
Japan Society of Exercise and Sports Physiology

NII-Electronic Library Service

JapanSociety  ofExercise  and  Sports  Physiology

Effectsof Target Stimulus
Response inCounting and

onSympathetic  Skin
ReactionTasks

Masahiro SHIMODA',  Kuniyasu IMANAKA2,  Ybshiaki NISHIHIRA3,
HMIIA3, Masaki FUMOTO`,  [Ibkeshi KANEDA",  Sachiyo AKIYAMA4  anIchiro

 KIIA2, Arihiro

d Shinichiro TOKITO"

i
 Ilealth andAmenity  Sleience, fucuity ofAgrieulture, 7bdyo Uhivensity ofAgricultune and  fechnot-
ogy  3-5-8 Sdiwai-cho, Fletchu 183-8509, 7btvo, .C4R4N

2Department
 ofKinesiologr4 fuculty ofSleience, 7bkyo jdlatrqpolitan ClhiversiOl 1-1 Minami-Oh-

sawa,  Iinchioji 192-0364, lbdyo, kR4N
3
 institute ofHlealth andSport  Sciences, Uhiversity ofkukuba, 1-1-1 fennoclai, foukuba 305-8574,
tharaki, .LdR4N
`
 Doctoral  Program in Hbalth and  Eiport Sbienees, Uhiversity of lsukuba, 1-1-1 fennoclai, Aukuba

305-8574, tharaki, .L4R4N

                 Abstract
  SH[MODA, M., IMANAKA,  K,, NISHIHIRA, Y,, KITA, 1., HATrA, A., FU-
MOTO, M., KANEDA, T,, AKIYAMA, S, and  TOKITO,  S., Effect$ et Tanget

Stirnutus en  Sympathetic Skjn Respense  in Counting and  Reaction Tasks.

Adv. Exere. Sports Physiol., Vot.7, No.3 pp.93-1Ol , 2001 . Tb examine  the efi

fects of  motor  respenses  to targe{ stimuli  on  elicitatiDn  of  sympathetic  skin  response

(SSR), we  assessed  both the N140  and  P300 components  of  event-related brain po-
bentials (ERPs) and  SSR  of ten heatthy volunteers using  an oddball paradigm in two
types of  conditiens,  In ene  condition, subjeets were  required to eeunt  the target stim-

-li (count condition),  while  in the other  condition,  the subjects  were  asked  to per-
form a  quick voluntary  movement  ln response  to the target stimuli  (reaction
condition).  Amp]itudes efboth  Nl40 and  SSR  were  larger in the  reaction  condition

than in the count  condition.  The  arnplimde  of  P300 did net significantly change  in ei-
ther condition.  The  latency of  P300  decreased in the reaetion condition  rather  than in

the ceunt condition. Thus, it is likely that the target stirnuli  presented in the count

conditioll may  be processed with  the same  amount  of  attentional  resources  of  sub-

jects as in the reaction  condition,  but the requirement  ofa  quick motor  iesponse  rnay

resu]ted  in different rneanings  of  the target stimutj for the reaction ancl count condi-

tions. In conclusion,  it is consiclcred  that the requirement  of qu{ck metor  responses

enhances  both the arousal  state  ef  subjects aBd  the stimulus rneaning which  indicates
that the subjects should perfomi a  voluntary  movements  itselC and  that these en-

hancements  may  then activate the syrnpathetic  nerve  responses  (e.g., SSR).

Keywerds: sympathetic  skin  response  (SSR), event-related  brain petentinls (ERPs),
stimulus  meaning,  arousal,  voluntary  movements

                lntroduction

   The sympathetic  skin  response  (SSR) is thought to be
a usefu1  index of  sudomotor  sympathetic  function, The

SSR  is well  observed  when  an  unpredictable  signal  (stimu-
lus), such  as a stimulus  presented at an  interval longer than
30 s, is presented to subjects, In such  a  condition,  it is ofl
ten observed  that amplitudes  of  SSR  decrease as the num-

ber of  stimulus  presentations increase (25). This

phenomenon is called the`habituation'of SSR  (2, 3). It is
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suggested  that the habituation of  SSR  may  appear  because
the subjects  cannot  continue  to direct their attention  to all

of  the stimuli  presented in the experiment.  It is therefore
considered  that the control  of  SSR  (i.e., sympathetic  nerve

activity)  may  be affected  by the central  nervous  systems

(e.g., 22, 25). Furthermore, ifit could  avoid  the habituation

phenomena in recording  SSRs, the use  of  SSR  would  be-
come  more  valuable  in evaluating  the sympathetic  function
(e,g,, 2, 4),

   [Ib avoid  such  habituation phenomena in recording

SSRs, Aramaki et al. (2) has suggested  that a method  of  av-

eraging  using  target and  standard  stimuli  may  be consid-

ered, In this rnethod,  both target and  standard  stimuli  that

differ in the probability of  their presentation are  used,  The
target stimuli, which  subjects  are required  to detect, are  pre-
sented  at a low probability, such  as 20% of  all stimuli pre-
sented  in an  experimental  session, and  are  thus called
`rare'

 target stimuli, The standard  stimuli,  which  subjects

are asked  to ignore, are presented at a high probability
(e,g,, 80%), Under these stimulus  conditions,  the SSR  well

appears  with  the rare  target stimuli rather  than the standard
stimuli. Such a stimulus-presentation method  is generally
similar  to the stimulation  sequence  ofthe  

`oddball'

 para-
digm, which  is typically used to record the P300 compo-
nents  of  event-related  brain potentials (ERPs). In fact,
Deguchi  et al, (9) and  Knight (19) have recently shown
that both the SSR  and  P300 are concurrently  evoked  by
rare target stimuli  in the oddball  paradigm.
   In general, the use  ofrare  target stimuli in the oddball

paradigm require  subjects  to either consciously  detect each

rare target stimulus  among  other  nontarget  stimuli (this is
called  the 

"counting

 task") or respond  to the rare target
stirnuli by preducing movements  (the 

"reaction

 time task"

or 
"RT

 task"). Although both the counting  and  RT  tasks
are  well  known to contribute  to eyoking  the P3b, a  type of
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P300  (7, 28), it is still unclear  whether  the counting  (i.e.,
target detection) is much  mere  effective in evoking  SSRs

than the RT  task (i.e., movement  production), or  vice  versa,

    For evoking  P3b, the counting  task has often  been
used  to require  subjects  to allocate  their attentional  re-

sour ¢ es to the given stimuli alone.  In the ceunting  task,
subjects  are  asked  to count  in mind  the number  of  target

stimuli  presented among  a Iarge number  of  nontarget  (stan-
dard) stimuli  and  the subjects  thus attempt  to be attentive
te detect each  target stimulus.  The rare  target stimulus  is

therefore thought te enhance  subjects' attention.  Such an  eC

fect of  the rare target stimuli on  the subjects' attention  is

termed the 
`target

 effect' (13, 18, 29),
    Although the target effect has typically been observed
in counting  tasks, the target effect  has alse  been suggested

by Tueting and  Sutton (34) to occur in IM] tasks as well, Tu-
eting  and  Sutton (34) showed  that a typical P3b  appeared

when  subjects were  required  to make  a motor  response  to,

rather  than counting,  each  target stimulus.  However,  it has

been suggested  that there is a slight difference in the ampli-

tude of  P3b  between the counting  and  I(T tasks (5, 17).
Both Barrett et al. (5) and  Johnson (17) showed  that the

P3b arnplitudes  fbr rare target stimuli appeared  1arger un-

der IanF tasks than under  counting  tasks, Such a difference

in the amplitude  ofP3b  indicates that the meaning  (or func-
tion) of  the target stimuli under  counting  tasks may  differ

from that under  RT  tasks, The  requirement  of  motor  re-

sponses  involved in IU] tasks may  proyide the target stim-

uli with  some  specific  meaning.

    Roth (30) suggested  that the 
`signal

 value'  and  the di-
rection  of  attention  were  directly linked to the nature  of  the
task in which  the subjects  were  asked  to perfomi a  motor

response,  and  that such  task-relevant factors (i.e., signal

value  and  the direction of  attention) were  responsible  fbr

the P3b appearance.  Johnson (17) also suggested  that the
`stimulus

 meaning'  is one  of  the facters determining the
P300 amplitudet.  The requirement  of  motor  response  in

IU] task may  probably result in providing the stimulus

meaning  specific  to movement  production in addition  to

the stimulus  meaning  specific to target detection, as  seen  in

counting  tasks. The stimulus  meaning  specific to move-

ment  production may  well  diffbr from the stimulus  mean-

ing under  counting  tasks.

    Regarding the SSR  in the context  of  motor  response,

it has been shown  that the eleetrodermal  activities  (EDAs)
are  also  enhanced  when  subjects  are required  to make  a

motor  response.  Bernstein and  Taylor (6) showed  that skin
conductance  responses  (SCRs, a type of  EDAs) were  1arger

in amplitude  when  subjects were  asked  to respond  to target

stimuli  with  a pedal-pressing response  than fbr those  with-

out that motor  response.  Siddle et  al. (32) also reported  that

subjects  who  were  asked  to perforrn a quick RT response

showed  larger SCRs  than those without  any  motor  re-

sponse.  These findings suggest  that the electroderrnal  re-

sponses  are enlarged  when  subjects  make  a motor

response,  and  that it is the motor-related  nature  of  the

given stimulus  that may  affect the electrodermal  responses,

In addition,  Osada et al, (26) have recently  shown  that SSR
appears  with  both the bereitschaftspotential (Be 20) and

event-related  desynchronization (ERD) ef  the EEG  (27)
during a  selfipaced  voluntary  movement.  Both the BP  and

the ERD  are thought ofas  a manifestation  of  the neural  pre-
paratory processes for the production of  voluntary  move-

ments.  The findings of Osada et al. (26) therefore imply
that the movement-related  processes of  infbrrnation proc-
essing may  affect the SSR  as well  as the SCR,

    However,  it is still far from clear  that how  the

movement-related  processes, such  as conscious  detection
ef  target stimuli and  the production of  motor  response,  in-

fluence the elicitation of  SSR, In the present study, the sig-

nificance  of  both conscious  target-detection and  motor

response  on  elicitation  of  SSR  was  examined  to elucidate

the contribution  of  movement-related  brain functions to the
sympathetic  nerve  activity. [[b examine  this issue on  SSR,

an  oddball  paradigm was  used  under  two  conditions  with

multiple  measurements  of  SSR  and  several  ERP  compo-

nents.  In one  condition  (count condition),  subjects  were

asked  to count  the number  oftarget  stimuli presented in the
oddball  paradigm experiment,  while  in the ether  condition

(reaction condition),  the subjects  were  asked  to respond  by

extending  their elbow  to each  target stimulus  as quickly as

possible. In both conditions  the target stimuli should  in-

voke  target-detection processes in the brain, while  in the re-

action  condition  alone  the target stimuli may  invoke
additional  motor  processes that relate to voluntary  move-

ments,  These predictions were  examined  by a comparison

of  P300 components  for target stimuli between the count

and  reaction  conditions.

    In addition  to the P300 components,  N140  component

of  ERPs  was  also  measured  in this experiment.  The N140

component  is sensitive  to whether  subjects  attend  to given
stimulus  (10, 15, 16). Both P300 and  SSR  are believed to

be mediated,  in part, by subjects'  attention,  Tb assess  the at-

tentional allocation  of  the subjects  fbr the stimuli  in both
the count  and  reaction  conditions,  the N140  components

were  measured.

Methods

Sbebjects

    [[en neurologically  normal  volunteers  (eight males

S The term 
`signal

 value'  (30) is considered  to be identical to the terrn 
`stimulus

 value'  originated  by Johnson (17), who  proposed the stimulus  value  as

one  of  the variables  indicatinglmeasuring the degree of  stimulus  meaning.  Therefore, in the present study,  we  deal with  both the terms 
''signal

 value"  and
"stirnulus

 yalue"  as  indicating the 
'`stimulus

 meaning".
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and  two females), aged  from 20 to 29 years, panicipated in
this experiment.  Informed consent  was  obtained  from each

participant.

Reconti,zgs ofEEG, EMG,  andssR

    Nine AglAgCl disk electrodes  for recording  EEG
were  placed on  F3, Fz, F4, C3, Cz, C4, P3, Pz and  P4, The
EEG  signal was  amplified  through a bandpass fiIter with  a

range  of  O,53 to 120 Hz. Tb monitor  possible anifacts  due
to eye movements,  electro-oculogram  (EOG) was  recorded

using  electrodes  placed above  and  below the left eye.  EMG
was  recorded  using  two pairs of  surfaee  electrodes  placed
on  both the triceps and  the biceps muscles  of  the right arm
and  amplified  through a bandpass filter with  a range  of  5.3
to 1500 Hz. SSR  was  recorded  using  AgXAgCl disk elec-
trodes placed on  both palmar and  dorsal sites of the left
hand and  was  amplified  through a  bandpass filter with  a

range  of  O.53 to 1500 Hz. Electrical square  stimuli of  O.2
msec  in duration were  generated using  two  electrical stimu-

lators (3F46, NEC  San-ei Co. Ltd., Japan). Each stimulator

delivered electrical stimuli to either the index or little fin-

ger of  the right hand using  ring electrodes  attached  at  the

middle  of  the first (cathode) and  second  phalanx (anode) of

each  finger, The intensity ofthese  stimuli ranged  from two
to three times the subjective  sensory  threshold of  each  fin-

ger, that is, the intensity quite strong  but certainly not  pain-
fu1. All analog  signals including the electrical  signals  of

each  stimulus  were  recorded  both on  recording  paper fed
from an  EEG  recorder  (EE112lA, NEC  San-ei Co. Ltd,, Ja-

pan) and  on  the magnetic  tape of  a data recorder

(PC216Ax, Sony Precision [fechnolegy Inc,, Japan),

Procedures

    Subjects were  comfbrtably  seated  in an  armchair.  A

pile of  rectangular  stainless-steel plates was  fixed on  the
right armrest.  Between the two  plates was  a short  piece of
wood  at one  end.  A  strain gauge was  attached  on  the upper

plate to detect deformation of  the plate, The subjects  put
their right forearm on  the upper  plate and  were  instructed
to keep their eyes  open  and  maintain  a  stahle  arousal  level
of  consciousness  dufing experimental  trials. After a IO-
minute  resting period, an  oddball-paradigm  experiment

was  perfbrmed under  two  conditions  (count and  reaction

conditions).  In both conditions,  more  than 100 electrical
stimuli were  delivered to either the index (target, 20%) or

the little (standard, 80%) finger at a fixed interstimulus in-
terval (3 sec). The interstimulus interval was  used  to record

SSR  waves  clearly without  any  superimposition  of  the pre-
vious  SSR  wave  evoked  by the preceding target stimulus,
In the count  condition  the subjects  were  asked  to count  the

number  of  target stimuli while  in the reaction  condition

they were  asked  to respond  to the target stimuli by extend-
ing the right elbow  joint to press down on  thc upper  plate
as  quickly as  possible. The subjects  were  also  instructed to

ignore any  ofthe  standard  stimuli in either condition,  After
the completion  of  the count  condition,  experimenter  re-

quired the subjects  to answer  the number  of  target stimuli.

These two  conditions  were  presented in an  order  counter-

balanced between subjects.

AnaLrses ofAU40, P300, and  SSR

    After completion  of  the experiment,  EEG  and  SSR
analog  sigrials stored  on  magnetic  tape were  converted  into
digital data at a sampling  rate of  20e Hz through an  AfD
converter  installed on  a personal computer  (PC9g21 Xa7,
NEC  Co. Ltd., Japan), Digital data were  analyzed  with  a

signal-processing  software  (EPIIYZER, Kissei Comtec Co.
Ltd,, Japan). EEG  data converted  fbr 800 msec  (ranging
from 200 msec  before the stimulus  onset  to 600 msec  after

the stimulus  onset) were  ayeraged  over  16 samples  for tar-
get stimuli  and  over  75 samples  for standard  stimuli, N140
and P300 components  ofERPs  were  defined as peak ampli-
tudes that appeared  in two  diffbrent post-stimulus windows

ranging  from 120 to 160 and 245 to 450msec, respectively.
The  amplitudes  of  N140  and  P300 were  measured  from a
200-msec prestimulus baseline. The latencies of  N140  and

P300 were  measured  as  the time elapsing  from the stimu-
lus onset  to the peak amplitude,  SSR  data were  converted

for 4500 msec  (ranging from O msec  to 4500 msec  after  the
stimulus  onset)  because one  waveforrn  of  SSR  is often  ter-

minated  ahout 4000 msec  after the stimulus  onset, There-

fore, the averaging  of  SSR  data was  perfbrmed two times:

over  16 samples  with  target stimuli and  75 samples  with

standard  stimuli. The amplitude  of  SSR  was  measured  as  a

peak-to-peak difference of  the averaged  waves.  In order  to

eliminate  possible artifacts on  the averaged  waveforrns  of

both ERPs  and  SSR, trials with  either excessive  muscle  ac-

tivity or  eye  blinks (detecting from EMG  and  EOG)  were

excluded  from these measurements.

Statisties

    Three-way ANOVAs  were  perfbrmed on  each  of  the
amplitudes  and  latencies of  N140  fbr the fo11owing
repeated-measures  factors: condition  (C; reaction  and

count),  stimulus  (S; target and  standard)  and  electrode  (E;
F3, Fz, F4, C3, Cz, C4, P3, Pz and  P4), Two-way ANOX44Ls
were  also  perfbrrned on  each  of  the amplimde  and  latency
ofP300  fbr both condition  (C) and  electrode  (E) factors be-
cause  the present study  dealt with  the P300 components  for
the target stimuli, When  the main  effect of  electrode  factor
was  significant, contrast  tests were  then performed fbr the
electrode  effects,  [[b decrease the experiment-wise  error

rate due to the repeated-measures  design invelving multiple
dependent variables, a Greenhouse-Geisser adjustment  for
the degree of  freedom was  performed. The Student's paired
t-test was  used  to cornpare  the effects of  the two  conditions

on  the amplitudes  of  SSR  for the target stimulus.  A level of

p<O.05 was  accepted  as indicating stati$tical significance,
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                  Results
   In the count  condition,  the subjects  accurately  an-

swered  the number  of  target stimuli,  Figure 1 and  Figure 2

show  typical recordings  ofboth  ERPs and  SSR under  each

condition  in one  subject.

N140  components

   For the amplitudes  ofN140  (Thr,le 1), the main  effect

for conditions  was  significant (F#10,858, p<O.Ol)  with

the N140  amplitudes  in the reaction  condition  being signifi-
cantly  larger than those in the count  condition.  The main  eg

fect for electrodes  was  also sigriificant (F;4,802, p<O.05).
Contrast tests were  then calculated  among  the electrode

sites, The results revealed  that the N140 amplitudes  at all

frontal and  central electrode  sites except  C3 were  signifi-

cantly  larger than those at  parietal sites  (p<O.e5), There

were  no  lateral differences fbr the N140  amplitudes.

   Fer the latencies of  N140  ([[lable 2), the main  effect

for electrodes  was  signifieant  (F=10,649, p<O,OOI), Con-

trast tests were  then calculated  among  electrode  sites, The

results were  as fbllows: i) at midline  sites, the N140  laten-

cies at Cz was  shorter  than those at Pz and  Fz (Cz vs. Pz, p
<O,05;  Cz vs, Fz,p<O.OOI; Pz vs,  Fz,p<O.05); ii) at both

left and  right sites, the N140  latencies at central and  parie-
ta1 sites  were  shorter  than those at frontal sites (left, C3 vs.

F3,p<O.Ol; P3 vs. F3,p<O,05; right, C4 vs.  F4,p<O.05;

P4 vs. F4,p<O.05); and  iii) the N140  latencies at C3 were

shorter  than those at C4 (p<O,O1),
P300 components

   P300 components  of  ERPs clearly appeared  for target

stimuli  (Figure 1), For the P300 amplitudes  (Figure 3, ,Ta-
ble 3), the main  effect was  sigriificant for electrodes  (F=
28,341, p<O.OOI) but not  for conditions,  Contrast tests

were  then calculated  for the electrode  effects, The results
showed  that the mean  P300 amplitudes  were  significantly

greater fbr all the parietal sites compared  with  the frontal
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Figure lTYpical  recordings  of  ERPs for the target stimuli  in Count  and  Reaction conditions,
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Table 2:

Tlable 1

tnydew.mtwt,t

The latencies of  N140  (msec) for the standard  and  target stimuli

  in Count and  Reaction conditions.

  Note gives a  summary  of  the  ANOXAs  for a  significant  main

  effect  for electrode  (E) on  the N140 latencies.

Eleetrode
  sites

    Standard
Mean SD

TYpicalReaction

Mean1largetSD

･--･.-･ Cotjnt

    Reaetion

recordings  of  SSRs for the target stimuli in Ceunt and

eonditions.

The arnplitudes  of  N140 ("V) for the  standard  and  target stirn-

uli in Count and  Reaction eonditions,

Note gives a  summary  of the ANONipLs  for both signifieant

main  effbct for both condition  (C) and  electrode  (E) on  the

N140  amplimdes.

Count
 F3
 Fz

 F4

 C3

 Cz

 C4

 P3

 Pz
 P4

Reaction

  F3

  Fz

  F4
  C3
  Cz
  C4

  P3

  Pz

  P4

136.5140.0139.5128.5131.5135.5l31.S134.0136,5

130,Sg3g.s138.S124.0129.0134.0127,O132.0131.0

14.72913.54013,83412.4g316.84113.834I7.64616,79914.539

Electrode

  sites

    Standard

Mean  SD MeanThrgetSD

Count
  F3
  Fz

  F4

 C3

  Cz

 C4

  P3

  Pz

  P4

.2.725-3.496-4.058-2.243-2.714-3.746-O.860-O.507-1.6802.S382,7122,63g3.0114.1572.0922.9472.511l.797-3.499-3.741-4.006-2.769-2.442-3.734.1.372-e.945.].4873,5473,S183J174,9046.S474.0324.9934,8124.114

12,791!1.89114,9t6t429814,29gt4.103l4.94417.82619.120

136,51385139.0129.0127,5133.0130,5134.013i,5

139,5139.5137.0134.0133.0135.5135.0138.5137.0

13.55e14.15213.904l7,127l3.79416.02118.l7418.67916.338

Reaction

  F3

  Fz

  F4

  C3

  Cz
  C4
  P3

   Pz

  P4

13.42713.83412.95314.87011,106l6,23615.09213.75414.944

-4,340-5.393-5.887-3.845-5.335-5.383.2.466-2.409-3.1854,8154.5563,g364.3415,8133.6433,8203.6863.298-5.479-5,793-6.690-4.745-6.540-6.788-3.193-3.604-4.0394,e963,6864D074,5136.2093,9874.7824,5083.781

Note:

  20Srt8sg

 16Iti

 t4gi2<

 le

  20S18g

¢ t6v=,..iM-nff

 12<

  10

F-10.649,p<e.OOI,for

  p3eoAMPUTUDE

Electrode

F-1O.858,p<O.O1
F=4.802,p<O.OS,

 fbr Condition'for

 Electrode

FRONTAL

CENTRAL

  p3eeLATENCY

Note:

sites (except Pz vs. Cz, p=O.12) (fbr the midline,  Fz vs,

Cz, p<O.OO1, and  Fz vs,  Pz, p<O,OOI;  for the Ieft, F3 vs.

C3,p<O.Ol, C3 vs. P3,p<O.05, and C3 vs. P3,p<O.OOI;
fbr the right, F4 vs.  C4, p<O.Ol, F4 vs. P4, p<O.OOI, and

C4 vs. P4, p<O.05).
    For the P300 latencies (Figure 3, Table 4), the main  efL

fect fbr conditions  was  significant (F;:12.968, p<O.Ol)
with  the P300  latencies in the reaction  condition  being

shorter  than those in the count  condition,

  20S18s$16.-.=rmrt4gn<no
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Figure3 Mean amplitudes  and  Iatencies of  P300 for target stimuri  in

 Count and  Reaction conditions  as a function of  coronal  elec-

 trode site for the  fronta1, central, and  parietal electrode  pesitions.
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TablejThe  amplitudes  of  P300 ("V) for the target stimulus  in CQunt
arrd  Reaction conditions,

Note gives a  summary  of  the ANOYAs  for a sign{ficant  main

effect for electrode  (E) on  the P30e amplitudes.

Electrode

  sites MeanCountSD
   Reaction

Mean SD
F3FzF4C3CzC4P3PzP411.166le,12911.12714,61917,35314.7Sl17.17717,90416.8464.e493.9124.lg73.95752543,446S.2665,274S,71111,72511.61812.56116.15116,97815.98119.29018,96318.7524.2603.6823,6502.4143.9763.4D62.9B93.3764,293

Note:F==28.342,p<O,OOI,for Electrode

IUble 4 The  latencies ofP300  (msec) for the target stimulus  in Ceunt

       and  Reaction conditions.

       Note gives a  summary  of  the ANOXCAs  for a significant  main

       effect for condition  (C) on  the P3OO latencies,

 Electrode Count Reaction
   sites Mean  SD  Mean  SD

F3FzF4C3CzC4P3PzP4310.5320.5327.e323.0326.S340,O329.5337.5348.039.82348.7S837.13332,42131,71526.66728.1322g.988IS.738295.0290.5292.5297.0291.5299.S305,O300.0299,545,58348,50344.98543.8S652.70741.46347.02247,66847.752

Note: F 
=

 12.968,p<O.Ol,

Ihble 5

for Condition

The amplitudes  of  SSR (mV) to the target stimuli  in Count

and  Reaction conditions.

Asterisk shows  a sigriificant difference of  SSR arnplitudes  be-
tween the twe  conditions.

MeanCountSD

   Reaction

Mean SD
SSR* O.417 O,126 2.393 O.757

*:p<O,OOI

ssR

    In both conditions,  target stimuli  evoked  clear SSR
wavefbrms  (Figure 2), but standard  stimuli did not, The

Student's paired t-test revealed  that the amplitudes  of  SSR

in the reaction  cendition  were  significantly  1arger than

those in the count  condition  Cp<O.OOI, Table 5),

fectsSSR,

               Discussion
The purpese of  this experiment  was  to examine  the ef

of  motor  response  to target stimuli on  elicitation of

 In both the count  and  reaction  conditions,  large P300

components  were  evoked  by target stimuli.  Both the scalp

distribution and  the amplitude  of  the P300 component  in

the reaction  condition  appeared  similar  to those in the
count  condition,  whereas  the latency of  the P300 compo-

nent  in the reaction  condition  differed from that in the
count  condition.  These P3ee components  could  be identi-

fied as  P3b because they were  evoked  by task-relevant
stimuli  and  had maximum  peaks at parietal sites (28), On

the other  hand, SSR  evoked  by target stimuli  in the reac-

tion condition  was  1arger than that in the count  condition,

First, the results of  N140  and  P300 will  be discussed in

,terms of  the stimulus  nature  of  the target stimuli which

should  be involved in these two  conditions.  Following this,

the effects of  motor  response  on  elicitation of SSR  will  be

discussed,

    The amplimdes  of N140 components, which  are

attention-sensitive, were  larger in the reaction  condition

than in the count  condition,  and  1arger at the frontal and

central electrode  sites  than at  the parietal sites. Either the

frontal (1, 1i) or the central area  (the secondary  somatosen-

sory  cortex, 33) is suggested  to be the source  area  ofN140

and  to contribute  to generating human  attention  and  inten-

tion. The results on  N140 therefbre imply that the atten-

tional level or arousal  state of  the subjects  was  higher in

the reaction  condition  than in the ceunt  condition  (10, 15,

16).

    The latencies of  P3b  appeared  shorter  in the reaction

condition  than in the count  condition.  This indicates that

the time  spent  in both evaluating  the meaning  of  stimulus

(21) and  updating  the cognitive  context,  such  as  updating

the memory  of  a  given stimulus  after evaluating  incoming

information of  the stimulus  (12), was  shortened  in reaction

condition.  Some  researchers  (5, 17) showed  that P3b

clearly appeared  when  target stimuli were  presented in
both count  and  reaction  conditions.  Barrett et al. (5) also
showed  that P300 latencies fbr target stimuli  in the reaetion
condition  were  shorter  than those in the count  condition.

Barrett et al. then suggested  that subjects  tended to respond

 
`faster'

 when  the subjects  were  required  to make  a motor

response  to the target stimuli  than when  they were  asked  to

count  them. In the present experiment,  subjects  were  asked

te detect target stimuli in both conditions,  whereas  only  in
reaction  condition  alone  they were  also  asked  to produce a

voluntary  movement  as quickly as possible, It is therefore

suggested  that the requirement  of  quick motor  response

(such as that required  of  the subjects  of  the present experi-

ment)  may  cause  acceleration  in infbrmation processing of

the stimuli,  thus resulting  in the short latencies ofP3b  cem-

ponents.
    In eontrast, it has also  been suggested  that the latency

of  P300 is not  affbcted  by the nature  of  information proc-
essing  specific  to motor  response  (21) and  that P300 is sen-

sitive to stimulus  evaluation  but not  to response  selection

processes (14, 24). Although  it is therefbre necessary  to fur-
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ther examine  both the significance  of  target stimuli (i.e.,
`stimulus

 meaning'  17) and  the effects  of  motor  production

on  P300, both may  be inherent in the target stimuli, given
the speed-maximizing  instruction (i.e., requiring  the sub-

jects to respond  as quickly as possible) in this experiment,

    For the amplitude  ofP3b,  Barrett et al. (5) showed  that

P300 amplitudes  appeared  larger fbT a button-press re-

sponse  than for acount  response,  Johnson (17) showed  dig
ferences in P300 amplitude  that were  recorded  under  count,

reaction, and  feedback conditionsl':  the P300 amplitude

was  the least for the count  condition,  medium  for the reac-

tion condition,  and  largest fbr the feedback condition.  John-

son  suggested  that the degree of  
`processingriemands'

(i.e., processing or attentional reseurces)  associated  with

these tasks would  fo11ow the same  order  as shown  by P300

amplitude  (i,e,, counting  <  reactien  <  feedback), and  that

the P300 amplitude  increased as the task cornplexity  in-

creased.  In contrast  to the results of  Barrett et al. (5) and
Johnson (17), the amplitudes  of  P3b  for target stimuli  eb-

tained in the present experiment  did not  differ between

count  and  reaction  conditions,  suggesting  that the require-

ment  of  metor  response  as the meaning  of  target stimuli

may  not  have affected  P3b amplitudes.

    A  possible explanation  fbr the absence  of  differences

in P3b amplitude  between the ceunt  and  reaction  condi-

tions is that the interstimulus interval (3 sec) ofthe  oddball

paradigm used  in this experiment  was  longer than that com-

monly  used  in a  number  of  studies (e.g., 1.4 sec in Barrett

et al,, 1987 and  1.705 sec in Johnson, 1986). An  interstimu-

lus interval was  used  in this experiment  so  that SSR  waves

could  be clearly recorded  without  any  superimposition  of

the previous SSR  evoked  by the preceding target stimulus.

During this long interval, the subjects  were  necessarily

fbrced te maintain  in memory  the number  oftarget  stimuli.

Thus, the subjects  should  have maintained  their memory  of

the sequential  number  of  a given target stimulus  fbr, at

least, six seconds.  On the other  hand, in the reaction  condi-

tion, such  memory-related  effects could  never  arise be-
cause  the subjects  responded  to each  target stimulus  once

at a time. The requirement  of  memorization  in the count

condition  may  therefore have caused  the task to be more

complex  than in the reaction  condition.  Such a rnemory

load in the count  condition  can  be characterized  as  an  addi-

tional task complexity,  thus resulting  in an  equivalent  P3b

arnplitude  to that in reaction  condition.  In fact, after the

completion  of  the experiment,  the subjects  introspectively
reported  that it was  more  disueult to remember  the number

of  target stimuli (count condition)  than to respond  simply

to them  (reaction condition).

    In addition,  the prolonged P3b latency in the count

condition  seems  to indicate that subjects  may  have needed

a much  longer time to evaluate  target stimuli  in the count

condition  than in the reaction  condition.  Although the la-

tency ofP3b  was  prolonged in the count  condition,  the P3b

amplitudes  in the count  condition  were  equivalent  to those

in the reaction  cendition,  This may  have been because the
subjects  could  evaluate  the target stimuli  in the count  con-

ditien as confidently  as in the reaction  condition  (28), In

fact, most  of  the subjects  correctly  remembered  the num-

ber oftarget  stimuli  in the count  condition.

    Collectively, the target stimuli presented in the count

conditions  may  be processed with  the same  degree of  atten-

tional resources  of  subjects  as in the reactien  condition.

However, the 
`speed-maximizing'

 instruction fbT the reac-

tion condition (i,e., requirement  of  quick motor  response)

may  provide the target stimuli with  different stimulus

meanings  as compared  with  the counting  instruction (i,e.,
conscious  deteetion of  target stimulus),  resulting  in shorter

P3b latencies in the reaction  condition  compared  with  the

count  condition.

    The present results  of  SSR  showed  that the target stim-

uli in the reaction  condition  evoked  large SSR,  whereas

smaller  SSR  appeared  in the count  condition,  The point of

issue on  SSR  in the present experiment  is which  factor, tar-

get detection or motor  production, is much  more  effective

in evoking  SSR,  On  the basis of  the present results on

P300, a primary difference between count  and  reaction  con-

dition seems  to exist in the meanings  of  target stimuli  pre-
sented  in each  condition,  The  stimulus  meanings  of  the

target stimuli may  probably have arisen  from the require-

ment  for quick motor  response,  because the target detec-
tion factor existed  in both conditions  whereas  the motor

production facter existed  only  in the reaction  condition.

Likely stimulus  meanings  of  the targct stimuli are the atten-

tion (or arousal  state) of  the subjects,  the speed-maximiz-

ing instruction given to the subjects, and  movement  of  the
subjects.

    Regarding the attentional aspect  of  stimulus  meaning,

the present results of  ERPs  (N140 and  P300) suggested

that the subjects  were  much  more  attentive  to the stimuli in

the reaction  condition  than in the count  condition,  although

the task complexity  (involving memory  load) in the count

condition  may  be equivalent  in the reaction  condition.

When  a  sUbject  is attentive to stimuli, the ascending  reticu-

lar activating  system  (ARAS) should  enhance  its activity,

resulting  in higher cortical aTousal  states (e.g., attention,

consciousness,  and  awareness)  of  the suhject  (23). The

arousal  states of  subjects  are well  known to primarily influ-

ence  the elicitation  of  SSR  (3, 25), The reason  why  the

SSR  became smaller  in the  count  condition  than in the reac-

tion condition  may  be that the arousal  level of  the subjects

was  relatively  lower in the count  condition.  In other  words,

t For exarnple,  under  the feedback condition,  the subjects  were  presented feedback signai  (stimulus) delivering information about  whether  their responses

te target signal  were  accurate  or  not.
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the requirement  of  a motor  response  may  enhance  the
arousal  level as a `preparatory  state' of  the subject  in pro-
ducing voluntary  movements.

    The speed-maximizing  instmction (i,e,, the require-

ment  of  quick motor  response)  given to subjects  in the pre-
sent  experiment  may  provide the subjects  with  some

additional  stimulus  meaning  of  the target stimuli. Siddle et

al. (32) reported  that when  subjects  quickly pressed a  but-

ton, the SCRs  that appeared  were  twice as large as those

when  the subjects  did not  press the button. Siddle et al. sug-

gested that the stimulus  significance  (which is identical to

the 
`stimulus

 meaning'  17) is an  important determinant of

EDA,  Bernstein and  Taylor (6) also  showed  that SCRs  ap-

peared larger for a peda1-pressing response  to given stimuli
than for non-relevant  stimuli. With reference  to the find-

ings ofSCR  (such as the findings ofboth  Siddle et  al. and

Bernstein &  [[hylor), Roth (30) suggested  that the`signal

value'(which  is identical to`stimulus value'as  one  of  the

variables  ofstimulus  meaning,  17) as well  as subjects' at-

tention directed to given tasks (i.e., requirement  of  motor

response)  affects both the EDAs  (e.g., SCR) and  P300, On

the basis of  both the findings of  SCR  studies and  the pre-
sent  Tesults,  it is suggested  that the requirement  of  quick
motor  response  provides subjects  with  a  particular mean-

ing of  the target stimuli, resulting in shortened  P300  laten-

cies and enhanced  SSR  amplitudes  in the reaction

condition,  as observed  in the present experiment.

    The third likely meaning  of  ta:rget stimuli in the pre-
sent  experiment  is the production of  voluntary  movements,

which  directly infiuenced the  SSR.  Osada  et  al. (26) re-

ported that SSR  rose  together with  the bereitschaftspoten-
tial (20) and  the event-related  desynchronization (ERD) of
EEG-alpha waves  (27) preceding selfpaced  voluntary

movements,  suggesting  that infonmation-processing relat-

ing to motor  preparation affected  the elicitation  of  SSR,

The findings of  Osada et al. (26) indicate that activation  of

the brain regions  (e.g., the primary and  supplementary  mo-

tor areas) in programming motor  conmiand  for a  voluntary

movements  (8, 35) also  activates the autonomic  responses.

Moreover, Sequeira and  Roy  (31) showed  that electrical

stimulation  at the pericruciate area  (corresponding to the

primary and  supplementary  motor  areas  in humans) Qf  the

cat elicited larger skin  potential responses(a  type ofEDAs)
compared  with  those caused  by stimulation  at the parietal
area  (the somatosensory  areas in humans), Although there

are few data directly supporting  this possibility in humans,

it is likely that movement-related  information processing
enhances  autonomic  nerve  activity, This should  need  to be
ftrther examined  in future research,

    In conclusion,  the stimulus  rneanings,  that is, the

arousal  states of  siibjects, speed-maximizing  instruction,
and  movement-related  information-processing, specific to

the target stimuli given in the reaction  condition  (where the

subjects  were  asked  to respond  by motor  productien), are

much  more  effective  in evoking  SSR  than the stimulus

meanings  requiring  target detection in the count  condition.

In other  words,  motor  production may  enhance  both the

arousal  state and  the stimulus  rneaning  which  relates  to the

voluntary  movement  itselg and  then activates  the auto-

nomic  responses.  It is also  suggested  that the elicitation of

SSR  under  both count  and  reaction  conditions  is mediated

by task-relevant nature  ef  the target stimuli. Nevertheless,

information-processing for target detection per se plays
still an  important role in the elicitation ef  SSR, because the
SSR  in the count  condition  was  also  evoked  by target stim-
uli (although it was  smaller  than that in the reaction  condi-

tion) even  when  the subjects  in the count  condition  were

much  less attentive  to the stimuli,
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