
Japanese Society of Biofeedback Resarch

NII-Electronic Library Service

JapaneseSociety  ofBiofeedback  Resarch

82CUR.RENT
 BIOFEEDBACK  RESEARCH  IN JAPAN

Copyright  
'[c)/

 IY93  by Japanese  Society  of  BiofeedbackResearch Prtnted in Japan

Effects of Feedback Delay and  Feedback Timing upon

Voluntary Heart Rate Control

Yoshio  Inamori

Department of  Science of  Behavior, Hyogo  College of  Medicine

Summary  Two  experiments  were  conducted  to examine  the effects of  feedback delay during
voluntary  heart rate(ER)  control  and  to test whether  feedback display timing  must  be

,synchro"ized with  R-wave  of  the cardiEc cycle. Subjects were  required  to put their HR  as

much  as  possible into the 40 ms  wide  target zone  under  various  conditions:  Immediate,

R-desynchronized (112-variable delay), 1-beat delay, 3-beat delay and  No  feedback in

Experiment 1, and  Immediate, 1-beat delay, 1/2-constant delay and  112-variable delay in
Experiment 2. Results indicated that very  short delay of  feedback can  disturb the perfbrmance
of  voluntary  H]R control, and  that the distnrbed perfbrmance for the R-desynchronized
condition  was  due to the halflbeat delay of  feedback. The findings supported  the analogy

between motor  skills learning and  voluntary  HR  control.
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    In many  reperts,  investigators have
attempted  to understand  the development of
voluntary  HR  control  through biofeedback
from the viewpoint  of  rnotor  skills

learning 
i'3).

 So fat, it has been reported

that HR  speeding is systematically

infiuenced by some  feedback parameters
which,  in turn, also influence the

perfbrmairce in motor  skills leafning 
`'S}.

    Althollgh there are many  variables

which  affect the perfbrmance of  feedback
control  in closed-1oop  systems, the
feedback delay, or  the time lag, between a
response  and  fbedback information is a

particularly critical parameter. The
detrimental effects of  delayed fecdback on
the perfbrmance of  various  types of  motor

skills learning have been rep(ratodty

observed  
`-S},

 in which  a very  short delay of
less than  1s  has been shown  to seriously

disrupt continuous  motor  responses,

   In the  area  of  biofeedback, Williamson
and  Blanchard ')

 examined  the effects of

feedback delay upon  bidirectiona1 HR
control. They compared  the magnitude  of

HR  inciease and  decrease between subjects

who  ieceived  immediate fee(iback and  those

that Teceived  feedback delayed by 1.4 s, 5 s,

or  14 s. In their study,  although
detrimental effects were  identified according

to the length of feedback delay on  both
increase and  clecrease of  HR,  significant

differences in both HR  changes  were

obtained  only  between immediate and  14-s

delay groups. Thus, much  longer feedback

delay was  required to disrupt control
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perfbrmance in comparison  with  motor

skills learning. Williarnson and  Blanchard
')
 attributed the cause  of this discrepancy to

the difference in response  modalities.  They
described that successive  IBIs were  so

correlated that the subjects' perceived
differerrce of  information between the
immediate feedback and  the short time
delay feedback might  have not  been strong
enough  to affect performance.
  Presencelabsence of  a target, or  a  goal,
is another  important difference between a

motor  task, such  as  tracking, and  an  HR

control  task. In the tracking task, contained
in feedback information is a degree of  error

defined in terms of  direction and  specific

magnitude  ef  change  required  for attaining
the target. In contrast. almost  all experi-

ments  of  voluntary  HR  control, including
Williamson and  Blanchard"), required

subjects  to increase or decrease their
sustained  HR  as  much  as  possible without

providing them with  a  cleai' target.

Feedback information is characteristically

negative  in the closed-1oop  feedback con-
trol system,  except  in some  special cases.

It therefore seems  that tasks more  similar

to motor  learning tasks, in which  feedback
information shows  the degiee of  erTor

toward the target, are needed  in ordar  to
fUrther examine  the propenies of feedlrack

in the closed-1oop  system.

  Delayed feedback is 1ikely to cause

low-frequency escillation resulting  from

over-correction.  Because feedback of  infor-
mation  is delayed, correction  of  the iden-
tified error is continued  beyond what  is
required,  giving rise to another  error in the
direction opposite  of  that of  the previous
one,  as a  result.  Likewise, the subsequent

attempt  to correct this new  error  generates
yet another  error,  and  so  on.  Because
unnecessary  correction  is repeated  in this
way,  the more  accurate  the contro!  and  the

longer the delay, the gieater becomes the
degree of  errors,  which  eventually  leads to

low-fte(}uency oscillation.
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  Although Johnston 
iO}

 nied to prove,
through  HR  or  blood volurne  increasmg  or

decreasing tasks, the theory which  holds

that biofeedhaCk aided learning is

analogous  to motor  skill learning, he was

unable  to obtain a distinct evidence.

However, when  JohnstDn aiKl  Lethem 
4)

examined  effects  of  feedbatk mode,  feed-
back ffoquency, and  so  on.  using  a tech-

nique  whereby  the subject  was  iequired  to

increase HR  by a  small  specific amount,

most  of  their results supported  the analogy

between voluntary  autonomic  response  and

motor  skills learning.
  Inamori 

")
 exarnined  the effects of  3-beat

delayed feedback on  voluntary  HR  control

where  target zone  was  50 ± 20 ms  or  
-50

 ±

20 ms  from pre-trial baseline inter beat

interval (IBI). The first group of  subjects

initially received  immediate feedback trials,

and  later, 3-beat delayed feedback trials.

The second  group of  subjects  received

immediate feedback trials after they

Teceived  3-beat dclayed feeciback trials.

Results partly indicated that feedback delay
disrupted the aecuracy  of  HR  control  and

that feedback delay caused  low-frequency

oscillation in HR  variability.  Because  the

subjects' variance  of  perfbrmance was  so

large, short delays of3  or  so  beats did not
clearly show  the effects of  feedback delay

in between-subjects experiment.

  The primary purpose of  the present
experiment  was  to closely  examine  the

effects of3-beat  or  less than 3-sec feedback
delay on  HR  control task in within-

subjects experiment.  [[he task was  to track,

not  a fixed target, but the target way  of  a

biphasic triangle wave.

  Another purpose of  this experiment  was

to exarnine  whether  it is necessary  for HR
feedback to synchronize  with  the R-wave

of  ECG.  Brener 
i}
 considered  calibration

between internal feedback and  external

biofeedback as  a very  imponant factor for

the voluntary  control  of  autonomic  re-

sponses  in his model,  Aocording to this
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model,  while  selflperception  of  internal
feedback was  indeed essential, self-per-
ception  of  HR  was  found to be fatilitatDd
by learningi2). while many  investigators
have since  examined  the possibility of

se1fiperception of  either HR  or  heart beat
9,i3),

 it remains  uncertain  whether  subject

peroeive specdic  temporal information,
such  as,  the occurrence  of  hean beats i`), or
some  information of  perfbrmance change,
such  as, the change  in HR.  Both types of
information are involved in the case  of

pulse trains. Lang &  Twentyinan 
S)
 and

Twentyman  
i5)

 found that the task

perfbrmance of  HR  increase was  extremely

lower in 1-s or  2-s fixed time fbodback
conditions  not  synchronize  to R-wave on
ECG.  They attributed the lower task

perfbrmance to the al)sence of  tempora1
inforrnation in the  fixed time feodback in
cases  where  systole  occurred.  However,

also  included in the fixed time fee(iback
they used  were  various  feedl)ack delays of

less than 1 s. Moreover, it is possible that
the monotony  of  fixed interval feedback
have clisturbed the subjects'  task per-
formance. It is not  known  whether  the

perfbrmance {icterioration  they observed

was  due to the ahsence of  specific temporal
information or to ether  factors, such  as.

fee(}back delay or the constancy  of  feedback
presentatlon,

         Experiment  1

            Method
Subjects

  Seven male  aiKl 7 female undergraduates
served  as  subjects.  The ages  ranged  from
20 to 23. NOne  of  them reported  heart
disorders. They  were  paid a monetary

reward  in the mannc:t7 deseribed betow.

  Appaiatus

  An  electrocardiogram (ECG) from
subject's right leg and  left eair robe  was

rec orded  with  a  preamplifier (Nihon-koden:
RB-5)  and  transmitted to digital logic
modules.  The  logic modules  and  micro-

computer  system  (SORD M-1oo  ACE)
automatically  co[itrolled  the detection of

the R-wave  on  the ECG,  counting  the R-R
interval, initiation and  termination of  each

uial, primary dala reduction,  and  display
and  manipulation  of  feedback and  target

stimuli. The reso1lltion eiTor of  counting

the R-R  interval was  less tha" 2 ms.  A

CRT  display to present the feedback and

the target stimuli  was  placed about  1.5 m
in front of  the subjecL

Procedure

  Subjects were  comfortably  seat£ d in a

reclining  chair in a sound-attenuatcd,

shielded chamber.  After having the eiec-
trodes attached, a demonstration of  the
feedback system  was  given, and subjects
were  fully instmcted about  their tasks and
the nature  of  the fee[iback stimulus,  but

they were  not  instructed about  the delayed
feedbaCk condition.  They were  also  totd

that they oould  do anything  for their task
execution,  providing it did not  disturb the
HR  measuring.

  After a 5-min rest period, 1oo-interbeat
intervals (BIs> were  measured  at initial
criterion, and  followed by 4-practice uials
and  20 trials consisting  of  1oo BIs.
During the trial the target and  HR  feedbaCk
of  each  beat were  presented on  the CRT
display. The  subject's task'was  to try to

keep their HR  in the target area  as rnuch  as

possible. The target was  a  cycle  triangle
wave  of 40-ms vertical width  (see Figure
1). The  beats within  the target area  was

aocumulated  as  a  score. After the experi-
rnent, the subject  was  paid yen/score +5oo

yen. Five types  of  feedi)ack conditions

were  used  ifi this experiment  Immediate
feedback (IM), R-desynchronized feedback

(RD), 1-beat delayed feedback (ID), 3-beat
delayed feedback (3D), and  No  feecibaCk

(NF) conditions.  ln al1conditions, except
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fbr NF. the feedback dot moved  to its new

position, which  was  horizontally one  point
to the right and  venically  proportional to

the IBI, immediately after the ECG  R-wave
was  detected. A  click from a  speaker

signaled  the change  in the feedback dot

position. The  position of each HR  feed-
back was  proportional to the newest  IBI of
the IM  trials. But in the IDand  3D trials,

the position was  proponiona1 to the com-

puter stored  BI  of  1-beat er  3-beat earlier.
In the RD  condition,  the position of  each

HR  feedbaCk was  proportional to the
newest  IBI, arKl it was  presented just after
the R-wave  of  a data recordcr (TEAC
RD-260)  which  stored ECG  of  4.6 s

earlier. The  4.6-s delay tirne was  obtained

on  the basis of  the disumce between a

reoording  head and  a re-product  head of  the
data recorder.  Thus, the feedback in RD
condition  had random  delay time of  less
than a beat.

 The  first target was  set at S's median  IBI
for the 1oo beats of  pre-piactice trial. and

fbr each  trial the mean  of  median  IBI and
target IBI of  the last trial was  ad(rpted as

the new  target for each  trial. Inter-
tria1-interval was  2S IBIs, arKl a score  of

the previous trial and  an  aocumulated  score

were  ctisplayed  on  the CRT.

Spectmm  analysis

 In general, the detrimental effects of

delayed feedback are expected  to generate
low ftequency oscillation in the control

system.  So  HR  variabilities were  examined

by hequency analysis  using  Fast Fourier
'Iransform

 (FFT). At first, a hundred IBIs
of  a  uial were  transformed  by Z-score

((each IBI - mean  IBD 1standard deviation).
Tlie first arid last 10 percent of  each

100-IBIs segment  were  tapered off by a

smooth  cosine  window  to avoid  possible
al)rupt discontinuities at the ends  of  the
record. In order to form 128-points data,
28-rcro daLa were  added. After F[FT, the
spectral values  were  smoothed  by a

Hanning window.

Results

 Noneof  the subjects  reported  in the

post-experiment interviews that they
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noticed  the delayed feedback conditions.

Although some  of  them reported  that some
trials were  difficult to execute,  they could

not  explain  the reasons  fhr the difficulty.

  A  raw  data from a  typical subject  werc

presented in Figure 1. In IM  condition,
IBIs tracked  the target fairly well,  but in
other  conditions,  the tracking perfbrmances
decreased progressively in the order  of  RD,
ID, 3D, and  finally, NF  condition.  A
particularly large HR  variable  were  in 3D
condition  indicated a  kind of  oscillation

which  occurred  in HR  control  system

caused  by the delayed feeclback signal

failing to serve  as negative  feedback The
same  phenomenon was  also  observed  in
the data on  many  of the other  subjects.

  Mean  scores,  or the beats in target per
trial, for al1 of  the five conditions  are

presented in Figure 2. The scores  fbr RD
and  ID  conditions  were  lower than that for
IM  condition  but higher than the scere  for
3D  feedback condition.  The score  for NF
feedback condition  was  the lowest. Three
way  Tepeatt d measure  analyses  of  variance

(ANOVA) with  5-feedback conditions.
3-trial blocks, and  2-target types was

carried out. A  significant main  effect of
feedback conditions  was  obtained  (F(4/52)=
25.52), Post-hoc analyses  indicated that the
score  of IM  condition  was  the highest, the
scores  of  RD  and ID wate  close and  weie
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Fig. 3. Mean changes  in IBI from
 haseline level for five feedback

 conditions.  UDDU target trials are

 shown  in the top panel, and  DUUD
 target trials are  shown  in the bottom
 pane1.

both higher than those of  3D and  NF
conditions,  arKl that the score  of  3D
condition  was  higher than that of  NF
condition.  No  difference was  found among
different trial blocks. Moreover, the score
of  DUUD  target trial was  found higher
than that of  DUUD  target trial. These
resuks  then, show  that very  short  delay of
the feedback can  disturb the perfbrmance of

voluntary  HR  control.

 While the same  ANOVA  was  conducted

on  mean  IBIs during trial, no  significant

Fs were  obuined. Furthermore, as  Mus-
trated in Figure 3, the mean  changes  for 10
IBls showed  little difference among  the five
feedback conditions.  These results shew

that, rngardless of  fee(ibaot[ conditions,
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was  a perceptual motor  task of  target

tracking using  HR  instead of  subject's hand
movement.  It was  originally expected  that
the one-beat  delay would  not  disturb the
task performance, and  therefore, ID  was

initially regarded  as a control condition for
the RD  condition.  The results,  however,
indicated that not  only  3D but also  ID
could  disturb the task performance.
  Although the disturbed performance was
seen  in RD  condition,  it was  not  possible
to determine whether  it was  due to

R-desyncronized effect itself or  to the
delayed feedback effect of  !ess than one-

beat. If one-beat  delay had no  effect, the
disturbed perfbrmance of  RD  condition

could  be concluded  as  being affected  by
R-desyncronized timing.  In RD  condition,

each  piece of  feedback information was

presented not  only  in R-desyncronized
timing, but also with  various  delays of  up

to one-beat. To clarify this point, further
research is necessary.

subjects  cou!d  increase and  decrease their
HR  roughly  according  to the given target
direction.

  Illustrated in Figure 4 are the inean

power spectrums  for the five feedback
conditions.  X-axis represents not  Hz  but
cyclesluial  (c/t). As  caii be seen, a  clear

peak of  power is observed  around  10 cft for
delayed feecibaCk conditions,  particularly fbr
3D  condition.  When  the  powers between
12th and  14th harmenic numbers  (or 9.38
-10.94

 c/t frequency band), were  compared,

the power of  3D condition  was  larller than
all other  conditions (sign test, p<.Ol), and
the power of  ID  condition  was  larger than
IM or  RD  conditions  (sign test, p<.OS).
These results indicate that delay feedback
caused  low-frequency large-amplitude os-

cillation in HR  variability.

Discussion

The task designed for this experiment

Experiment  2

  Two  conditions,  the one  was  112-vari-

al)le delay arKl the other  was  1/2-constant
delay, were  compared.  Since the R-desyn-
eronized  condition.  or  ln-variable delay
condition,  involved an  R-desyncronized
fhctor and  a delay factor, it was  necessary

to separate  these factors by addng  1!2-
constant  delay conditien  in this experi-

ment.  It was  expected  that the delay time
of  ln-constant condition  and  the delay
time of  112-variable condition would  be
apptoximately  same.

            Method
Subjects

  Eight male  and  8 female undergraduates

aged  between 20 and  23 served  as subjects.

None  ef  them  reported  heart disorders.
They were  paid a monetary  rewatd  in the
sarne manner  as in Experirnent 1.
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Procedure

  Physiological measuring  arxl  ftirKla-
menta1  proceduie were  the same  as in
Experiment  1. ECG  was  iecorded  from the
right  ankle  and  left ear r(ibe. By  employing

a microcomputer,  to which  the R-wave of

ECG  was  transmitted the IBI flro every  beat
was  displayed on  CRT  scieen  as  feedback
Also displayed on  the screen  was  the
target, into which  subjects  were  instructed
to put as many  IBI's as  possible. While
subjects  were  given thorough instructions
about  their task, the feedback was  described
to them  as being immediate feedback
following R-wave. Four types of  feedback
were  used:  Immediate feedback (IM),
1/2-constant delay feedback (112CD), 112-
variable  delay feedback (112VD), and  1-beat
delay feodback (ID) conditions.  The delay
time of  1/2CD was  equivalent  to half of
the median  IBI for the 1oo  beat of  the last
trial. The 1/2VD  condition  was  the same
as  the R-desynchionized condition  in
Experiment  1.

  Two  sessiens,  each  consisting  16 trials,
of4  conditions  x  2 type of  target (UDDU
vs  DUUD)  were  conducted.  There were

2-min rests  between sessions.  Four
   -practace

 trials of  IM  condition  were  alclxi  at

the beginning of  the first session,  and  two

practice trials were  a(kied  at  the beginning
of  the seoond  session.

Results

  None  of  the subjects  reported  that he or
she  noticed  delayed feedbaCk conditions.

The  mean  delay time of  lt2CD and  1/2VD
conditions  weie  respectively  403 ms  and

399 ms  each, which  satisfied the premise
of  maintaining  the mean  delay time of  the
V2-beat delay conditions  approximately

equal.
  First of  all, it must  be noted  that mean
median  IBIs for all the trials were  alrnost
equivalent  for all conditions  <IM:809,
1/2CD:804, 1/2VD:813, and  ID:810 ms).

  Figure 5 indicates mean  scores, or  beats
on  target, for each  condition  during trial
which  consisted  of  100  beats. The

ANOVA  indicated that the score  for IM
condition was  significantly higher than the
score  for ID  condition  (F(lf45)=5.61,
p<.025) and also  tended to be generally
higher than those for the other  two
conditions.  The scores  for 112CD and

1/2VD conditions  were  approximately  the
same,  indicating that the deterioration of

score for 112VD  condition  in comparison

to IM  condition  was  not  due to the
desychronization of feedback timing but to
the feedback delay of  an  average  of  around

4oo ms.
30 Figure6indicatesmeanpowerspec-

rmms.Ascanbeseen,thepowerdis-

ur
tributionsof112CDand1!2VDconditions

we[e-quite.similaiLin-a!1-lteqliency-.bands-

o25 andwerelocatedbetweenthepower

o distributionsforIMandIDconditions.As
co inexperiment1,thepowerisenhancedat

around10c/t.At9-11c/t,thepowerfor

20 % ID-conditonwassignificantlygreaterthan

IM112CD112VD ID
for1/2CD-and112VD-conditions,andthe

powerforlt2CD-and112VD-conditons

Fig. 5. Mean scores  for four feedhack
 conditions.

were  1arger than that for IM-condition.
These results  indicate that there are  no

differences at al1 between 1/2CD- atxl
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four

112VD-conditons. The  pewer spectrum

distribution, on  the other  hand, is aflrected

by delay conditons:  the longer the delay,
the more  enhanced  is the power in low
ftulueficies.

General discussion

  The first purpose of  this experiment  was

to examine  the effects of  feedback delay
upon  voluntary  HR  control task. Appaient
etfects Gf feedback delay could be identified,
In experiment  1, the 3D  feedback clearly
impaired task performance, or  beats in
target, which  may  be explained  by the

possible occurrence  of  low-frequency and

high-magnitude oscillation  on  HR  vari-

ations. The  disturbing effects for ID  con-

dition were  also observed  in both experi-
ments,  perhaps eaused  by a mechanism

similar to that of  3D effect. Moreover, the
scores  fbr both 1/2CD and  112VD
conditions  were  found at midpoint  between

89

IM  and  ID  conditions.  Thus, the results on
feedback delay of  this experiment  indicate
that the task perfbrmance dec1ined as  a

function of  feedback delay, and  that
low-ftequency high-amplitude oscillation

of  HR  oocurred  accordingly.  These effects
of  delayed feedback suggest  that the
voluntary  HR  control  involves a closed

circuit system,  in which  the feedback is
working  negatively  and  information is
flowing at a fairly high rate. These char-
acteristics are also seen  in motor  learning
systems and  survo  mechanisms  in machine
systems.

  Compared to Williamson and  Blarx hard
M,

 the present results show  that much

shorter temporal delays also affect task

perfbrmance of  HR  control. Williamson
andBlanchard  

")
 described that the effect of

feedback delay seen  in motor  skills

learning was  absent  in the case  of  HR
control  task because of  the high
correlations  of  successive  IBIs minimizing
the difference between detayed arxi

immediate feedback infbrmation, thus,

preventing short  delay feedbaCk from
affecting perfbrmance ef  HR  control  task.
Their explanation,  however, was  not

applical)le to the results of  the present
experiments,  in which  the feedback infOr-
mation  of  the 112-beat delay was  the same
as that of  immediate feedback The  different
effects of  delayed feedhack observed  in
Williamson and  BlancharTd 

g)
 and  motor

skills tasks might  not  be due to the
difference in response  modalities  between
motor  response  and  autonomic  response

but to the diffeienoe in the nature  of  tasks
required. The  task in the present experi-
ments  was  like a pursuit tracking task,
while  the task in Williamson and
Blanchard 

9)
 was  a  purely directional task

which  required  subjects  to make  drectional
changes  as  much  as possible. Johnston and
Lethem 

`),
 who  adopted a target in the form

ofa  zone  as in the present experimeng

have discussed this point in demi1.
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  In a purely drectional task, what  inves-
tigator evaluates  rnay  not  be in accord  with

what  fee(lback indicates. While investigator

evaluates  mean  HR  in assessing  the suc-
cess  of  task performance, beat-by-beat
feedback does not  give mean  HR.  It is very
difficult for subjects  to estimate  mean  HR
and  to know  the degree of  success  of  their
task perfbrmance by receiving  beat-by-beat
feedback. The feedback which  most  closely

approximates  the investigator's evaluation

would  be a feedback represented  by an

accumulated  mean  HR  covering  from the
beginning of  a  trial up  to respective  IBIs.

These types of  feedback, however have not

yet bee" used  so fat. If the role of  feedbaCk
is only  to indicate rnean  HR,  low-fte-

quency feedback showing  mean  HR  should

be better than beat-by-beat feedback How-
ever,  the results  of  many  experiments

showed  that the perfic)rmance with  low-
frequency feedback was  worse  than that
with  high-frequency feedback 

i6"').
 This

may  be expiained by the difference in the
nature  of  strategy  adopted by the subject.
One  study  shewed that while  subjects

could  increase their HR  by increasing
either  their breathing or  muscle  activities,

subjects'  ability to accele[ate HR  was

wealcened  when  the use  of  these stiategies
was  restricted 

iS).
 The restriction on  the use

of  such  strategies, however, were

ambiguous  in many  of  the purely
directional experiments.  Although subjects
were  instructed to breathe as  normally  as

possible and  avoid  muscle  tension  or

movement,  the data was  discarded only

when  there were  very  remarkable  respira-

tory confusions  or  body movements.  UndeT
such  circumstances,  it is up  to subjects  to
docide to what  extent  they will  use  those
meditatory  strategies  to control  autonomic

nervous  activities. It therefore fo11ows, as

is reported  by some,  that subjects  with

high ego  strength  scores  are best able  to
control  their HR  

'9}.
 Many  investigators

reported  that real time continuous  analogue

feed- back was  the most  effective in
increasing HR.  This is pmbably because

continuous  feedback, which  clearly feeds

back the eflbct  of  a strategy, i.e. the
changes  made  in respiration or  in muscle

tension, facili- tates the subjects' task of
calihrating the efi7ect to HR  change.

  The second  purpose of  the study  was  to

examine  whether  it is necessary  to syn-

chronize  the timing of  feedbnck presen-
tation with  the R-wave on  the ECG.  The
result  of  the second  experiment  indicated

that the synchronization  was  not  necessary

for the task. The conditions  of  112CD  and

112VD were  the same  except  that feedback

delay time was  constant  in the former but

varial)le  in the latter. The  task performance
and  the distribution of  power spectmm  for

the two conditions  were  equivalen"  and

they were  both located midway  between IM

and  ID  conditions.  Whether feodback

presentation timing was  sychronized  with

R-wave or  not  had no  effect, and  only  the

effects of feecil)ack delay were  reflected in

the present resuks.  The reason  for the
better performance in IM  condition  than in

any  other cenditions  then lied not  so  much

in the R-synchronized presentation but in
the minimum  feedbaCk delay.

  In conclusion,  the results of  the present
experiments  indicated that very  short

feociback delay disturbs task performance on
voluntary  HR  control,  and  it is not

necessary  to synchonize  feedback presen-
tation with  R-wave in ECG.  The results

support  the view  that voluntary  HR

control  involves a control  mechanism

similar to that of motor  skills learning.
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