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Abstract :  Long hours of continuous, mental task reportedly increase the
average auditory P3 latency of the normal subjects significantly, a change
that is thought to be related to mental fatigue. We have tried out several
protocols of varying task difficulty and duration in an effort to study the
onse t  o f  the  assumed fa t igue- re la ted  changes .  The  present  s tudy  shows
tha t  changes  in  v i sua l  even t - re la t ed  po ten t i a l  occur  in  l e s s  than  two
minutes  i f  the  task  i s  suf f ic ien t ly  r igorous .  The  changes  occur  both  in
la tency  and  in  ampl i tude .  Moreover ,  the  changes  a re  revers ib le  wi th  a
brief (30 second) period of hyperventilation. The changes were most marked
at Fz. Following the difficult task, the P3 amplitude at Fz decreased from
8.588µV ± 0.966  to  5 .800µV ± 0.795  and  the  P3  l a tency  inc reased  f rom
368 ± 4 ms to 380 ± 3. Following hyperventilation, the P3 amplitude at Fz
rever ted  to  8 .457 ± 5 and  the  P3  la tency  rever ted  to  371 ± 5 ms .  These
observat ions cal l  for  further  invest igat ions on the cause of  the post- task
changes  and thei r  quick  revers ib i l i ty .

Key words  : even t - re la ted  po ten t i a l s task  d i f f icul ty
menta l  f a t igue h y p e r v e n t i l a t i o n

I N T R O D U C T I O N

Event - re la ted  po ten t ia l s  (ERP)  a re
useful as an index of cognitive functions in
bo th  hea l th  and  d i sease  (1–3) .  These
poten t ia l s  a re  mos t ly  e l i c i t ed  wi th  a  two-
s t imul i  d i sc r imina t ion  task ,  commonly
known as the odd-ball paradigm. The subject
is asked to distinguish between two stimuli,
one  of  which  i s  f requent  and  i s  to  be
ignored,  and the other  infrequent  or  target
which is  to be either counted or responded
to with button-pressing. The response to the
inf requent ,  t a rge t  s t imulus  i s  cons i s ten t ly

assoc ia ted  wi th  a  pos i t ive  b ra in  po ten t ia l
in the electroencephalogram that is recorded
simultaneously.  This posit ive wave,  after  i t
is enhanced through averaging, is called the
P3 wave as i t  occurs roughly 300 ms after
the  p resen ta t ion  of  the  t a rge t  s t imulus .

Numerous  s tud ies  have  s tud ied  the
fac tors ,  spec ia l ly  var ious  s t imulus
paradigms,  affect ing the P3 character is t ics .
However ,  there  i s  only  one repor ted s tudy
on the effect  of  fat igue on P3 (4) .  In that
study, fatigue was produced by six hours of
menta l  ca lcu la t ing  task .  The  ERP
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parameters  were  s tud ied  in  aud i to ry  mode
and  cor re la ted  wi th  sub jec t ive  fa t igue
symptoms and plasma catecholamine levels.
Since then, we have tried to observe how a
d i f f i cu l t  t a sk  (hereaf te r  ca l led  the
‘challenging’ task) affects the characteristics
of  the  P3 recorded immediate ly  thereaf ter .
In  do ing  so ,  we  have  exper imented  wi th
different  durat ions of  the chal lenging task,
the  modal i ty  of  the  chal lenging task (both
auditory and visual) and the modality of the
oddba l l  s t imulus  (aud i to ry  and  v i sua l ) .  In
the  presen t  exper iments ,  we  have  reduced
the duration of the challenging (visual) task
markedly ,  to  l ess  than  2  minutes  and
noted  the  changes  in  v i sua l  P3  recorded
immedia te ly  a f te r  the  cha l lenge  task .
Furthermore, we have tried to reverse those
changes  th rough  hyperven t i l a t ion .

MATERIALS AND METHODS

Cont inuous  3-e lec t rode  encepha logram
were  recorded us ing NuAmps ® and SCAN ®

(Neuroscan  labs )  in  10  in te l l igen t  and
mot iva ted  sub jec t s  (a l l  males  be tween  the
age 19 and 26 years) while they performed
psychomet r ic  t asks  genera ted  th rough
STIM®. The sample size was constrained by
the avai labi l i ty  of  subjects  (undergraduates
and  pos tgradua te  medica l  s tuden ts )  who
would  were  wi l l ing  to  spare  one-hour  fo r
the recording in  between classes .  The task
comprised identifying and pressing a button
on seeing a blue circle (1 cm diameter) on
the screen. The blue circle (target) appeared
wi th  a  p robabi l i ty  o f  0 .1  in te rmixed  wi th
o ther  (non- ta rge t )  geomet r ica l  shapes  o f
d i f fe ren t  co lors .  Al though  h igher  s t imulus
probabi l i ty  (0 .2)  is  recommended,  we have
used 0.1, hoping to record bigger P3 waves.
The  on ly  drawback  was  tha t  the  dura t ion

of  record ing  had  to  be  increased
appropriately for obtaining 40 eprochs. Two
types of  task-protocols,  differing mainly in
the rate of stimulus delivery, were used. In
the  ‘ s low’  pro toco l ,  in te r s t imulus  in te rva l
was  0 .70s  and  the  dura t ion  of  s t imulus
presence  on  the  sc reen  was  0 .1s .  The
respective values in the ‘fast’ protocol were
0 .35s  and  0 .02s .  The  ta rge t  s t imulus
presented itself in a pseudorandom sequence
and  the  random seed  number  for  the
s t imulus  p ro toco l  was  d i f fe ren t  in  each
session. The experiment was divided in four
success ive  sess ions .  Sess ions  A,  C  and  E
compr ised  the  s low pro toco l .  Sess ion  B
conta ined  the  fas t  p ro toco l .  Sess ion  D
cons i s ted  of  a  30  second  per iod  of
hyperventilation (See Table I).  Each session
began  immedia te ly  a f te r  the  p reced ing
session. The time lapse between the sessions
was due to the few seconds required to load
the programs (from slow to fast stimulation
mode) .

The  EEG was  recorded  wi th  ch lor ided
s i lver  e lec t rodes  f rom three  s tandard
midline scalp locat ions (Fz,  Cz and Pz) of

TABLE I : Sequence  o f  t e s t  p ro toco l .  Each  sess ion
followed the preceding session as quickly as
possible, usually 15 to 30 seconds.

Sess ion-A St imulus  p resen ted  a t  SLOW ra te .  The
ERP recorded is  called PRE-TASK ERP.

Sess ion-B Stimulus presented at FAST rate. The task
of  r e spond ing  by  p ress ing  the  bu t ton
immediately is called CHALLENGE TASK
or simply, THE TASK. The ERP was not
r eco rded .

Sess ion-C St imulus  p resen ted  a t  SLOW ra te .  The
ERP recorded is called POST-TASK ERP.

Sess ion-D Hyperventilation for 30 seconds. The ERP
was not  recorded.

Sess ion-E St imulus  p resen ted  a t  SLOW ra te .  The
ERP recorded is called POST-REST ERP.
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the 10–20 International System, all  referred
to  the  r igh t  mas to id  e lec t rode .  L inked
masto id  ( recommended)  could  not  be  used
as reference due to a defect in the electrode
des igna ted  for  the  le f t  mas to id .  However ,
s ince  the  exper imenta l  des ign  sought
compar isons  e lec t rode-for-e lec t rode,  i t  was
fe l t  tha t  tak ing  r ight  masto id  as  re ference
would not affect the results. The impedance
was  kep t  be low 5 kOhms.  The  ampl i f ie r s
were set  to a high frequency cut-off  of  40
Hz.  The EEG was sampled cont inuously at
500  Hz .  Eye  movements  (EOG)  were
recorded  f rom above  and  be low the  r igh t
eye. Ocular artifact reduction algorithm was
appl ied  to  the  EEG to  e l imina te  ocu la r
a r t i fac t s .  The  cont inuous  EEG were
segmented  in to  1000  mS epochs ,  s ta r t ing
200 ms before target  s t imulus delivery and
ending  800  mS af te r  i t .  Each  sess ion  of
cont inuous  EEG y ie lded  43  epochs .
Regardless of the correctness of the subject
response to  these  s t imuli ,  the  epochs were
averaged,  synchronizing the st imulus point .
The  averaged  po ten t ia l s  fo r  non- ta rge t
s t imul i  a re  der ived  separa te ly  and
subt rac ted  f rom the  averaged  response  to
target  s t imulus.  The group averages of  the
ampl i tude  and  la tency  of  the  ERP were

calculated separately for sessions A, C and
E, electrode-for-electrode, and the paired t-
test (2-tailed) was applied for evaluating the
significance of the mean difference between
the ERP parameters of session A and C, as
well  as sessions C and E.

R E S U L T S

The results of the study are summarized
in  Tables  I I  and  I I I  which  g ives  the
amplitude and latency changes in the visual
P3  respec t ive ly .  Each  P3  waveform was
obta ined  by  averag ing  43  epochs  on  an
average .  Occas iona l ly ,  one  or  two epochs
had to  be  re jec ted  due  to  the  presence  of
unknown ar t i fac ts  but  the  to ta l  number  of
epochs  a lways  remained  above  40 .  There
was hardly any error  during the s low tests
and nearly al l  subjects  responded correct ly
on  a l l  t r i a l s .  As  expec ted ,  the  ampl i tude
tends  to  increase  and the  la tency tends  to
decrease  progress ive ly  f rom Cz  to  Pz .
Fo l lowing  the  cha l lenge  task ,  the re  i s  a
consistent reduction in P3 amplitude at each
e lec t rode .  The  reduc t ion  was  maximum
(2.788 µV) and s igni f icant  (P<0.01)  in  the
Fz  e lec t rodes .  The  pro longa t ion  in  P3

TABLE II : Visual P3 amplitude and latency (mean, SD and SE) at Fz, Cz and Pz during different recording sessions.

Record ing M e a n S t d . S td .  Error M e a n S t d . S td .  Error
sess ions a m p l i t u d e Dev ia t ion M e a n la tency Dev ia t ion M e a n

F z P r e - t a s k 8.588 3.055 0.966 368 14 4
P o s t - t a s k 5.800 2.516 0.795 380 17 5
P o s t - r e s t 8.457 2.406 0.761 371 16 5

C z P r e - t a s k 8.928 2.579 0.815 364 20 6
P o s t - t a s k 7.775 4.686 1.482 376 22 7
P o s t - r e s t 9.890 2.608 0.825 377 20 6

P z P r e - t a s k 8.714 3.185 1.007 350 23 7
P o s t - t a s k 8.275 2.643 0.836 361 28 9
P o s t - r e s t 9.515 2.491 0.788 359 22 7
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D I S C U S S I O N

The design of  the  present  exper imental
pro toco l  was  a r r ived  a t  on  the  bas i s  o f  a
series  of  past  experiments ,  wherein several
different types and duration of ‘challenging
task’  were  exper imented  wi th .  The  search
was  fo r  the  b r ie fes t  cha l lenge- task  tha t

TABLE III : P-values obtained through Student’s  t-test
for comparison of means  (P3 amplitudes
and la tencies) .

Significance Significance
(2-tailed) of (2-tailed) of

mean amplitude mean latency
difference (df=9) difference (df=9)

Fz(pre- task)  –
Fz(pos t - t a sk ) 0.002 0.004

Fz(post - task)  –
Fz(pos t - r e s t ) 0.000 0.016

Cz(pre- task)  –
Cz(pos t - t ask) 0.379 0.011

Cz(post- task)  –
Cz(pos t - res t ) 0.154 0.942

Pz(pre- task)  –
Pz(pos t - t a sk ) 0.633 0.000

Pz(pos t - task  –
Pz(pos t - r e s t ) 0.166 0.619

la tency  (12 .1 ± 3 .8)  too  was  s ign i f ican t
(P<0.01)  a t  Fz  bu t  the  maximum
prolonga t ion  occur red  a t  Cz  (12 .8 ± 3 .2) .
Fo l lowing  hyperven t i l a t ion ,  these  changes
showed a  t endency  to  rever t  to  the i r  p re -
task  leve l s .  The  res to ra t ion ,  in  t e rms  of
ampl i tude ,  was  near  comple te  in  a l l  the
leads ,  and  ac tua l ly  surpassed  the  p re - task
level at Cz and Pz. However, when compared
to  the  pos t - t ask  leve l ,  the  change  was
s ign i f ican t  on ly  a t  Fz .  The  res to ra t ion  in
terms of latency was significant only at Fz.
The  mean  reac t ion  t ime  was  327 ± 51 ms
before  t ask ,  340 ± 55 ms a f te r  t ask  and
335 ± 52 ms a f te r  res t .  The  pro longa t ion
was  however  no t  s ta t i s t i ca l ly  s ign i f ican t .
A typ ica l  P3  record  ob ta ined  i s  shown in
Fig.  1.

Fig. 1 : Visua l  P3  recorded  f rom a  sub jec t  (26  yea r
male) from three midline electrodes Fz, Cz and
Pz.  Three  records  obta ined  in  three  d i f ferent
sess ions  (p re - t a sk ,  pos t - t a sk  and  pos t - res t )
have  been  super imposed  (us ing  the  p re -
s t imulus  base l ine )  to  show the  changes
assoc ia ted  wi th  t a sk  and  res t .  The  l a t ency
changes  (descr ibed  in  t ex t )  a re  cons i s ten t  a t
a l l  the  th ree  e lec t rode  s i t e s .  The  pos t - t a sk
reduc t ion  o f  ampl i tude  however  i s  apparen t
only if one considers the peak-to-peak voltage.
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would consistently induce post-task changes.
Severa l  considera t ions  shaped the  s t imulus
parad igm.  F i r s t ,  we  wanted  the  s t imulus
protocol  to  be ident ical  throughout ,  except
for  i t s  speed ,  so  tha t  the  sub jec t  was
familiar with the protocol and did not have
quer ies  in  the  middle  o f  the  exper iment .
This was important since l i t t le t ime was to
be  was ted  in  be tween  sess ions  in  g iv ing
ins t ruc t ions  to  the  sub jec t .  Second ,  we
wanted to  ensure  tha t  the  ‘chal lenge  task’
was  no t  so  d i f f i cu l t  tha t  sub jec t s  go t
demotivated or gave up midway. A random
inte rs t imulus - in te rva l  made  the  t ask  too
difficult  when run at a high speed. Since a
cons tan t  in te r s t imulus  in te rva l  would  be
expec ted  to  lower  the  P3  ampl i tude ,  the
ta rge t  p robabi l i ty  was  reduced  f rom the
usual  20% to 10% to compensate.

In  our  exper iments ,  the  P3  was  no t
recorded  dur ing  the  cha l lenge  task .
In i t ia l ly ,  the  P3 dur ing  the  chal lenge  task
were  recorded  and  ana lyzed  and  i t  was
found that  the ampli tude was very low.  In
fact,  the wave was nearly flat .  I t  is  known
tha t  the  P3  ampl i tude  decreases  wi th  task
difficulty (5, 6) but the speed and difficulty
leve l  o f  the  cha l lenge  task  in  our  s tudy
seems  to  have  dwarfed  the  P3  grea t ly .
Hence ,  we  s topped  record ing  i t  any
fur ther .  The  fo l lowing  d i scuss ion  re la tes
on ly  to  the  P3  charac te r i s t i cs  before  and
af te r  the  cha l lenge  task ,  as  wel l  as  a f te r
h y p e r v e n t i l a t i o n .

Similar changes as observed in our study
(P3  la tency  pro longa t ion)  have  been
repor ted  in  ea r l i e r  work  too ,  bu t  in  a
different context.  The first  of them was by
Kasada  e t  a l .  (4 )  who repor ted  the  a f te r -
e f fec t s  o f  6  hours  o f  con t inuous  menta l
a r i thmet ic ,  hoping  tha t  the  changes  would

signify fat igue.  However ,  the ERP changes
recorded did not show significant correlation
e i ther  wi th  the  sub jec t ive  symptoms of
fa t igue  or  wi th  b lood  concent ra t ions  o f
ca techolamines .  The i r  on ly  reason  for
conc lud ing  tha t  the  ERP changes  were
fa t igue  re la ted  was  tha t  the  sub jec t s
reported subject ive symptoms of  fa t igue at
the  conclus ion  of  the  6-hour  task .  A year
la te r ,  we  repor ted  a  s imi la r  pos t - t ask
prolongation of auditory P3 latency (7) but
on  an  en t i re ly  d i f fe ren t  p remise ,  tha t  the
changes  were  re la ted  to  the  I .Q.  o f  the
subjec t s .  The  task  compr i sed  a  10-minute
sess ion  in  which  the  sub jec t s  repea ted  in
reverse  order  s t r ings  of  d ig i t s  read  out  to
them. We argued that since the latency was
pro longed  more  in  the  more  in te l l igen t
subjec ts ,  fa t igue  was  an  unl ike ly  cause  of
the changes.  Subsequently,  we repeated the
exper iments  us ing  bo th  audi tory  cha l lenge
task  ( same as  before )  as  wel l  as  v i sua l
challenge task (8). The visual task consisted
of 10 minutes of  reading lateral ly inverted
tex t .  Al though  no t  va l ida ted  s ta t i s t i ca l ly ,
the  changes  were  aga in  a t t r ibu ted  to
difference in mental ability, with those who
per formed be t te r  in  the  cha l lenge  task
genera l ly  showing  a  g rea te r  P3  la tency
pro longa t ion .  Based  on  the  subs tan t ia l
l i t e ra tu re  repor t ing  I .Q. -dependent  P3
changes ,  a  hypothes i s  was  proposed  tha t
sought to reconcile some of the contradictory
past observations on P3-I.Q relationship (9).
The post-task changes were next studied in
the  v i sua l  P3  on  a  l a rger  se r ies  o f  22
subjects (10). It was observed that following
a visual  chal lenge task (mental  rotat ion of
shapes) for 10 to 15 minutes, the P3 latency
increased  in  mos t  bu t  a l so  decreased  in  a
few. It was however increasingly felt during
the  course  of  these  exper iments ,  many  of
them unrepor ted ,  tha t  the  changes  tha t
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were being observed were occurr ing in the
first minute itself of the challenge task and
that  the  la ter  par t  of  the  task  was  largely
redundant  in  induc ing  fur ther  P3  changes .
Moreover ,  s ince  the  l a tency  changes  were
b id i rec t iona l ,  p robably  there  were  two
under ly ing  causes  tha t  were  push ing  the
ERP parameters  in  opposi te  d i rec t ions  and
tha t  had  to  be  reso lved .  We assumed tha t
the effect of a challenge task is the outcome
of  a  var iab le  suscep t ib i l i ty  o f  d i f fe ren t
subjects  to  general  a ler tness  or  fa t igue,  or
even some other factors like ‘mental ability’.
We there fore  made  two changes  in  the
exper imenta l  des ign :  f i r s t ,  we  made  the
chal lenging task diff icul t  but  br ief ,  hoping
to  e l i c i t  on ly  one  type  of  response ;  and
second ,  we  added  hyperven t i l a t ion  to  the
pro toco l  to  reverse  the  changes ,  wha tever
they were, hoping that a consistent reversal
would prove that the changes were for real.
Hyperventilation was tried out for reversing
the post-task changes because it was one of
the options available for diverting the brain
from any mental  activity and was preferred
hoping that  the l ight-headedness caused by
i t  would  min imize  any  menta l  ac t iv i ty .
Moreover ,  as  compa  red  to  re laxa t ion
techniques ,  hyperven t i l a t ion  i s  a  more
objec t ive  p rocedure  and  be t te r  def ined
physiological ly .

The  changes  descr ibed  above  a re
interesting because of at  least  two reasons.
F i r s t ,  the  t ime  course  o f  the  changes
are  qui te  shor t ,  cons ider ing  tha t  the  pos t -
t ask  changes ,  tha t  a re  h igh ly  s ign i f ican t
a t  Fz ,  t ake  on ly  two minutes  to  deve lop .
In  the  same way ,  the  changes  ge t
res to red  to  the  p re - task  leve l  equa l ly
prompt ly  in  30  seconds .  Second ,  a l though
the  changes  a re  seen  a t  a l l  the  mid l ine
elect rodes ,  that  they are  highly  s ignif icant

a t  Fz  and  no t  s ta t i s t i ca l ly  s ign i f ican t
at  others  suggest  that  the post- task effects
a re  mos t  marked  and  cons i s ten t  in  the
frontal  lobe.

Al though  menta l  fa t igue  remains  one
of  the  poss ib le  causes  o f  the  pos t  t ask
changes  observed  in  our  s tudy ,  tha t  i s  by
no means  cer ta in .  There  i s  no s ta t i s t ica l ly
s ign i f ican t  p ro longa t ion  of  the  reac t ion
t ime (pre- task = 0 .324 ± 0.044,  post - task =
0.336 ± 0.042 and post-rest = 0.332 ± 0.035),
which  goes  aga ins t  fa t igue  as  a  cause .
Moreover ,  any  fa t igue  observab le  in  the
reac t ion  t ime  could  be  a  motor  fa t igue
brought  about  by the  br isk  but ton-press ing
dur ing  the  cha l lenge  task .  Moreover ,  i t
seems unl ikely  that  a  two-minute  task  can
cause fatigue since real-life situations often
demand much  more  in tense  and  pro longed
s t re tches  o f  menta l  ac t iv i ty .  I t  cou ld  be
possible that the challenge-task triggers the
entry  of  the  brain  into  a  ‘cogni t ive  mode’
and  tha t  the  observed  changes  a re  a
ref lec t ion  of  the  same (9) .  The  genera tors
for the P3 response are located in multiple
bra in  reg ions  inc lud ing  in fe r io r  par ie ta l
lobule ,  f ron ta l  lobe ,  h ippocampus ,  media l
temporal  lobe,  locus ceruleus (11),  and the
fac t  tha t  the  changes  a re  mos t  p rominent
in  the  f ronta l  lobe ,  which  i s  known to  be
involved in deep thinking, could be because
the  cha l lenge  task  draws  mos t  upon  the
f ron ta l  lobe  func t ions ,  a f fec t ing  the  P3
recorded  subsequent ly .

The reversibili ty of the changes through
hyperventilation may be due to a restoration
of  the  bra in  to  a  re laxed  mode .  However ,
the same cannot be concluded with certainty
through  the  p resen t  exper iments  and  i t  i s
poss ib le  tha t  the  revers ib i l i ty  of  the  pos t -
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task changes were simply due to their fading
away wi th  t ime .  However ,  the  resu l t s  we
have  ob ta ined  makes  ‘ fad ing  away’  an
unl ikely  poss ibi l i ty  because  in  Cz and Pz,
the  ampl i tude  of  P3  af te r  hypervent i la t ion
overshot the pre-task P3 amplitude.  Certain
reported changes (12, 13) in auditory evoked
potent ia ls  dur ing menst rual  cycle ,  notably ,
the  shor ten ing  of  the  l a tenc ies  o f  P2  and
N2 in  the  mid- luteal  phase  only ,  could  be
due  to  the  s l igh t  hyperven t i l a t ion  caused
by  h igher  l eve l  o f  p roges te rone .  Hence ,
regardless  of  the  cause(s)  of  the  post - task
changes ,  the  resu l t s  our  s tudy  under l ines
the  impor tance  of  the  immedia te  t ask
h is to ry  ( spec ia l ly ,  excess ive  menta t ion)
when  exper iment ing  wi th  parameters

re la ted  to  P3  la tency  and  ampl i tude .
Fur ther  exper iments ,  incorpora t ing
randomization of st imus protocol,  would be
required for  ascer ta ining the causes  of  the
observed  changes .
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