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Abstrac t 

This study examined the effects of emotion on the 
long-ter m acquisitio n o f  a  procedura l  skil l  ove r  a  five-
day period .  T w o task s wer e employed :  a  wor d associa -
tio n tas k ( W A T )  an d a  visua l  discriminatio n tas k 
(VDT) .  Ove r  th e initia l  fou r  day s o f  th e stud y partici -
pant s wen t  throug h a  m o o d inductio n procedur e (MIP ) 
the n subsequentl y complete d bot h tasks .  Bot h task s 
showe d a  reductio n i n reactio n tim e consisten t  wit h th e 
power  la w o f  learning .  N o significan t  chang e i n reac -
tio n tim e betwee n da y fou r  an d da y five  (on e wee k 
later )  wa s note d suggestin g th e chang e i n reactio n tim e 
was robust .  Thes e dat a furthe r  sugges t  tha t  emotio n 
modifie s th e rat e a t  whic h th e V D T i s acquired . 

Introduction 

That  emotion  modulate s huma n cognitio n i s n o w wel l  ac -
cepte d i n contemporar y psycholog y (Damasio ,  1994 ;  Ek -
man &  Davidson ,  1994 ;  Isen ,  1987) .  However ,  experimen -
ta l  dat a supportin g thi s vie w i s  principall y derive d fro m 
experiment s employin g a  singl e sessio n protocol .  I n conse -
quence ,  th e long-ter m effect s o f  emotio n o n cognitio n hav e 
not  bee n addressed .  I n particular ,  whethe r  emotion s modu -
lat e th e acquisitio n o f  a  cognitiv e skil l  ha s no t  bee n studied . 
Thi s pape r  addresse s thi s issu e b y runnin g participant s o n 
tw o differen t  task s ove r  a  five-day  period .  Simila r  task s 
demonstrat e a  stead y reductio n i n th e tim e require d fo r  thei r 
completio n ove r  a  serie s o f  day s (Anderson ,  1990 ;  Kam i  & 
Sagi ,  1991) . 

The capacit y t o lear n i s a  centra l  featur e o f  huma n ability . 
Thi s abilit y ha s bee n groupe d int o tw o forms :  th e proce -
dural ,  incidental ,  acquisitio n o f  repetitiv e skills ,  an d th e 
declarative ,  explicit ,  acquisitio n o f  m e m o r y fo r  place s an d 
event s (Squire ,  Knowito n an d Musen ,  1993) .  Acquisitio n i n 
declarativ e memor y generall y occur s o n a  on e sho t  basis : 
eithe r  yo u kno w i t  o r  yo u d o not .  I n contrast ,  acquisitio n o f 
a procedura l  skil l  ca n tak e man y day s showin g a  stead y im -
provemen t  ove r  tim e (Fitt s &  Posner ,  1973) . 

Emotio n ha s bee n foun d t o affec t  episodi c memory . 
Bradley ,  Greenwald ,  Petry ,  &  Lan g (1992 )  showe d tha t  th e 
(subjectivel y reported )  emotiona l  arousa l  elemen t  o f  a n 
emotion-elicitin g pictur e predict s recal l  fo r  tha t  pictur e u p 
t o on e yea r  later .  Mor e recently ,  Cahil l  an d M c G a u g h 
(1995 )  foun d tha t  slide s o f  varyin g emotiona l  arousal ,  ac -
companie d b y a  matche d narrative ,  produc e mor e accurat e 

delaye d recal l  whe n th e leve l  o f  arousa l  i s  highes t  a t  th e 
encodin g stage .  However ,  administerin g propranolol ,  a  P -
adrenergi c antagonist ,  cancel s thi s effec t  (Cahill ,  Prins , 
Weber  &  M c G a u g h ,  1994) .  Thes e dat a sugges t  tha t 
noradrenali n ( N A )  m a y pla y a n importan t  rol e i n m e m o r y 
performanc e unde r  varyin g emotiona l  states . 

I f  th e effect s o f  emotio n o n m e m o r y ar e a s broa d a s 
Bradley ,  e t  al .  (1992 )  an d Cahill ,  e t  al .  (1994 )  findings  sug -
gest ,  the n w e hypothesiz e tha t  th e acquisitio n o f  a  proce -
dura l  skil l  m a y als o b e affected .  Th e sam e underlyin g plas -
ticit y i s  believe d t o facilitat e bot h declarativ e an d proce -
dura l  learnin g (e.g .  Garcia ,  1984) . 

Oatle y an d Johnson-Lair d (1987 )  argu e tha t  emotio n dif -
ferentiall y  modulate s cognition ,  enhancin g som e processe s 
ove r  others .  Consisten t  wit h thi s modulator y role ,  Davidso n 
(1998 )  group s emotio n int o tw o forms :  thos e tha t  motivat e 
'approach '  behavior ,  suc h a s lov e an d hunger ,  an d thos e 
tha t  motivat e 'withdrawal' ,  suc h a s fear .  Moreover ,  ther e i s 
n o w a  substantia l  bod y o f  evidenc e tha t  show s tha t  ap -
proac h emotion s ar e associate d wit h th e activatio n o f  ante -
rio r  region s o f  th e lef t  cerebra l  hemispher e wherea s with -
drawa l  emotion s ar e associate d wit h activatio n o f  th e righ t 
anterio r  hemispher e (Davidson ,  1998) . 

I t  ha s consistentl y bee n show n tha t  greate r  lef t  hemi -
spher e arousa l  (measure d usin g E E G )  i s  associate d wit h 
increase d verba l  an d reduce d spatia l  ability .  Wherea s highe r 
righ t  hemispher e arousa l  i s  associate d wit h increase d spatia l 
abilit y  an d reduce d verba l  abilit y  (e.g .  Levy ,  Heller ,  Banich , 
& Burton ,  1983) .  Thi s lead s t o th e predictio n tha t  task s 
demonstratin g greate r  righ t  hemispher e activatio n shoul d 
sho w bette r  initia l  performanc e i n a  negativ e emotiona l  stat e 
wherea s task s demonstratin g lef t  hemispher e activatio n wil l 
sho w poore r  performance .  Moreover ,  thi s patter n shoul d b e 
reverse d fo r  participant s i n a  positiv e emotiona l  state . 
Therefore ,  whe n assessin g th e acquisitio n o f  a  procedura l 
skil l  i t  i s  o f  interes t  t o us e cognitiv e task s tha t  depen d dif -
ferentiall y  o n th e cerebra l  hemispheres . 

To tes t  th e hypothesi s tha t  emotio n m a y modulat e th e rat e 
at  whic h a  cognitiv e skil l  i s  learn t  w e use d a  standar d 
learnin g experimen t  wher e a  tas k i s repeate d ove r  a  serie s o f 
day s an d chang e i n reactio n tim e provide s th e inde x o f 
learning .  T w o task s wer e selecte d tha t  ha d previousl y bee n 
show n t o rel y differentiall y o n th e tw o cerebra l  hemi -
spheres :  a  visua l  discriminatio n tas k ( V D T ;  adapte d fro m 
Corbetta ,  e t  al. ,  1993 )  whic h relie s mor e o n th e righ t  hemi -
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sphere ,  an d a  wor d associatio n tas k ( W A T ;  adapte d fro m 
Vandenburghe ,  e t  al „  1996 )  whic h relie s mor e o n th e lef t 
hemisphere . 

Methodology 

Participant s performe d th e sam e task s o n fiv e separat e days . 
Days on e t o fou r  ra n consecutivel y wit h eac h participan t 
goin g throug h on e m o o d inductio n procedure ,  on e V D T an d 
W AT eac h day .  Th e fift h day ,  on e wee k late r  participant s 
performe d onl y th e W A T an d V D T . 

Thirty-si x undergraduat e psycholog y student s fro m th e 
Universit }  o f  Wales ,  Cardif f  participated .  Eac h ha d Englis h 
as thei r  firs t  language ,  wa s righ t  handed ,  wa s betwee n th e 
ages o f  1 8 an d 2 5 year s an d ha d norma l  o r  correcte d t o 
norma l  eyesight .  Prio r  t o th e experimen t  potentia l  partici -
pant s wer e first  screened .  Volunteer s scorin g 1 2 o r  abov e o n 
th e Bec k Depressio n Inventor y (Bec k &  Steer ,  1987 ;  pos t 
hoc analysi s reveale d n o significan t  interactio n betwee n 
emotio n grou p an d B D I  score )  o r  undertakin g a  cours e o f 
medicatio n tha t  migh t  effec t  th e variable s unde r  considera -
tio n i n thi s stud y (suc h a s psychopharmacologica l  drugs ) 
wer e no t  allowe d t o participate .  Bot h factor s wer e viewe d a s 
potentia l  confounds . 

Materials. 

Positive ,  neutra l  an d negativ e emotiona l  state s wer e in -
duce d throug h us e o f  a n amalgamatio n o f  thre e procedure s 
(Martin ,  1990 ;  Westermann ,  Spies ,  Stah l  &  Hesse ,  1996) . 
An adapte d versio n o f  th e Velte n m o o d inductio n procedur e 
(Velten ,  1968) .  Affectivel y valence d musi c an d requestin g 
participant s t o ente r  th e require d m o o d stat e (Slyke r  & 
McNally ,  1991) . 

Lyker t  scale s wer e use d a s a  m o o d inductio n chec k (Ise n 
& Gorgoglione ,  1983 ;  Oaksford ,  Morris ,  Grainge r  &  Wil -
liams ,  1996) .  Eac h scal e wa s arrange d alon g a  numbere d 
lin e wit h two ,  affectivel y salient ,  statement s a t  eac h end .  T o 
th e righ t  wer e presente d positiv e adjective s (refreshed , 
calm ,  alert ,  positiv e an d amused )  an d t o th e lef t  affectivel y 
negativ e adjective s (tired ,  anxious ,  unaware ,  negativ e an d 
sober ,  respectively) . 

Visua l  discriminatio n tas k ( V D T ;  figur e 1 ,  a  &  b) .  Six -
tee n object s wer e presente d i n a  circula r  fashio n (th e circl e 
subtende d a  visua l  angl e o f  40° ,  presente d unti l  participan t 
response) ,  equall y space d aroun d a  centra l  fixatio n point . 
Ther e wer e tw o type s o f  object :  a  V  an d a  'a' .  Eac h tria l 
was on e o f  tw o conditions ,  eithe r  al l  sixtee n object s wer e o f 
th e V  shap e or ,  o n hal f  o f  th e tota l  trials ,  on e objec t  wa s 
replace d wit h th e 'a' .  Participant s wer e instructe d t o loo k 
fo r  th e 'a '  an d respon d wit h a  'yes '  i f  i t  wa s present ,  other -
wis e respon d 'no' .  Fo r  th e V D T ther e wer e 6 4 trial s wit h th e 
inverte d shap e appearin g i n al l  1 6 position s equall y often . 
Trial s wer e presente d i n a  pseudo-randomize d order ,  no t 
mor e tha n thre e trial s o f  th e sam e typ e followin g consecu -
tively . 

Word associatio n tas k ( W A T ;  figure  1 ,  c  &  d) .  Eac h tria l 
consiste d o f  thre e words :  on e targe t  wor d (presente d i n th e 
cente r  o f  th e screen ,  usin g th e Genev a fon t  an d fo r  a  dura -
tio n o f  1,000ms) .  Thi s wa s followe d b y tw o prob e word s 
(on e t o th e lef t  an d on e t o th e righ t  o f  th e screen ,  wit h th e 
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Figur e 1 :  Stimuli .  Thi s figure  show s exampl e o f  stimul i 
fro m th e tw o task s use d i n thi s study .  V D T -  To p row , 
lef t  t o right .  Participant s wer e initiall y  presente d wit h a 
centrall y presente d fixation  poin t  followe d b y a  circula r 
array .  Participant s wer e aske d t o judg e whethe r  th e 'a ' 
was presen t  o r  not .  W A T ~  botto m ro w lef t  t o right ,  par -
ticipant s wer e initiall y  presente d wit h a  cu e wor d fol -
lowe d b y tw o targe t  words .  Participant s ha d t o decid e 
whic h o f  thes e tw o word s wer e mos t  associate d wit h th e 
previousl y show n targe t  word . 

centers of the two words subtending a visual angle of 32°) 
whic h wer e simultaneousl y presente d unti l  participant s re -
sponded .  Th e word s wer e selecte d fro m th e Birkbec k Wor d 
Associatio n Norm s (Mos s &  Older ,  1995) .  Eac h day s wor d 
set  wa s nove l  t o tha t  day . 

I n eac h task ,  trial s wer e presente d i n a  pseudo -
randomize d orde r  wit h no t  mor e tha n thre e response s o f  th e 
same typ e (left ,  right )  followin g consecutively .  Fou r  prac -
tic e trial s wer e constructe d t o allo w participant s t o becom e 
familiarize d wit h th e procedure .  Fo r  eac h W A T ther e wer e 
64 trials . 

Al l  task s wer e presente d o n a  Powe r  Macintos h compute r 
(4400/200 )  an d participant s use d appropriatel y marke d key s 
on th e keyboar d t o mak e responses .  Th e M a c La b progra m 
(Costin ,  1988 )  controlle d stimulu s deliver y an d recorde d 
response s an d respons e times .  Musi c use d i n th e moo d in -
ductio n procedur e wa s presente d throug h stere o headphone s 
attache d t o a  Macintos h Powe r  P C (6500/275 )  locate d i n a 
separat e contro l  room .  Fo r  al l  tasks ,  othe r  tha n th e moo d 
inductio n procedure ,  a  headres t  wa s place d 44c m fro m th e 
scree n wit h participant s eye s bein g leve l  wit h th e centrall y 
presente d fixation  point . 

Procedure 

A statemen t  o f  informe d consen t  wa s rea d an d signe d b y 
eac h participant .  Participant s wer e the n randoml y assigne d 
t o a  conditio n i n th e experiment . 

Participant s wen t  throug h th e appropriat e moo d inductio n 
procedure ,  eac h undergoin g th e sam e procedur e fo r  th e firs t 
fou r  day s o f  th e study .  Participant s wer e presente d wit h 
writte n instruction s tha t  aske d the m t o rea d th e Velte n 
statement s alou d (i n orde r  t o ensur e the y engage d i n th e 
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Figure 2: Subjective rating of emotional state. The positive 
emotio n grou p (circles )  rate d themselve s a s mor e positiv e 
tha n th e neutra l  grou p (diamonds )  wh o rate d themselve s a s 
more positiv e tha n th e negativ e grou p (squares) .  On e wee k 
late r  n o lastin g effect s o f  th e MI P wer e observed . 

mood induction procedure). Each statement was presented 
fo r  1 1 second s followe d b y a  blan k scree n fo r  5  seconds . 
Simultaneousl y participant s listene d t o musi c appropriat e t o 
thei r  group . 

Directl y followin g th e moo d inductio n procedure ,  partici -
pant s complete d th e moo d inductio n check .  Onc e th e head -
phone s wer e removed ,  the y performe d bot h th e W A T an d 
V DT tasks .  Orde r  o f  tas k wa s counterbalance d betwee n 
participants .  Prio r  t o leavin g th e labo -
ratory ,  participant s wer e aske d t o 
complet e a  secon d moo d inductio n 
chec k t o ensur e n o on e lef t  i n a n 
overl y negativ e emotiona l  state .  O n 
th e fift h day ,  (on e wee k later )  partici -
pant s performe d th e sam e task s bu t 
withou t  th e m o o d inductio n proce -
dure .  Followin g th e task s participant s 
wer e debriefed ,  ha d al l  question s re -
gardin g th e stud y answere d an d ha d 
th e experimenta l  hypothese s ex -
plaine d t o them .  g00_ | 

Resu l t s 

Each participant' s reactio n tim e (RT ) 
was trimme d t o withi n 2. 5 standar d 
deviation s fro m th e mea n fo r  eac h 
tas k (2.9 % o f  th e tota l  dat a se t  wa s 
remove d fro m analysis) .  Fo r  th e 
V D T,  onl y trial s wher e th e inversio n 
was presen t  wer e analyzed . 

1400- , 
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£ 1000 -

.2 

MIP .  O n eac h da y th e positiv e grou p rate d themselve s a s 
significantl y mor e positiv e an d th e negativ e grou p rate d 
themselve s a s significantl y mor e negativ e tha n th e neutra l 
grou p a t  a t  leas t  th e .0 5 leve l  (fo r  al l  eigh t  planne d compari -
sons ,  F(l ,  33 )  >  5.0) .  Self-repor t  dat a fro m th e retentio n 
sessio n (da y 5 )  wher e n o M I P wa s performed ,  reveale d n o 
significan t  emotio n stat e difference s betwee n group s (se e 
figure  2) . 

Learnin g Rates .  Practic e an d R T s ar e relate d a s a  powe r 
functio n (Fitt s &  Posner ,  1973) .  W e therefor e fitted  powe r 
curve s (o f  th e for m At'' )  t o th e first  fou r  day s data :  overall , 
mean r 2 =  .97 4 (s d =  .05) .  W e als o fitted  powe r  curve s t o 
eac h individua l  participant' s data :  overall ,  m e a n r 2 =  .7 0 (s d 
= .3) .  Th e exponen t  (k )  i s  a n inde x o f  learnin g rate .  W e 
therefor e use d th e exponent s fo r  eac h participant' s learnin g 
curv e a s th e dependen t  variabl e i n ou r  subsequen t  analyses . 
I n th e W A T ther e wer e n o significan t  difference s i n learnin g 
rat e betwee n emotio n conditions .  However ,  i n th e V D T 
ther e wa s a  significan t  effec t  o f  emotiona l  stat e o n learnin g 
rate ,  F(l ,  33 )  =  16.38 ,  p  <  .000 5 (se e figure  3) .  I n pairwis e 
comparison s usin g Scheffe' s S  test ,  th e learnin g rat e fo r  th e 
negativ e emotio n conditio n wa s significantl y highe r  tha n 
th e neutral ,  p  <  .05 ,  an d th e positiv e conditions ,  p  <  .01 . 
Betwee n tasks ,  i n simpl e effect s comparisons ,  th e learnin g 
rate s wer e identica l  fo r  positiv e emotion ,  F(l ,  33 )  =  .004 , 
however ,  the y wer e significantl y highe r  i n th e V D T tha n th e 
W AT fo r  bot h th e neutra l  condition ,  F(l ,  33 )  =  7.28 ,  p  < 
.025 ,  an d th e negativ e condition ,  F(l ,  33 )  =  18.06 ,  p  < 
.0001 .  Th e effect s o f  practic e wer e robust :  performanc e 
level s on e wee k afte r  th e final  trainin g sessio n wer e a t 
simila r  level s indicatin g tha t  th e improvemen t  ove r  th e 
trainin g phas e wa s retained . 

Day O n e an d Da y Fou r  Reactio n Times .  O n Da y 1  ther e 
was a n interactio n betwee n emotio n (positive-negative )  an d 
task ,  F(l ,  22 )  =  6.00 ,  p  <  .025 .  However ,  betwee n grou p 
ther e wa s n o significan t  interactio n o n th e W A T ( F <  0.7) . 
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Figur e 3 :  Learnin g rates .  Thi s diagra m show s th e mea n trimme d RT s obtaine d i n 
eac h emotio n condition ,  wit h regressio n line s fitted ,  o n eac h da y o f  trainin g (firs t 

fou r  consecuriv e days )  for  bot h V D T (fille d circle s an d dashe d line )  an d th e W A T 
(unfille d circle s an d soli d line) . 
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For  th e V D T participant s i n a  negativ e emotiona l  stat e re -
corde d significantl y highe r  RT s tha n thos e i n th e positiv e 
emotio n state ,  F(l ,  22 )  =  5.78 ,  p  =  0.025 .  O n Da y 4  n o in -
teractio n wa s observed ,  however ,  ther e wa s a  significan t 
mai n effec t  o f  task ,  F(l ,  33 )  =  12.26 ,  p  <  .0025 .  Participant s 
wer e faste r  t o respon d o n th e V D T tha n o n th e W A T . 
Moreover ,  n o spee d accurac y tradeof f  wa s observe d acros s 
tas k an d acros s group .  1 6 trial s wort h o f  dat a wer e los t  o n 
day 5  fo r  on e participan t  i n th e positiv e grou p du e t o com -
pute r  error . 

Laterality .  Th e R T fo r  associate s presente d t o th e lef t  o f 
th e fixatio n poin t  wer e compare d wit h associate s presente d 
t o th e righ t  o f  th e fixatio n poin t  o n th e W A T .  Targe t  stimul i 
presente d t o th e righ t  o f  th e fixatio n poin t  wer e compare d 
wit h targe t  stimul i  presente d t o th e lef t  o f  th e fixatio n poin t 
(excludin g instance s wher e th e targe t  appeare d a t  th e to p 
most  an d lowe r  mos t  positions )  i n repeate d measure s 
A N O V A.  W e too k R T s fro m th e firs t  fou r  day s o f  th e study . 
Participant s demonstrate d a  facilitatio n effec t  o n R T fo r 
associate s presente d t o th e lef t  visua l  field  o n th e W A T an d 
a facilitatio n effec t  o n R T fo r  target s presente d t o th e righ t 
visua l  field  o n th e V D T (F (  1 ,  99 )  =  8.91 ,  p  <  0.01) . 

Discussion 

The dat a presente d her e sho w tha t  bot h task s ( V D T an d 
W A T)  demonstrat e a  reductio n i n reactio n tim e ove r  th e 
initia l  fou r  day s o f  th e testin g period .  Thi s reductio n i s con -
sisten t  wit h th e powe r  la w o f  learnin g (Fitt s &  Posner , 
1973) .  Relativ e t o emotio n i t  i s  foun d tha t  th e V D T show s a 
highe r  rat e o f  learnin g i n th e negativ e grou p relativ e t o th e 
neutra l  an d th e positiv e groups .  Furthermore ,  th e positiv e 
grou p learn s bot h task s ( V D T an d W A T )  a t  a  comparabl e 
rat e an d th e W A T learnin g rat e i s consonan t  betwee n posi -
tive ,  neutra l  an d negativ e groups .  I f  ou r  assumptio n tha t  th e 
chang e i n R T s o n th e V D T i s representativ e o f  a  procedura l 
acquisitio n o f  a  skil l  the n thi s dat a suggest s tha t  th e rat e o f 
learnin g m a y b e modulate d throug h manipulatio n o f  th e 
emotiona l  stat e o f  participants . 

Thi s vie w i s furthe r  consisten t  wit h th e alread y discusse d 
researc h o n th e effect s o f  emotio n o n memory .  Ther e ar e 
dat a t o sugges t  emotio n ha s lon g ter m effect s o n th e encod -
in g o f  informatio n (Bradley ,  e t  al. ,  1992 ;  Cahill ,  e t  al. , 
1994) .  Specifically ,  N A i s implicate d i n th e activatio n o f  th e 
amygdala .  Th e amygdal a is ,  i n turn ,  implicate d i n th e 
modulatio n o f  long-ter m memor y (Bianchin ,  Souza ,  Medin a 
& Izquierdo ,  1999 ;  Phelps ,  L a Bar ,  Anderson ,  O'Connor , 
Fulbrigh t  &  Spencer .  1998) ;  greate r  stimulatio n o f  thi s re -
gio n lead s t o a n enhancement .  Moreover ,  heightene d activ -
it y o f  th e amygdal a i s associate d wit h negativ e emotio n 
states ,  bu t  no t  positiv e emotio n state s (Davidson ,  1994) . 

Triesma n an d Gormico n (1988 )  furthe r  argu e tha t  earl y 
visua l  processe s decompos e stimul i  alon g a  numbe r  o f  di -
mension s an d int o a  numbe r  o f  separabl e components .  I n 
visua l  searc h paradigm s 'pop-out' ,  wher e th e targe t  become s 
easie r  t o discriminat e fro m it s distracters ,  occur s throug h th e 
codin g o f  th e uniqu e feature s o f  tha t  stimulus .  Moreover , 
N A ha s bee n implicate d i n th e improvemen t  o n visua l  dis -
criminatio n task s acros s th e consolidatio n perio d (Kami ,  e t 

al. ,  1994) .  Th e improvemen t  demonstrate d o n th e V D T i s 
consisten t  wit h thi s view . 

The lateralit y o f  emotio n an d cognitio n predicte d tha t  per -
formanc e o n a  spatia l  task ,  whe n participant s wer e place d i n 
a negativ e emotiona l  stat e shoul d b e facilitate d relativ e t o a 
lef t  hemispher e verba l  task .  I t  i s  clear ,  fro m da y on e RT s 
tha t  th e opposit e occurred :  participant s i n a  negativ e emo -
tiona l  stat e too k longe r  t o complet e th e V D T tha n thos e i n a 
positiv e state .  Thes e dat a ma y b e consisten t  wit h th e vie w 
tha t  N A i s involve d wit h huma n emotion . 

Usher ,  Cohen ,  Servan-Schreiber ,  Rajkowsk i  an d Aston -
Jone s (1999 )  presen t  evidenc e t o sugges t  activit y i n locu s 
coeruleu s (LC )  N A neuron s correlate s wit h performanc e o n 
a visua l  discriminatio n task .  A n instanc e wher e L C activit y 
i s relativel y hig h correlate s wit h a  detrimen t  o n a  visua l 
discriminatio n task .  First ,  thes e dat a suppor t  th e vie w tha t 
N A ma y b e implicate d i n th e effect s observe d o n th e V D T 
i n thi s study .  Second ,  i t  provide s a  plausibl e rout e throug h 
whic h th e V D T dat a ma y b e accounte d for . 

I n consequence ,  th e actio n o f  N A provide s a  plausibl e 
explanatio n fo r  bot h th e da y on e biase s o n th e V D T an d th e 
heightene d learnin g rat e i n th e negativ e condition . 

Conclusion 

Thes e result s sugges t  tha t  varyin g a  person' s emotiona l 
stat e ca n modulat e th e rat e o f  procedura l  learning .  A  plausi -
bl e neuroanatomica l  basi s fo r  thi s effec t  i s  propose d tha t 
center s o n th e rol e o f  N A an d it s involvemen t  i n memor y 
consolidatio n an d earl y visua l  processing . 

Furthe r  wor k i s require d t o substantiat e thi s explanation . 
We nee d t o delineat e wha t  aspect s o f  a  tas k mak e i t  suscep -
tibl e t o modulatio n o f  th e learnin g rate .  Th e differentia l 
effect s observe d o n th e V D T an d W A T ma y b e explaine d 
by th e fac t  tha t  i n th e W A T nove l  word s wer e use d o n eac h 
day ,  wherea s th e V D T employe d th e sam e targe t  shap e o n 
eac h day .  Similarly ,  tha t  th e dat a appear s inconsisten t  wit h 
th e propose d hemispheri c effect s o f  emotio n require s mor e 
work .  I t  ma y b e tha t  th e task s employe d ar e inappropriate . 

Althoug h th e findings  presente d her e ar e fro m a  con -
trolle d laborator y settin g the y ma y hav e a  broade r  applica -
tion .  H u m a n emotio n i s pervasiv e acros s th e lif e spa n an d 
henc e i t  migh t  b e expecte d t o affec t  learnin g o f  man y im -
portan t  skill s  suc h a s reading .  I t  migh t  b e possibl e t o matc h 
emotiona l  stat e t o th e to-be-learne d task ,  s o a s t o optimiz e 
th e learnin g rate . 
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