
  and	
  CS-­‐	
  (CON).	
  	
  The	
  distribution	
  of	
  participants	
  across	
  the	
  three	
  groups	
  

was	
  as	
  follows:	
  TD	
  =	
  15,	
  TS	
  =	
  15,	
  CON	
  =	
  14.	
  

Participants	
  

	
   Forty-­‐four	
  high-­‐trait	
  anxious	
  University	
  of	
  California	
  at	
  Los	
  Angeles	
  undergraduates	
  

participated	
  for	
  course	
  credit.	
  	
  They	
  ranged	
  in	
  age	
  from	
  18	
  to	
  24	
  years	
  old	
  (Mean=19.89,	
  

SD=1.34)	
  and	
  consisted	
  of	
  28	
  females	
  (70.%)	
  and	
  16	
  males	
  (30%).	
  	
  Self-­‐endorsed	
  ethnic	
  

breakdown	
  of	
  the	
  sample	
  was	
  as	
  follows:	
  34.1%	
  Asian,	
  27.3%	
  Caucasian,	
  15.9%	
  

Hispanic/Latin	
  American,	
  9.1%	
  African	
  American,	
  4.6%	
  Middle	
  Eastern,	
  and	
  9%	
  

multiethnic.	
  

	
   Participants	
  were	
  recruited	
  if	
  they	
  scored	
  in	
  the	
  top	
  quartile	
  of	
  scores	
  on	
  the	
  State-­‐

Trait	
  Anxiety	
  Inventory-­‐Trait	
  (i.e.,	
  score	
  >45).	
  	
  Exclusion	
  criteria	
  for	
  study	
  participation	
  

included	
  1)	
  any	
  heart,	
  respiratory,	
  or	
  neurological	
  problems,	
  2)	
  currently	
  in	
  treatment	
  for	
  

an	
  emotional	
  problem,	
  3)	
  pregnancy,	
  and	
  4)	
  current	
  or	
  history	
  of	
  addiction.	
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Measures	
  

Self-­‐Reported	
  Questionnaires	
  

Trait	
  anxiety	
  and	
  depression	
  were	
  measured,	
  given	
  evidence	
  for	
  their	
  relationship	
  

with	
  fear	
  learning	
  (Otto	
  et	
  al.,	
  2007;	
  Prenoveau	
  et	
  al.,	
  2011).	
  	
  Trait	
  anxiety	
  was	
  assessed	
  

using	
  the	
  State	
  –Trait	
  Anxiety	
  Inventory	
  (STAI;	
  Spielberger	
  et	
  al.,	
  1970),	
  which	
  possesses	
  

good	
  reliability	
  and	
  validity.	
  	
  Vulnerability	
  to	
  anxiety	
  was	
  assessed	
  using	
  the	
  Behavioral	
  

Inhibition	
  Scale	
  (BIS;	
  Carver	
  &	
  White,	
  1994),	
  which	
  has	
  acceptable	
  reliability	
  and	
  

convergent	
  and	
  divergent	
  validity.	
  	
  Depressive	
  symptomatology	
  was	
  assessed	
  using	
  the	
  

Beck	
  Depression	
  Inventory	
  II	
  (BDI-­‐II;	
  (Beck	
  et	
  al.,	
  1996),	
  which	
  has	
  excellent	
  test-­‐retest	
  

reliability,	
  high	
  internal	
  consistency,	
  and	
  moderate	
  to	
  high	
  convergent	
  validity.	
  	
  Since	
  

mindfulness	
  and	
  other	
  acceptance-­‐based	
  approaches	
  have	
  also	
  been	
  hypothesized	
  to	
  

strengthen	
  extinction	
  learning	
  (Treanor,	
  2011),	
  trait-­‐mindfulness	
  was	
  also	
  measured	
  by	
  

using	
  the	
  Mindful	
  Attention	
  and	
  Awareness	
  Scale	
  (Brown	
  &	
  Ryan,	
  2003).	
  

Self-­‐Reported	
  Measures	
  

Subjective	
  Units	
  of	
  Discomfort	
  (SUD)	
  

	
   Throughout	
  the	
  experiment,	
  state	
  anxiety	
  levels	
  were	
  assessed	
  using	
  a	
  100-­‐point	
  

Likert	
  Subjective	
  Unit	
  of	
  Discomfort	
  (SUD)	
  scale	
  (0	
  =	
  ‘no	
  discomfort’,	
  25	
  =	
  ‘little	
  discomfort’,	
  

50	
  =	
  ‘moderate	
  discomfort’,	
  75	
  =	
  ‘strong	
  discomfort’,	
  100	
  =	
  ‘extreme	
  discomfort’).	
  	
  SUD	
  was	
  

assessed	
  at	
  7	
  time	
  points	
  across	
  the	
  experiment.	
  	
  	
  

Valence	
  and	
  Arousal	
  Ratings	
  

	
   Subjective	
  ratings	
  of	
  valence	
  and	
  arousal	
  of	
  the	
  CSs	
  were	
  assessed	
  using	
  an	
  11-­‐point	
  

Likert	
  scale	
  (0	
  =	
  ‘not	
  at	
  all	
  fearful’	
  or	
  ‘not	
  at	
  all	
  unpleasant’,	
  10	
  =	
  ‘very	
  fearful’	
  or	
  ‘very	
  

unpleasant’;	
  Prenoveau	
  et	
  al.,	
  2011).	
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US	
  Expectancy	
  Rating	
  (EXP)	
  

Participants’	
  expectancy	
  of	
  receiving	
  a	
  shock	
  (the	
  US)	
  was	
  rated	
  during	
  CS	
  

presentations	
  and	
  inter-­‐trial	
  intervals	
  (ITIs).	
  	
  Ratings	
  were	
  made	
  by	
  using	
  a	
  Biopac	
  Subject	
  

Feedback	
  Device	
  (TSD115)	
  to	
  slide	
  a	
  pointer	
  along	
  an	
  analog	
  scale	
  between	
  the	
  extremes	
  of	
  

0=‘certain	
  no	
  shock’	
  and	
  9=‘certain	
  shock’	
  with	
  a	
  midpoint	
  of	
  4.5=‘uncertain.’	
  	
  A	
  signal	
  (i.e.,	
  

‘shock?’)	
  appeared	
  onscreen	
  at	
  specific	
  times	
  (see	
  Procedure	
  for	
  details)	
  to	
  prompt	
  

participants	
  to	
  make	
  a	
  rating.	
  	
  At	
  these	
  times,	
  they	
  were	
  instructed	
  to	
  make	
  their	
  rating	
  

based	
  on	
  their	
  expectancy	
  of	
  receiving	
  the	
  US	
  in	
  “the	
  next	
  few	
  moments”	
  (Prenoveau	
  et	
  al.,	
  

2011).	
  	
  Participants	
  were	
  given	
  5	
  seconds	
  to	
  make	
  a	
  response	
  by	
  moving	
  the	
  pointer.	
  They	
  

were	
  instructed	
  to	
  leave	
  the	
  pointer	
  at	
  that	
  point	
  on	
  the	
  slider	
  until	
  prompted	
  to	
  make	
  the	
  

next	
  response.	
  	
  Finally,	
  the	
  raw	
  data	
  was	
  re-­‐centered	
  at	
  4.5	
  prior	
  to	
  data	
  analysis,	
  so	
  that	
  

positive	
  values	
  would	
  indicate	
  increasing	
  expectancy	
  of	
  US	
  delivery	
  and	
  negative	
  values	
  

would	
  indicate	
  decreasing	
  expectancy	
  of	
  US	
  delivery.	
  

A	
  short	
  recognition	
  questionnaire	
  was	
  administered	
  after	
  the	
  Acquisition	
  phase	
  and	
  

Reinstatement	
  phase	
  to	
  assess	
  awareness	
  of	
  the	
  CS-­‐US	
  contingency,	
  using	
  procedures	
  

described	
  by	
  Dawson	
  and	
  Reardon	
  (1973).	
  

Physiological	
  Measures	
  

Acoustic	
  Startle	
  Response	
  (ASR)	
  

	
   Acoustic	
  startle	
  responses	
  (ASRs)	
  were	
  measured	
  in	
  response	
  to	
  an	
  acoustic	
  startle	
  

probe,	
  which	
  was	
  administered	
  7.5	
  seconds	
  following	
  each	
  CS	
  onset.	
  	
  The	
  acoustic	
  startle	
  

probe	
  delivered	
  to	
  elicit	
  the	
  ASR	
  consisted	
  of	
  50	
  ms,	
  104	
  dB	
  bursts	
  of	
  “white	
  noise”	
  with	
  an	
  

instantaneous	
  rise	
  time	
  delivered	
  binaurally	
  via	
  stereophonic	
  headphones.	
  	
  The	
  ASR	
  was	
  

measured	
  by	
  electromyogram	
  (EMG)	
  activity	
  of	
  the	
  orbicularis	
  oculi,	
  which	
  was	
  recorded	
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from	
  two	
  miniature	
  Ag-­‐AgCl	
  electrodes	
  placed	
  beneath	
  the	
  right	
  eye	
  approximately	
  10	
  mm	
  

apart	
  edge-­‐to-­‐edge	
  and	
  8	
  mm	
  below	
  the	
  lower	
  lid	
  margin.	
  	
  The	
  lateral	
  electrode	
  was	
  placed	
  

5	
  mm	
  medial	
  to	
  the	
  outer	
  canthus.	
  	
  EMG	
  was	
  full-­‐wave	
  rectified	
  and	
  low	
  and	
  high	
  frequency	
  

cut-­‐off	
  values	
  were	
  30	
  Hz	
  and	
  1000	
  Hz.	
  	
  The	
  magnitude	
  of	
  the	
  ASRs	
  was	
  based	
  on	
  the	
  peak	
  

of	
  the	
  response	
  during	
  the	
  20	
  –	
  150	
  ms	
  window	
  following	
  the	
  probe.	
  	
  Each	
  ASR	
  was	
  visually	
  

inspected	
  prior	
  to	
  data	
  inclusion.	
  	
  ASRs	
  confounded	
  by	
  motor	
  or	
  electrical	
  artifacts	
  were	
  

excluded.	
  	
  Finally,	
  raw	
  data	
  was	
  natural-­‐log	
  transformed	
  in	
  order	
  to	
  normalize	
  the	
  

distribution	
  prior	
  to	
  statistical	
  analysis.	
  

Skin	
  Conductance	
  Response	
  (SCR)	
  

	
   Skin	
  conductance	
  responses	
  (SCRs)	
  were	
  measured	
  at	
  the	
  onset	
  of	
  each	
  CS.	
  	
  To	
  

measure	
  SCRs,	
  two	
  disposable	
  1	
  cm	
  diameter	
  Ag-­‐AgCl	
  electrodes	
  were	
  placed	
  on	
  he	
  distal	
  

phalanx	
  of	
  the	
  index	
  and	
  middle	
  fingers	
  of	
  the	
  non-­‐dominant	
  hand.	
  	
  The	
  raw	
  data	
  

underwent	
  a	
  2	
  Hz	
  low-­‐pass	
  filter	
  to	
  filter	
  out	
  high	
  frequency	
  noise.	
  The	
  magnitude	
  of	
  the	
  

SCRs	
  was	
  calculated	
  as	
  the	
  difference	
  between	
  the	
  maximum	
  skin	
  conductance	
  level	
  

(measured	
  in	
  microsiemens)	
  within	
  1-­‐6	
  seconds	
  following	
  CS	
  onset	
  and	
  the	
  lowest	
  skin	
  

conductance	
  level	
  within	
  the	
  first	
  0.5	
  to	
  4	
  seconds	
  following	
  CS	
  onset.	
  	
  The	
  amplitude	
  of	
  the	
  

SCRs	
  was	
  range-­‐corrected	
  using	
  the	
  largest	
  response	
  elicited	
  by	
  the	
  US	
  for	
  each	
  individual	
  

participant	
  for	
  each	
  experimental	
  visit.	
  	
  For	
  each	
  participant,	
  all	
  SCRs	
  were	
  divided	
  by	
  that	
  

person’s	
  maximum	
  SCR	
  to	
  the	
  US.	
  	
  These	
  range-­‐corrected	
  responses	
  were	
  then	
  square	
  root	
  

transformed	
  in	
  order	
  to	
  normalize	
  the	
  distribution	
  prior	
  to	
  statistical	
  analysis.	
  	
  SCRs	
  were	
  

rejected	
  for	
  a	
  given	
  CS	
  presentation	
  if	
  behavioral	
  observations	
  indicated	
  movement.	
  	
  SCRs	
  

were	
  scored	
  as	
  zero	
  for	
  a	
  given	
  CS	
  presentation	
  when	
  there	
  was	
  no	
  observable	
  peak	
  in	
  skin	
  

conductance	
  level	
  within	
  the	
  1-­‐6	
  second	
  window	
  following	
  CS	
  onset.	
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Apparatus	
  and	
  Stimuli	
  

The	
  conditional	
  stimuli	
  (CS)	
  were	
  4	
  geometric	
  shapes:	
  red	
  square,	
  blue	
  triangle,	
  

purple	
  diamond,	
  and	
  yellow	
  trapezoid.	
  	
  The	
  red	
  square	
  and	
  purple	
  diamond	
  were	
  always	
  

the	
  CS+	
  (CSA	
  and	
  CSB),	
  and	
  the	
  blue	
  triangle	
  and	
  the	
  yellow	
  trapezoid	
  were	
  always	
  CS-­‐	
  (CSC	
  

and	
  CSD).	
  	
  After	
  Acquisition,	
  one	
  set	
  of	
  CS+	
  and	
  CS-­‐	
  (CSA	
  and	
  CSC)	
  was	
  used	
  as	
  stimuli	
  during	
  

attention	
  bias	
  modification	
  training	
  and	
  the	
  other	
  set	
  of	
  CS+	
  and	
  CS-­‐	
  (CSB	
  and	
  CSD)	
  

underwent	
  Extinction	
  (counterbalanced	
  across	
  participants).	
  	
  An	
  orange	
  pentagon	
  and	
  a	
  

green	
  circle	
  (neutral	
  stimuli;	
  N1	
  and	
  N2)	
  were	
  only	
  presented	
  during	
  the	
  Dot	
  Probe	
  Task	
  

(pre-­‐	
  and	
  post-­‐)	
  and	
  Attention	
  Bias	
  Modification	
  Training	
  (ABMT)	
  and	
  never	
  during	
  fear	
  

Acquisition,	
  Extinction,	
  and	
  Reinstatement.	
  	
  All	
  experimental	
  stimuli	
  were	
  displayed	
  on	
  a	
  

23-­‐inch	
  computer	
  monitor	
  located	
  3	
  feet	
  in	
  front	
  of	
  participants	
  at	
  eye	
  level.	
  The	
  

unconditional	
  stimulus	
  (US)	
  was	
  an	
  electrical	
  shock	
  to	
  the	
  biceps	
  that	
  consisted	
  of	
  a	
  train	
  of	
  

17	
  short	
  pulses	
  that	
  summed	
  to	
  500ms	
  in	
  duration.	
  	
  The	
  ITIs	
  involved	
  presentation	
  of	
  a	
  

fixation	
  cross.	
  CS	
  display,	
  US	
  delivery,	
  ITI	
  display,	
  and	
  US	
  expectancy	
  ratings	
  were	
  under	
  

the	
  control	
  of	
  E-­‐prime	
  Stimulus	
  Presentation	
  Software	
  (v2.0)	
  installed	
  on	
  a	
  Dell	
  Inspiron	
  

Workstation	
  computer.	
  	
  	
  	
  	
  

Procedure	
  

	
   The	
  experiment	
  consisted	
  of	
  several	
  phases	
  that	
  were	
  completed	
  over	
  the	
  course	
  of	
  

two	
  visits	
  (scheduled	
  7	
  days	
  apart).	
  	
  All	
  participants	
  were	
  asked	
  to	
  abstain	
  from	
  ingesting	
  

stimulants	
  (e.g.,	
  caffeine)	
  for	
  at	
  least	
  1	
  hour	
  prior	
  to	
  the	
  first	
  session.	
  	
  At	
  the	
  beginning	
  of	
  

the	
  first	
  session,	
  a	
  trained	
  research	
  assistant	
  described	
  the	
  study	
  procedures	
  to	
  the	
  

participant.	
  	
  After	
  obtaining	
  informed	
  consent,	
  participants	
  were	
  administered	
  a	
  battery	
  of	
  

self-­‐reported	
  measures:	
  BDI,	
  STAI,	
  ASI,	
  MAAS,	
  and	
  BIS.	
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   Next,	
  participants	
  were	
  seated	
  in	
  a	
  comfortable	
  chair	
  that	
  was	
  situated	
  

approximately	
  3	
  feet	
  from	
  a	
  computer	
  monitor.	
  	
  Eight	
  electrodes	
  were	
  placed	
  on	
  

participants	
  for	
  recording.	
  	
  Two	
  electrodes	
  were	
  needed	
  for	
  each	
  of	
  the	
  following	
  

measures/stimuli:	
  heart	
  rate	
  EKG,	
  acoustic	
  startle	
  response	
  (EMG),	
  skin	
  conductance	
  

response	
  (SCR),	
  and	
  electrical	
  stimulation.	
  	
  	
  Leads	
  were	
  connected	
  from	
  these	
  electrodes	
  to	
  

the	
  Biopac	
  Acquisition	
  System	
  (MP150).	
  	
  Shock	
  electrodes	
  were	
  attached	
  to	
  the	
  biceps.	
  	
  To	
  

establish	
  the	
  level	
  of	
  electrical	
  shock,	
  participants	
  underwent	
  a	
  work-­‐up	
  procedure	
  where	
  

each	
  individual	
  selected	
  a	
  level	
  that	
  was	
  “aversive,	
  but	
  tolerable	
  and	
  requires	
  some	
  effort	
  to	
  

deal	
  with”	
  (Van	
  Damme	
  et	
  al.,	
  2005).	
  	
  	
  This	
  level	
  was	
  then	
  applied	
  throughout	
  the	
  

experimental	
  phases.	
  	
  Next,	
  participants	
  underwent	
  10	
  practice	
  trials	
  of	
  the	
  Dot	
  Probe	
  Task	
  

(DPT)	
  to	
  confirm	
  comprehension	
  of	
  instructions.	
  	
  

During	
  Visit	
  1,	
  participants	
  underwent	
  4	
  phases:	
  Pre-­‐Acquisition,	
  Fear	
  Acquisition,	
  

Attention	
  Bias	
  Modification	
  Training	
  (ABMT),	
  and	
  Extinction.	
  	
  Pre-­‐acquisition	
  consisted	
  of	
  

one	
  trial	
  of	
  each	
  of	
  the	
  six	
  experimental	
  stimuli	
  (4	
  CSs,	
  N1,	
  N2).	
  	
  Each	
  trial	
  was	
  8	
  seconds	
  in	
  

duration.	
  	
  Duration	
  of	
  the	
  inter-­‐trial	
  interval	
  (ITI)	
  was	
  20	
  seconds	
  on	
  average,	
  and	
  varied	
  

between	
  16	
  and	
  24	
  seconds.	
  	
  US	
  expectancy	
  ratings	
  were	
  prompted	
  on	
  the	
  computer	
  

monitor	
  immediately	
  after	
  each	
  trial	
  onset	
  for	
  5	
  seconds.	
  	
  Following	
  completion	
  of	
  the	
  pre-­‐

acquisition	
  phase,	
  participants	
  completed	
  the	
  0-­‐100	
  point	
  SUD	
  scale.	
  	
  

Next,	
  participants	
  were	
  informed	
  that	
  now	
  they	
  may	
  experience	
  electrical	
  shocks	
  

to	
  their	
  bicep.	
  	
  They	
  were	
  not	
  explicitly	
  informed	
  of	
  a	
  CS-­‐US	
  relationship.	
  	
  Fear	
  Acquisition	
  

consisted	
  of	
  8	
  trials	
  of	
  each	
  of	
  the	
  2	
  CS+s	
  and	
  2	
  CS-­‐s,	
  interspersed	
  with	
  ITIs.	
  	
  CS+	
  trials	
  

were	
  composed	
  of	
  a	
  red	
  square	
  and	
  a	
  purple	
  diamond	
  presented	
  at	
  the	
  center	
  of	
  the	
  

computer	
  screen,	
  for	
  8	
  seconds,	
  with	
  the	
  onset	
  of	
  the	
  US	
  (shock)	
  at	
  7.5	
  seconds,	
  and	
  co-­‐
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termination	
  of	
  the	
  CS+	
  stimuli	
  and	
  US.	
  	
  Twelve	
  out	
  of	
  the	
  16	
  CS+	
  trials	
  were	
  reinforced	
  by	
  

the	
  US.	
  CS-­‐	
  trials	
  were	
  composed	
  of	
  a	
  blue	
  triangle	
  and	
  a	
  yellow	
  trapezoid	
  presented	
  in	
  the	
  

center	
  of	
  the	
  computer	
  screen,	
  for	
  8	
  seconds,	
  without	
  the	
  US.	
  For	
  the	
  first	
  five	
  seconds	
  

after	
  CS	
  onset,	
  participants	
  were	
  prompted	
  to	
  rate	
  US	
  expectancy	
  (Figure	
  1).	
  The	
  ITIs,	
  

which	
  were	
  comprised	
  of	
  a	
  blank	
  monitor	
  with	
  a	
  central	
  fixation	
  cross,	
  ranged	
  in	
  duration	
  

from	
  16	
  to	
  24	
  seconds	
  (average	
  =	
  20	
  seconds).	
  	
  All	
  participants	
  received	
  the	
  same	
  pseudo-­‐

random	
  order	
  of	
  CS+	
  and	
  CS-­‐	
  trials.	
  The	
  CS	
  trial	
  order	
  consisted	
  of	
  8	
  blocks,	
  each	
  

containing	
  one	
  presentations	
  of	
  each	
  trial	
  type.	
  Within	
  each	
  block,	
  trial	
  order	
  was	
  

assigned	
  randomly	
  with	
  the	
  restriction	
  that	
  the	
  same	
  trial	
  type	
  was	
  not	
  repeated	
  

consecutively	
  more	
  than	
  twice	
  between	
  blocks.	
  Following	
  completion	
  of	
  this	
  phase,	
  

participants	
  completed	
  the	
  SUD	
  scale,	
  valence	
  and	
  arousal	
  ratings,	
  and	
  a	
  recognition	
  

questionnaire	
  of	
  the	
  CS-­‐US	
  contingency.	
  	
  

	
  

	
  

Figure	
  1.	
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Following	
  Acquisition,	
  all	
  participants	
  underwent	
  an	
  assessment	
  of	
  attention	
  

allocation	
  to	
  one	
  set	
  of	
  CS+	
  and	
  CS-­‐	
  (CSA	
  and	
  CSC),	
  and	
  the	
  neutral	
  stimuli	
  (N1,	
  N2)	
  by	
  

completing	
  the	
  Dot	
  Probe	
  Task	
  (DPT).	
  	
  Each	
  DPT	
  trial	
  began	
  with	
  a	
  fixation	
  cross	
  

presented	
  in	
  the	
  center	
  of	
  the	
  computer	
  screen	
  for	
  500	
  ms.	
  Then,	
  the	
  cross	
  was	
  replaced	
  

by	
  a	
  geometric	
  shape	
  pair	
  (CS+/neutral,	
  CS-­‐/neutral,	
  or	
  neutral/neutral),	
  with	
  one	
  shape	
  

placed	
  above	
  and	
  one	
  below	
  the	
  fixation,	
  for	
  500	
  ms.	
  The	
  shape	
  pair	
  then	
  disappeared	
  and	
  

a	
  probe	
  (i.e.,	
  vertical	
  colon	
  ":"	
  or	
  horizontal	
  colon	
  ".	
  .")	
  appeared	
  immediately	
  in	
  the	
  

location	
  previously	
  occupied	
  by	
  one	
  of	
  the	
  two	
  shapes.	
  The	
  probe	
  remained	
  on	
  the	
  screen	
  

until	
  the	
  participants	
  respond	
  (up	
  to	
  1.4s).	
  	
  Participants	
  responded	
  by	
  clicking	
  on	
  either	
  

the	
  left	
  arrow	
  key	
  (for	
  ".	
  .")	
  or	
  up	
  arrow	
  key	
  (for	
  	
  ":")	
  on	
  the	
  keyboard	
  by	
  using	
  their	
  index	
  

finger	
  for	
  the	
  left	
  arrow	
  key	
  and	
  their	
  middle	
  finger	
  for	
  the	
  up	
  arrow	
  key.	
  	
  After	
  the	
  

response,	
  there	
  was	
  a	
  500	
  ms	
  interval	
  of	
  a	
  blank	
  screen	
  before	
  the	
  next	
  trial	
  began	
  with	
  a	
  

fixation	
  cross.	
  Response	
  latencies	
  to	
  identify	
  the	
  probe	
  were	
  recorded.	
  During	
  DPT,	
  

participants	
  were	
  presented	
  with	
  one	
  block	
  of	
  120	
  trials	
  comprising	
  of	
  three	
  trial	
  types	
  

(48	
  CS+/neutral,	
  48	
  CS-­‐/	
  neutral,	
  24	
  neutral/neutral).	
  For	
  each	
  trial	
  type,	
  the	
  location	
  of	
  

the	
  cue	
  (top	
  or	
  bottom)	
  was	
  equally	
  distributed,	
  and	
  the	
  location	
  of	
  the	
  probe	
  (top	
  or	
  

bottom)	
  was	
  also	
  equally	
  distributed.	
  Trials	
  were	
  presented	
  in	
  a	
  new	
  random	
  order	
  to	
  

each	
  participant.	
  Attentional	
  biases	
  were	
  inferred	
  from	
  different	
  response	
  times	
  towards	
  

probes	
  that	
  replace	
  the	
  danger	
  cues	
  (CS+;	
  valid	
  trials)	
  compared	
  to	
  probes	
  that	
  replace	
  

the	
  safety	
  cues	
  (CS-­‐;	
  valid	
  trials).	
  A	
  faster	
  response	
  towards	
  probes	
  that	
  replaced	
  the	
  CS+,	
  

compared	
  to	
  probes	
  that	
  replaced	
  the	
  CS-­‐,	
  reflected	
  an	
  attentional	
  bias	
  (see	
  Figure	
  2).	
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Figure	
  2.	
  

	
  

Next,	
  participants	
  were	
  randomly	
  assigned	
  to	
  one	
  of	
  three	
  attention	
  bias	
  

modification	
  training	
  (ABMT)	
  conditions.	
  	
  ABMT	
  consisted	
  of	
  the	
  DPT	
  described	
  above,	
  but	
  

modified	
  to	
  facilitate	
  an	
  attention	
  bias	
  towards	
  the	
  CS+	
  (Towards	
  Danger;	
  TD),	
  CS-­‐	
  

(Towards	
  Safety;	
  TS),	
  or	
  equally	
  between	
  the	
  CS+	
  and	
  CS-­‐	
  (CON).	
  In	
  TD,	
  the	
  probe	
  always	
  

replaced	
  the	
  CS+;	
  in	
  TS,	
  the	
  probe	
  always	
  replaced	
  the	
  CS-­‐;	
  and	
  in	
  CON,	
  the	
  probe	
  replaced	
  

the	
  CS+	
  and	
  CS-­‐	
  equally	
  often.	
  In	
  the	
  TD	
  group,	
  there	
  were	
  288	
  CS+/neutral	
  trials	
  (100%	
  

valid),	
  288	
  CS-­‐/neutral	
  trials	
  (50%	
  valid	
  &	
  50%	
  invalid)	
  and	
  48	
  neutral/neutral	
  trials	
  (50%	
  

valid	
  &	
  50%	
  invalid).	
  Cue	
  location	
  and	
  probe	
  location	
  were	
  counterbalanced	
  between	
  top	
  

and	
  bottom,	
  with	
  the	
  location	
  of	
  the	
  CS+	
  (top	
  or	
  bottom)	
  equally	
  distributed,	
  and	
  divided	
  

over	
  3	
  blocks.	
  In	
  the	
  TS	
  group,	
  there	
  were	
  288	
  CS-­‐/neutral	
  trials	
  (100%	
  valid),	
  288	
  

CS+/neutral	
  trials	
  (50%	
  valid	
  &	
  50%	
  invalid)	
  and	
  48	
  neutral/neutral	
  trials	
  (50%	
  valid	
  &	
  

50%	
  invalid).	
  Cue	
  location	
  and	
  probe	
  location	
  were	
  counterbalanced	
  between	
  top	
  and	
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bottom,	
  with	
  the	
  location	
  of	
  the	
  CS+	
  (top	
  or	
  bottom)	
  equally	
  distributed,	
  and	
  divided	
  over	
  3	
  

blocks.	
  Thus,	
  although	
  there	
  were	
  no	
  specific	
  instructions	
  to	
  direct	
  attention	
  towards	
  a	
  

certain	
  cue	
  type,	
  the	
  position	
  of	
  the	
  probe	
  (valid	
  or	
  invalid)	
  should	
  theoretically	
  facilitate	
  

selective	
  attention	
  allocation.	
  In	
  the	
  CON	
  group,	
  there	
  were	
  288	
  CS+/neutral	
  trials	
  (50%	
  

valid	
  &	
  50%	
  invalid),	
  288	
  CS-­‐/neutral	
  trials	
  (50%	
  valid	
  &	
  50%	
  invalid)	
  and	
  48	
  

neutral/neutral	
  trials	
  (50%	
  valid	
  &	
  50%	
  invalid).	
  Cue	
  location	
  and	
  probe	
  location	
  were	
  

counterbalanced	
  between	
  top	
  and	
  bottom,	
  with	
  the	
  location	
  of	
  the	
  CS+	
  (top	
  or	
  bottom)	
  

equally	
  distributed,	
  and	
  divided	
  over	
  3	
  blocks.	
  	
  Since	
  valid	
  and	
  invalid	
  trials	
  were	
  equally	
  

distributed	
  for	
  each	
  CS+/neutral	
  and	
  CS-­‐/neutral	
  trials,	
  no	
  particular	
  attention	
  allocation	
  

(towards	
  either	
  the	
  CS+	
  or	
  the	
  CS-­‐)	
  should	
  theoretically	
  be	
  established.	
  	
  Following	
  ABMT,	
  

participants	
  underwent	
  a	
  second	
  assessment	
  of	
  attention	
  allocation.	
  	
  The	
  post-­‐ABMT	
  DPT	
  

assessment	
  was	
  identical	
  to	
  the	
  Pre-­‐ABMT	
  DPT	
  assessment.	
  	
  Throughout	
  Pre-­‐	
  and	
  Post-­‐	
  

DPT	
  assessment	
  phases	
  and	
  the	
  ABMT	
  phase,	
  participants	
  were	
  given	
  no	
  instructions	
  

regarding	
  the	
  potential	
  for	
  US	
  shock	
  delivery. 

Next,	
  all	
  participants	
  underwent	
  Extinction.	
  	
  Extinction	
  was	
  comprised	
  of	
  8	
  CS+	
  

and	
  8	
  CS-­‐	
  trials,	
  that	
  were	
  structured	
  the	
  same	
  as	
  CS-­‐	
  trials	
  in	
  terms	
  of	
  trial	
  duration	
  and	
  

US	
  expectancy	
  prompts.	
  	
  	
  Since	
  the	
  set	
  of	
  CS+	
  and	
  CS-­‐	
  presented	
  during	
  ABMT	
  have	
  

already	
  functionally	
  undergone	
  fear	
  extinction,	
  the	
  second	
  set	
  of	
  CS+	
  and	
  CS-­‐	
  that	
  were	
  

not	
  presented	
  during	
  ABMT	
  were	
  used	
  for	
  Extinction.	
  	
  Following	
  completion	
  of	
  this	
  phase,	
  

participants	
  completed	
  the	
  SUD	
  scale,	
  valence	
  and	
  arousal	
  ratings,	
  and	
  a	
  recognition	
  

questionnaire	
  of	
  the	
  CS-­‐US	
  contingency.	
  	
  	
  

On	
  Visit	
  2,	
  all	
  participants	
  underwent	
  Extinction	
  Retest	
  phase	
  to	
  determine	
  the	
  

effectiveness	
  of	
  extinction	
  learning	
  (spontaneous	
  recovery	
  effect)	
  and	
  to	
  investigate	
  if	
  an	
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unexpected	
  US-­‐only	
  presentation	
  would	
  reinstate	
  conditional	
  responding	
  to	
  CSs	
  

(reinstatement	
  effect).	
  	
  Upon	
  arriving	
  to	
  the	
  laboratory,	
  electrodes	
  were	
  placed	
  just	
  as	
  

during	
  Visit	
  1	
  for	
  physiological	
  recording	
  and	
  they	
  sat	
  in	
  front	
  of	
  the	
  same	
  computer	
  wear	
  

the	
  same	
  headphones.	
  	
  Participants	
  were	
  re-­‐familiarized	
  with	
  the	
  US	
  expectancy	
  rating	
  

scale	
  and	
  asked	
  to	
  again	
  record	
  their	
  expectancy	
  of	
  receiving	
  the	
  US	
  when	
  prompted	
  by	
  

the	
  computer.	
  	
  Next,	
  to	
  habituate	
  reactivity	
  to	
  the	
  startle	
  probe,	
  participants	
  underwent	
  a	
  

Habituation	
  phase	
  where	
  they	
  heard	
  6	
  trials	
  of	
  the	
  startle	
  probe	
  with	
  only	
  a	
  fixation	
  cross	
  

on	
  the	
  computer	
  screen.	
  	
  The	
  participants	
  were	
  told	
  that	
  they	
  would	
  not	
  receive	
  any	
  

electrical	
  shock	
  during	
  this	
  phase.	
  	
  Following	
  Habituation,	
  participants	
  provided	
  

subjective	
  valence	
  and	
  arousal	
  ratings	
  for	
  each	
  CS.	
  	
  	
  

Next	
  the	
  Extinction	
  Retest	
  phase	
  consisted	
  of	
  8	
  presentations	
  of	
  each	
  of	
  the	
  CSB	
  

(CS+)	
  and	
  CSD	
  (CS-­‐),	
  that	
  were	
  structured	
  the	
  same	
  as	
  CS-­‐	
  trials	
  (during	
  Acquisition)	
  in	
  

terms	
  of	
  trial	
  duration,	
  US	
  expectancy	
  prompts,	
  and	
  block	
  randomization.	
  	
  The	
  

participants	
  were	
  instructed	
  that	
  they	
  may	
  receive	
  electrical	
  shock	
  delivery	
  to	
  their	
  bicep.	
  	
  

Intertrial	
  intervals	
  (ITIs)	
  were	
  interspersed	
  between	
  CS	
  trials.	
  	
  Following	
  4	
  CSB	
  and	
  4	
  CSD	
  

presentations,	
  all	
  participants	
  received	
  one	
  presentation	
  of	
  the	
  US	
  during	
  the	
  subsequent	
  

ITI.	
  See	
  Figure	
  3	
  for	
  a	
  flowchart	
  of	
  the	
  experimental	
  procedures	
  across	
  both	
  visits.	
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Figure	
  3.	
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Data	
  Analysis	
  Plan	
  

General	
  

	
  Hypotheses	
  conducted	
  for	
  baseline	
  measures	
  were	
  assessed	
  with	
  one-­‐way	
  Analysis	
  

of	
  Variance	
  (ANOVA)	
  to	
  determine	
  if	
  baseline	
  measures	
  (e.g.,	
  BDI,	
  muscle	
  stimulation	
  

intensity,	
  etc.)	
  were	
  different	
  for	
  participants	
  prior	
  to	
  being	
  assigned	
  to	
  different	
  

conditions	
  of	
  attention	
  retraining.	
  	
  	
  

Hypotheses	
  that	
  involved	
  repeated	
  measures	
  across	
  time	
  were	
  assessed	
  with	
  

multilevel	
  modeling	
  (MLM).	
  MLM	
  is	
  considered	
  a	
  superior	
  method	
  for	
  analyzing	
  

longitudinal	
  data	
  as	
  opposed	
  to	
  ordinary	
  least	
  square	
  regression	
  approaches	
  for	
  several	
  

reasons	
  including	
  its	
  improved	
  mechanism	
  for	
  handling	
  missing	
  data	
  (not	
  uncommon	
  for	
  

psychophysiological	
  measures)	
  and	
  its	
  ability	
  to	
  handle	
  repeated	
  measures	
  across	
  time	
  

(Singer	
  &	
  Willett,	
  2003).	
  	
  Moreover,	
  MLM	
  divides	
  variance	
  across	
  two	
  levels.	
  	
  Level	
  1	
  

contains	
  variance	
  attributed	
  to	
  intra-­‐individual	
  changes	
  (e.g.,	
  repeated	
  measures	
  across	
  

time	
  within	
  the	
  individual)	
  and	
  level	
  2	
  contains	
  variation	
  attributed	
  to	
  inter-­‐individual	
  

differences	
  (e.g.,	
  changes	
  associated	
  with	
  attention	
  training).	
  	
  Test	
  statistics	
  were	
  reported	
  

in	
  (1)	
  χ2	
  because	
  linear	
  mixed	
  models	
  in	
  the	
  statistical	
  software	
  packaged	
  used	
  for	
  the	
  

analysis	
  (i.e.,	
  STATA	
  Corp.)	
  cannot	
  compute	
  denominator	
  degrees	
  of	
  freedom	
  and	
  thus	
  

cannot	
  report	
  F	
  statistics;	
  or	
  (2)	
  Z	
  statistics	
  for	
  test	
  of	
  simple	
  effects.	
  

Baseline	
  Measures	
  

A	
  one-­‐way	
  ANOVA	
  was	
  conducted	
  for	
  each	
  to	
  determine	
  if	
  baseline	
  measures	
  were	
  

different	
  for	
  participants	
  prior	
  to	
  being	
  assigned	
  to	
  different	
  conditions	
  of	
  attention	
  

retraining.	
  	
  Baseline	
  measures	
  included:	
  BDI,	
  STAI-­‐Trait	
  Version,	
  BIS,	
  MAAS,	
  ASI,	
  muscle	
  

stimulation	
  level,	
  and	
  intensity	
  of	
  muscle	
  stimulation.	
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Subjective	
  Units	
  of	
  Distress	
  (SUD)	
  

	
   Phase	
  was	
  treated	
  as	
  an	
  intra-­‐individual	
  (Level	
  1)	
  variable,	
  and	
  CS-­‐US	
  Contingency	
  

Awareness	
  during	
  Fear	
  Acquisition	
  and	
  Attention	
  Bias	
  Modification	
  Training	
  were	
  included	
  

as	
  inter-­‐individual	
  (Level	
  2)	
  variables.	
  	
  

Valence	
  and	
  Arousal	
  Ratings	
  

	
   For	
  all	
  analyses,	
  phase	
  was	
  treated	
  as	
  an	
  intra-­‐individual	
  (Level	
  1)	
  variable,	
  and	
  CS-­‐

US	
  Contingency	
  Awareness	
  during	
  Fear	
  Acquisition	
  and	
  Attention	
  Bias	
  Modification	
  

Training	
  were	
  included	
  as	
  inter-­‐individual	
  (Level	
  2)	
  variables.	
  	
  A	
  separate	
  analysis	
  

including	
  the	
  aforementioned	
  levels	
  was	
  conducted	
  for	
  valence	
  ratings	
  and	
  arousal	
  ratings.	
  	
  	
  

Attention	
  Bias	
  Modification	
  Training	
  (ABMT)	
  

	
   For	
  all	
  analyses,	
  phase	
  was	
  treated	
  as	
  an	
  intra-­‐individual	
  (Level)	
  variable,	
  and	
  

Attention	
  Bias	
  Modification	
  Training	
  was	
  included	
  as	
  an	
  inter-­‐individual	
  (Level	
  2)	
  variable.	
  	
  

The	
  intercept	
  was	
  the	
  first	
  time	
  point	
  (i.e.,	
  pre-­‐ABMT	
  DPT).	
  The	
  slope	
  (i.e.,	
  change	
  in	
  

Response	
  Time)	
  from	
  pre-­‐ABMT	
  DPT	
  to	
  post-­‐ABMT	
  DPT	
  was	
  allowed	
  to	
  vary	
  across	
  

participants.	
  	
  Prior	
  to	
  analysis,	
  data	
  was	
  trimmed	
  by	
  excluding	
  response	
  times	
  that	
  were	
  

less	
  than	
  250	
  ms	
  or	
  greater	
  than	
  2000	
  ms.	
  	
  Responses	
  where	
  the	
  probe	
  was	
  incorrectly	
  

identified	
  were	
  also	
  excluded.	
  	
  Very	
  few	
  trials	
  were	
  excluded	
  based	
  on	
  the	
  aforementioned	
  

criteria.	
  

Conditioning	
  

	
   For	
  all	
  analyses,	
  Trial	
  Order	
  was	
  treated	
  as	
  an	
  intra-­‐individual	
  (Level	
  1)	
  variable,	
  

and	
  CS-­‐US	
  Contingency	
  Awareness	
  during	
  Fear	
  Acquisition	
  and	
  Attention	
  Bias	
  Modification	
  

Training	
  were	
  included	
  as	
  inter-­‐individual	
  (Level	
  2)	
  variables.	
  	
  A	
  separate	
  analysis	
  

including	
  the	
  aforementioned	
  levels	
  was	
  conducted	
  for	
  each	
  of	
  the	
  following	
  conditioning	
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measures:	
  US	
  Expectancy	
  Rating,	
  Acoustic	
  Startle	
  Response,	
  and	
  Skin	
  Conductance	
  

Response,	
  for	
  both	
  CSB	
  (CS+)	
  and	
  CSD	
  (CS-­‐).	
  	
  Each	
  analysis	
  was	
  first	
  conducted	
  to	
  determine	
  

whether	
  a	
  linear	
  or	
  curvilinear	
  model	
  best	
  represented	
  intra-­‐individual	
  change	
  over	
  trials	
  

for	
  each	
  conditioning	
  measure.	
  We	
  compared	
  estimated	
  R2s	
  corresponding	
  to	
  the	
  amount	
  

of	
  intra-­‐individual	
  variance	
  in	
  slope	
  accounted	
  for	
  by	
  linear	
  versus	
  curvilinear	
  models	
  as	
  

well	
  as	
  deviance	
  statistics	
  (Singer	
  &	
  Willett,	
  2003).	
  	
  Based	
  on	
  the	
  initial	
  model	
  fitting,	
  a	
  

linear	
  or	
  curvilinear	
  model	
  was	
  selected	
  for	
  the	
  analysis	
  of	
  each	
  outcome	
  measure.	
  Then,	
  

Level	
  1	
  and	
  Level	
  2	
  residuals	
  were	
  examined	
  for	
  model	
  outliers	
  and	
  fit,	
  and	
  outliers	
  (3	
  SD)	
  

were	
  treated	
  in	
  the	
  Winsor	
  method	
  and	
  eliminated	
  due	
  to	
  particularly	
  strong	
  and	
  

uncorrectable	
  influence.	
  Due	
  to	
  unexpected	
  baseline	
  differences	
  between	
  ABMT	
  conditions,	
  

especially	
  in	
  BDI,	
  BIS,	
  and	
  self-­‐reported	
  intensity	
  of	
  the	
  US	
  at	
  Acquisition,	
  the	
  

aforementioned	
  variables	
  were	
  initially	
  included	
  as	
  covariates	
  in	
  the	
  model.	
  	
  After	
  

comparing	
  variance-­‐covariance	
  structures	
  by	
  using	
  the	
  likelihood	
  ratio	
  test	
  on	
  each	
  

conditioning	
  measure,	
  we	
  dropped	
  the	
  aforementioned	
  covariates	
  from	
  the	
  model	
  because	
  

they	
  did	
  not	
  explain	
  significantly	
  greater	
  proportion	
  of	
  the	
  variance	
  in	
  the	
  model.	
  	
  CS-­‐US	
  

Contingency	
  Awareness	
  from	
  Acquisition	
  was	
  included	
  at	
  Level	
  2	
  as	
  a	
  covariate	
  to	
  more	
  

fully	
  equate	
  groups	
  on	
  baseline	
  levels	
  of	
  the	
  outcome,	
  minimizes	
  the	
  variance	
  in	
  the	
  

outcomes	
  (thus	
  increasing	
  power),	
  and	
  is	
  not	
  subject	
  to	
  potential	
  problems	
  with	
  

“regression	
  to	
  the	
  mean”	
  (Tabachnick	
  &	
  Fidell,	
  2007).	
  	
  Participants	
  who	
  have	
  completed	
  at	
  

least	
  Visit	
  1	
  (i.e.,	
  fear	
  acquisition,	
  attention	
  bias	
  modification	
  training,	
  and	
  fear	
  extinction)	
  

were	
  included	
  in	
  the	
  final	
  analysis.	
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RESULTS	
  

Results:	
  Baseline	
  Measures	
  

For	
  BDI,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
  between	
  ABMT	
  groups,	
  

F(2,305)	
  =	
  7.38,	
  p<0.01.	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  BDI	
  was	
  significantly	
  higher	
  in	
  

TS,	
  t=3.5,	
  SE=0.73,	
  p<0.01,	
  and	
  CON,	
  t=3.08,	
  SE=0.67,	
  p<0.01	
  compared	
  to	
  TD.	
  	
  

For	
  STAI-­‐Trait	
  Version,	
  there	
  was	
  no	
  statistical	
  different	
  between	
  ABMT	
  groups,	
  

F(2,305)=0.14,	
  p>0.05.	
  

For	
  ASI,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
  between	
  ABMT	
  groups,	
  

F(2,305)=16.45,	
  p<0.01.	
  	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  ASI	
  was	
  significantly	
  lower	
  in	
  

TS	
  compared	
  to	
  CON,	
  t=5.43,	
  SE=3.42,	
  p<0.01,	
  and	
  TD,	
  t=4.07,	
  SE=3.21,	
  p<0.01.	
  

For	
  BIS,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
  between	
  ABMT	
  groups,	
  

f(2,298)=4.13,	
  p<0.05.	
  	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  BIS	
  was	
  significantly	
  higher	
  in	
  

TS	
  compared	
  to	
  CON,	
  t=2.87,	
  SE=0.58,	
  p<0.05.	
  

For	
  MAAS,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
  between	
  ABMT	
  groups,	
  

f(2,305)=9.34,	
  p<0.01.	
  	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  MAAS	
  was	
  significantly	
  higher	
  

in	
  TS	
  compared	
  to	
  CON,	
  t=3.32,	
  SE=2.19,	
  t<0.01,	
  and	
  TD,	
  t=3.94,	
  SE=2.06,	
  p<0.01.	
  

For	
  the	
  level	
  of	
  the	
  muscle	
  stimulation	
  set	
  by	
  participants	
  during	
  the	
  work-­‐up	
  

procedure,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
  between	
  ABMT	
  groups,	
  

f(2,305)=4.11,	
  p<0.05.	
  	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  the	
  muscle	
  stimulation	
  level	
  

was	
  significantly	
  higher	
  in	
  TS	
  compared	
  to	
  CON,	
  t=2.87,	
  SE=2.26,	
  p<0.05.	
  

	
  For	
  the	
  subjective	
  intensity	
  of	
  the	
  level	
  of	
  muscle	
  stimulation	
  set	
  by	
  each	
  

participant	
  during	
  the	
  work-­‐up	
  procedure,	
  there	
  was	
  a	
  statistically	
  significant	
  difference	
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between	
  ABMT	
  groups,	
  f(2,298)=8.73,	
  p<0.01.	
  	
  A	
  Tukey	
  post-­‐hoc	
  test	
  revealed	
  that	
  the	
  

muscle	
  stimulation	
  level	
  was	
  experienced	
  as	
  significantly	
  more	
  intense	
  in	
  CON	
  compared	
  to	
  	
  

TD,	
  t=3.39,	
  SE=2.26,	
  t<0.01,	
  and	
  TS,	
  t=3.93,	
  SE=0.25,	
  p<0.01.	
  See	
  Table	
  1	
  for	
  mean	
  and	
  

standard	
  deviation	
  of	
  each	
  measure	
  for	
  each	
  ABMT	
  Condition.	
  

	
  

	
  

	
  

	
  

Table	
  1.	
  

	
  

Results:	
  Attention	
  Bias	
  Modification	
  Training	
  

Pre-­‐ABMT	
  DPT	
  

The	
  ABMT	
  Condition	
  x	
  Validity	
  (valid	
  or	
  invalid)	
  x	
  Trial	
  Type	
  (CSA/neutral,	
  

CSC/neutral,	
  or	
  neutral/neutral)	
  3-­‐way	
  interaction	
  was	
  not	
  significant,	
  χ2(4)=2.28,	
  p>0.05.	
  	
  

The	
  Validity	
  x	
  ABMT	
  Condition	
  interaction,	
  χ2(2)=0.25,	
  p>0.05,	
  	
  and	
  Validity	
  x	
  Trial	
  Type	
  

interaction,	
  χ2(2)=0.29,	
  p>0.05,	
  were	
  also	
  not	
  significant,	
  demonstrating	
  that	
  there	
  was	
  no	
  

difference	
  in	
  response	
  time	
  to	
  probes	
  presented	
  on	
  the	
  same	
  side	
  of	
  the	
  CS	
  and	
  probes	
  

presented	
  on	
  the	
  opposite	
  side	
  of	
  the	
  CS,	
  when	
  collapsed	
  across	
  ABMT	
  conditions.	
  	
  

Baseline	
  Measures	
   CON	
   TD	
   TS	
  

US	
  level	
   42.92(9.95)	
   46.67(12.93)	
   49.41(20.87)	
  

US	
  intensity	
   6.33(1.18)	
   5.47(1.83)	
   5.34(2.0)	
  

BDI	
   8.5(4.14)	
   5.93(2.92)	
   8(6.72)	
  

STAI	
   44.58(9.58)	
   44(6.50)	
   44.58(10.84)	
  

ASI	
   70.67(25.93)	
   65.2(18.4)	
   52.12(26.81)	
  

BIS	
   20.58(4.20)	
   21.47(3.94)	
   22.25(3.96)	
  

MAAS	
   54.83(8.59)	
   54(21.41)	
   62.12(12.47)	
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Although	
  the	
  Trial	
  Type	
  x	
  ABMT	
  Condition	
  interaction	
  was	
  significant	
  (see	
  Appendix	
  A	
  for	
  

more	
  detail),	
  given	
  that	
  there	
  should	
  be	
  no	
  group	
  differences	
  at	
  this	
  point	
  in	
  the	
  study,	
  the	
  

subsequent	
  analyses	
  were	
  conducted	
  by	
  collapsing	
  across	
  ABMT	
  conditions	
  (Figure	
  4).	
  	
  

Namely,	
  the	
  main	
  effect	
  of	
  Trial	
  Type	
  was	
  significant,	
  χ2(2)=41.98,	
  p<0.01,	
  such	
  that	
  

Response	
  Time	
  to	
  the	
  CSA/neutral	
  trials	
  was	
  significantly	
  greater	
  compared	
  to	
  both	
  

CSC/neutral	
  trials,	
  z=6.16,	
  SE=4.23,	
  p<0.01,	
  and	
  neutral/neutral	
  trials,	
  z=3.26,	
  SE=5.15,	
  

p<0.01.	
  	
  Moreover,	
  Response	
  Time	
  to	
  CSC/neutral	
  trials	
  was	
  marginally	
  reduced	
  compared	
  

to	
  neutral/neutral	
  trials,	
  z=1.81,	
  SE=5.15,	
  p=0.071.	
  	
  It	
  is	
  also	
  important	
  to	
  note	
  that	
  despite	
  

that	
  no	
  differences	
  in	
  Response	
  Time	
  should	
  be	
  observed	
  between	
  ABMT	
  conditions	
  at	
  this	
  

point,	
  there	
  was	
  also	
  a	
  main	
  effect	
  of	
  ABMT	
  Condition,	
  χ2(2)=10.28,	
  p<0.01,	
  such	
  that	
  CON	
  

had	
  significantly	
  greater	
  Response	
  Time	
  to	
  all	
  Trial	
  Types	
  relative	
  to	
  TD,	
  z=2.91,	
  SE=31.58,	
  

p<0.01,	
  and	
  TS,	
  z=2.84,	
  SE=33.88,	
  p<0.01.	
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Figure	
  4.	
  

Pre-­‐	
  to	
  Post-­‐ABMT	
  DPT	
  

The	
  ABMT	
  condition	
  x	
  Trial	
  Type	
  x	
  Validity	
  x	
  Phase	
  4-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(4)=2.01,	
  p>0.05.	
  	
  All	
  3-­‐way	
  interactions	
  were	
  also	
  not	
  significant.	
  	
  	
  

In	
  TD,	
  change	
  in	
  Response	
  Time	
  from	
  Pre-­‐	
  to	
  Post-­‐	
  ABMT	
  for	
  each	
  Trial	
  Type	
  did	
  not	
  

vary	
  as	
  a	
  function	
  of	
  Validity.	
  	
  That	
  being	
  said,	
  as	
  expected,	
  the	
  decline	
  in	
  Response	
  Time	
  to	
  

CSA/neutral	
  trials	
  (when	
  collapsed	
  across	
  Validity)	
  was	
  significantly	
  greater	
  than	
  

CSC/neutral	
  trials,	
  z=4.22,	
  SE=9.10,	
  p<0.01,	
  and	
  neutral/neutral	
  trials,	
  z=2.56,	
  SE=11.04,	
  

p<0.05,	
  suggesting	
  that	
  the	
  participants	
  did	
  become	
  faster	
  in	
  responding	
  to	
  the	
  probes	
  

following	
  CSA	
  /neutral	
  trials	
  as	
  a	
  consequence	
  of	
  attention	
  training	
  towards	
  the	
  CSA.	
  This	
  

decline	
  in	
  Response	
  Time	
  to	
  CSA	
  /neutral	
  trials	
  was	
  significantly	
  greater	
  than	
  zero,	
  z=4.23,	
  

SE=10.82,	
  p<0.01	
  (Figure	
  5).	
  	
  But,	
  it	
  was	
  not	
  greater	
  than	
  the	
  rate	
  of	
  decline	
  in	
  CON,	
  z=0.80,	
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SE=18.65,	
  p>0.05,	
  but	
  was	
  greater	
  when	
  compared	
  to	
  TS,	
  z=1.97,	
  SE=18.66,	
  p<0.05	
  (Figure	
  

8).	
  	
  Since	
  decline	
  in	
  RT	
  to	
  CSA	
  /neutral	
  trials	
  was	
  not	
  significantly	
  different	
  between	
  TD	
  and	
  

CON,	
  we	
  were	
  not	
  able	
  to	
  conclude	
  successful	
  attention	
  training	
  towards	
  the	
  CS+	
  in	
  TD.	
  

In	
  TS,	
  change	
  in	
  Response	
  Time	
  from	
  Pre-­‐	
  to	
  Post-­‐	
  ABMT	
  for	
  each	
  Trial	
  Type	
  did	
  not	
  

vary	
  as	
  a	
  function	
  of	
  Validity.	
  Furthermore,	
  the	
  expected	
  reduction	
  in	
  Response	
  Time	
  on	
  

the	
  CS-­‐/neutral	
  trials	
  from	
  Pre-­‐	
  to	
  Post-­‐ABMT	
  was	
  not	
  significant,	
  z=1.04,	
  SE=16.01,	
  

p>0.05,	
  and	
  did	
  not	
  differ	
  in	
  comparison	
  to	
  TD,	
  z=1.23,	
  SE=21.28,	
  p>0.05,	
  and	
  CON,	
  z=1.64,	
  

SE=22.63,	
  p>0.05	
  (Figure	
  8).	
  	
  Thus	
  we	
  were	
  not	
  able	
  to	
  conclude	
  that	
  successful	
  attention	
  

training	
  towards	
  the	
  CS-­‐	
  was	
  established	
  in	
  TS.	
  	
  That	
  being	
  said,	
  change	
  in	
  Response	
  Time	
  

from	
  Pre-­‐	
  to	
  Post-­‐ABMT	
  was	
  significantly	
  different	
  between	
  CSA/neutral	
  trials	
  and	
  

CSC/neutral	
  trials,	
  z=2.26,	
  SE=10.88,	
  p<0.05,	
  and	
  neutral/neutral	
  trials,	
  z=2.72,	
  SE=13.21,	
  

p<0.01,	
  when	
  collapsed	
  across	
  Validity.	
  	
  Namely,	
  there	
  did	
  not	
  appear	
  to	
  be	
  an	
  increase	
  in	
  

Response	
  Time	
  for	
  the	
  CSA/neutral	
  trials,	
  z=0.49,	
  SE=15.60,	
  p>0.05,	
  compared	
  to	
  

CSC/neutral,	
  z=1.63,	
  SE=17.33,	
  p>0.05,	
  and	
  neutral/neutral	
  trials,	
  z=1.09,	
  SE=15.63,	
  p>0.05,	
  

although	
  none	
  of	
  the	
  changes	
  were	
  significantly	
  different	
  from	
  zero,	
  but	
  despite	
  the	
  

differences	
  being	
  significantly	
  different	
  between	
  Trial	
  Types	
  (Figure	
  6).	
  	
  

In	
  CON,	
  change	
  in	
  Response	
  Time	
  from	
  Pre-­‐	
  to	
  Post-­‐	
  ABMT	
  for	
  each	
  Trial	
  Type	
  did	
  

not	
  vary	
  as	
  a	
  function	
  of	
  Validity.	
  	
  	
  When	
  collapsed	
  across	
  Validity,	
  the	
  decline	
  in	
  Response	
  

Time	
  to	
  CSA/neutral	
  trials	
  relative	
  to	
  neutral/neutral	
  trials	
  was	
  significantly	
  different,	
  

z=2.10,	
  SE=13.59,	
  z<0.05,	
  and	
  this	
  decline	
  was	
  marginally	
  different	
  from	
  zero,	
  z=1.88,	
  

SE=16.82,	
  p=0.072	
  (Figure	
  7).	
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Figure	
  5.	
  

	
  

Figure	
  6.	
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Figure	
  7.	
  

	
  

Figure	
  8.	
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Results:	
  Fear	
  Conditioning	
  

Fear	
  Acquisition	
  

It	
  was	
  not	
  expected	
  that	
  there	
  would	
  be	
  between-­‐group	
  differences	
  for	
  Visit	
  1	
  Fear	
  

Acquisition	
  as	
  individuals	
  in	
  different	
  groups	
  were	
  not	
  treated	
  differently	
  until	
  after	
  the	
  

Fear	
  Acquisition	
  Phase.	
  	
  

US	
  Expectancy	
  Rating.	
  	
  	
  The	
  intercept	
  represented	
  the	
  first	
  trial	
  of	
  Acquisition.	
  Since	
  

the	
  Trial	
  Type	
  x	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  3-­‐way	
  interaction	
  was	
  not	
  significant,	
  

χ2(42)=24.69,	
  p>0.05,	
  further	
  analyses	
  were	
  conducted	
  by	
  collapsing	
  across	
  ABMT	
  

Conditions.	
  	
  As	
  expected,	
  all	
  four	
  CS+	
  were	
  not	
  significantly	
  different	
  from	
  one	
  another	
  at	
  

the	
  first	
  trial	
  of	
  Acquisition	
  (Appendix	
  B).	
  	
  Following	
  Acquisition,	
  at	
  trial	
  8,	
  EXT	
  CS+	
  was	
  not	
  

significantly	
  different	
  from	
  ABMT	
  CS+,	
  but	
  both	
  were	
  significantly	
  greater	
  than	
  EXT	
  CS-­‐	
  and	
  

ABMT	
  CS-­‐.	
  	
  Lastly,	
  at	
  trial	
  8,	
  ABMT	
  CS-­‐	
  was	
  significantly	
  greater	
  than	
  EXT	
  CS-­‐	
  (Appendix	
  C).	
  	
  

Overall,	
  differential	
  fear	
  acquisition	
  was	
  established	
  (Figure	
  9).	
  	
  	
  

	
  

Figure	
  9.	
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Skin	
  Conductance	
  Response.	
  The	
  intercept	
  represented	
  the	
  first	
  block	
  of	
  Acquisition.	
  	
  

Since	
  the	
  Trial	
  Order	
  x	
  Trial	
  Type	
  x	
  ABMT	
  Condition	
  3-­‐way	
  interaction	
  was	
  not	
  significant,	
  

χ2(18)=12.88,	
  p>0.05,	
  subsequent	
  analyses	
  were	
  conducted	
  with	
  ABMT	
  Conditions	
  

collapsed	
  across	
  one	
  another.	
  	
  At	
  the	
  first	
  block	
  of	
  Acquisition,	
  the	
  Trial	
  Type	
  x	
  ABMT	
  

Condition	
  interaction	
  was	
  also	
  not	
  significant,	
  χ2(6)=1.50,	
  p>0.05.	
  	
  Contrary	
  to	
  hypothesis,	
  

at	
  the	
  first	
  block	
  of	
  Acquisition,	
  CSA	
  and	
  CSB	
  (CS+)	
  were	
  significantly	
  greater	
  than	
  CSC	
  and	
  

CSD	
  (CS-­‐).	
  	
  See	
  Appendix	
  D.	
  	
  That	
  being	
  said,	
  by	
  the	
  second	
  block	
  of	
  Acquisition,	
  pre-­‐existing	
  

differences	
  between	
  the	
  different	
  trial	
  types	
  were	
  eliminated.	
  At	
  the	
  last	
  block	
  of	
  

Acquisition,	
  skin	
  conductance	
  response	
  to	
  CSA	
  and	
  CSB	
  continue	
  to	
  be	
  significantly	
  greater	
  

than	
  CSC	
  and	
  CSD.	
  	
  Moreover,	
  CSA	
  and	
  CSB	
  did	
  not	
  differ	
  from	
  each	
  other,	
  nor	
  did	
  CSC	
  and	
  CSD	
  

differ	
  from	
  each	
  other	
  (Appendix	
  E).	
  	
  Overall,	
  differential	
  conditioning	
  was	
  established	
  

(Figure	
  10).	
  

	
  

Figure	
  10.	
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Acoustic	
  Startle	
  Response.	
  	
  The	
  intercept	
  represented	
  the	
  first	
  block	
  of	
  Acquisition.	
  	
  

Since	
  no	
  significant	
  main	
  or	
  interactive	
  effects	
  involving	
  group	
  (i.e.,	
  ABMT	
  Condition)	
  was	
  

found,	
  further	
  analyses	
  were	
  conducted	
  by	
  collapsing	
  across	
  ABMT	
  Conditions.	
  	
  Contrary	
  to	
  

hypothesis,	
  defensiveness	
  to	
  CSB	
  was	
  significantly	
  greater	
  compared	
  to	
  CSA,	
  z=3.32,	
  

SE=0.07,	
  p<0.01,	
  CSC,	
  z=4.74,	
  SE=0.07,	
  p<0.01,	
  and	
  CSD,	
  z=3.15,	
  SE=0.07,	
  p<0.01.	
  	
  At	
  the	
  last	
  

block	
  of	
  Acquisition,	
  CSB	
  was	
  significantly	
  greater	
  than	
  CSC,	
  z=2.38,	
  SE=0.07,	
  p<0.05,	
  but	
  not	
  

CSD,	
  z=1.56,	
  SE=0.07,	
  p>0.05.	
  	
  CSA	
  was	
  significantly	
  greater	
  than	
  CSD,	
  z=2.00,	
  SE=0.07,	
  

p<0.05,	
  and	
  CSC,	
  z=2.82,	
  SE=0.07,	
  p<0.01.	
  	
  As	
  expected,	
  CSB	
  did	
  not	
  differ	
  from	
  CSA,	
  z=0.44,	
  

SE=0.07,	
  p>0.05,	
  and	
  CSD	
  also	
  did	
  not	
  differ	
  from	
  CSC,	
  z=0.82,	
  SE=0.07,	
  p>0.05.	
  	
  Overall,	
  fear	
  

acquisition	
  was	
  established	
  to	
  CSA	
  and	
  CSB	
  (Figure	
  11).	
  

	
  

Figure	
  11.	
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CS-­‐US	
  Contingency	
  Awareness.	
  	
  This	
  measure	
  was	
  assessed	
  following	
  Fear	
  

Acquisition.	
  	
  Chi-­‐square	
  analysis	
  was	
  performed	
  to	
  determine	
  whether	
  or	
  not	
  CS-­‐US	
  

Contingency	
  Awareness	
  (yes	
  or	
  no)	
  differed	
  as	
  a	
  function	
  of	
  ABMT	
  Condition.	
  	
  Contrary	
  to	
  

expectation,	
  CS-­‐US	
  Contingency	
  Awareness	
  varied	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  

χ2(2)=831.99,	
  p<0.01,	
  such	
  that	
  TD,	
  z=28.15,	
  SE=0.04,	
  p<0.01,	
  and	
  TS,	
  z=19.06,	
  SE=0.04,	
  

p<0.01,	
  were	
  less	
  likely	
  to	
  be	
  aware	
  of	
  the	
  CS-­‐US	
  Contingency	
  relative	
  to	
  CON.	
  	
  	
  

	
   US	
  Level	
  and	
  Intensity.	
  	
  Contrary	
  to	
  expectation,	
  the	
  intensity	
  of	
  the	
  US	
  during	
  

Acquisition	
  was	
  significantly	
  different	
  across	
  ABMT	
  Conditions,	
  F(2,298)=8.73,	
  p<0.01,	
  

such	
  that	
  the	
  US	
  intensity	
  was	
  significantly	
  higher	
  in	
  CON	
  compared	
  to	
  TD,	
  t=3.39,	
  SE=0.26,	
  

p<0.01,	
  and	
  TS,	
  t=9.93,	
  SE=0.25,	
  p<0.01.	
  	
  Similarly,	
  the	
  level	
  of	
  the	
  US	
  set	
  during	
  Acquisition	
  

also	
  varied	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  F(2,305)=4.11,	
  p<0.05.	
  	
  Specifically,	
  the	
  US	
  

level	
  was	
  significantly	
  higher	
  in	
  TS	
  compared	
  to	
  CON,	
  t=2.87,	
  SE=2.26,	
  p<0.05	
  (Table	
  1).	
  

Extinction	
  

The	
  intercept	
  represented	
  the	
  first	
  trial	
  of	
  Extinction	
  and	
  the	
  slope	
  of	
  each	
  

conditioning	
  measure	
  across	
  the	
  subsequent	
  7	
  trials	
  of	
  Extinction	
  represented	
  the	
  rate	
  of	
  

extinction	
  performance.	
  	
  It	
  was	
  hypothesized	
  that	
  reactivity	
  to	
  the	
  CSB	
  (CS+)	
  will	
  decrease	
  

across	
  the	
  8	
  trials	
  of	
  Extinction	
  performance	
  for	
  all	
  participants.	
  	
  Furthermore,	
  it	
  was	
  also	
  

hypothesized	
  that	
  there	
  would	
  be	
  a	
  significant	
  group	
  x	
  trial	
  order	
  interaction	
  such	
  that	
  

attention	
  training	
  towards	
  the	
  CS+	
  would	
  yield	
  a	
  greater	
  extinction	
  performance	
  (i.e.,	
  

steeper	
  negative	
  slope)	
  relative	
  to	
  no	
  attention	
  training;	
  and	
  attention	
  training	
  towards	
  the	
  

CS-­‐	
  would	
  interfere	
  with	
  extinction	
  performance	
  to	
  the	
  CSB.	
  

US	
  Expectancy	
  Rating.	
  As	
  expected,	
  there	
  was	
  a	
  significant	
  linear	
  effect	
  of	
  Trial	
  Order	
  

demonstrating	
  extinction	
  to	
  the	
  CSB	
  (CS+),	
  B=-­‐0.92,	
  SE=0.15,	
  Z=-­‐6.34,	
  p<0.01,	
  and	
  CSD	
  (CS-­‐),	
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B=-­‐0.25,	
  SE=0.10,	
  Z=-­‐2.46,	
  p<0.05.	
  	
  	
  Although	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  

was	
  significant	
  to	
  the	
  CS+,	
  χ2(2)=6.59,	
  p<0.05,	
  contrary	
  to	
  my	
  hypothesis,	
  attention	
  training	
  

towards	
  the	
  CS+	
  (TD)	
  interfered	
  with	
  the	
  rate	
  of	
  extinction	
  performance	
  compared	
  to	
  

attention	
  training	
  towards	
  the	
  CS-­‐	
  (TS)	
  ,	
  z=-­‐2.34,	
  SE=0.19,	
  p<0.05,	
  and	
  the	
  no	
  training	
  

group	
  (CON),	
  z=2.06,	
  SE=0.20,	
  p<0.05.	
  	
  The	
  hypothesis	
  that	
  attention	
  training	
  towards	
  the	
  

CS-­‐	
  would	
  interfere	
  with	
  the	
  rate	
  of	
  extinction	
  performance	
  was	
  not	
  established,	
  z=-­‐0.15,	
  

SE=0.20,	
  p>0.05.	
  	
  For	
  the	
  CSD	
  (CS-­‐),	
  US	
  expectancy	
  also	
  decreased	
  across	
  trials,	
  z-­‐2.46,	
  

SE=0.10,	
  p<0.014,	
  but	
  it	
  did	
  not	
  vary	
  by	
  ABMT	
  Condition,	
  χ2(2)=1.10,	
  p>0.05.	
  	
  Overall,	
  

extinction	
  was	
  established	
  (Figure	
  12).	
  

	
  

	
  

Figure	
  12.	
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Skin	
  Conductance	
  Response.	
  	
  As	
  expected,	
  the	
  intercept	
  was	
  significantly	
  to	
  the	
  CSB	
  

(CS+)	
  compared	
  to	
  the	
  CSD	
  (CS-­‐),	
  z=-­‐7.05,	
  SE=0.018,	
  p<0.01,	
  demonstrating	
  successful	
  

differential	
  acquisition	
  that	
  did	
  not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  z=-­‐0.88,	
  

SE=0.43,	
  p>0.05.	
  	
  As	
  expected,	
  there	
  was	
  a	
  significant	
  linear	
  effect	
  of	
  Trial	
  Order	
  

demonstrating	
  extinction	
  to	
  the	
  CSB,	
  z=-­‐2.68,	
  SE=0.014,	
  p<0.01,	
  and	
  CSD,	
  z=-­‐2.37,	
  SE=0.014,	
  

p<0.05.	
  	
  	
  Although	
  it	
  was	
  hypothesized	
  that	
  the	
  rate	
  of	
  extinction	
  performance	
  would	
  vary	
  

as	
  a	
  function	
  of	
  attention	
  training,	
  it	
  was	
  not	
  supported	
  by	
  a	
  significant	
  ABMT	
  Condition	
  x	
  

Trial	
  Order	
  interaction,	
  χ2(2)=2.56,	
  p>0.05.	
  	
  Given	
  a	
  priori	
  hypothesis,	
  pairwise	
  

comparisons	
  across	
  the	
  three	
  ABMT	
  Conditions	
  on	
  rate	
  of	
  extinction	
  were	
  conducted	
  

regardless.	
  	
  Contrary	
  to	
  our	
  hypothesis,	
  not	
  only	
  was	
  the	
  decrease	
  in	
  arousal	
  during	
  

extinction	
  to	
  the	
  CSB	
  (CS+)	
  facilitated	
  in	
  TS	
  relative	
  to	
  CON,	
  z=-­‐2.16,	
  SE=0.01,	
  p<0.05,	
  this	
  

facilitation	
  was	
  not	
  observed	
  between	
  TD	
  and	
  CON,	
  z=-­‐1.16,	
  SE=0.01,	
  p>0.05.	
  	
  For	
  the	
  CSD	
  

(CS-­‐),	
  decline	
  in	
  responding	
  did	
  not	
  vary	
  as	
  a	
  function	
  of	
  ABMT	
  Condition.	
  	
  Overall,	
  

extinction	
  was	
  established	
  in	
  all	
  three	
  groups	
  (Figure	
  13).	
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Figure	
  13.	
  

	
  

Acoustic	
  Startle	
  Response.	
  	
  Contrary	
  to	
  hypothesis,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  not	
  significant,	
  χ2(2)=3.77,	
  p>0.05,	
  despite	
  a	
  general	
  decline	
  in	
  

defensiveness	
  to	
  the	
  CSB	
  (CS+)	
  across	
  Extinction,	
  B=-­‐0.07,	
  SE=0.03,	
  Z=-­‐2.53,	
  p<0.05.	
  	
  Also	
  

contrary	
  to	
  our	
  hypothesis,	
  extinction	
  was	
  not	
  facilitated	
  in	
  TD,	
  z=-­‐1.57,	
  SE=0.04,	
  p>0.05;	
  

instead,	
  extinction	
  was	
  marginally	
  facilitated	
  in	
  TS	
  relative	
  to	
  CON,	
  z=-­‐1.86,	
  SE=0.04,	
  

p=0.064.	
  	
  For	
  the	
  CSD	
  (CS-­‐),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=3.30,	
  p>0.05,	
  despite	
  an	
  overall	
  decline	
  in	
  defensiveness	
  when	
  collapsed	
  

across	
  ABMT	
  Conditions,	
  B=-­‐0.08,	
  SE=0.03,	
  z=13.33,	
  p<0.01.	
  	
  Contrary	
  to	
  hypothesis	
  the	
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decline	
  in	
  defensiveness	
  to	
  the	
  CSD	
  (CS-­‐)	
  was	
  marginally	
  greater	
  in	
  TS	
  relative	
  to	
  CON,	
  z=-­‐

1.80,	
  SE=0.03,	
  p=0.072.	
  Overall,	
  extinction	
  was	
  established	
  (Figure	
  14).	
  

	
  

	
  

Figure	
  14.	
  

Extinction	
  Retest	
  (Spontaneous	
  Recovery	
  Effect)	
  

The	
  spontaneous	
  recovery	
  effect	
  represents	
  the	
  degree	
  to	
  which	
  reactivity	
  to	
  a	
  

previously	
  extinguished	
  CS	
  (CS+	
  and	
  CS-­‐)	
  is	
  recovered	
  following	
  the	
  passage	
  of	
  time.	
  	
  	
  

Approximately	
  7	
  days	
  passed	
  in	
  between	
  Extinction	
  (Visit	
  1)	
  and	
  Extinction	
  Retest	
  (Visit	
  2).	
  	
  

More	
  importantly,	
  recovery	
  of	
  the	
  conditioned	
  response	
  at	
  Extinction	
  Retest	
  is	
  often	
  

considered	
  as	
  a	
  more	
  accurate	
  index	
  of	
  extinction	
  learning	
  (from	
  Visit	
  1)	
  than	
  the	
  

performance	
  during	
  Extinction	
  itself	
  (Craske	
  et	
  al.,	
  2008).	
  	
  The	
  Extinction	
  phase	
  and	
  Retest	
  

of	
  Extinction	
  phase	
  were	
  combined	
  in	
  the	
  current	
  model,	
  so	
  that	
  the	
  change	
  in	
  reactivity	
  to	
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the	
  CS	
  from	
  the	
  last	
  trial	
  of	
  Extinction	
  (trial	
  8)	
  to	
  the	
  first	
  trial	
  of	
  Extinction	
  Retest	
  could	
  be	
  

examined.	
  	
  It	
  was	
  hypothesized	
  that	
  the	
  conditioned	
  response	
  to	
  the	
  CSB	
  	
  (CS+)	
  following	
  

extinction	
  training	
  at	
  the	
  first	
  trial	
  of	
  Extinction	
  Retest	
  would	
  vary	
  as	
  a	
  function	
  of	
  ABMT	
  

Condition,	
  such	
  that	
  greater	
  extinction	
  learning	
  would	
  be	
  observed	
  in	
  TD	
  relative	
  to	
  CON	
  

and	
  TS.	
  	
  

US	
  Expectancy	
  Rating.	
  	
  As	
  expected,	
  US	
  Expectancy	
  to	
  the	
  CSB	
  (CS+),	
  B=5.18,	
  

SE=1.05,	
  Z=4.96,	
  p<0.01,	
  and	
  to	
  the	
  CSD	
  (CS-­‐),	
  B=1.96,	
  SE=0.69,	
  Z=2.82,	
  p<0.01,	
  were	
  

recovered,	
  and	
  greater	
  recovery	
  was	
  observed	
  in	
  the	
  CSB	
  (CS+)	
  relative	
  to	
  the	
  CSD	
  (CS-­‐),	
  z=-­‐

3.35,	
  SE=0.67,	
  p<0.01.	
  Although	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  did	
  not	
  reach	
  

statistical	
  significance,	
  χ2(2)=4.85,	
  p=0.082,	
  based	
  on	
  a	
  priori	
  hypothesis	
  of	
  the	
  differential	
  

effect	
  of	
  attention	
  training	
  on	
  Extinction	
  Retest,	
  pairwise	
  comparisons	
  across	
  the	
  three	
  

ABMT	
  Conditions	
  on	
  Extinction	
  Retest	
  were	
  conducted	
  regardless.	
  	
  Partially	
  consistent	
  

with	
  our	
  hypothesis,	
  less	
  US	
  expectancy	
  to	
  the	
  CSB	
  (CS+)	
  was	
  recovered	
  in	
  TD	
  relative	
  to	
  

CON,	
  z=1.95,	
  SE=1.42,	
  p=0.052,	
  and	
  to	
  TS,	
  z=1.84,	
  SE=1.33,	
  p=0.065;	
  whereas	
  no	
  such	
  

reduction	
  was	
  observed	
  between	
  TS	
  and	
  CON,	
  z=0.21,	
  SE=1.40,	
  p>.05.	
  	
  On	
  the	
  other	
  hand,	
  

Recovery	
  of	
  US	
  Expectancy	
  to	
  the	
  CSD	
  (CS-­‐)	
  did	
  not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  

χ2(2)=0.03,	
  p>0.05.	
  See	
  Figure	
  15.	
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Figure	
  15.	
  Note:	
  16=Last	
  Trial	
  of	
  Extinction	
  (Visit	
  1),	
  17=First	
  Extinction	
  Retest	
  (Visit	
  2)	
  

	
  

Skin	
  Conductance	
  Response.	
  The	
  ABMT	
  Condition	
  x	
  Trial	
  Type	
  x	
  Trial	
  Order	
  3-­‐way	
  

interaction	
  was	
  not	
  significant,	
  χ2(2)=2.97,	
  p>0.05.	
  	
  The	
  Trial	
  Order	
  x	
  Trial	
  Type	
  interaction	
  

was	
  not	
  significant,	
  χ2(1)=0.54,	
  p>0.05.	
  	
  The	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction,	
  

however,	
  was	
  significant,	
  χ2(2)=9.06,	
  p<0.05,	
  such	
  that	
  there	
  was	
  greater	
  arousal	
  in	
  TD,	
  

z=13.43,	
  SE=0.06,	
  p<0.01,	
  and	
  TS,	
  z=-­‐2.16,	
  SE=0.06,	
  p<0.05,	
  compared	
  to	
  CON	
  to	
  the	
  CSB	
  

(CS+).	
  	
  For	
  the	
  CSD	
  (CS-­‐),	
  although	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=1.67,	
  p>0.05,	
  given	
  a	
  priori	
  hypotheses	
  about	
  the	
  effect	
  of	
  attention	
  

training	
  on	
  extinction-­‐related	
  processes,	
  pairwise	
  comparisons	
  across	
  the	
  three	
  ABMT	
  

Conditions	
  at	
  Extinction	
  Retest	
  was	
  conducted.	
  	
  Consistent	
  with	
  our	
  hypothesis,	
  greater	
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arousal	
  to	
  the	
  CSD	
  (CS-­‐)	
  was	
  trending	
  in	
  TS	
  compared	
  to	
  CON,	
  t=-­‐1.75,	
  SE=0.09,	
  p=0.083.	
  

See	
  Figure	
  16.	
  

	
  

	
  

Figure	
  15.	
  Note:	
  16=Last	
  Trial	
  of	
  Extinction	
  (Visit	
  1),	
  17=First	
  Extinction	
  Retest	
  (Visit	
  2)	
  

	
  

Acoustic	
  Startle	
  Response.	
  The	
  ABMT	
  Condition	
  x	
  Trial	
  Type	
  x	
  Trial	
  Order	
  3-­‐way	
  

interaction	
  was	
  not	
  significant,	
  χ2(2)=0.05,	
  p>0.05.	
  	
  The	
  Trial	
  Order	
  x	
  Trial	
  Type	
  interaction	
  

was	
  not	
  significant,	
  χ2(1)=0.81,	
  p>0.05.	
  	
  The	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction,	
  

however,	
  was	
  significant,	
  χ2(2)=7.96,	
  p<0.05.	
  	
  Contrary	
  to	
  expectation,	
  there	
  was	
  greater	
  

defensiveness	
  in	
  TS	
  relative	
  to	
  CON,	
  z=-­‐2.21,	
  SE=0.42,	
  p<0.05,	
  and	
  marginally	
  greater	
  

defensiveness	
  in	
  TD	
  relative	
  to	
  CON,	
  z=-­‐1.94,	
  SE=0.41,	
  p=0.053,	
  to	
  the	
  CSB	
  (CS+).	
  Similarly,	
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there	
  was	
  greater	
  defensiveness	
  in	
  TS,	
  z=-­‐2.58,	
  SE=0.35,	
  p<0.05,	
  and	
  TD,	
  z=-­‐2.00,	
  SE=0.34,	
  

p<0.05,	
  relative	
  to	
  CON	
  to	
  the	
  CSD	
  (CS-­‐)	
  as	
  well.	
  	
  See	
  Figure	
  17.	
  

	
  

	
  

Figure	
  15.	
  Note:	
  16=Last	
  Trial	
  of	
  Extinction	
  (Visit	
  1),	
  17=First	
  Extinction	
  Retest	
  (Visit	
  2)	
  

	
  

Extinction	
  Retest	
  (Reinstatement	
  Effect)	
  

It	
  is	
  operationalized	
  as	
  the	
  reinstatement	
  of	
  reactivity	
  to	
  a	
  previously	
  extinguished	
  

CS	
  (CS+	
  and	
  CS-­‐)	
  following	
  an	
  unexpected	
  delivery	
  of	
  the	
  US	
  (in	
  between	
  Trial	
  4	
  and	
  Trial	
  5	
  

during	
  Extinction	
  Retest)	
  that	
  is	
  not	
  paired	
  with	
  either	
  the	
  CS+	
  (CSB)	
  or	
  the	
  CS-­‐	
  (CSD).	
  	
  It	
  

was	
  hypothesized	
  that	
  reinstatement	
  of	
  the	
  conditioned	
  response	
  to	
  both	
  CSs	
  will	
  vary	
  as	
  a	
  

function	
  of	
  attention	
  training,	
  such	
  that	
  reinstatement	
  would	
  be	
  reduced	
  in	
  TD	
  and	
  

facilitated	
  in	
  TS.	
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US	
  Expectancy	
  Rating.	
  	
  As	
  expected,	
  US	
  Expectancy	
  was	
  marginally	
  reinstated	
  to	
  the	
  

CSB	
  (CS+),	
  z=1.92,	
  SE=0.99,	
  p=0.055,	
  and	
  to	
  the	
  CSD	
  (CS-­‐),	
  z=2.94,	
  SE=0.81,	
  p<0.05.	
  	
  For	
  the	
  

CSB	
  (CS+),	
  although	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  significant,	
  

χ2(2)=3.88,	
  p>0.05,	
  based	
  on	
  a	
  priori	
  hypothesis	
  of	
  the	
  differential	
  effect	
  of	
  attention	
  

training	
  on	
  the	
  reinstatement	
  effect,	
  post-­‐hoc	
  t	
  tests	
  showed	
  that	
  US	
  Expectancy	
  in	
  TD	
  

showed	
  an	
  increasing	
  trend,	
  z=1.79,	
  SE=1.28,	
  p=0.073	
  ,	
  relative	
  to	
  TS.	
  	
  For	
  the	
  CSD	
  (CS-­‐),	
  

although	
  the	
  reinstatement	
  effect	
  was	
  significant	
  when	
  collapsed	
  across	
  all	
  3	
  attention	
  

training	
  groups	
  and	
  did	
  not	
  yield	
  a	
  significant	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction,	
  

χ2(2)=3.33,	
  p>0.05,	
  follow-­‐up	
  contrasts	
  (reinstatement	
  effect	
  for	
  each	
  ABMT	
  Condition)	
  

showed	
  that	
  US	
  Expectancy	
  in	
  TD,	
  χ2(1)=1.41,	
  p>0.05,	
  did	
  not	
  increase,	
  whereas	
  it	
  did	
  in	
  

TS,	
  χ2(1)=12.14,	
  p>0.01,	
  and	
  CON,	
  χ2(1)=8.67,	
  p>0.01.	
  	
  See	
  Figure	
  18.	
  

	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Figure	
  18.	
  Note:	
  Uncued	
  shock	
  delivered	
  in	
  between	
  Trial	
  4	
  and	
  Trial	
  5.	
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Skin	
  Conductance	
  Response.	
  	
  For	
  the	
  CSB	
  (CS+),	
  as	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  

Trial	
  Order	
  interaction	
  was	
  significant,	
  χ2(2)=15.10,	
  p<0.01.	
  	
  Notably,	
  arousal	
  to	
  the	
  CSB	
  

(CS+)	
  was	
  marginally	
  greater	
  in	
  TS	
  compared	
  to	
  TD,	
  z=1.77,	
  SE=0.07,	
  p=0.077.	
  	
  For	
  the	
  CSD	
  

(CS-­‐),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  order	
  interaction	
  was	
  not	
  significant,	
  χ2(2)=4.06,	
  p>0.05.	
  	
  

Furthermore,	
  the	
  reinstatement	
  effect	
  in	
  TD	
  and	
  TS	
  were	
  not	
  significantly	
  different	
  from	
  

each	
  other	
  on	
  the	
  CSD	
  (CS-­‐),	
  z=-­‐0.63,	
  SE=0.05,	
  p>0.05.	
  	
  Pairwise	
  comparisons	
  to	
  CON	
  on	
  the	
  

CSB	
  and	
  CSD	
  were	
  conducted,	
  but	
  it	
  was	
  determined	
  that	
  such	
  comparisons	
  would	
  be	
  

invalid.	
  	
  For	
  unknown	
  reasons,	
  aberrations	
  occurred	
  in	
  CON	
  such	
  that	
  they	
  did	
  not	
  show	
  

any	
  reinstatement	
  of	
  arousal	
  to	
  the	
  CSs,	
  despite	
  clear	
  reinstatement	
  as	
  evidenced	
  by	
  other	
  

measures.	
  	
  See	
  Figure	
  19.	
  

	
  

	
  

Figure	
  19.	
  Note:	
  Uncued	
  shock	
  delivered	
  in	
  between	
  Trial	
  4	
  and	
  Trial	
  5.	
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Acoustic	
  Startle	
  Response.	
  	
  Contrary	
  to	
  expectation,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  

Order	
  interaction	
  was	
  not	
  significant	
  for	
  the	
  CSB	
  (CS+),	
  χ2(2)=2.69,	
  p>0.05.	
  	
  Given	
  a	
  priori	
  

hypothesis	
  about	
  the	
  differential	
  effect	
  of	
  attention	
  training	
  on	
  the	
  reinstatement,	
  effect,	
  

post	
  hoc	
  t	
  tests	
  were	
  conducted.	
  	
  	
  Contrary	
  to	
  our	
  hypothesis,	
  attention	
  training	
  neither	
  

enhanced	
  nor	
  impaired	
  reinstatement	
  of	
  defensiveness	
  to	
  the	
  CSB	
  (CS+)	
  relative	
  to	
  no	
  

training	
  (TD:	
  z=-­‐0.98,	
  SE=0.26,	
  p>0.05;	
  TS:	
  z=-­‐1.64,	
  SE=0.26,	
  p>0.05).	
  	
  For	
  the	
  CSD	
  (CS-­‐),	
  the	
  

ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  significant,	
  χ2(2)=2.99,	
  p>0.05.	
  	
  Based	
  on	
  

post	
  hoc	
  pairwise	
  comparisons,	
  there	
  was	
  a	
  trend	
  for	
  a	
  greater	
  defensiveness	
  to	
  CSD	
  (CS-­‐)	
  in	
  

TD	
  relative	
  to	
  CON,	
  z=-­‐1.73,	
  SE=0.23,	
  p=0.084.	
  	
  See	
  Figure	
  20.	
  

	
  

	
  

Figure	
  20.	
  Note:	
  Uncued	
  shock	
  delivered	
  in	
  between	
  Trial	
  4	
  and	
  Trial	
  5.	
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Extinction	
  Retest	
  (Re-­‐Extinction	
  Effect)	
  

It	
  is	
  operationalized	
  as	
  the	
  four	
  trials	
  following	
  the	
  delivery	
  of	
  the	
  unpaired	
  US	
  

(trials	
  5-­‐8)	
  during	
  the	
  Extinction	
  Retest	
  phase.	
  The	
  intercept	
  is	
  the	
  first	
  trial	
  after	
  US	
  

delivery	
  and	
  the	
  slope	
  represents	
  the	
  rate	
  of	
  re-­‐extinction.	
  	
  	
  

US	
  Expectancy	
  Rating.	
  	
  As	
  expected,	
  US	
  Expectancy	
  showed	
  a	
  linear	
  decrease	
  from	
  

Trial	
  5	
  to	
  Trial	
  8	
  to	
  the	
  CSB	
  (CS+),	
  z=-­‐2.91,	
  SE=0.28,	
  p<0.01.	
  	
  Follow-­‐up	
  pairwise	
  

comparisons	
  showed	
  that	
  the	
  reduction	
  to	
  US	
  Expectancy	
  across	
  trials	
  was	
  significantly	
  

smaller	
  in	
  TS	
  relative	
  to	
  TD,	
  z=2.20,	
  SE=0.36,	
  p<0.05,	
  although	
  this	
  difference	
  was	
  not	
  big	
  

enough	
  to	
  yield	
  a	
  significant	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction,	
  χ2(2)=4.93,	
  p=0.08.	
  

To	
  the	
  CSD	
  (CS-­‐),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  significant,	
  

χ2(2)=0.38,	
  p>0.05.	
  	
  Collapsed	
  across	
  ABMT	
  Conditions,	
  US	
  expectancy	
  to	
  the	
  CSD	
  (CS-­‐)	
  

continued	
  to	
  decline,	
  B=-­‐0.55,	
  SE=0.21,	
  Z=-­‐2.7,	
  p<0.01.	
  	
  See	
  Figure	
  18.	
  

Skin	
  Conductance	
  Response.	
  	
  For	
  the	
  CSB	
  (CS+),	
  there	
  was	
  a	
  significant	
  ABMT	
  

Condition	
  x	
  Trial	
  Order	
  interaction,	
  χ2(2)=8.38,	
  p<0.05,	
  such	
  that	
  the	
  decline	
  in	
  arousal	
  was	
  

greater	
  in	
  TS	
  relative	
  to	
  CON,	
  z=-­‐2.89,	
  SE=0.02,	
  p<0.01.	
  	
  However,	
  due	
  to	
  an	
  unexplained	
  

aberration	
  in	
  reinstatement	
  in	
  CON,	
  group	
  comparisons	
  against	
  CON	
  were	
  difficult	
  to	
  

interpret.	
  	
  Between	
  TD	
  and	
  TS	
  only,	
  decline	
  in	
  arousal	
  to	
  the	
  CSB	
  (CS+)	
  did	
  not	
  differ,	
  z=-­‐

1.48,	
  SE=0.02,	
  p>0.05.	
  	
  To	
  the	
  CSD	
  (CS-­‐),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

not	
  significant,	
  χ2(2)=1.12,	
  p>0.05.	
  	
  See	
  Figure	
  19.	
  

Acoustic	
  Startle	
  Response.	
  	
  For	
  the	
  CSB	
  (CS+),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  not	
  significant,	
  χ2(2)=1.38,	
  p>0.05,	
  despite	
  an	
  overall	
  decline	
  in	
  

defensiveness	
  when	
  collapsed	
  across	
  ABMT	
  Conditions,	
  B=-­‐0.18,	
  SE=0.08,	
  z=-­‐2.27,	
  p<0.05.	
  	
  

All	
  pairwise	
  comparisons	
  of	
  rate	
  of	
  re-­‐extinction	
  across	
  ABMT	
  Conditions	
  were	
  also	
  not	
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significant.	
  For	
  the	
  CSD	
  (CS-­‐),	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  also	
  not	
  

significant,	
  χ2(2)=0.59,	
  p>0.05.	
  Moreover,	
  when	
  collapsed	
  across	
  ABMT	
  conditions,	
  there	
  

was	
  no	
  decline	
  in	
  defensiveness	
  on	
  the	
  re-­‐extinction	
  effect,	
  B=-­‐0.01,	
  SE=0.07,	
  z=-­‐0.15,	
  

p>0.05.	
  	
  See	
  Figure	
  20.	
  

Results:	
  Subject	
  Units	
  of	
  Discomfort	
  (SUD)	
  

As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  interaction	
  was	
  not	
  significant,	
  

χ2(12)=8.58,	
  p>0.05,	
  indicating	
  that	
  SUD	
  ratings	
  did	
  not	
  vary	
  as	
  a	
  function	
  of	
  attention	
  

training	
  condition	
  across	
  the	
  experiment.	
  	
  Pairwise	
  comparisons	
  at	
  each	
  phase	
  to	
  assess	
  

whether	
  or	
  not	
  SUD	
  ratings	
  varied	
  across	
  ABMT	
  conditions	
  were	
  conducted.	
  	
  As	
  expected,	
  

at	
  Baseline,	
  ABMT	
  groups	
  did	
  not	
  differ	
  in	
  SUD;	
  at	
  Pre-­‐Acquisition,	
  SUD	
  was	
  significantly	
  

lower	
  in	
  TS	
  relative	
  to	
  CON,	
  z=2.58,	
  SE=7.62,	
  p<0.05,	
  and	
  TD,	
  z=2.12,	
  SE=7.17,	
  p<0.05;	
  at	
  

Post-­‐Acquisition,	
  SUD	
  was	
  marginally	
  lower	
  in	
  TS	
  compared	
  to	
  CON,	
  z=1.80,	
  SE=7.59,	
  

p=0.072.	
  	
  There	
  was	
  no	
  ABMT	
  group	
  difference	
  at	
  Post-­‐ABMT	
  and	
  Post-­‐Extinction.	
  	
  At	
  Pre-­‐

Reinstatement,	
  SUD	
  was	
  significantly	
  lower	
  in	
  TS	
  compared	
  to	
  CON,	
  p=2.04,	
  SE=7.63,	
  

p<0.05.	
  	
  Similarly,	
  at	
  Post-­‐Reinstatement,	
  SUD	
  continued	
  to	
  be	
  significantly	
  lower	
  in	
  TS	
  

compared	
  to	
  CON,	
  z=2.38,	
  SE=7.60,	
  p<0.05	
  (Figure	
  21).	
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  Figure	
  21.	
  

	
  

Results:	
  Self-­‐Reported	
  Valence	
  and	
  Arousal	
  to	
  CSs	
  

	
   For	
  self-­‐reported	
  arousal	
  and	
  valence	
  ratings,	
  the	
  crucial	
  Phase	
  x	
  Trial	
  Type	
  

interaction	
  was	
  significant,	
  χ2(15)=160.36,	
  p<0.01,	
  and,	
  χ2(15)=143.52,	
  p<0.01,	
  

respectively.	
  	
  But,	
  the	
  Phase	
  x	
  Trial	
  Type	
  x	
  ABMT	
  Condition	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(30)=31.36,	
  p>0.05,	
  and,	
  χ2(30)=35.74,	
  p>0.05,	
  for	
  arousal	
  and	
  valence,	
  

respectively,	
  suggesting	
  that	
  changes	
  in	
  valence	
  and	
  arousal	
  across	
  experimental	
  phases	
  

did	
  not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  condition.	
  However,	
  given	
  a	
  priori	
  hypotheses,	
  specific	
  

pairwise	
  comparisons	
  were	
  followed	
  up	
  at	
  each	
  phase.	
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Pre-­‐Acquisition	
  

	
   It	
  was	
  not	
  expected	
  that	
  there	
  would	
  be	
  between	
  group	
  differences	
  at	
  Pre-­‐

Acquisition	
  as	
  individuals	
  in	
  different	
  groups	
  were	
  not	
  treated	
  differently	
  until	
  after	
  

Acquisition.	
  	
  Consistent	
  with	
  this,	
  no	
  significant	
  main	
  or	
  interactive	
  effects	
  involving	
  group	
  

were	
  found	
  for	
  self-­‐reported	
  arousal	
  and	
  valence	
  ratings.	
  

Arousal	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Type	
  interaction	
  was	
  not	
  

significant,	
  χ2(6)=3.04,	
  p>0.05.	
  	
  In	
  other	
  words,	
  all	
  four	
  CSs	
  did	
  not	
  differ	
  in	
  self-­‐reported	
  

arousal	
  at	
  the	
  beginning	
  of	
  the	
  experiment	
  (Figure	
  22).	
  

Valence	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Type	
  interaction	
  was	
  not	
  

significant,	
  χ2(6)=3.04,	
  p>0.05.	
  	
  In	
  other	
  words,	
  all	
  four	
  CSs	
  did	
  not	
  differ	
  in	
  self-­‐reported	
  

arousal	
  at	
  the	
  beginning	
  of	
  the	
  experiment.	
  (Figure	
  23).	
  

Post-­‐Acquisition	
  

It	
  was	
  not	
  expected	
  that	
  there	
  would	
  be	
  between	
  group	
  differences	
  at	
  Post-­‐

Acquisition	
  as	
  individuals	
  in	
  different	
  groups	
  were	
  not	
  treated	
  differently	
  until	
  after	
  

Acquisition.	
  	
  The	
  results	
  were	
  not	
  consistent	
  with	
  this.	
  	
  	
  

Arousal	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  

interaction	
  was	
  significant,	
  χ2(2)=8.84,	
  p<0.05.	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  

interaction	
  was	
  significant,	
  χ2(2)=7.37,	
  p<0.05,	
  suggesting	
  that	
  acquisition	
  of	
  self-­‐reported	
  

arousal	
  to	
  the	
  CS+	
  differed	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  despite	
  the	
  fact	
  that	
  the	
  

attention	
  training	
  manipulation	
  has	
  not	
  been	
  introduced	
  yet.	
  Namely,	
  arousal	
  to	
  the	
  CS+	
  

was	
  significantly	
  greater	
  in	
  CON	
  compared	
  to	
  TD,	
  z=2.70,	
  SE=0.96,	
  p<0.05.	
  	
  For	
  the	
  CS-­‐,	
  the	
  

ABMT	
  Condition	
  x	
  Phase	
  interaction	
  was	
  not	
  significant,	
  χ2(2)=1.06,	
  p>0.05,	
  suggesting	
  that	
  

not	
  only	
  did	
  arousal	
  to	
  the	
  CS-­‐	
  not	
  change	
  from	
  pre-­‐	
  to	
  post-­‐acquisition,	
  B=-­‐0.75,	
  SE=0.54,	
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z=-­‐1.38,	
  p>0.05,	
  it	
  also	
  did	
  not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition	
  (Figure	
  22).	
  

Valence	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  

interaction	
  was	
  significant,	
  χ2(2)=10.51,	
  p<0.01.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  

Order	
  interaction	
  was	
  significant,	
  χ2(2)=11.94,	
  p<0.01,	
  suggesting	
  that	
  acquisition	
  of	
  self-­‐

reported	
  valence	
  to	
  the	
  CS+	
  differed	
  as	
  a	
  function	
  of	
  ABMT	
  Condition,	
  despite	
  the	
  fact	
  that	
  

the	
  attention	
  training	
  manipulation	
  has	
  not	
  been	
  introduced	
  yet.	
  	
  Namely,	
  the	
  increase	
  in	
  

valence	
  was	
  significant	
  greater	
  in	
  TS,	
  χ2(2)=6.96,	
  p<0.01,	
  	
  and	
  CON,	
  χ2(2)=3.22,	
  p<0.01,	
  

relative	
  to	
  TD.	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=0.67,	
  p>0.05,	
  suggesting	
  that	
  not	
  only	
  did	
  valence	
  to	
  the	
  CS-­‐	
  not	
  change	
  

from	
  pre-­‐	
  to	
  post-­‐acquisition,	
  B=-­‐0.42,	
  SE=0.57,	
  z=-­‐0.74,	
  p>0.05,	
  it	
  also	
  did	
  not	
  differ	
  as	
  a	
  

function	
  of	
  ABMT	
  Condition	
  (Figure	
  23).	
  

Post-­‐Attention	
  Bias	
  Modification	
  Training	
  (ABMT)	
  

Arousal	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  

interaction	
  was	
  significant,	
  χ2(2)=8.13,	
  p<0.05.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  marginally	
  significant,	
  χ2(2)=5.32,	
  p=0.07,	
  suggesting	
  that	
  self-­‐reported	
  

arousal	
  to	
  the	
  CS+	
  differed	
  marginally	
  as	
  a	
  function	
  of	
  ABMT	
  Condition.	
  Namely,	
  the	
  

reduction	
  in	
  arousal	
  to	
  the	
  CS+	
  was	
  significantly	
  greater	
  in	
  TS	
  compared	
  to	
  TD,	
  z=-­‐2.3,	
  

SE=0.87,	
  p<0.05.	
  	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  significant,	
  

χ2(2)=7.21,	
  p<0.05,	
  such	
  that	
  the	
  decline	
  in	
  arousal	
  to	
  the	
  CS-­‐	
  was	
  greater	
  in	
  CON	
  relative	
  to	
  

TD,	
  z=2.64,	
  SE=0.54,	
  p<0.01(Figure	
  22).	
  

Valence	
  Rating.	
  As	
  expected,	
  the	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  

interaction	
  was	
  significant,	
  χ2(2)=6.70,	
  p<0.05.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  not	
  significant,	
  χ2(2)=2.39,	
  p>0.05,	
  suggesting	
  that	
  self-­‐reported	
  valence	
  to	
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the	
  CS+	
  did	
  not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition.	
  	
  The	
  overall	
  decline	
  in	
  valence	
  was	
  

significant,	
  B=-­‐3.42,	
  SE=0.72,	
  z=-­‐4.73,	
  p<0.01.	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  

Order	
  interaction	
  was	
  marginally	
  significant,	
  χ2(2)=5.20,	
  p=0.074.	
  Namely,	
  the	
  decline	
  in	
  

valence	
  to	
  the	
  CS-­‐	
  was	
  greater	
  in	
  TD	
  relative	
  to	
  CON,	
  z=2.70,	
  SE=0.54,	
  p<0.05	
  (Figure	
  23).	
  

Post-­‐Extinction	
  

Arousal	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=0.72,	
  p>0.05.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

not	
  significant,	
  χ2(2)=0.46,	
  p>0.05,	
  suggesting	
  that	
  	
  the	
  self-­‐reported	
  arousal	
  to	
  the	
  CS+	
  did	
  

not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition	
  from	
  pre-­‐	
  to	
  post-­‐Extinction.	
  For	
  the	
  CS-­‐,	
  the	
  

ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  also	
  not	
  significant,	
  χ2(2)=3.55,	
  p>0.05,	
  also	
  

suggesting	
  that	
  self-­‐reported	
  arousal	
  to	
  CS-­‐	
  also	
  did	
  not	
  vary	
  as	
  a	
  function	
  of	
  ABMT	
  

Condition	
  (Figure	
  22).	
  

Valence	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=0.17,	
  p>0.05.	
  	
  For	
  the	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  

was	
  not	
  significant,	
  χ2(2)=3.01,	
  p>0.05.	
  	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  significant,	
  χ2(2)=9.36,	
  p<0.01,	
  suggesting	
  that	
  self-­‐reported	
  valence	
  to	
  the	
  

CS-­‐	
  differed	
  as	
  a	
  function	
  of	
  ABMT	
  Condition	
  (Figure	
  23).	
  	
  Namely,	
  self-­‐reported	
  valence	
  

was	
  greater	
  to	
  the	
  CS-­‐	
  in	
  TD	
  relative	
  to	
  TS.	
  

Pre-­‐Extinction	
  Retest	
  

Arousal	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=0.41,	
  p>0.05.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

not	
  significant,	
  χ2(2)=3.13,	
  p>0.05,	
  suggesting	
  that	
  self-­‐reported	
  arousal	
  to	
  the	
  CS+	
  did	
  not	
  

differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition	
  from	
  the	
  post-­‐Extinction	
  to	
  pre-­‐Extinction	
  Retest.	
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For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  also	
  not	
  significant,	
  

χ2(2)=1.86,	
  p>0.05,	
  also	
  suggesting	
  that	
  self-­‐reported	
  arousal	
  to	
  CS-­‐	
  also	
  did	
  not	
  vary	
  as	
  a	
  

function	
  of	
  ABMT	
  Condition	
  (Figure	
  22).	
  

Valence	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=0.35,	
  p>0.05.	
  	
  For	
  the	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  

was	
  not	
  significant,	
  χ2(2)=1.45,	
  p>0.05,	
  suggesting	
  that	
  self-­‐reported	
  valence	
  did	
  not	
  vary	
  

across	
  ABMT	
  Conditions.	
  	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

marginally	
  significant,	
  χ2(2)=5.46,	
  p=0.065,	
  such	
  that	
  the	
  decline	
  in	
  self-­‐reported	
  valence	
  

was	
  greater	
  in	
  TD	
  relative	
  to	
  TS,	
  z=-­‐2.24,	
  SE=0.62,	
  p<0.05	
  (Figure	
  23).	
  

Post-­‐Extinction	
  Retest	
  

Arousal	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=2.75,	
  p>0.05.	
  	
  For	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

not	
  significant,	
  χ2(2)=3.78,	
  p>0.05,	
  suggesting	
  that	
  	
  the	
  self-­‐reported	
  arousal	
  to	
  the	
  CS+	
  did	
  

not	
  differ	
  as	
  a	
  function	
  of	
  ABMT	
  Condition.	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  

interaction	
  was	
  also	
  not	
  significant,	
  χ2(2)=0.19,	
  p>0.05,	
  also	
  suggesting	
  that	
  self-­‐reported	
  

arousal	
  to	
  CS-­‐	
  also	
  did	
  not	
  vary	
  as	
  a	
  function	
  of	
  ABMT	
  Condition	
  (Figure	
  22).	
  

Valence	
  Rating.	
  The	
  ABMT	
  Condition	
  x	
  Phase	
  x	
  Trial	
  Type	
  3-­‐way	
  interaction	
  was	
  not	
  

significant,	
  χ2(2)=1.62,	
  p>0.05.	
  	
  For	
  the	
  CS+,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  

was	
  not	
  significant,	
  χ2(2)=2.03,	
  p>0.05,	
  suggesting	
  that	
  self-­‐reported	
  valence	
  did	
  not	
  vary	
  

across	
  ABMT	
  Conditions.	
  	
  For	
  the	
  CS-­‐,	
  the	
  ABMT	
  Condition	
  x	
  Trial	
  Order	
  interaction	
  was	
  

also	
  not	
  significant,	
  χ2(2)=0.13,	
  p>0.05,	
  suggesting	
  that	
  self-­‐reported	
  valence	
  did	
  not	
  vary	
  

across	
  ABMT	
  Conditions	
  (Figure	
  23).	
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Summary	
  

Despite	
  randomization,	
  we	
  observed	
  an	
  unexpected	
  baseline	
  difference	
  (at	
  Post-­‐	
  

Acquisition)	
  prior	
  to	
  the	
  introduction	
  of	
  ABMT	
  manipulation.	
  	
  Namely,	
  arousal	
  to	
  the	
  CS+	
  

was	
  significantly	
  greater	
  in	
  CON	
  compared	
  to	
  TD,	
  and	
  the	
  increase	
  in	
  valence	
  was	
  

significantly	
  greater	
  in	
  TS	
  and	
  CON	
  compared	
  to	
  TD.	
  	
  Following	
  ABMT,	
  decrease	
  in	
  arousal	
  

to	
  the	
  CSB	
  (CS+)	
  in	
  TS	
  was	
  trending	
  towards	
  significance	
  relative	
  to	
  TD,	
  which	
  was	
  an	
  

unexpected	
  finding.	
  	
  Equally	
  unexpected,	
  the	
  decline	
  in	
  arousal	
  to	
  the	
  CSD	
  (CS-­‐)	
  was	
  greater	
  

in	
  CON	
  relative	
  to	
  TD.	
  	
  On	
  the	
  other	
  hand,	
  as	
  expected,	
  the	
  decline	
  in	
  valence	
  to	
  the	
  CSD	
  (CS-­‐

)	
  was	
  greater	
  in	
  TD	
  relative	
  to	
  CON.	
  	
  Although	
  we	
  hypothesized	
  that	
  TD	
  would	
  facilitate	
  the	
  

extinction	
  of	
  valence	
  and	
  arousal	
  to	
  the	
  CSB	
  (CS+)	
  following	
  Extinction	
  compared	
  to	
  CON	
  

and	
  TS,	
  the	
  results	
  did	
  not	
  observe	
  any	
  group	
  differences.	
  	
  An	
  unexpected	
  finding	
  was	
  that	
  

self-­‐reported	
  valence	
  was	
  greater	
  to	
  the	
  CSD	
  (CS-­‐)	
  in	
  TD	
  relative	
  to	
  TS.	
  	
  Despite	
  similar	
  

hypotheses	
  about	
  reactivity	
  on	
  Visit	
  2	
  at	
  Extinction	
  Retest,	
  we	
  continued	
  to	
  not	
  observe	
  any	
  

groups	
  differences	
  on	
  self-­‐reported	
  valence	
  and	
  arousal	
  ratings	
  for	
  the	
  most	
  part.	
  	
  Although	
  

not	
  specifically	
  hypothesized,	
  but	
  still	
  consistent	
  with	
  our	
  general	
  hypothesis,	
  we	
  did	
  find	
  

that	
  the	
  decline	
  in	
  self-­‐reported	
  valence	
  was	
  greater	
  in	
  TD	
  relative	
  to	
  TS	
  for	
  the	
  CSB	
  (CS+).	
  	
  

Following	
  Extinction	
  Retest,	
  no	
  group	
  differences	
  were	
  observed	
  in	
  valence	
  and	
  arousal	
  

ratings.	
  	
  Overall,	
  ABMT	
  did	
  not	
  have	
  a	
  particularly	
  strong	
  effect	
  on	
  self-­‐reported	
  valance	
  

and	
  arousal	
  ratings	
  to	
  the	
  CSB	
  (CS+)	
  and	
  CSD	
  (CS-­‐)	
  following	
  each	
  experimental	
  phase	
  

across	
  both	
  visits.	
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Figure	
  22.	
  

	
  

Figure	
  23.	
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DISCUSSION	
  

Although	
  it	
  is	
  well	
  established	
  that	
  selective	
  attention	
  to	
  evolutionarily	
  prepared	
  

threat	
  cues	
  (e.g.,	
  spiders,	
  snakes;	
  Mogg	
  et	
  al.,	
  2000)	
  is	
  observed	
  across	
  both	
  healthy	
  and	
  

clinically-­‐anxious	
  samples,	
  and	
  that	
  disorder-­‐specific	
  stimuli	
  can	
  also	
  command	
  an	
  

attentional	
  bias	
  in	
  disordered-­‐samples	
  (e.g.,	
  Mogg	
  &	
  Bradley,	
  2004),	
  much	
  less	
  is	
  known	
  

about	
  the	
  establishment	
  of	
  an	
  attentional	
  bias	
  to	
  stimuli	
  that	
  have	
  acquired	
  a	
  signal	
  value	
  

for	
  threat	
  through	
  learning/experience	
  (e.g.,	
  fear	
  acquisition).	
  	
  Thus,	
  the	
  first	
  aim	
  of	
  the	
  

study	
  was	
  to	
  examine	
  attention	
  bias	
  to	
  acquired	
  threat	
  cues	
  (CS+)	
  in	
  comparison	
  with	
  

neutral	
  cues	
  and	
  safety	
  cues	
  (CS-­‐).	
  

The	
  second	
  aim	
  of	
  the	
  study	
  was	
  to	
  examine	
  the	
  effect	
  of	
  attention	
  training	
  on	
  fear	
  

extinction.	
  	
  To	
  this	
  end,	
  several	
  hypothesizes	
  were	
  tested	
  in	
  this	
  study	
  based	
  on	
  several	
  

theories	
  of	
  classical	
  (fear)	
  conditioning	
  that	
  posit	
  that	
  attention	
  allocation	
  is	
  a	
  prerequisite	
  

for	
  learning	
  (Mackintosh,	
  1975;	
  Mitchell,	
  De	
  Houwer,	
  &	
  Lovibond,	
  2009;	
  Wagner,	
  1981).	
  	
  

Given	
  that	
  learning,	
  in	
  general,	
  requires	
  attention,	
  it	
  follows	
  that	
  the	
  strength	
  of	
  fear	
  

extinction	
  should	
  also	
  depend	
  on	
  the	
  availability	
  of	
  attentional	
  resources.	
  	
  In	
  line	
  with	
  this	
  

logic,	
  this	
  study	
  hypothesized	
  that	
  (1)	
  attention	
  allocation	
  training	
  towards	
  the	
  CS+	
  would	
  

enhance	
  extinction	
  performance;	
  (2)	
  it	
  would	
  also	
  facilitate	
  extinction	
  learning	
  and	
  lead	
  to	
  

less	
  recovery	
  of	
  conditional	
  fear	
  responding	
  at	
  spontaneous	
  recovery	
  and	
  reinstatement	
  

tests;	
  and	
  (3)	
  attention	
  allocation	
  training	
  towards	
  the	
  CS-­‐	
  functionally	
  serves	
  as	
  avoidance	
  

and	
  would	
  be	
  detrimental	
  to	
  fear	
  extinction	
  performance	
  and	
  learning	
  as	
  evidenced	
  by	
  

greater	
  recovery	
  of	
  the	
  conditional	
  fear	
  at	
  spontaneous	
  recovery	
  and	
  reinstatement	
  tests.	
  	
  

Results	
  were	
  mixed	
  in	
  supporting	
  the	
  study	
  hypotheses.	
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Efficacy	
  of	
  Fear	
  Acquisition	
  

	
   Overall,	
  we	
  observed	
  differential	
  fear	
  acquisition	
  to	
  both	
  sets	
  of	
  the	
  CS+	
  and	
  the	
  CS-­‐.	
  	
  	
  

The	
  effect	
  was	
  particularly	
  robust	
  as	
  indexed	
  by	
  self-­‐reported	
  CS-­‐US	
  expectancy	
  ratings.	
  	
  

Although	
  differential	
  fear	
  acquisition	
  was	
  also	
  established	
  based	
  on	
  physiological	
  indices	
  

(ASR	
  and	
  SCR)	
  by	
  the	
  last	
  block	
  of	
  Acquisition,	
  it	
  was	
  notable	
  that	
  there	
  was	
  an	
  unexpected	
  

decline	
  in	
  the	
  amplitude	
  of	
  the	
  SCR	
  with	
  each	
  subsequent	
  block	
  of	
  Acquisition.	
  	
  The	
  decline	
  

in	
  skin	
  conductance	
  responding	
  to	
  the	
  onset	
  of	
  the	
  CS	
  may	
  be	
  due	
  to	
  the	
  fact	
  that	
  the	
  startle	
  

probe,	
  administered	
  during	
  the	
  CS	
  presentation	
  to	
  elicit	
  the	
  ASR,	
  may	
  have	
  overshadowed	
  

the	
  conditional	
  responding	
  to	
  the	
  geometric	
  shapes	
  themselves	
  (CSs).	
  	
  This	
  may	
  be	
  due	
  to	
  

the	
  idea	
  of	
  CS-­‐US	
  belongingness	
  such	
  that	
  an	
  auditory	
  stimulus	
  (i.e.,	
  startle	
  probe)	
  

compared	
  to	
  a	
  visual	
  stimulus	
  (i.e.,	
  geometric	
  shape)	
  may	
  more	
  easily	
  acquire	
  conditional	
  

responding	
  to	
  an	
  aversive	
  shock	
  (US)	
  due	
  to	
  their	
  evolutionary	
  relationship	
  (Garcia	
  &	
  

Koelling,	
  1966).	
  	
  Thus,	
  more	
  conditional	
  responding	
  to	
  the	
  CS+	
  may	
  be	
  observed	
  in	
  the	
  ASR	
  

(elicited	
  by	
  the	
  startle	
  probe)	
  rather	
  than	
  the	
  SCR	
  (elicited	
  by	
  the	
  onset	
  of	
  the	
  geometric	
  

shape).	
  	
  Regardless	
  of	
  this	
  slight	
  anomaly,	
  it	
  could	
  be	
  safely	
  assumed	
  that	
  successful	
  

differential	
  fear	
  acquisition	
  was	
  established.	
  

Effect	
  of	
  Differential	
  Conditioning	
  on	
  Attention	
  Allocation	
  to	
  CS+	
  and	
  CS-­‐	
  

	
   Greatly	
  to	
  our	
  surprise,	
  we	
  did	
  not	
  find	
  an	
  attentional	
  bias	
  towards	
  the	
  CS+	
  as	
  

operationalized	
  by	
  quicker	
  response	
  time	
  on	
  valid	
  CS+/neutral	
  trials	
  versus	
  valid	
  

neutral/neutral	
  trials	
  in	
  our	
  study.	
  	
  Instead,	
  we	
  found	
  the	
  opposite	
  effect.	
  	
  Namely,	
  

participants	
  were	
  slower	
  to	
  respond	
  to	
  probes	
  in	
  the	
  vicinity	
  of	
  the	
  CS+.	
  This	
  seemed	
  to	
  

suggest	
  that	
  that	
  the	
  presence	
  of	
  the	
  CS+	
  interfered	
  with	
  the	
  subsequent	
  task	
  of	
  identifying	
  

the	
  probe	
  (“:”	
  or	
  “.	
  .”).	
  	
  Furthermore,	
  this	
  pattern	
  held	
  true	
  regardless	
  of	
  the	
  location	
  of	
  the	
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probe	
  (in	
  the	
  same	
  or	
  opposite	
  location	
  of	
  the	
  CS+).	
  	
  Due	
  to	
  the	
  fact	
  that	
  prior	
  literature	
  is	
  

not	
  well-­‐established	
  and	
  only	
  one	
  other	
  study	
  to	
  date	
  has	
  examined	
  the	
  impact	
  of	
  

differential	
  fear	
  conditioning	
  on	
  attention	
  bias	
  as	
  measured	
  by	
  the	
  DPT	
  (Pischek-­‐Simpson	
  

et	
  al.,	
  2009),	
  comparisons	
  with	
  prior	
  studies	
  were	
  limited.	
  	
  Consistent	
  with	
  our	
  finding,	
  

Pischek-­‐Simpson	
  and	
  colleagues	
  also	
  did	
  not	
  find	
  a	
  difference	
  in	
  response	
  time	
  between	
  

valid	
  and	
  invalid	
  trials.	
  	
  This	
  would	
  also	
  suggest	
  that	
  the	
  presence	
  of	
  the	
  CS+	
  had	
  a	
  uniform	
  

effect	
  on	
  the	
  subsequent	
  probe	
  task	
  regardless	
  of	
  the	
  location	
  of	
  the	
  probe.	
  	
  That	
  being	
  said,	
  

Pischek-­‐Simpson	
  and	
  colleagues	
  still	
  found	
  that	
  the	
  CS+	
  facilitated	
  the	
  detection	
  of	
  the	
  

probe	
  relative	
  to	
  the	
  CS-­‐.	
  	
  This	
  was	
  not	
  observed	
  in	
  our	
  study.	
  	
  Although	
  the	
  two	
  studies	
  

were	
  similar	
  in	
  methodology,	
  our	
  study	
  consisted	
  of	
  high	
  trait-­‐anxious	
  participants	
  and	
  the	
  

other	
  study	
  did	
  not.	
  	
  The	
  difference	
  in	
  response	
  time	
  observed	
  could	
  be	
  due	
  to	
  the	
  

moderating	
  effect	
  of	
  trait	
  anxiety.	
  	
  There	
  is	
  some	
  support	
  for	
  this	
  based	
  on	
  a	
  recent	
  meta-­‐

analysis	
  of	
  threat-­‐related	
  attentional	
  bias	
  in	
  anxious	
  and	
  non-­‐anxious	
  individuals	
  (Bar-­‐

Haim	
  et	
  al.,	
  2007),	
  which	
  found	
  a	
  significant	
  difference	
  between	
  anxious	
  and	
  control	
  

participants	
  in	
  studies	
  that	
  were	
  based	
  on	
  measures	
  of	
  trait	
  anxiety.	
  	
  

	
   In	
  our	
  review	
  of	
  findings	
  relating	
  attention	
  bias	
  (using	
  the	
  DPT)	
  to	
  fear/anxiety	
  in	
  

general	
  (not	
  limited	
  to	
  acquired	
  bias	
  as	
  a	
  result	
  of	
  fear	
  conditioning),	
  we	
  found	
  several	
  

studies	
  that	
  also	
  did	
  not	
  find	
  an	
  attentional	
  bias	
  for	
  threat	
  cues	
  relative	
  to	
  neutral	
  cues	
  (e.g.,	
  

Roberts	
  et	
  al.,	
  2005;	
  Livermore	
  et	
  al.,	
  2007).	
  	
  However,	
  only	
  one	
  study	
  to	
  date	
  observed	
  a	
  

delay	
  in	
  response	
  time	
  to	
  threat	
  cues	
  as	
  we	
  did	
  in	
  the	
  current	
  study	
  (Bar-­‐Haim	
  et	
  al.,	
  2010).	
  	
  

Bar-­‐Haim	
  and	
  colleagues	
  suggested	
  that	
  the	
  reverse	
  effect	
  observed	
  in	
  their	
  study	
  was	
  due	
  

to	
  the	
  fact	
  that	
  their	
  study	
  consisted	
  of	
  a	
  traumatized	
  population	
  who	
  had	
  gone	
  through	
  

war-­‐related	
  stress.	
  	
  Namely,	
  attentional	
  threat	
  avoidance	
  may	
  reduce	
  the	
  acute	
  impact	
  of	
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imminent	
  threat.	
  	
  Although	
  the	
  our	
  sample	
  cannot	
  be	
  compared	
  with	
  the	
  sample	
  from	
  Bar-­‐

Haim	
  et	
  al.’s	
  study,	
  the	
  results	
  together	
  do	
  challenge	
  current	
  thinking	
  about	
  the	
  role	
  of	
  

attention	
  across	
  diverse	
  populations.	
  	
  

Our	
  results,	
  based	
  on	
  the	
  DPT,	
  were	
  more	
  akin	
  to	
  the	
  pattern	
  of	
  results	
  observed	
  in	
  

high	
  trait-­‐anxious	
  participants	
  who	
  have	
  undergone	
  the	
  emotional	
  stroop	
  task.	
  In	
  the	
  

emotional	
  stroop	
  task,	
  anxious	
  participants	
  are	
  slower	
  in	
  responding	
  to	
  the	
  color	
  of	
  a	
  word	
  

when	
  the	
  semantic	
  content	
  of	
  the	
  word	
  is	
  related	
  to	
  threat	
  compared	
  to	
  non-­‐anxious	
  

participants.	
  	
  It	
  is	
  hypothesized	
  that	
  the	
  attentional	
  bias	
  to	
  word	
  with	
  content	
  related	
  to	
  

threat	
  would	
  interfere	
  with	
  one’s	
  ability	
  to	
  perform	
  a	
  concurrent	
  task	
  (i.e.,	
  naming	
  the	
  ink	
  

color	
  of	
  the	
  word)	
  because	
  attentional	
  resources	
  have	
  been	
  disproportionately	
  allocated	
  to	
  

the	
  content	
  of	
  the	
  word	
  instead	
  of	
  the	
  ink	
  color	
  of	
  the	
  word.	
  	
  The	
  interfering	
  effect	
  of	
  the	
  

emotional	
  stroop	
  task	
  does	
  not,	
  however,	
  clarify	
  the	
  mechanism	
  through	
  which	
  it	
  operates	
  

or	
  the	
  components	
  of	
  attention	
  on	
  which	
  the	
  mechanisms	
  operate.	
  	
  	
  One	
  likely	
  mechanism	
  

is	
  attentional	
  control,	
  which	
  is	
  responsible	
  for	
  orienting,	
  maintaining,	
  and	
  shifting	
  attention	
  

(cf.	
  Posner,	
  1980;	
  1990)	
  and	
  it	
  may	
  modulate	
  the	
  degree	
  to	
  which	
  emotional	
  stimuli	
  

withdraw	
  attention	
  from	
  task	
  demands	
  (Derryberry	
  &	
  Reed,	
  2002;	
  Eysenck	
  et	
  al.,	
  2007;	
  

Reinholdt-­‐Dunne	
  et	
  al.,	
  2009;	
  Wyble	
  et	
  al.,	
  2008).	
  Disruption	
  of	
  this	
  mechanism	
  would	
  

explain	
  the	
  delayed	
  effect	
  to	
  the	
  CS+	
  (i.e.,	
  slowed	
  reaction	
  to	
  the	
  probe	
  task	
  following	
  

CS+/neutral	
  trials)	
  observed	
  in	
  our	
  study.	
  

Efficacy	
  of	
  ABMT	
  on	
  DPT	
  

	
   Efficacy	
  of	
  ABMT	
  on	
  attention	
  allocation	
  on	
  CS	
  at	
  Post-­‐ABMT	
  Dot	
  Probe	
  Task	
  was	
  

difficult	
  to	
  assess	
  due	
  to	
  the	
  lack	
  of	
  attentional	
  bias	
  to	
  the	
  CS+	
  at	
  Pre-­‐ABMT	
  assessment.	
  	
  

Instead,	
  we	
  observed	
  a	
  general	
  interference	
  effect	
  of	
  the	
  CS+	
  resulting	
  in	
  slower	
  response	
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time	
  to	
  the	
  probe	
  following	
  CS+	
  relative	
  to	
  CS-­‐	
  and/or	
  neutral	
  trials	
  at	
  Pre-­‐ABMT.	
  	
  From	
  

pre-­‐	
  to	
  post-­‐ABMT,	
  decrease	
  in	
  RT	
  to	
  CS+/neutral	
  trials	
  was	
  greater	
  in	
  TD	
  than	
  in	
  TS.	
  	
  That	
  

being	
  said,	
  this	
  rate	
  was	
  not	
  different	
  between	
  TD	
  and	
  CON.	
  	
  In	
  summary,	
  we	
  observed	
  

some	
  support	
  for	
  the	
  efficacy	
  of	
  TD,	
  but	
  it	
  was	
  not	
  conclusive.	
  

	
  	
  In	
  TS,	
  we	
  observed	
  a	
  similar	
  interference	
  effect	
  of	
  the	
  CS+	
  at	
  Pre-­‐	
  relative	
  to	
  the	
  CS.	
  	
  

That	
  being	
  said,	
  we	
  did	
  not	
  observe	
  a	
  reduction	
  in	
  response	
  time	
  to	
  the	
  CS-­‐	
  as	
  

hypothesized.	
  	
  	
  However,	
  we	
  continued	
  to	
  observe	
  a	
  reduction	
  in	
  response	
  time	
  to	
  the	
  CS+	
  

such	
  that	
  by	
  Post-­‐,	
  response	
  times	
  to	
  both	
  the	
  CS+	
  and	
  CS-­‐	
  were	
  significantly	
  faster	
  than	
  the	
  

neutral	
  trials.	
  	
  In	
  summary,	
  ABMT	
  towards	
  the	
  CS-­‐	
  was	
  not	
  successful.	
  

In	
  CON,	
  we	
  did	
  not	
  find	
  an	
  attentional	
  bias	
  towards	
  the	
  CS+	
  to	
  begin	
  with.	
  	
  By	
  Post,	
  

response	
  times	
  to	
  the	
  CS+,	
  CS-­‐,	
  and	
  neutral	
  trials	
  also	
  did	
  not	
  differentiate,	
  but	
  were	
  faster	
  

in	
  general.	
  	
  In	
  summary,	
  our	
  ABMT	
  manipulation	
  was	
  partly	
  successful	
  in	
  TD,	
  but	
  not	
  

successful	
  in	
  TS.	
  	
  	
  	
  	
  

Effect	
  of	
  ABMT	
  on	
  Extinction	
  Performance	
  

	
   Contrary	
  to	
  hypothesis,	
  ABMT	
  Towards	
  the	
  CS+	
  did	
  not	
  facilitate	
  greater	
  extinction	
  

performance	
  relative	
  to	
  No	
  ABMT	
  Control	
  on	
  all	
  conditioning	
  measures	
  (ASR,	
  SCR,	
  US	
  

Expectancy	
  Rating,	
  and	
  Valence	
  and	
  Arousal	
  Ratings).	
  	
  In	
  fact,	
  ABMT	
  Towards	
  the	
  CS-­‐	
  

facilitated	
  greater	
  extinction	
  performance	
  (i.e.,	
  slope	
  of	
  extinction)	
  to	
  the	
  CS+	
  on	
  SCR	
  

compared	
  to	
  the	
  No	
  ABMT	
  Control	
  group.	
  	
  Although	
  a	
  similar	
  decline	
  in	
  SCR	
  was	
  observed	
  

in	
  ABMT	
  Towards	
  CS+,	
  this	
  was	
  not	
  significantly	
  different	
  from	
  the	
  No	
  ABMT	
  Control	
  

group.	
  	
  That	
  being	
  said,	
  the	
  skin	
  conductance	
  response	
  at	
  the	
  last	
  trial	
  of	
  Extinction	
  was	
  

significantly	
  smaller	
  in	
  the	
  ABMT	
  Towards	
  CS+	
  group	
  as	
  well	
  as	
  the	
  Towards	
  CS-­‐	
  group	
  in	
  

comparison	
  with	
  the	
  control	
  group,	
  which	
  suggested	
  that	
  a	
  comparable	
  degree	
  of	
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facilitation	
  in	
  extinction	
  performance	
  was	
  observed	
  in	
  both	
  attention	
  retraining	
  groups,	
  in	
  

spite	
  of	
  the	
  fact	
  that	
  a	
  statistically	
  significant	
  difference	
  in	
  the	
  (negative)	
  slope	
  of	
  the	
  SCR	
  

was	
  not	
  observed	
  between	
  ABMT	
  Towards	
  CS+	
  and	
  the	
  no	
  ABMT	
  control.	
  

	
  	
   A	
  similar	
  pattern	
  was	
  observed	
  in	
  the	
  ASR,	
  where	
  ABMT	
  Towards	
  the	
  CS-­‐	
  facilitated	
  

greater	
  extinction	
  performance	
  to	
  the	
  CS+	
  and	
  marginally	
  to	
  the	
  CS-­‐	
  relative	
  to	
  the	
  No	
  

ABMT	
  Control	
  group.	
  	
  Furthermore,	
  ABMT	
  Towards	
  the	
  CS+	
  interfered	
  with	
  extinction	
  

performance	
  to	
  the	
  CS-­‐	
  on	
  US	
  expectancy	
  rating.	
  	
  	
  

With	
  respect	
  to	
  valence	
  and	
  arousal	
  ratings,	
  ABMT	
  Towards	
  the	
  CS+	
  resulted	
  in	
  

increased	
  subjective	
  valence	
  rating	
  to	
  the	
  CS-­‐	
  from	
  pre-­‐	
  to	
  post-­‐	
  Extinction	
  relative	
  to	
  both	
  

the	
  ABMT	
  Towards	
  the	
  CS-­‐	
  and	
  No	
  ABMT	
  Control	
  groups.	
  

	
   It	
  is	
  unclear	
  why	
  making	
  the	
  CS-­‐	
  more	
  salient	
  (TS	
  group)	
  would	
  enhance	
  extinction	
  

performance	
  to	
  the	
  CS+	
  (evidenced	
  by	
  ASR	
  and	
  SCR)	
  and	
  CS-­‐	
  (evidenced	
  by	
  ASR).	
  	
  These	
  

results	
  contradict	
  with	
  the	
  universal	
  fact	
  that	
  attention	
  is	
  required	
  for	
  (new)	
  learning	
  to	
  

occur	
  and	
  the	
  lack	
  of	
  attention	
  should	
  be	
  detrimental	
  to	
  learning,	
  including	
  learning	
  the	
  

inhibitory	
  association	
  between	
  the	
  CS+	
  and	
  no-­‐US	
  during	
  Fear	
  Extinction.	
  	
  	
  It	
  is	
  possible	
  

that	
  training	
  participants	
  to	
  attend	
  towards	
  the	
  CS-­‐	
  functionally	
  served	
  to	
  distract	
  

participants	
  from	
  attending	
  to	
  the	
  CS+	
  during	
  Extinction,	
  even	
  though	
  it	
  is	
  not	
  likely	
  to	
  be	
  

the	
  case	
  because	
  we	
  did	
  not	
  observe	
  a	
  similar	
  pattern	
  in	
  CON.	
  	
  But	
  if	
  it	
  were	
  the	
  case,	
  then	
  it	
  

follows	
  that	
  the	
  greater	
  reduction	
  in	
  conditional	
  responding	
  to	
  the	
  CS+	
  did	
  not	
  actually	
  

reflect	
  greater	
  extinction,	
  but	
  rather	
  greater	
  decrease	
  in	
  reactivity	
  due	
  to	
  being	
  distracted	
  

by	
  the	
  CS-­‐,	
  and	
  thus	
  less	
  conditional	
  responding	
  to	
  the	
  CS+	
  was	
  processed	
  and	
  expressed.	
  	
  	
  

If	
  this	
  is	
  true,	
  it	
  should	
  also	
  follow	
  that	
  despite	
  the	
  appearance	
  of	
  greater	
  extinction	
  

performance	
  to	
  the	
  CS+	
  in	
  the	
  ABMT	
  Towards	
  CS-­‐	
  group,	
  extinction	
  learning	
  as	
  measured	
  



	
   75	
  

by	
  recovery	
  of	
  the	
  conditional	
  response	
  at	
  spontaneous	
  recovery	
  and	
  reinstatement	
  (Visit	
  

2)	
  should	
  be	
  enhanced	
  due	
  to	
  a	
  lack	
  of	
  “true”	
  learning	
  during	
  Extinction.	
  	
  This	
  was	
  

confirmed	
  in	
  the	
  subsequent	
  extinction	
  tests.	
  	
  Namely,	
  we	
  did	
  not	
  continue	
  to	
  observe	
  a	
  

facilitating	
  effect	
  of	
  ABMT	
  Towards	
  the	
  CS-­‐	
  at	
  Spontaneous	
  Recovery	
  and	
  Reinstatement.	
  	
  It	
  

is	
  also	
  noteworthy	
  that	
  the	
  influence	
  of	
  attention	
  engagement	
  versus	
  distraction	
  during	
  

fear	
  extinction	
  (or	
  exposure	
  therapy)	
  is	
  still	
  a	
  topic	
  of	
  debate	
  (e.g.,	
  Johnstone	
  &	
  Page,	
  2004;	
  

Schmid-­‐Leuz	
  et	
  al.,	
  2007).	
  

	
   It	
  is	
  also	
  unclear	
  why	
  US-­‐expectancy	
  ratings	
  did	
  not	
  converge	
  with	
  objective	
  

measures,	
  such	
  as	
  the	
  skin	
  conductance	
  response	
  and	
  the	
  acoustic	
  startle	
  response,	
  in	
  

reflecting	
  the	
  facilitating	
  effect	
  of	
  extinction	
  performance	
  when	
  attention	
  allocation	
  was	
  

trained	
  towards	
  the	
  CS-­‐.	
  	
  There	
  is	
  some	
  evidence	
  that	
  subjective	
  US-­‐expectancy	
  ratings,	
  

skin	
  conductance	
  response,	
  and	
  acoustic	
  startle	
  reactivity	
  may	
  dissociate	
  from	
  each	
  other	
  

(e.g.,	
  McAndrew	
  et	
  al.,	
  2012;	
  Sevenster	
  et	
  al.,	
  2014).	
  	
  	
  The	
  desynchrony	
  among	
  various	
  

indices	
  of	
  conditional	
  fear	
  responding	
  comes	
  from	
  a	
  body	
  of	
  literature	
  investigating	
  

whether	
  Pavlovian	
  conditioning	
  in	
  humans	
  is	
  a	
  unitary	
  system	
  in	
  which	
  conscious	
  

awareness	
  of	
  contingencies	
  is	
  necessary	
  (e.g.,	
  Hinchy	
  et	
  al.,	
  1995)	
  or	
  whether	
  it	
  is	
  driven	
  by	
  

dual	
  systems,	
  one	
  under	
  conscious	
  control	
  and	
  the	
  other	
  under	
  automatic	
  associative	
  

processes	
  (McLaren	
  et	
  al.,	
  1994).	
  	
  The	
  results	
  from	
  this	
  study	
  is	
  more	
  in	
  line	
  with	
  the	
  latter	
  

theory,	
  which	
  allows	
  for	
  a	
  dissociation	
  between	
  conscious	
  awareness	
  of	
  contingencies	
  (i.e.,	
  

US	
  expectancy)	
  and	
  a	
  physiological	
  CR,	
  such	
  as	
  the	
  acoustic	
  startle	
  response.	
  A	
  separate	
  

line	
  of	
  reasoning	
  based	
  on	
  the	
  nature	
  of	
  the	
  attention	
  training	
  also	
  suggest	
  that	
  it	
  may	
  

impact	
  automatic	
  measures	
  of	
  conditioning	
  (e.g.,	
  skin	
  conductance	
  and	
  acoustic	
  startle	
  

reactivity)	
  more	
  directly	
  compared	
  to	
  more	
  strategic	
  components	
  of	
  conditioning	
  (i.e.,	
  US	
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expectancy)	
  because	
  the	
  dot	
  probe	
  task	
  itself	
  operates	
  on	
  a	
  more	
  unconscious	
  level	
  of	
  

cognitive	
  processing	
  (see	
  review	
  by	
  Cisler	
  et	
  al.,	
  2010).	
  

	
   Contrary	
  to	
  hypothesis,	
  extinction	
  performance	
  to	
  the	
  CS+	
  was	
  impaired	
  in	
  the	
  

ABMT	
  Towards	
  CS+	
  group	
  relative	
  to	
  the	
  ABMT	
  Towards	
  CS-­‐	
  group	
  and	
  the	
  no	
  ABMT	
  

Control	
  group	
  based	
  on	
  US	
  expectancy	
  ratings.	
  	
  Although	
  a	
  significant	
  decline	
  was	
  observed	
  

in	
  the	
  ABMT	
  Towards	
  CS+	
  group,	
  confirming	
  successful	
  extinction	
  performance,	
  the	
  decline	
  

in	
  conditional	
  responding	
  in	
  the	
  two	
  other	
  groups	
  were	
  significantly	
  more	
  steep.	
  	
  The	
  

results	
  are	
  not	
  consistent	
  with	
  the	
  cognitive	
  accounts	
  of	
  classical	
  conditioning	
  and	
  with	
  

Emotional	
  Processing	
  Theory	
  (Foa	
  &	
  Kozak,	
  1986),	
  which	
  posits	
  that	
  in	
  order	
  for	
  exposure	
  

therapy	
  to	
  work,	
  the	
  underlying	
  fear	
  structure	
  must	
  be	
  activated	
  and	
  then	
  change,	
  which	
  

can	
  only	
  happen	
  when	
  the	
  anxious	
  individual	
  attends	
  to	
  the	
  threatening	
  stimulus.	
  	
  The	
  

results	
  are	
  also	
  at	
  odds	
  with	
  the	
  experiment	
  conducted	
  by	
  Van	
  Bockstaele	
  and	
  colleagues	
  

(2010),	
  which	
  found	
  that	
  training	
  attention	
  towards	
  the	
  CS+	
  during	
  extinction	
  promoted	
  

extinction	
  performance	
  on	
  US	
  expectancy	
  ratings	
  in	
  comparison	
  with	
  training	
  attention	
  

away	
  from	
  the	
  CS+.	
  	
  That	
  being	
  said,	
  the	
  methodology	
  in	
  the	
  Van	
  Bockstaele	
  study	
  differed	
  

from	
  the	
  methodology	
  in	
  the	
  current	
  study	
  in	
  significant	
  ways.	
  	
  First,	
  Van	
  Bockstaele	
  and	
  

colleagues	
  combined	
  attention	
  retraining	
  manipulation	
  with	
  fear	
  extinction	
  concurrently.	
  	
  

Second,	
  by	
  combining	
  attention	
  retraining	
  and	
  fear	
  extinction	
  in	
  one	
  phase,	
  significantly	
  

fewer	
  CS+	
  and	
  CS-­‐	
  trials	
  were	
  presented	
  compared	
  to	
  the	
  typical	
  attention	
  bias	
  

modification	
  training	
  based	
  on	
  the	
  original	
  design	
  proposed	
  by	
  MacLeod	
  and	
  colleagues	
  

(2002).	
  	
  Lastly,	
  Van	
  Bockstaele’s	
  study	
  involved	
  the	
  same	
  set	
  of	
  conditional	
  stimuli	
  being	
  

presented	
  during	
  both	
  attention	
  retraining	
  and	
  fear	
  extinction;	
  whereas	
  the	
  current	
  study	
  

examined	
  the	
  impact	
  of	
  attention	
  retraining	
  on	
  one	
  set	
  of	
  conditional	
  stimuli	
  (CS+	
  and	
  CS-­‐)	
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on	
  a	
  different	
  set	
  of	
  conditional	
  stimuli	
  during	
  extinction.	
  It	
  should	
  not	
  be	
  assumed	
  that	
  

(attention)	
  training	
  to	
  one	
  set	
  of	
  stimuli	
  would	
  generalize	
  to	
  other	
  stimuli.	
  	
  The	
  implicit	
  

assumption	
  regarding	
  the	
  transfer	
  of	
  learning	
  from	
  ABMT	
  to	
  everyday	
  life	
  was	
  more	
  

carefully	
  scrutinized	
  in	
  a	
  more	
  recent	
  study	
  by	
  Van	
  Bockstaele	
  and	
  colleagues	
  (2012),	
  

which	
  also	
  did	
  not	
  find	
  successful	
  generalization	
  of	
  attention	
  training	
  to	
  a	
  separate	
  set	
  of	
  

stimuli	
  presented	
  during	
  a	
  subsequent	
  emotional	
  interference	
  task.	
  	
  It	
  is	
  possible	
  that	
  the	
  

absence	
  of	
  a	
  facilitating	
  effect	
  of	
  attention	
  retraining	
  on	
  fear	
  extinction	
  to	
  a	
  separate	
  set	
  of	
  

stimuli	
  found	
  in	
  the	
  current	
  study	
  merely	
  adds	
  to	
  the	
  growing	
  body	
  of	
  evidence	
  pointing	
  to	
  

the	
  idea	
  that	
  attentional	
  training	
  with	
  the	
  dot	
  probe	
  task	
  is	
  limited	
  to	
  spatial	
  attention,	
  and	
  

that	
  the	
  effects	
  fail	
  to	
  generalize	
  to	
  other	
  components	
  of	
  attention,	
  such	
  those	
  involved	
  

during	
  fear	
  extinction	
  learning.	
  	
  	
  

Effect	
  of	
  ABMT	
  on	
  Spontaneous	
  Recovery	
  

In	
  light	
  of	
  more	
  recent	
  advances	
  in	
  the	
  literature	
  suggesting	
  that	
  fear	
  reduction	
  

during	
  or	
  at	
  the	
  end	
  of	
  extinction	
  does	
  not	
  predict	
  responding	
  upon	
  re-­‐test	
  (Bouton	
  et	
  al.,	
  

2006;	
  Rescorla,	
  2006;	
  Plendl,	
  Wolfgang	
  et	
  al.,	
  2010),	
  we	
  hypothesized	
  that	
  measures	
  

assessed	
  at	
  a	
  later	
  point	
  in	
  time,	
  such	
  as	
  on	
  a	
  subsequent	
  visit	
  taking	
  place	
  7	
  days	
  following	
  

the	
  Extinction	
  phase,	
  may	
  be	
  a	
  better	
  marker	
  of	
  the	
  impact	
  of	
  ABMT	
  on	
  (fear	
  extinction)	
  

learning.	
  	
  We	
  hypothesized	
  that	
  ABMT	
  Towards	
  the	
  CS+	
  would	
  promote	
  extinction	
  learning	
  

as	
  evidenced	
  by	
  reduced	
  recovery	
  of	
  the	
  conditional	
  response	
  to	
  the	
  CS+	
  at	
  Spontaneous	
  

Recovery.	
  	
  The	
  results	
  partially	
  supported	
  this	
  claim,	
  but	
  also	
  provided	
  contradictory	
  

evidence.	
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Impact	
  of	
  Any	
  Attention	
  Training	
  

	
   Contrary	
  to	
  our	
  hypothesis,	
  both	
  attention	
  retraining	
  groups	
  (ABMT	
  Towards	
  CS+	
  

and	
  CS-­‐)	
  resulted	
  in	
  enhanced	
  	
  spontaneous	
  recovery	
  of	
  the	
  skin	
  conductance	
  response	
  to	
  

the	
  CS+.	
  Similarly,	
  the	
  acoustic	
  startle	
  response	
  also	
  provided	
  further	
  evidence	
  for	
  the	
  

negative	
  impact	
  of	
  any	
  attention	
  retraining	
  on	
  the	
  conditional	
  response	
  to	
  the	
  CS+.	
  	
  

Moreover,	
  although	
  not	
  specifically	
  predicted	
  in	
  our	
  hypothesis,	
  a	
  similar	
  increase	
  in	
  the	
  

spontaneous	
  recovery	
  of	
  the	
  conditional	
  responding	
  was	
  also	
  observed	
  towards	
  the	
  CS-­‐	
  on	
  

skin	
  conductance.	
  	
  It	
  is	
  unclear	
  why	
  attention	
  retraining	
  procedures	
  that	
  increased	
  the	
  

salience	
  to	
  both	
  the	
  CS+	
  and	
  the	
  CS-­‐	
  would	
  equally	
  contribute	
  to	
  greater	
  spontaneous	
  

recovery	
  of	
  the	
  CS+	
  relative	
  to	
  no	
  attention	
  retraining.	
  	
  	
  

	
   Upon	
  closer	
  examination,	
  it	
  was	
  very	
  curious	
  that	
  the	
  spontaneous	
  recovery	
  effect	
  

was	
  not	
  observed	
  in	
  the	
  CON	
  group	
  on	
  both	
  skin	
  conductance	
  response	
  and	
  acoustic	
  startle	
  

response	
  to	
  the	
  CS+	
  and	
  CS-­‐	
  despite	
  the	
  effect	
  being	
  observed	
  in	
  the	
  measure	
  of	
  US	
  

expectancy.	
  	
  The	
  lack	
  of	
  a	
  spontaneous	
  recovery	
  effect	
  in	
  CON	
  could	
  be	
  a	
  spurious	
  finding	
  

or	
  due	
  to	
  pre-­‐existing	
  group	
  differences	
  independent	
  from	
  fear	
  conditioning	
  or	
  group	
  

differences	
  during	
  fear	
  conditioning	
  (acquisition	
  and/or	
  extinction).	
  	
  A	
  baseline	
  difference	
  

was	
  found	
  in	
  CON	
  relative	
  to	
  other	
  ABMT	
  conditions	
  such	
  that	
  participants	
  in	
  CON	
  reported	
  

greater	
  intensity	
  to	
  the	
  US	
  they	
  experienced	
  during	
  Acquisition.	
  	
  This	
  should,	
  however,	
  

predict	
  greater	
  spontaneous	
  recovery	
  rather	
  than	
  the	
  lack	
  of	
  it.	
  	
  During	
  Extinction,	
  group	
  

difference	
  was	
  also	
  observed	
  in	
  between	
  CON	
  and	
  other	
  ABMT	
  groups.	
  	
  Namely,	
  extinction	
  

of	
  the	
  CS+	
  was	
  reduced	
  in	
  CON	
  relative	
  to	
  TS.	
  	
  This,	
  too,	
  should	
  predict	
  greater	
  subsequent	
  

spontaneous	
  recovery	
  in	
  CON	
  rather	
  than	
  less.	
  	
  We	
  conclude	
  that	
  because	
  it	
  was	
  not	
  clear	
  

why	
  spontaneous	
  recovery	
  was	
  not	
  observed	
  in	
  CON,	
  ABMT	
  group	
  comparisons	
  to	
  CON	
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were	
  difficult	
  to	
  interpret	
  at	
  best	
  and	
  misleading	
  at	
  worst.	
  	
  	
  If	
  constricting	
  our	
  comparisons	
  

to	
  just	
  between	
  the	
  two	
  attention	
  retraining	
  groups,	
  we	
  conclude	
  that	
  both	
  training	
  

impacted	
  Spontaneous	
  Recovery	
  similarly	
  as	
  measured	
  by	
  the	
  acoustic	
  startle	
  response	
  

and	
  skin	
  conductance	
  response.	
  	
  	
  

Impact	
  of	
  ABMT	
  Towards	
  CS+	
  

Consistent	
  with	
  our	
  hypothesis,	
  training	
  towards	
  the	
  CS+	
  resulted	
  in	
  a	
  marginally	
  

significant	
  reduction	
  in	
  spontaneous	
  recovery	
  to	
  the	
  CS+	
  on	
  US	
  expectancy	
  rating	
  in	
  

comparison	
  with	
  the	
  control	
  group.	
  Other	
  measures	
  of	
  conditioning	
  did	
  not	
  replicate	
  this	
  

finding.	
  	
  	
  

Impact	
  of	
  ABMT	
  Towards	
  CS-­‐	
  

Although	
  our	
  study	
  did	
  not	
  specifically	
  test	
  the	
  spontaneous	
  recovery	
  of	
  the	
  

conditional	
  response	
  to	
  the	
  CS-­‐,	
  a	
  marginally	
  significant	
  increase	
  in	
  skin	
  conductance	
  

response	
  was	
  observed	
  in	
  ABMT	
  towards	
  the	
  CS-­‐	
  compared	
  to	
  no	
  attention	
  retraining.	
  	
  

Other	
  measures	
  did	
  not	
  replicate	
  this	
  finding.	
  	
  	
  

Effect	
  of	
  ABMT	
  on	
  Reinstatement	
  

	
   Reinstatement	
  refers	
  to	
  the	
  return	
  of	
  conditioned	
  responding	
  that	
  is	
  observed	
  when	
  

an	
  unpredictable	
  US	
  is	
  presented	
  after	
  extinction	
  (e.g.,	
  Bouton,	
  1984).	
  	
  It	
  provides	
  one	
  line	
  

of	
  evidence	
  for	
  the	
  idea	
  that	
  conditional	
  fear	
  can	
  be	
  recovered	
  even	
  following	
  successful	
  

extinction.	
  	
  Given	
  its	
  clinical	
  implication	
  (i.e.,	
  relapse	
  following	
  successful	
  exposure	
  

therapy),	
  we	
  were	
  interested	
  in	
  examining	
  the	
  effect	
  of	
  ABMT	
  on	
  Reinstatement.	
  	
  The	
  study	
  

hypothesized	
  that	
  training	
  greater	
  attention	
  allocation	
  to	
  the	
  CS+	
  during	
  extinction	
  (TD)	
  

would	
  reduce	
  the	
  degree	
  of	
  Reinstatement	
  to	
  the	
  CS+	
  because	
  the	
  CS+-­‐	
  no	
  US	
  association	
  

during	
  Extinction	
  would	
  be	
  better	
  learned	
  and	
  consequently	
  carried	
  over	
  into	
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Reinstatement.	
  	
  By	
  the	
  same	
  token,	
  attention	
  training	
  to	
  the	
  CS-­‐	
  (TS)	
  would	
  interfere	
  with	
  

extinction	
  learning	
  and	
  result	
  in	
  greater	
  conditional	
  responding	
  after	
  Reinstatement	
  

relative	
  to	
  CON	
  and	
  TD.	
  

Impact	
  of	
  Any	
  Attention	
  Training	
  

	
   Contrary	
  to	
  expectation,	
  we	
  found	
  some	
  evidence	
  to	
  support	
  that	
  both	
  attention	
  

retraining	
  towards	
  the	
  CS+	
  and	
  CS-­‐	
  resulted	
  in	
  a	
  reduction	
  in	
  acoustic	
  startle	
  responding	
  to	
  

the	
  CS+	
  on	
  Reinstatement	
  compared	
  to	
  no	
  attention	
  training	
  group.	
  	
  Although	
  the	
  reduction	
  

in	
  responding	
  to	
  the	
  CS+	
  in	
  the	
  attention	
  training	
  towards	
  CS+	
  group	
  was	
  expected,	
  we	
  did	
  

not	
  expect	
  a	
  similar	
  decrease	
  in	
  the	
  attention	
  training	
  towards	
  CS-­‐	
  group.	
  	
  	
  

Impact	
  of	
  ABMT	
  Towards	
  CS+	
  

	
   Although	
  unexpected	
  but	
  very	
  interesting	
  nonetheless,	
  attention	
  training	
  towards	
  

CS+	
  resulted	
  in	
  greater	
  differentiation	
  between	
  the	
  CS+	
  and	
  CS-­‐	
  on	
  US	
  expectancy	
  rating	
  

compared	
  to	
  other	
  ABMT	
  conditions.	
  	
  The	
  greater	
  differentiation	
  was	
  a	
  result	
  of	
  both	
  

heightened	
  US	
  expectancy	
  to	
  the	
  CS+	
  and	
  reduced	
  US	
  expectancy	
  to	
  the	
  CS-­‐.	
  	
  Moreover,	
  the	
  

US	
  expectancy	
  was	
  very	
  quickly	
  extinguished	
  following	
  Reinstatement	
  with	
  continued	
  non-­‐

reinforcement	
  of	
  the	
  CS+.	
  	
  This	
  pattern	
  was	
  not	
  observed	
  in	
  TS	
  or	
  CON.	
  	
  That	
  being	
  said,	
  

physiological	
  measures	
  did	
  not	
  provide	
  corroborating	
  evidence.	
  	
  	
  

Impact	
  of	
  ABMT	
  Towards	
  CS-­‐	
  

	
   Although	
  we	
  hypothesized	
  that	
  Training	
  Towards	
  the	
  CS-­‐	
  would	
  result	
  in	
  greater	
  

conditional	
  responding	
  at	
  Reinstatement,	
  our	
  results	
  did	
  not	
  support	
  this.	
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Re-­‐Extinction	
  

Impact	
  of	
  Any	
  Attention	
  Training	
  

	
   No	
  differences	
  between	
  the	
  two	
  attention	
  retraining	
  groups	
  and	
  the	
  no	
  attention	
  

training	
  control	
  group	
  were	
  found	
  in	
  any	
  of	
  the	
  conditioning	
  measures.	
  

Impact	
  of	
  ABMT	
  Towards	
  CS+	
  

	
   Contrary	
  to	
  expectation,	
  attention	
  training	
  Towards	
  the	
  CS+	
  resulted	
  in	
  a	
  decline	
  in	
  

conditional	
  responding	
  on	
  all	
  measures	
  to	
  the	
  CS+,	
  but	
  this	
  was	
  not	
  any	
  different	
  than	
  what	
  

was	
  observed	
  in	
  the	
  no	
  attention	
  training	
  control	
  group.	
  	
  Despite	
  the	
  absence	
  of	
  an	
  

enhancement	
  effect	
  from	
  training	
  towards	
  the	
  CS+	
  in	
  comparison	
  with	
  the	
  no	
  attention	
  

training	
  control	
  group	
  as	
  hypothesized,	
  we	
  did	
  observe	
  significantly	
  greater	
  decline	
  in	
  

conditional	
  responding	
  of	
  US	
  expectancy	
  in	
  comparison	
  with	
  the	
  attention	
  retraining	
  

towards	
  CS-­‐	
  group.	
  	
  Group	
  differences	
  were	
  not	
  observed	
  for	
  the	
  CS-­‐.	
  

Impact	
  of	
  ABMT	
  Towards	
  CS-­‐	
  

	
   Although	
  we	
  hypothesized	
  that	
  training	
  towards	
  the	
  CS-­‐	
  would	
  have	
  a	
  detrimental	
  

effect	
  on	
  the	
  decline	
  in	
  conditional	
  responding	
  to	
  the	
  CS+	
  relative	
  to	
  the	
  no	
  attention	
  

control	
  group,	
  we	
  did	
  not	
  observe	
  such	
  a	
  group	
  difference	
  on	
  any	
  of	
  the	
  conditioning	
  

measures.	
  This	
  was	
  the	
  case	
  for	
  the	
  CS-­‐	
  as	
  well.	
  	
  Overall,	
  re-­‐extinction	
  was	
  established	
  to	
  

both	
  the	
  CS+	
  and	
  CS-­‐	
  in	
  TS.	
  	
  But,	
  the	
  rate	
  of	
  re-­‐extinction	
  was	
  significantly	
  slower	
  in	
  TS	
  

compared	
  to	
  TD	
  on	
  US	
  expectancy	
  rating	
  to	
  the	
  CS+;	
  and	
  at	
  the	
  last	
  trial	
  of	
  Re-­‐Extinction,	
  

US	
  expectancy	
  rating	
  to	
  the	
  CS+	
  continued	
  to	
  be	
  significantly	
  higher	
  in	
  TS	
  compared	
  to	
  TD.	
  	
  	
  

Summary	
  

	
   The	
  aim	
  of	
  the	
  present	
  study	
  was	
  to	
  investigate	
  whether	
  attention	
  bias	
  modification	
  

training	
  towards	
  threat	
  or	
  towards	
  safety	
  would	
  enhance	
  or	
  impair	
  fear	
  extinction.	
  	
  	
  First,	
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the	
  main	
  finding	
  was	
  that	
  facilitating	
  attention	
  towards	
  the	
  CS-­‐	
  enhanced	
  extinction	
  

performance	
  to	
  the	
  CS+	
  on	
  both	
  the	
  skin	
  conductance	
  response	
  and	
  the	
  acoustic	
  startle	
  

response	
  relative	
  to	
  the	
  no	
  attention	
  retraining	
  control	
  group.	
  	
  This	
  was	
  unexpected	
  and	
  

particularly	
  interesting	
  as	
  extinction,	
  which	
  is	
  based	
  on	
  the	
  learning	
  of	
  a	
  new	
  CS-­‐no	
  US	
  

association,	
  relies	
  on	
  attention	
  allocation,	
  presumably	
  to	
  the	
  CS+,	
  and	
  attention	
  training	
  

towards	
  the	
  CS-­‐	
  should	
  be	
  detrimental	
  to	
  extinction	
  performance.	
  	
  That	
  being	
  said,	
  our	
  

result	
  appears	
  to	
  be	
  in	
  line	
  with	
  the	
  body	
  of	
  work	
  supporting	
  the	
  benefits	
  of	
  attention	
  bias	
  

modification	
  training	
  in	
  the	
  treatment	
  of	
  disordered	
  anxiety	
  (see	
  review	
  by	
  Van	
  Bockstaele	
  

et	
  al.,	
  2014).	
  	
  	
  The	
  precise	
  mechanisms	
  through	
  which	
  it	
  operates	
  and	
  its	
  moderating	
  

factors	
  are	
  still	
  very	
  much	
  under	
  examination	
  as	
  mixed	
  results	
  and	
  null	
  findings	
  are	
  equally	
  

abundant.	
  	
  	
  

	
   Second,	
  the	
  facilitating	
  effects	
  of	
  attention	
  training	
  towards	
  the	
  CS-­‐	
  observed	
  during	
  

extinction	
  performance	
  were	
  eliminated	
  at	
  Spontaneous	
  Recovery	
  and	
  Reinstatement,	
  

which	
  took	
  place	
  approximately	
  7	
  days	
  following	
  Extinction.	
  	
  	
  One	
  explanation	
  could	
  be	
  

that	
  the	
  effects	
  of	
  attention	
  retraining	
  were	
  temporary,	
  but	
  this	
  would	
  not	
  be	
  consistent	
  

with	
  the	
  literature	
  that	
  has	
  established	
  that	
  the	
  effects	
  of	
  ABMT	
  continue	
  to	
  have	
  an	
  effect	
  

weeks	
  following	
  administration	
  on	
  both	
  self-­‐reported	
  and	
  behavioral	
  measures	
  of	
  anxiety.	
  	
  

That	
  being	
  said,	
  only	
  three	
  studies	
  have	
  actually	
  measured	
  the	
  physiological	
  impact	
  of	
  

ABMT	
  on	
  a	
  subsequent	
  “stress”	
  task	
  (Baert	
  et	
  al.,	
  2012;	
  Heeran	
  et	
  al.,	
  2012;	
  Higgins	
  &	
  

Hughes,	
  2012).	
  	
  No	
  study	
  to	
  date	
  other	
  than	
  the	
  current	
  study	
  has	
  examined	
  the	
  

physiological	
  effects	
  of	
  ABMT	
  on	
  a	
  differential	
  fear	
  conditioning	
  paradigm	
  across	
  2	
  

separate	
  visits.	
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   Third,	
  as	
  predicted,	
  facilitating	
  attention	
  towards	
  the	
  CS+	
  reduced	
  US	
  expectancy	
  to	
  

the	
  CS+	
  at	
  Spontaneous	
  Recovery	
  compared	
  to	
  the	
  no	
  attention	
  retraining	
  group.	
  	
  Fourth,	
  

an	
  unexpected	
  but	
  interesting	
  finding	
  was	
  the	
  effect	
  of	
  attention	
  retraining	
  towards	
  the	
  CS+	
  

on	
  Reinstatement.	
  	
  Following	
  an	
  unpaired	
  delivery	
  of	
  the	
  US,	
  training	
  participants	
  to	
  attend	
  

towards	
  the	
  CS+	
  resulted	
  in	
  greater	
  discrimination	
  between	
  the	
  CS+	
  and	
  CS-­‐	
  on	
  US	
  

expectancy.	
  	
  Although	
  reinstatement	
  effects	
  has	
  traditionally	
  been	
  posited	
  to	
  occur	
  

exclusively	
  to	
  the	
  extinguished	
  CS	
  (i.e.,	
  CS+)	
  following	
  extinction	
  (Bouton,	
  1993),	
  more	
  

recent	
  theories	
  and	
  experiments	
  have	
  also	
  observed	
  non-­‐differential	
  return	
  of	
  the	
  

conditional	
  response	
  to	
  both	
  the	
  CS+	
  and	
  CS-­‐	
  (see	
  review	
  by	
  Dirikx	
  et	
  al.,	
  2008),	
  which	
  is	
  

more	
  consistent	
  with	
  the	
  pattern	
  of	
  results	
  observed	
  to	
  the	
  CS-­‐	
  in	
  the	
  current	
  study	
  (in	
  TS	
  

and	
  CON).	
  	
  It	
  is	
  possible	
  that	
  attention	
  training	
  towards	
  the	
  CS+	
  prior	
  to	
  extinction	
  helped	
  

disrupt	
  retrieval	
  of	
  the	
  excitatory	
  US-­‐context	
  association	
  posited	
  to	
  be	
  the	
  mechanism	
  

through	
  which	
  reinstatement	
  to	
  the	
  CS-­‐	
  could	
  occur	
  (Westbrook	
  et	
  al.,	
  2002;	
  Schmajuk	
  et	
  

al.,	
  2007),	
  through	
  training	
  more	
  focused	
  attentional	
  processing	
  of	
  the	
  CS-­‐US	
  association	
  

instead	
  of	
  the	
  US-­‐context	
  association.	
  	
  Moreover,	
  despite	
  marginally	
  greater	
  reinstatement	
  

to	
  the	
  CS+	
  relative	
  to	
  the	
  no	
  attention	
  control	
  group,	
  an	
  immediate	
  re-­‐correction	
  of	
  US	
  

expectancy	
  was	
  observed	
  as	
  soon	
  as	
  the	
  participants	
  learned	
  that	
  the	
  CS+	
  was	
  no	
  longer	
  

reinforced	
  by	
  the	
  US,	
  such	
  that	
  by	
  the	
  end	
  of	
  Re-­‐Extinction,	
  US	
  expectancy	
  between	
  the	
  

attention	
  training	
  towards	
  CS+	
  and	
  no	
  attention	
  training	
  control	
  group	
  no	
  longer	
  differed.	
  	
  

That	
  being	
  said,	
  it	
  is	
  curious	
  that	
  physiological	
  measures	
  of	
  reinstatement	
  were	
  not	
  

consistent	
  with	
  US	
  expectancy	
  ratings.	
  	
  	
  

	
   Finally,	
  as	
  expected,	
  we	
  found	
  some	
  evidence	
  for	
  the	
  harmful	
  effect	
  that	
  attention	
  

training	
  towards	
  the	
  CS-­‐	
  may	
  have	
  on	
  processing	
  the	
  CS+	
  during	
  Re-­‐Extinction.	
  	
  Namely,	
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following	
  an	
  unexpected	
  US	
  presentation,	
  training	
  towards	
  the	
  CS-­‐	
  did	
  not	
  lead	
  to	
  eventual	
  

extinction	
  of	
  the	
  US	
  expectancy	
  response	
  to	
  the	
  CS+	
  despite	
  subsequent	
  non-­‐reinforced	
  CS+	
  

presentations;	
  whereas	
  such	
  a	
  decline	
  in	
  responding	
  was	
  observed	
  in	
  the	
  attention	
  training	
  

towards	
  CS+	
  group	
  and	
  the	
  no	
  attention	
  training	
  control	
  group.	
  	
  Using	
  Westbrook	
  et	
  al’s	
  

model	
  for	
  reinstatement,	
  it	
  is	
  possible	
  that	
  focused	
  attention	
  processing	
  of	
  the	
  CS-­‐	
  may	
  

have	
  inadvertently	
  distracted	
  the	
  participants	
  from	
  learning	
  the	
  (inhibitory)	
  CS+	
  -­‐	
  no	
  US	
  

association	
  during	
  extinction,	
  so	
  that	
  when	
  the	
  context	
  became	
  associated	
  with	
  the	
  US	
  

during	
  reinstatement,	
  it	
  retrieved	
  greater	
  conditional	
  responding	
  in	
  favor	
  of	
  the	
  CS+	
  -­‐	
  US	
  

association	
  (from	
  Acquisition)	
  than	
  the	
  weakened	
  CS+	
  -­‐	
  no	
  US	
  association	
  (from	
  

Extinction).	
  	
  That	
  being	
  said,	
  we	
  did	
  not	
  observe	
  any	
  evidence	
  of	
  a	
  weakened	
  CS+	
  -­‐	
  no	
  US	
  

association	
  during	
  Extinction	
  in	
  our	
  study;	
  in	
  fact,	
  our	
  results	
  suggested	
  otherwise.	
  	
  

Namely,	
  attention	
  training	
  towards	
  the	
  CS-­‐	
  enhanced	
  extinction	
  performance	
  based	
  on	
  

physiological	
  measures	
  of	
  conditioning.	
  	
  It	
  is	
  curious	
  that	
  we	
  did	
  not	
  observe	
  this	
  in	
  US	
  

expectancy	
  rating	
  during	
  Extinction	
  and	
  the	
  increased	
  reinstatement	
  effect	
  was	
  observed	
  

only	
  in	
  US	
  expectancy	
  rating	
  and	
  not	
  in	
  physiological	
  measures	
  of	
  skin	
  conductance	
  and	
  the	
  

acoustic	
  startle	
  response.	
  

	
   Despite	
  the	
  somewhat	
  mixed	
  results	
  observed	
  in	
  this	
  study	
  across	
  various	
  

conditioning	
  measures	
  (SCR,	
  ASR,	
  US	
  expectancy	
  and	
  valence/arousal	
  ratings)	
  and	
  

procedural	
  measures	
  (extinction	
  performance,	
  spontaneous	
  recovery,	
  reinstatement),	
  

perhaps	
  the	
  most	
  consistent	
  and	
  interesting	
  finding	
  was	
  that	
  attention	
  training	
  towards	
  the	
  

CS+	
  appeared	
  to	
  uniquely	
  facilitate	
  the	
  “cognitive”	
  model	
  of	
  extinction;	
  namely,	
  the	
  

measure	
  of	
  extinction	
  that	
  is	
  based	
  on	
  consciously	
  available	
  contingency	
  knowledge	
  (i.e.,	
  

US	
  expectancy).	
  	
  This	
  was	
  particularly	
  striking	
  because	
  attention,	
  presumably	
  one	
  of	
  many	
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unconscious,	
  “low-­‐level”	
  processes	
  during	
  conditioning,	
  directly	
  impacted	
  US	
  expectancy,	
  a	
  

conscious,	
  “high-­‐level”	
  process	
  during	
  conditioning	
  (Lovibond,	
  2004).	
  	
  Clearly,	
  fear	
  

conditioning	
  (including	
  extinction)	
  operates	
  on	
  multiple	
  levels	
  of	
  processing.	
  Although	
  it	
  

should	
  be	
  no	
  surprise	
  that	
  modification	
  to	
  one	
  process	
  can	
  influence	
  another	
  process,	
  the	
  

precise	
  nature	
  of	
  this	
  transaction	
  is	
  only	
  beginning	
  to	
  be	
  illuminated.	
  	
  	
  	
  

Limitations	
  

	
   This	
  study	
  has	
  some	
  limitations.	
  First,	
  pre-­‐existing	
  group	
  differences	
  were	
  observed	
  

despite	
  random	
  assignment.	
  	
  Most	
  importantly,	
  groups	
  differed	
  on	
  self-­‐reported	
  intensity	
  

of	
  the	
  US	
  during	
  Acquisition	
  as	
  well	
  as	
  CS-­‐US	
  contingency	
  awareness	
  when	
  asked	
  following	
  

Acquisition.	
  	
  This	
  is	
  important	
  in	
  light	
  of	
  (1)	
  the	
  long-­‐standing	
  debate	
  on	
  whether	
  fear	
  

learning	
  can	
  occur	
  without	
  awareness	
  of	
  the	
  CS-­‐US	
  relationship,	
  and	
  (2)	
  its	
  differential	
  

impact	
  on	
  skin	
  conductance	
  response	
  and	
  acoustic	
  startle	
  response.	
  	
  This	
  might	
  explain,	
  in	
  

part,	
  the	
  inconsistent	
  finding	
  between	
  skin	
  conductance	
  and	
  acoustic	
  startle	
  response	
  

observed	
  in	
  the	
  current	
  study.	
  	
  Second,	
  the	
  efficacy	
  of	
  the	
  attention	
  bias	
  modification	
  

training	
  is	
  questionable.	
  	
  Although	
  many	
  studies	
  that	
  have	
  used	
  the	
  dot	
  probe	
  task	
  to	
  

measure	
  attention	
  bias	
  towards	
  various	
  threat	
  cues	
  also	
  were	
  not	
  able	
  to	
  establish	
  bias	
  

based	
  on	
  the	
  difference	
  between	
  valid	
  and	
  invalid	
  trials	
  (for	
  review	
  see	
  Van	
  Bockstaele	
  et	
  

al.,	
  2013),	
  and	
  thus	
  calls	
  into	
  question	
  the	
  sensitivity	
  and	
  reliability	
  of	
  the	
  DPT	
  as	
  a	
  measure	
  

of	
  attentional	
  bias,	
  without	
  a	
  valid	
  baseline	
  (CON)	
  against	
  which	
  comparisons	
  could	
  be	
  

made,	
  it	
  is	
  difficult	
  to	
  assess	
  the	
  efficacy	
  of	
  our	
  attention	
  bias	
  modification	
  training.	
  	
  Third,	
  

because	
  the	
  set	
  of	
  CSs	
  presented	
  to	
  the	
  participants	
  were	
  different	
  during	
  ABMT	
  and	
  

Extinction,	
  and	
  it	
  was	
  presumed	
  that	
  participants	
  would	
  transfer	
  their	
  acquired	
  attentional	
  

bias	
  as	
  a	
  result	
  of	
  ABMT	
  to	
  a	
  new	
  set	
  of	
  CSs	
  during	
  Extinction.	
  	
  We	
  were	
  not	
  able	
  to	
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conclusively	
  confirm	
  that	
  participants	
  were	
  actually	
  attending	
  more	
  to	
  the	
  CS+	
  (TD	
  

condition),	
  more	
  to	
  the	
  CS-­‐	
  (TS	
  condition),	
  or	
  equally	
  to	
  both	
  the	
  CS+	
  and	
  CS-­‐	
  (CON	
  

condition)	
  without	
  a	
  separate	
  assessment	
  of	
  attention	
  bias	
  on	
  the	
  set	
  of	
  CSs	
  presented	
  

during	
  Extinction.	
  	
  Although	
  the	
  participants	
  should	
  theoretically	
  differ	
  only	
  on	
  their	
  

exposure	
  to	
  the	
  type	
  of	
  ABMT	
  received,	
  and	
  thus	
  subsequent	
  group	
  differences	
  should	
  be	
  

able	
  to	
  be	
  attributed	
  to	
  ABMT,	
  we	
  did	
  not	
  include	
  a	
  separate	
  manipulation	
  check	
  in	
  the	
  

design	
  of	
  the	
  experiment	
  to	
  verify	
  this.	
  	
  

Clinical	
  Implications	
  

	
   These	
  limitations	
  notwithstanding,	
  our	
  results	
  may	
  prove	
  to	
  be	
  clinically	
  relevant.	
  	
  

Our	
  results	
  suggest	
  that	
  attending	
  one’s	
  attention	
  towards	
  threatening	
  information	
  in	
  the	
  

environment	
  help	
  facilitate	
  detection	
  of	
  changes	
  in	
  the	
  environment,	
  not	
  unlike	
  changes	
  in	
  

CS-­‐US	
  expectancy	
  from	
  acquisition	
  to	
  extinction.	
  	
  	
  The	
  ability	
  to	
  detect	
  changes	
  in	
  

contingency	
  is	
  particularly	
  important	
  in	
  individuals	
  who	
  are	
  anxious	
  and	
  has	
  a	
  tendency	
  to	
  

anticipate	
  threat	
  in	
  their	
  environment	
  when	
  none	
  exist.	
  Exposure	
  therapy,	
  the	
  primary	
  

treatment	
  for	
  disordered	
  anxiety	
  and	
  fear,	
  is	
  built	
  on	
  the	
  principle	
  that	
  the	
  disconfirmation	
  

of	
  expectancy	
  of	
  a	
  negative	
  outcome	
  is	
  critical	
  for	
  fear	
  reduction.	
  	
  	
  

	
   It	
  is	
  undeniable	
  that	
  attention	
  allocation	
  is	
  a	
  prerequisite	
  for	
  learning	
  to	
  occur	
  in	
  the	
  

therapy	
  context,	
  but	
  it	
  is	
  unclear	
  what	
  “paying	
  attention”	
  constitutes.	
  	
  Our	
  study	
  would	
  

suggest	
  that	
  by	
  visually	
  attending	
  to	
  the	
  feared	
  stimulus	
  (e.g.,	
  spiders,	
  needles)	
  during	
  

exposure	
  therapy,	
  the	
  return	
  of	
  exaggerated,	
  overestimated	
  appraisals	
  of	
  threat	
  following	
  

the	
  completion	
  of	
  therapy,	
  and	
  sometimes	
  following	
  an	
  unexpected	
  stressful	
  event,	
  may	
  be	
  

eliminated,	
  which	
  would	
  in	
  turn,	
  reduce	
  sensitivity	
  to	
  future	
  stressors.	
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   Results	
  from	
  our	
  study	
  also	
  suggest	
  that	
  by	
  directing	
  attention	
  towards	
  a	
  safety	
  cue	
  

during	
  exposure	
  therapy	
  (e.g.,	
  anti-­‐anxiety	
  medication)	
  may	
  lead	
  to	
  temporary	
  relief	
  from	
  

the	
  physiological	
  sensations	
  of	
  anxiety	
  during	
  exposure	
  therapy,	
  but	
  it	
  is	
  not	
  long-­‐lasting.	
  	
  

Moreover,	
  there	
  is	
  some	
  evidence	
  to	
  suggest	
  that	
  such	
  training	
  may	
  impair	
  one’s	
  ability	
  to	
  

retrieve	
  the	
  learning	
  of	
  the	
  discrepancy	
  between	
  the	
  expected	
  negative	
  outcome	
  and	
  the	
  

actual	
  neutral	
  outcome	
  during	
  exposure	
  therapy	
  upon	
  re-­‐encountering	
  a	
  separate	
  anxiety-­‐

provoking	
  stimulus	
  (e.g.,	
  car	
  accident)	
  following	
  the	
  completion	
  of	
  therapy.	
  

Future	
  Directions	
  

	
   It	
  will	
  be	
  important	
  for	
  future	
  studies	
  to	
  replicate	
  and	
  build	
  on	
  the	
  design	
  and	
  

results	
  of	
  the	
  current	
  study.	
  	
  A	
  number	
  of	
  components	
  were	
  unique	
  to	
  this	
  study	
  and	
  need	
  

to	
  be	
  further	
  investigated.	
  First,	
  the	
  impact	
  of	
  attention	
  retraining	
  on	
  physiological	
  indices	
  

of	
  fear	
  is	
  not	
  well	
  documented	
  in	
  the	
  literature.	
  	
  Thus,	
  further	
  examination	
  of	
  the	
  

intersection	
  between	
  attention	
  modification	
  and	
  physiological	
  markers	
  of	
  anxiety	
  during	
  

fear	
  learning	
  (e.g.,	
  skin	
  conductance,	
  acoustic	
  startle	
  response,	
  cardiac	
  vagal	
  tone)	
  is	
  

warranted.	
  	
  Next,	
  it’ll	
  also	
  be	
  important	
  to	
  further	
  tease	
  apart	
  the	
  similarities	
  and	
  

differences	
  between	
  attention	
  modification	
  and	
  distraction	
  during	
  exposure	
  therapy.	
  	
  	
  This	
  

could	
  be	
  done	
  by	
  examining	
  patterns	
  of	
  attention	
  allocation	
  across	
  different	
  stages	
  of	
  

information	
  processing	
  (i.e.,	
  orienting,	
  disengaging,	
  shifting,	
  response	
  inhibition,	
  etc.)	
  

Lastly,	
  knowing	
  that	
  attention	
  constitutes	
  one	
  of	
  many	
  cognitive	
  processes	
  that	
  underlie	
  

fear	
  learning	
  and	
  extinction,	
  it’ll	
  be	
  important	
  to	
  continue	
  to	
  explore	
  the	
  impact	
  of	
  attention	
  

retraining	
  on	
  a	
  whole	
  gamut	
  of	
  cognitive	
  processes	
  (e.g.,	
  cognitive	
  appraisal,	
  mindfulness,	
  

attentional	
  control)	
  as	
  potential	
  mediators	
  and	
  moderators	
  in	
  the	
  development,	
  

maintenance,	
  and	
  treatment	
  of	
  disordered	
  anxiety	
  and	
  fear.	
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Appendix	
  A	
  
	
  

The	
  Trial	
  Type	
  x	
  ABMT	
  Condition	
  interaction	
  was	
  significant,	
  χ2(4)=12.89,	
  p<0.05.	
  	
  Namely,	
  
in	
  CON,	
  Response	
  Time	
  to	
  CS+/neutral	
  trials	
  was	
  significantly	
  greater	
  relative	
  to	
  
neutral/neutral	
  trials,	
  suggesting	
  slower	
  response	
  to	
  CS+	
  relative	
  to	
  neutral	
  trials	
  following	
  
Fear	
  Acquisition,	
  z=2.31,	
  SE=9.60,	
  p<0.05).	
  In	
  TD,	
  following	
  Fear	
  Acquisition,	
  Response	
  
Time	
  to	
  CS+/neutral	
  trials	
  was	
  significantly	
  greater	
  than	
  neutral/neutral	
  trials,	
  z=2.14,	
  
SE=7.70,	
  p<0.05,	
  and	
  CS-­‐/neutral	
  trials,	
  z=6.17,	
  SE=6.33,	
  p<0.01.	
  	
  Moreover,	
  Response	
  Time	
  
to	
  neutral/neutral	
  trials	
  was	
  also	
  significantly	
  greater	
  than	
  CS-­‐/neutral	
  trials,	
  z=2.94,	
  
SE=7.71,	
  p<0.01.	
  	
  In	
  TS,	
  following	
  Fear	
  Acquisition,	
  Response	
  Time	
  to	
  CS+/neutral	
  trials	
  
was	
  significantly	
  greater	
  than	
  CS-­‐/neutral	
  trials,	
  z=3.29,	
  SE=7.64,	
  p<0.01.	
  	
  It	
  is	
  also	
  
apparent	
  that	
  there	
  was	
  a	
  significant	
  main	
  effect	
  of	
  ABMT	
  Condition	
  such	
  that	
  Response	
  
Time,	
  in	
  general,	
  was	
  greater	
  in	
  CON	
  across	
  all	
  Trial	
  Types	
  in	
  comparison	
  with	
  TD	
  and	
  TS,	
  
χ2(2)=10.29,	
  p<0.01.	
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Appendix	
  B	
  
	
  

Post-­‐hoc	
  pairwise	
  comparisons	
  between	
  Trial	
  Types	
  (1=CSa;	
  2=CSb;	
  4=CSc;	
  5=CSd)	
  at	
  Trial	
  
1	
  of	
  Fear	
  Acquisition	
  on	
  US	
  expectancy.	
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Appendix	
  C	
  
	
  

Post-­‐hoc	
  pairwise	
  comparisons	
  between	
  Trial	
  Types	
  (1=CSa;	
  2=CSb;	
  4=CSc;	
  5=CSd)	
  at	
  Trial	
  
8	
  of	
  Fear	
  Acquisition	
  on	
  US	
  expectancy.	
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Appendix	
  D	
  
	
  

Post-­‐hoc	
  pairwise	
  comparisons	
  between	
  Trial	
  Types	
  (1=CSa;	
  2=CSb;	
  4=CSc;	
  5=CSd)	
  at	
  
Block	
  1	
  of	
  Fear	
  Acquisition	
  on	
  skin	
  conductance	
  response.	
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Appendix	
  E	
  
	
  

Post-­‐hoc	
  pairwise	
  comparisons	
  between	
  Trial	
  Types	
  (1=CSa;	
  2=CSb;	
  4=CSc;	
  5=CSd)	
  at	
  
Block	
  4	
  of	
  Fear	
  Acquisition	
  on	
  skin	
  conductance	
  response.	
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Phase:	
  Acquisition	
  
Measure:	
  US	
  Expectancy	
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Phase:	
  Acquisition	
  
Measure:	
  Skin	
  Conductance	
  Response	
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  Trial	
  8	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
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Appendix	
  M	
  
	
  
Phase:	
  Extinction	
  Retest	
  
Measure:	
  Skin	
  Conductance	
  Response	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Std.	
  Error	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  p	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [95%	
  Conf.	
  Interval]	
  
CSb	
  (CS+)	
  Trial	
  1	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  2	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  3	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  4	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  5	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  6	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  7	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  8	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  1	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  2	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  3	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  4	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  5	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  6	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
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CSd	
  (CS-­‐)	
  Trial	
  7	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  8	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
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Appendix	
  N	
  
	
  
Phase:	
  Extinction	
  Retest	
  
Measure:	
  Acoustic	
  Startle	
  Reflex	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Std.	
  Error	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  p	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [95%	
  Conf.	
  Interval]	
  
CSb	
  (CS+)	
  Trial	
  1	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  2	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  3	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  4	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  5	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  6	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  7	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSb	
  (CS+)	
  Trial	
  8	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  1	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  2	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  3	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  4	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  5	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  6	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
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CSd	
  (CS-­‐)	
  Trial	
  7	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
  
CSd	
  (CS-­‐)	
  Trial	
  8	
  CON	
  
	
   	
   	
  	
  	
  	
  	
  TD	
  
	
   	
   	
  	
  	
  	
  	
  TS	
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Appendix	
  O	
  
	
  

Subjective	
  Units	
  of	
  Discomfort	
  (SUD)	
  across	
  experimental	
  phase.	
  
	
  
	
   	
  	
  	
  	
  Mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Std.	
  Error	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  p	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [95%	
  Conf.	
  Interval]	
  
CON	
  	
  Baseline	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Acq	
  
	
   Post-­‐Acq	
  
	
   Post-­‐ABMT	
  
	
   Post-­‐EXT	
  
	
   Pre-­‐Ext	
  Retest	
  
	
   Post-­‐Ext	
  Retest	
  
TD	
  	
  	
  	
  	
  Baseline	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Acq	
  
	
   Post-­‐Acq	
  
	
   Post-­‐ABMT	
  
	
   Post-­‐EXT	
  
	
   Pre-­‐Ext	
  Retest	
  
	
   Post-­‐Ext	
  Retest	
  
TS	
  	
  	
  	
  	
  Baseline	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Acq	
  
	
   Post-­‐Acq	
  
	
   Post-­‐ABMT	
  
	
   Post-­‐EXT	
  
	
   Pre-­‐Ext	
  Retest	
  
	
   Post-­‐Ext	
  Retest	
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Appendix	
  P	
  
	
  

Self-­‐reported	
  arousal	
  (fearfulness)	
  to	
  CS	
  across	
  experimental	
  phases.	
  
	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  Mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Std.	
  Error	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  p	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [95%	
  Conf.	
  Interval]	
  
CSb	
  Pre-­‐Acq	
  CON	
  
	
  	
   Pre-­‐Acq	
  TD	
  
	
   Pre-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Acq	
  CON	
  
	
  	
   Post-­‐Acq	
  TD	
  
	
   Post-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐ABMT	
  CON	
  
	
  	
   Post-­‐ABMT	
  TD	
  
	
   Post-­‐ABMT	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  CON	
  
	
  	
   Post-­‐Ext	
  TD	
  
	
   Post-­‐Ext	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Ext	
  Retest	
  CON	
  
	
  	
   Pre-­‐Ext	
  Retest	
  TD	
  
	
   Pre-­‐Ext	
  Retest	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  Retest	
  CON	
  
	
  	
   Post-­‐Ext	
  Retest	
  TD	
  
	
   Post-­‐Ext	
  Retest	
  TS	
  
CSd	
  Pre-­‐Acq	
  CON	
  
	
  	
   Pre-­‐Acq	
  TD	
  
	
   Pre-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Acq	
  CON	
  
	
  	
   Post-­‐Acq	
  TD	
  
	
   Post-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐ABMT	
  CON	
  
	
  	
   Post-­‐ABMT	
  TD	
  
	
   Post-­‐ABMT	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  CON	
  
	
  	
   Post-­‐Ext	
  TD	
  
	
   Post-­‐Ext	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Ext	
  Retest	
  CON	
  
	
  	
   Pre-­‐Ext	
  Retest	
  TD	
  
	
   Pre-­‐Ext	
  Retest	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  Retest	
  CON	
  
	
  	
   Post-­‐Ext	
  Retest	
  TD	
  
	
   Post-­‐Ext	
  Retest	
  TS	
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Appendix	
  Q	
  
	
  

Self-­‐reported	
  valence	
  (unpleasantness)	
  to	
  CS	
  across	
  experimental	
  phases.	
  
	
  
	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mean	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Std.	
  Error	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  z	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  p	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [95%	
  Conf.	
  Interval]	
  
CSb	
  Pre-­‐Acq	
  CON	
  
	
  	
   Pre-­‐Acq	
  TD	
  
	
   Pre-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Acq	
  CON	
  
	
  	
   Post-­‐Acq	
  TD	
  
	
   Post-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐ABMT	
  CON	
  
	
  	
   Post-­‐ABMT	
  TD	
  
	
   Post-­‐ABMT	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  CON	
  
	
  	
   Post-­‐Ext	
  TD	
  
	
   Post-­‐Ext	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Ext	
  Retest	
  CON	
  
	
  	
   Pre-­‐Ext	
  Retest	
  TD	
  
	
   Pre-­‐Ext	
  Retest	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  Retest	
  CON	
  
	
  	
   Post-­‐Ext	
  Retest	
  TD	
  
	
   Post-­‐Ext	
  Retest	
  TS	
  
CSd	
  Pre-­‐Acq	
  CON	
  
	
  	
   Pre-­‐Acq	
  TD	
  
	
   Pre-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Acq	
  CON	
  
	
  	
   Post-­‐Acq	
  TD	
  
	
   Post-­‐Acq	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐ABMT	
  CON	
  
	
  	
   Post-­‐ABMT	
  TD	
  
	
   Post-­‐ABMT	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  CON	
  
	
  	
   Post-­‐Ext	
  TD	
  
	
   Post-­‐Ext	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Pre-­‐Ext	
  Retest	
  CON	
  
	
  	
   Pre-­‐Ext	
  Retest	
  TD	
  
	
   Pre-­‐Ext	
  Retest	
  TS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Post-­‐Ext	
  Retest	
  CON	
  
	
  	
   Post-­‐Ext	
  Retest	
  TD	
  
	
   Post-­‐Ext	
  Retest	
  TS	
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