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Abstract; In order  to investigate the effect of room  acoustic  conditions  on music  players, subjective

experiments  on  professional musicians  using  digital sound  field simulation  technique  were  conducted.

In the simulation  system,  two anechoic  rooms  were  acoustical]y  connected  and  the situation  where  two

musicians  play in ensemble  on  a  hall stage  has been virtual]y  realized. Using this system,  subjective

experiment  for ease  of  chamber  music  perfbrmance on  professional musicians  was  performed and  the

preferable condition  for ensemble  perfbrmance was  investigated. From the experimental  results. the

relationships  between physical characteristics and  psychological judgrnents by the musicians  weTe

considered.
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            1. INTRODUCTION

   In concert  hall design, the  acoustic  conditions  for music

players on  the stage  should  be considered  as we]]  as  those

for the  audience.  In this respect,  stage  acoustics,  we  have

made  several  investigations by subjective  experiment  up  to

now.  In these  studies, we  have developed a  sound  field

simulation  technique  using  six-channel  rea] time convolu-

tion system  to examine  the musicians'  sensation  in an

artificial  concert  hall and  investigated the relationship

between aceustic  parameters and  subjective  impression in

solo  performance [IJ,
   In the study  of  stage  acoustics,  the acollstic  conditions

for ensemble  performance are also important and  severaL

researches  have been made  on  this point [2-5]. The authors

also  have started an  experiment  for ensemble  performance
by two  players on  a stage  by expanding  the sound  field

simulation  technique  mentioned  above.  in which  two

anechoic  rooms  and  24 channel  digital convolution  system

are used.  The applicability  of  this system  to psycho-
acoustic  experiments  on  ensemble  perfbrmance was  exam-

ined in the preliminary experiment  on  professional musi-

cians  [6]. Based on  the experiences  obtained  in the

preliminary study,  we  have perfbrmed  a series  of  subjective

experiments  on  the acoustic  conditions  for chamber  music

performance  under  a  further detailed condition.

   In this paper, (1) the measurement  results of  the

acoustic  conditions  on  the stage  of various  types of  concert

halls. (2) the aceustic  simulation  system  used  for the

experiment,  (3) the experimental  conditiens  and  (4) the
results  of  the subjective  judgment tests by professional
music  players are  presented, From  the experimental  results,

the relationships  between the physical characteristics  of  the

sound  field and  players' subjective  impression of  ease  of

chamber  music  perfOrmance are  discussed.

2. ACOUSTICPROPERTIESINSTAGEAREA

   In order  to investigate the acoustic  conditions  on

stages.  impulse response  measurement  was  perfermed in

seven  concert  halls in Japan (see Table 1).

'e-mail:
 ueno@iis.u-tokye.ac,jp

'e-mail:
 tachibana@iis.u-tokyo.ac.jp

2.1. MeasurementMethod

   The  measurement  points were  chosen  so  as to represent

the players' positions of chamber  music  as shown  in Fig. 1.

To  obtain  the sound  transmission  properties for the two
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Table1Concert  halls under  measurement.

Hall A B C D E F G

Seats 440 761 g26 ],502 rsoi 2,O06 2,020
Volume[m3] 4228 6,600 9.418 20,500 lg.5oo 2iOOO 22,776

Stagearearm2] 102 100 207 209 240 2SO 290

Style shoeboxprosceniumprosceniumprosceniurnshoeboxcentcrstageshoebox

RTCaudiencearea)[sl t,8 2,O ].9 t.9 2.1 2.2 2.4

          l t

  ,gY' stGige
 X

 tt. t

r,,dsitlon'

       audieneearea

              e  mic'rvphone

              o  so"nd  b'o"rce

Fig.1Measurement  pesitions on  stages.

20  ms

?tms]

2e ms

Fig.3 Separation ofimpulse  responses.

Flg. 2Configuration of  measurement  instnlments.

players on  a  stage,  A and  B, four transmission paths,
PAA(t), PBB(t), pAB(t), and  pBA(t), were  assumed  as  shown

in Fig, 2, Here, pAA(t) and  pBB(t) (they are  called  p,,]f(t)
together)  are  the seund  transmission characteristics  from
the musical  instrument of  the player AIB  to the player
AIB, respectively,  and  pBA(t) and  pAB(t) (they are  called

pcross(t) together) are those frorn the rnusical  instrument of
the player A!B  to the player BfA, respectively.

   In the measurement,  a  dodecahedral loudspeaker was

used  to model  the musical  instruments and  an  omni-

directional or  a  uni-directional  rnicrophone  (Sony C48)
with  a cardioid  directivity was  located just behind the

sound  source  as shown  in Fig. 2. In the measurement  using

the uni-directional  microphone,  the directional impulse

responses  in six orthogonal  directions were  measured  by
rotating  the microphone  in 90-degree increments and  used

for the sound  field simulation  mentioned  in section  3,1.

2.2. Results

   In order  to examine  the transient process, the impulse
responses  measured  through ･an omni-difectional  micro-

phone were  divided into three  components  as  shown  in

Fig. 3; the direct sound  including the reflection  from the
floer (Dir), the early  refiections (ER) and  the reverberation

process (Rev). These components  in an  impu]se response
were  separated  in time  domain and  the energy  (squared and

integrated sound  pressure) of  respective  components  were

calcu]ated  and  expressed  in level [6]. Here, the energy  ievel
of the early  reflections  and  that  of  the reverberation  process
were  indicated as a relative  level to the direct sound  of

Pseif(t); LER and  LRe., respectively.

   Figure 4 shows  the  results  of  LER, LR,, and  reverber-

ation  time (RT) which  is obtained  by the integrated impulse
response  method.  The results are for the middle  frequency
range  in two  octave  band  inc]uding 500Hz  and  1kHz
bands, RT  was  read  from the later part of  the  impulse

responses  excluding  the efTect of  the direct sound  and  early

refiectiQns.

   In these  figures, it can  be seen  that  all  quantities of  LER,

LRev and  RT  aTe different for respective  concert  halls,
When  setting  the experimental  conditions  mentioned

below, these data were  taken into consideration.
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         3. EXPERIMENTALSETUP

   In order  to simulate  the  situation  where  two  musicians

play in ensernble  on  a  stage,  artificial  sound  fields were

constructed  as follows.

3.1. Sound  Field Simulation System

   Acoustic condition  of  ensemble  performance between

two  players on  the stage  of  a concert  hall was  simulated  by

upplying  the 6-channel sound  field simuiation  technique

[1]. That is, the 6-channe] directional impulse responses

measured  in real  halls were  used  to synthesize  three

dimensional seund  using  six loudspeakers in an  anechoic

room.  In order  to simu]ate  the sound  field conditions  for

two  players separately,  two  anechoic  rooms  (room-A:
7meters cubed  and  room-B:  4.0m  x  6,gm  x  7.0m) were

coupled  acoustically  as shown  in Fig, 5 and  the four sets of

6-channel directional impulse responses  installed in the

digital convolution  system  (24 channel  in total) were  used

to synthesize  the sounds  from  six  dircctions for each

player. For the dry music  signal,  the sound  t'rom each

player's instrument was  detected using  a uni-directional

microphone  (Sony, C48) set  at  apoint  close  to the player in

each  room.  The  signals  were  convolved  with  the 6-channeL

directional impulse Tespenses  for each  of  p,,n-(t) and

puresli(t), respectively,  using  24-channel real-time  digital

convolution  systcm.  In the case  of  p,,it･Ct), the direct sound

from the sound  source  and  the reflection  from the stage

floor in the directional impulse response  signals  were

excludcd.  The convolved  signals  for p,etf(t) and  peross(t)

were  mixed  for each  channel  and  reproduced  through the

six  loudspeakers (TANNOY, T12) arranged  in each  room

   For this simulution  system,  the app]icttbility  to psycho-
ucoustic  cxperiment  on  ensemblc  pcrformance  was  exam-

ined by performing a preliminary subjective  experiment

[6]. Through the im,estigation, it has been assured  that the

musicians  can  get a feeLing of  acoustic  reality  of perform-
ing on  a  real  stugc  and  distinguish the differences ot'

acoustic  conditions.

32. ExperimentalConditions

   To set the experimental  conditions  assuming  chamber

music  performance, a  set  of  directional impulse responses.

24 in total, measured  in Hall A  of  relatively  small  seat

capacity  (see Table 1) were  used  and  the impulse responses
were  divided into three  parts as  shown  in Fig. 3. Then.

three parameters, magnitude  of  the  early  reflections  (Li/R),
reverberation  time (RT) and  magnitude  of  the rcverberation

process (LReJ were  changed  in three  steps.  respective]y  as

shown  in Table 2, The  values  of  these  parameters were

decided by  referring  the measurement  results in the rea]

concert  halls shown  in Fig. 4 and  the preaiminary experi-

ment  [7]. For all conditions.  the component  of  the direct

sound  included in p,,,,,,(t) was  kept constant  and  the

conditions  of  the early  refiection  and  the reverberation

process were  varied  by changing  the filter coeracients  of

the  convolvers.

   To  examine  these  experimental  conditions.  pseif(t) and

pcro,,(t) at the center  point in each  simulated  sound  field

were  measured  using  the same  set-up  as shown  in Fis,. 2,

where  an  omni-directional  microphone  was  used  and  the

experimentat  parameters (LER, RT. LR.J  were  measured.  In

addition.  EEL  proposed  by Gade [41 was  also  caleulutcd  as

t'ollows

   EEL  =  io teg(XIilj,MS ps,.,,(t)dt/ 
.L

ieMH

 pi.u(r)dr)

where  t =  O is the  time  when  the  direct sound  of  pgeif(i)

anives.  The  measurement  results of these parumeters in the

middlc  frequency range  (2 octave  band  inc]uding 500  Hz

and  1kHz  octave  bands) are shown  in Fig. 4 and  in Table 2

(a) for room  A  and  in Table 2 (b) for room  B,
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Seund field simulation  in two  anechoic  Teoms.

           Table2  Experimental conditions  rneasured  in anechoic  rooms.

(a) anechoic  room  A (condition for the subject)

(b) anechoic  room  B (condition for the co-player)

      4. SUBJECTIVEEXPERIMENT

  A  series of  subjective  experiments  was  perfbrmed using
the sound  field simulation  technique mentioned  above.

From  the results, the relationships  between acoustic

conditions  on  a  stage  and  the  musicians'  subjective

impression were  exarnined,

4.1. Requirements for Chamber  Music  Perfbrmance

  In advance  of  the experiment,  the subjective  aspects  to
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evaluate  the acoustic  conditions  perceived in chamber

music  perfermance were  investigated by interview survey,
Fourteen professional musicians  who  participated in the
experiment  were  asked  to describe acoustic  factors re-

quired for the perfOrmance of  chamber  music  through

conversation  with  the experimenter.  The aim  of  this

procedure is not  only  for the experimenters  (the authors)

to understand  the musicians'  keywords but also  for the
musicians  themselves to become  conscious  of  their

perception in words  because it is not necessarily  needed

for them  to put the auditory  perception into words  in their
usual  activities.

   From  the comments  made  by the musicians  during the
interview. a lot of  keywords were  picked up  and  they were

summarized  threugh discussion with  the musicians.  As  a

result,  it has been  found that the  fbllowing two  factors are

essential  for almest  all of  the  musicians,

Hearing each  other.  In order  to communicate  with  the

co-p]ayer  and  to understand  the intention to create  musie

together, delicate nuance  of  the tone and  musical  expres-

sion  should  be heard clearly.  To  satisfy  this requirement.

both ot' the p]ayer's own  sound  and  the co-playeris  one

nccd  to be properly heard. This condition  is important to
keep  balance between  the  instruments, to synchronize  the

perfbrmance, to make  the meiody  conspicuous  and  so on.

In the case  where  this condition  is not  satisfied,  players
complains  by  such  expressions  as  

"the

 sound  is not  heard,"
C`the

 sound  is too mixed,"  
`"there

 is time delay" or 
"the

co-players  is far."

Making  harmony. In ensemble  performance, the  sounds

made  by  di fferent instruments need  to be in harmony.  At the

same  time,  each  sound  needs  to be properly separated.  If

these conditions  are  satisfied, rnusicians  say  
"the

 sound  is                                    -
merged"  or 

"the

 sound  is united"  and  if not  satisfied, they

say  
"the

 sound  is separated"  or  
"the

 sound  is scattering,"

4.2. Test Procedures

   Eight string  instrument musicians  (four violinists.  three

violist and  one  cellist) and  six wind  instrument musicians

(three fiutists, twe  oboists  and  one  clarinet  player)

participated in this experiment  as  the subjects  and  they

played in room  A. An  amateur  violin player with  17 years'
experience  played the role  of  the co-player  in room  B. As
an  exception,  a  violinist  and  a  violist  made  a  pair for the

ensemble  and  each  played the part of  co-player  alternately.

The subject  sat 
'at

 the center  poinr in the simulated  sound

fie]d (room A) and  perfbrmed some  phrases in a  piece with

the co-player  in the other  room  (room B) by imaging they
were  playing on  a  real  stage.  In advance  of  the experiment.

the subject  made  arrangements  with  the co-player  about  the

piece for performance, each  function in ensemb]e,  length of

the perfbrmance  and  so  on.  The sight  of  the other  player
was  presented with  a  video-display  set  in each  room.

   After the performance  under  each  experimental  con-

dition, the subject  was  asked  to describe andjudge  hislher
auditory  impression of  each  experimental  cendition  en

such  points as  
"hearing

 each  other,"  
"making

 harmony."

characteristics  of reverberation,  and  ease  of  ensemble

perfonmance. [n addition,  after  the experiments  for each
series  of  conditions  (ER1 to ER3.  RT1  to RT3  and  Rev1  to

Rev3, respectively),  the subject  was  asked  to compare  the

three conditions  for each  pararneter, to make  comments  on

the difference of  the conditions  and  to rank  the  conditions

from a s,'iewpoint of  ease  of chamber  music  perfbrmance.
During the experiment,  the experirnenter  also  stayed  in the

anechoic  roem  (room A) and  asked  the subject's  response

by direct conversation.

4.3. Experimental  Results

   During  the experiment,  it was  observed  that the

subjects  could  concentrate  on  the performance with  the

co-player  and  judge the differences among  the experimen-

tal conditions,  Tab]e 3 shows  the summary  od' the com-

ments  made  by the  subjects,  in which  the  number  in the

parenthesis indicates the number  et' response,  Fig, 6 shows

the results of  the ranking  among  the three conditions  for
each  variation  regarding  ER,  RT  and  Rev. Horizontal axis

of the figures shows  the number  of  response.

   As  was  expected  beforehand, the etfect  of  the order  of

presentation was  observed  in the  resu]ts.  For example.

ER2, RT2  and  Rev2 are the same  condition  (see Table 2)
but diffcrent comments  were  given to thcm.  This might  be

because the subjects  compared  the conditions  for each

variation  subconsciously  and  figured out  the difference

among  the conditions.  Nevertheless, the following tenden-

cies  have been observed  in the  results.

rvlagnitude of  earl)r reflections.  When  the level of  the

early  reflections  was  changed  (from ER1  to ER3),  it waK

observed  that ease  to hear the eo-player's  sound  changed.

From  the comment  of  the  sub.iects,  it can  be seen  that most

subjects  felt dirnculties of  hearing the  co-player's  sound  in

the weakest  condition  (ER1) and  they felt easier to hear the
co-player's  sound  when  the  early  reflections  became
stronger  CER2). However, in the  case  of  the  strongest

condition  (ER3). their responses  split into two: six suQjects

judged the condition  preferable because the co-player's

sound  became  further easier  to hear and  six  subjects  judged
it negatively  on  the point that the co-player's  sound  was  too

reverberant  and  too loud.
Reverberation  time. In the comments  made  by  the

subjects.  any  clear  tendency  has not been found for the
difTerence of  reverberation  time  though  it was  observed

that the subjects  sensed  the  change!increase  of  revcrber-

ation.  Rcgarding  ease  to hear the co-player.  it seems  that

the increase of  the reverberation  time  was  not  disturbing so

much.  Even  under  the  longest reverberation  time  condition

i
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Table 3The  summary  of' the comments  made  by the subjecls.

Variationofthestrengthofearly Variationofreverberationtime Variatienofthestrengthot'reyerberation
refiections

ERI: RT1: Revl/
*Theco-player'ssoundisfar.(9) *Easytoheartheco-player'ssound.(7)'Likeinasmallroom.(8)

'Dift-iculttoheartheco-p]ayer's*Noteasytoheartheco-p]ayer'ssound.'DiMculttotnakeharmony.(6)

sound.(6) (5) *Easytoheartheco-player'ssound,(5)

*Balanceofsoundofmyselfandof"Thesoundisnotblended,(3) "Nuteasytoheartheco-player'ssound.C5)

co-playerisbad,(4)
"Reverberationisnotsuracient.(4) 'Reverberationisnethelpfultoplay.(6)

*Thesound(reverberation)is"Thesoundishard.(2) 'Reverberationispoon<4)

agreeableandnatural.(7) 'Notconifortable,(3) 'Merereverberationisdesired.(4)

ER2[ RT2: Rev2:
*Theco-player'ssoundbecameeasy'Easytohearthece-player'ssound.(6)'Itbecameeasiertomakeharmony.(9)

tohear.(11) *Noteasytoheartheco-player's.sound,*Soundismergcdunditiseasytomake

*Theco-player"ssoundbecamee]oser.(4) harmony.(4)

(7) *Thesoundismoreblcndedandcasyte'Merepleasanttoplay.<6)

"Ba]anceofsoundofmysclfandofmakeharmony,(3) *Easytoheartheco-player'ssound,(8)

co-playcrbecamebetter.(5)
*Reverberationincreased.(3) *Noteasytoheartheco-player'ssound.(5)

*Thesoundsaremorenaturalthanin*Tooreverberant.(4) *Theco-plttycr'ssoundisfar.(4)

ERI.(2) *Reverberutionconditienisgood.(2)*Balanceofsoundofmyselfandof

'Reverberationincreased.C3) *Balanceofsoundofmyselfandofco-playerisgood.(2)

co-playcrbccarncbetter.(2)
*Reverberutionincreased,(4)

ER31 *Toereverberunt.(2)

*Theco-player'ssoundbecameeasyRT3i

toheun(6) *Easyteheartheeo-player'ssound.(7)Rev3/

*Thesoundistooreverberantundtoo'Reverberatienisloud.(5) 'Difficulttoheartheco-player'ssound.(7)

loud,(6) *Reverberationincreased.(3} *Easytoheartheco-player'ssound.(4)

*Difficulttoheartheco-player'ssound*NoteasiertomakeharmonythanRev2.(5)

andtoplaytogetherbecauseof*DiffLculttomakeharmeny.ThesoundLs

reverbcrution.(2) toemixedandmuddy.(2)
*Thesoundsarewellblendedandeasy"Easytoinakeharmony.(2)

tomakeharmony,(3) *Tooreverberant.(3)

*pleasant.t.e.p!g.Mt!3).
..----tttt ...... ....... ttttttttttttttttttttttttttttttttttttttttt

Comparisons among  the  three  conditions  for eaeh  variationttttttt ttttttttttttttttttttt''i'Easetohear'1'i'e'Eo'-P'ia'YE'r'';'sg6und*R//ve'F6E'r'E'li'6fi'llicreasedfchanged.e)*Reverberationincreased.(12)

changed.(10) 'Allconditionshavebothoffavorable'Thesizeofthestagebecamelargcr.(3)

*T'hedistancetotheco-playerandunfavorab[easpects.(S) *Thethreeconditionsareclearlydifferent.

ehanged.(7)
*Differencesamongthreeconditions(11)

*Reverberutionincreased.(6) weresmall.(3)

"Easetomakeharmonychanged.(2)

(RT3), only  two  subjects  mentioned  the  disturbance of  the

reveTbeTation  while  seven  subjects  commented  that it was
easy  to hear the co-player's  sound,  As shown  in Fig. 6, the

number  of  the first ranking  is the biggest for the longest
reyerberation  time  condition  (RT3) fbr both of  the string

instrument and  wind  instrument players.
Magnitude of  reverberation.  As  the experimental  con-

dition was  changed  in due order  from Rev1 to Rev3, most

of the subjects  commented  that the  reverberation  had

increased, A tendency was  also  seen  that the magnitude  of

the reverberation  relates to both impression of ease  to hear

the co-player  and  that of  making  harmony, Under the

weakest  reverberation  condition  (Revl), many  subjects

commented  that they  felt as  playing in a  small  room,  They

judged that this condition  was  not  suitable  for chamber

music  because the reverberation  was  too poor and  it was
diMcult to make  harmony,  When  the  magnitude  of

reverberation  increased (Rev2), the tendency  was  observed

that the subjects  became more  satisfied in ease  of  
"making

harmony."  However,  under  the  strongest  reverberation

condition  (Rev3), several  subjects  made  such  negative

comments  as 
"diracult

 to hear the co-player's  sound,"
"diracult

 to make  harmony,"  
"too

 reverberant,"  and  
"too

mixed  and  muddy."  To  see  the  resu]t  of  runking  shown  in

Fig. 6, it is seen  that the  conditions  satisfying  the  require-

ments  of 
"hearing

 each  other"  and  
"making

 harmeny"

were  highly evaluated  and  the condition  Rev2 or Rev3 was

more  preferred than the condition  Rev1.
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(b) Wind  instrument pluyer

Fig.6 The  resu[ts  of  the runking  on  euse  ot' uhumber

 music  perfermtLnce (When twe  conditions  were  chosen

 as the same  rank.  O,5 was  given te the t-'o cenditiens

 even]}').

4.4. Discussions

   In the previous studies  t2.41, it was  suggested  that the

early  reflection  is important to hear each  other  and  this

suggestion  has been rearnrmed  in this experiment,  For the
eva]uation  of  the magnitude  of  the early  reflections. Gade

proposed E/EL as a parameter related  to 
"hearing

 each

olher"  in ensemble  performance 14,8]. However,  the

variution  of  this parameter was  only  within  1,4dB  in this

experiment  (see Table 2) and  its vaiidity  could  not been
confirmed  in the  case  of  ensemble  performance  between

re]atively close  pesilions as set in this study.  Rcgarding the
strength  of  the early  rcncctions,  not  a few musicians

pointed out  that the  weaker  condition  was  preferable from  a

vicwpoint  of  the reverberation  quality (hall sound),  which

is the same  finding as in our  previous study  for solo  perfor-
]nance  [1]. On  the other  hand, the stronger  condition  of

earl>,  reflection  was  generally evaluated  from the viewpoint

of  
"hearing

 each  other"  in thls experiment.

   Regarding  thc  effl:ct  of  reverberation.  Gude  suggested

that it has a  negative  influence on  the  requirement  of

hearing each  other  I4]. This tendency  was  observed  under

the  strongest  ]'everberation  condition  (Rev3) in this experi-

ment.  How ¢ ver.  it has been found  that the reverberation  is

tnuch  related  to the requirement  for making  harmony and

proper amount  of  reverberation  is necessary  for chamber
music  perfi)rmance. As  a  resu[t  of  lhis study.  it has been

suggested  that the energy  of  reverberation  is more  impor-
tant than  thc  reverberation  time  for musicians.

   As for the reliability of  the results of  this study,  lt is

di fficult to upply  the  conventional  statisticaL  rnethods  to the

experimental  results  because the sub.]'ective  judL.q.ments in

this kind of  study  are  closely  related  to riiusician's

background and  intension in performance  and  the judg-
ments  could  net be made  as the sitnple  response  te the

stimu]i  I9]. However.  the  tendencies  ef  the  judgments
obtained  in this stud>' were  atmost  consistent  with  the

results  ef  uur  previous cxperiment  [71,

              5. CONCLUSIONS

   ln order  to simulate  the  3-dimensional sound  field on

the stage  of a concert  hall, n technique using  24 chunnel

digital cenvo]ution  system  and  two  anechoic  rooms  was

devised and  a subjective  experiment  on  ensemble  pert'orm-
ance  of  ehumber  music  was  carricd  out  with  the partic-
ipation of  prot'cs'siona] musicians.  [n the results  of  this

cxpcrimcnt.  the t'ollowing tendencies  hai'e been observed

on  the re]ationships  between the transient acoustic  proper-

tics ()1' thc sound  field and  players- subjective  impression,
  e  Thc early  reflections  increase ease  of  hearing the           = L

    co-player's  sound.  w'hereas  they  can  cause  excess

    loudness of thc co-playcr's  sound  in the case  where

    they ure  too strong.

  -  ln ensenible  perfoirriiance. tnusicians  are  not  so  sensi-

    rive to the change  ef  reverberution  time  but ruthcr

    more  conscious  of  the magnitude  of  the reverberation.

    It has been clearlv  found that this facter is much                    J

    re]ated  to ease  of  
"hearing

 each  other"  and  
""making

    harmony."

   In the previous studics  on  enscmble  performance,
which  were  made  mainly  t'or orchcstra  perfermunce. the
easiness  ot' 

"hearing

 each  other"  was  regardcd  as  thc  most

important t'actor and  thc effect of  the ear]y  refiectiuns wus

firstly esteemed.  From  the resu]ts of this study  focusing on

chamber  musie  perfbrmance, however, it has been t'ound

that ease  of  
"making

 harmony" is also essential  as we]]  as
"hearing

 each  othcr-  ttnd  rnusicians  require  both ot' these

conditions  at  the satne  time.  In order  to rcalize  {hese

players' requircments,  not  only  the early  reflections  but

atso  the reverberation  should  be in optimum  strength.

   As  another  investigation for ease  of  ensemble  perf'orm-

ance.  the authors  conducted  an  experiment  focusing on  the

conditions  tbr two  distant performers in orchestra  1 101. ]n
the  experiment  the  same  simulation  system  were  used  and

{he experimental  conditions  were  prepared to simulatc

distant positions. This experiment  wil] be presented in the
future.
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