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Abstract— In this pa.per, we propose and evaluate 
three methods to improve interactive evolutionary com-

putation (IEC) by decreasing user fatigue whrn an IEC 

displays S<'quenrial outputs for tasks sud1 a.~music err-
ation, speech processing, or sound <'nha.ncement. The 

first method decreases human fatigue by using multiple 

sound sources. We evaluate two systems based on this 
method: a. system that assigns a different sound source 
to each individual and a system that assigns a differ-
ent sound source to each generation. Subjective tests 
have shown that the first system is not as effective as 

the second system, which significantly decreases fatigue. 
The second method displays the previous best individual 

as a reference to compare subsequent individuals. Sub-
jective tests have shown that this method significantly 

improves the IEC operability and has a tendency to im-
prove the IEC convergence. The third method sequen-
tially displays individuals tha.t cannot be spatially com-

parrd. Subjr<'ti,・r tests lrnY<'shown that this mcrhod 

significanrly improvrs thr IEC op<'rahility. 

1 Introduction 

Interactive Evolutionary Computation (IEC) is an opti-
mization method based on human subjective evaluation 

and has been applied to various tasks [9]. 

A common problem with these tasks is IEC user fa— 

tigue. IEC users must repeatedly observe and cvalu-
atr system outputs that match thrir mental image of 

a. graphic or music. Due to this repetitive operation, 
they become both mentally and physically tired. ,i¥fhen 
IEC tasks optimizr sound output systems, such as music 

creation or speech processing, IEC indivicl11a.ls cannot be 
simult,tnrously displayed, making it <lifilcult to comparr 

sequrntial outputs. The fatigue problrm for thrsc par-

tirula.r ta..5ks breomcs more apparent than for othrr IEC 

ta,;ks. 

A pract,ical usr for IEC trrhnology has brrn rrqucstcd. 

To solvr the fatigur problem, there haYe bcrn srvcral匹

search proposals [9]. Somr IEC intrrfarr improvrments 
have inrludrcl thr implementation of thr discret,r fitness 

叫 ueinput method [5]、theuse of display methods based 
on predicting human evaluation [7, 6], the avoidanc<> of 

/Ii 

prcclictablr non-11111sical melodics [1], the selection of the 
best N indivicl11als from many individuals using a predic-
tion function for human evaluation [4], the acceleration 
of genrtiぐalgorithm(GA) convergrncr for ru1 internぐriw

GA [3], rhr combination of an IGA with a normal GA 
embedding on-line knowledge (2, 10], and Visuali7,ecl IEC 
[11]. 

We propose and evaluate three improYed IEC inter-
faces that. can sequentially display speech, sound, or mu-
sic. We apply these IEC interfaces to the task that 

adjusts the filter parameters for speech processing and 
evaluate how they reduce human fatigue with subjective 

tests. The three improved interfaces discussed in this 

paper are: 

• method changi.ng sound source to re!iC've the 
monotony of <'Yal11ation會

• method displaying the p,1.~t dire to make it easy to 
compare with new individuals, and 

● met hod displaying individuals in series. 

The first method uses multiple sound sources to main-
tain IEC user interest during an evaluation, while the 

conventional IEC uses the same sound source in favor of 

a precise comparison rather than usability. The seC'ond 

mrthod displays the best candidate from previous genrr— 

ations to let the IEC user easily compare and evaluate in-
dividua.ls with thr displayed refrrcncc. The r,hird method 

displays only one individual per window, while a con-
vcntional IEC usually displays all individuals. Although 

it is difficult for the IEC user to comparr thr current 

incli¥-idual with undisplayed individuals, thr number of 

operations to select an individual can br redncrcl、whkh

may drnrasr human fatigue. 

,vr drscribr the experiment叫 conditionscommonly 

used in subjective tr.sts for thrcr IEC int,rrfaC'rs in sec-

tion 2, thr evaluations of three mrthods in srctions 3. 4 

and 5. and t.hc disrnssion a」1dぐondusionin sections G 

a.JJ<l 7. 



2 The Conditions of Experimen-
tal Evaluation 

2.1 IEC speech processmg system 

The IEC speech processing system [12] used in our ex-
perimental evaluation is shown in Figure 1. 

‘’  ¥interface part_: 
• J 

play¥ /四

Figure 1: The system diagram of an IEC speech process-
ing system in our experimental evaluations. 

In the optimization part. the genetic algorithm (GA) 
optimizes the filrrr parnmrrcrs and transfers them to thr 
signal processing part. Thr signal processing part cir-
trrmincs charactrristics of filters based on the transfcrrd 
parameters and processes distorted sperchrs using the fil-
trrs. The interfacr part displays the processed sprrches 
to the user. The user e叫叫esthe q叫 ity of displayed 
speech, inputs a fitness value for each speech and sends 
it to the GA part through the interface part. We show 
the interface in Figure 2. 

Figure 3 illustrates the process in the signal processing 
part. The parameters that the signal processing part 
receives from GA are amplification levels of frequency 
bands. The processing part calculates amplification rates 
from the levels and smoothrs the overall frequency range, 
which provides us with the frequency characteristics of 
a signal processing filter. Input speeches are processed 
by the filterヽvindowframe by frame, and the procrsscd 
speech is displayed to an IEC nscr. All distorted speeches 

arr initi叫lyprcpai.・c-d in sa.me way as this procrssing. 

2.2 Subjective tests 

Two systrms basrd on different mrthods紅 ccompared 
and evaluated with subjcctivr trsts. The procrdure of 

thr subjective tests usrd in sect.ion 3 is shown in Figure 4. 
Each user operates ,md rv叫uatcsthr first system、then
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Figure 2: User interface of experimental IEC systems 

operates and evaluates the second system, and finally 
evaluates a pair of both systems. 

Users opcrare the IEC spccrh processing system men-
tioned in srrrion 2.1 with thrrr different int<'l'fa,rs. T hr~· 
cヽ・aluarreaぐhimliYidual and giY<'fitness Yalucs in fiyr 
levels ranging from hard to hear to easy to hear. Users arr 
i11structed to assign the minimum and ma.~mum fitness 
values to the worst and best indiYiduals, rrspectivcly, for 
each generation except the evaluation in section 5. 

Subjects arc normal hearing males and females in their 
early twenties. Speech data used in our experiments紅 e
Japanese sentences selected from an audio CD for he迂
ing a.id fitting, taking into account the variety of vowels 
皿 dconsonants. The length of speech data ranges from 
2 to 2.5 seconds. 

The population si1.c, the numb<'r of g<'nerations, and 

the number of gcnrs of the GA used in our cxpcrimrnt.s 
arr 20, 5, and 6, respectively. The fitness ,・alucs arc 

the suhjcぐtiv<'valuesof human evaluation arrording to 

t.hc fivr-grade system. Other experimental paramer.crs 

arc shown in Table 1. The GA sc紅 cbrsthe runplifica-
tion lcvrls of six frequcnぐybands of a speech processing 

filter. The cent訊Ifrcquenrics of th<'bands arr 125H7.、
25GHz, 500Hz, lkHz, 2kHz、and4kH1.. The r皿 gcof carh 

runplification level is [-32,32] dB and is rnrod<'d u1to 8 
bits: th<'length of a chromosom<'is 8 x 6 = 48 bits. 
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Figure 3: Process of speech filtering in our system. 

operate and evaluate 
the first system 

operate and evaluate 
the second system 

evaluate the pair of 
systems comparatively 

Figurで -1:Prorrdurr of rx:pcrimcn国 <'Yaluarion.

3 Evaluation of the IEC display-

ing multiple speech sources 

3.1 The IEC displaying multiple speech 
sources 

Conventional IEC for signal processing develops filters 

and applies them to prepared images or sounds. The IEC 
user e叫 natcsthe processed imrtges or sounds that arc 
variations of the original source. which oftrn horrs and 
tires human operators. Prrvious !EC-based speech pro-
cessing systems [12] also use the s皿 cdistorted speech. 
The user listens to only one speech many times until a 
satisfactory quality of speech is obtrtincd. 

The first mrthod uses differrnt kinds of sound sources 

t.o drrreasc the user's fatigur with variations of thr sourer 

when the IEC is 11srd for imagr or sound proぐrssing.

3.2 Exp 
．． 

enmental cond1t10ns 

The IEC with multiple sprccll soutでrsis evaluated with 

subjective tests. Three systrms with diffrrcnt interfaces 
comparC'd with the subj奴 tive tests are: 

Table 1: GA parameters 

selection roulette wheel selection 

with the elitist strate窃
crossover simplex crossover 
crossover rate 0.95 (The19 of 20 individuals arc 

operated.) 
mutation rntc 0.2% for the half of all individ叫 S

and 20% for others except an elite 

System #1 a.,;;signing only one speech to all indiYidnals 

in all generations, 
System #2邸 signingdifferent kind of speech sour會ces
to C'ach indiYidna.l、and
System #3邸 signingdifferent kind of sp<'<',h sources 
to each generation 

¥iVe form six pairs from these three systems by consid-
ering the order effect. Eighteen subjects are divided into 
three groups as in Table 2 and operate all these p直rs;all 
subjects do not operate in the same order. Each subject 
evaluates two pairs a day with a sufficient break between 
the two pairs, completing all six pairs in three days. 

Table 2: Subjects group: the numbers in the table cor-
responds to system #1, 2, and 3 

Group A 1 -2 3-1 2-3 
1 -3 2 -1 3-2 

Group B 2-3 1 -2 3 -1 
2 -1 3-2 1 -3 

Group C 3 -1 2 -3 1 -2 
3-2 1 -3 2 -1 

To evaluate these system pairs under the same condi-
tions, the san1e random generator seed is used for GA 
initialization of each pair for the first generation; indi-

viduals in the first generation of two systems are same. 
Except for the seed of GA initialization, randomly se-
lected seeds are used for random values in GA operation 
and speech source assignment.. ¥i¥Te use only one speech 
source in System #1, 20 various kinds of spcrrh sources 
for 20 individuals in System #2, and 5、・ru.・iouskin<ls of 
speech sourcrs for 5 generations in System #3. 
The distortrd speech sources that arc used as thr input 

signal for the experimental systems arc ma.cir in the samr 
way that the filters arc made by IEC procrss speerhrs. 

Table 3 shows thr filter coefficients ro make thr distortrd 

spcrchcs. 
Each system and comparison of pairs arc rYaluatrd 

and analyzed with the subjective trsts of the method 

of successive catrgories and Sheffr's mrthod of paired 

comparisons, r<'spectivcly. 
Subjects are requcstrd to CYaluate thrrr syst.rms on 
convnrgcnce and opera.bili ty, ,1.11d their ru1swcrs to thr 



Table 3: 
sources 

Filter coefficients to made distorted speech 

—ー ・

frequency [Hz] amplification level [dB] 

125 -30.0 

250 -30.0 

500 -15.0 

1000 -15.0 

2000 -10.0 

4000 -5.0 

two pairs arc analyzed by the two s11bjcct.i,・c test mcth-

ods. Subjects arc requested to subjectively evaluate the 
systems in five levels ranging from -2 to 2, whrrc -2 
means b//,d or worse, and 2 mrans good or better. Q11rs-

tions subjects responded to ,1・cre: 
(1) Evaluation of the convergence; How is the quality of 
the best speech in the last generation ? 
(2) Evaluation of the operability; How easy a.nd how tir-
ing is it to 07Jera.te this system ? 

3.3 Evaluation results 

Subjective evaluation of convergence by the method of 
successive categories is shown in Figure 5. Systems #1 
and 2 belong to different categories, and Systems #1 and 
3 belong to the same category in the figure. The Sheffe's 
method of paired comparisons shows that the psycholog-
ical difference bctwe<'n Syst<'ms # 1 and 2 is signifirnn t 
(JJ < 0.01), and rhc diff<'1でnrrbctW<'<'ll Systems #1 and 
3 is not significant (p > 0.0:i). 
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Figure 5: Evaluat,ion on convergence by the method of 
successive categories. S.1, S.2, and S.3 mean Systems 
#1, 2, and 3 <l<'fined in sect.ion 3.2. 

Thcsc-rc-sults hm・c-shown that IEC systc-ms with only 
one spec-ch source. a ronvc-ntional approach、ronwrgc
f邸 tC'l"than IEC systems in which carh individual is as-

signc-d a different spec-ch source. Thc-rc is no signifiぐance

between IEC systc-111s with diffc-rc-nt spc-rrh sourC"es as-
signed for c11.ch gc-ncrat,ion and System #1 or 2. 

Subjcぐtivc-eYaluation on opNabiliry by the mrthod of 
succc-ssivc-catc-gorics is shown in Figurで 6.Systc-ms #1 

and 2 belong to the different category to which System#3 
belongs in the figure. The Sheffe's method of paired com-
parisons shows that the psychological difference between 
System #3 and System #1 or 2 is significant (p < 0.01), 
while there is no significance between Systems #1 and 2 

(JJ > 0.05). 
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Figure 6: E叫 nationon operability by the method of 
successive categories. S.l, S.2, and S.3 mean Systems 
#1, 2, and 3 defined in section 3.2. 

These results have shown that IEC systems with differ-
ent speech sources for each generation is easier to operate 
than IEC systems without changing speech source and 
with changing speech sources for every individual. 

Evaluation of the method for 

displaying the elite 

Method for displaying the elite 

IEC users must evaluate sinlilarly displayed stimuli m皿 y
times. After many evaluations over a number of gener-
ations, it becomes difficult for users to judge as to what 
is good and what is bad. The users lose a basis for their 
evaluat,ion and begin to evaluate individu叫swith an im-

precise scale、resultingin the system's poor ronverg<'nc<' 
and operability. 

To solve this problem, we designed a system to display 
the best individual from past gen<'l'ations as a st皿 clarcl

refrrcnce for th<'usrrs to base their evaluations. Tll<' 
interfac<'system in this section displays the <'lit<、indiYid-
叫 intll<'previous generation to the nsrrs. Th<'11S<'rs 

can then evaluate indi,・iduals by comparing them to thr 
<'lite. We ex.pcぐtthat thr users ran more easily compare 

th<'C皿 didatcsby using the standard. 

In this srction, using IEC speech processing syst<'m. 
we perform subjcctiv<'tests on the interface syst<'m rhat 

displays the <'lite individual from the previous grneration 
叫1dverify the system's validity. 



4.2 Experimental evaluation 

We compare the proposed method with one that does not 
display the elite individual. In the system constructed 

with the proposed method, we can know which speech is 
selected as the elite with the interface. The elite has the 
best fitness value in the previous generation and is left 
for the next generation.'vVe cannot determine the elite 
in<liYi<lual in the system that is made by the previous 
method. ・when a subject operates the system of pro-
posed method, the subject evaluates the individuals by 
comparing them with the elite individ叫 afterthe first. 
gencrarion. 
'vVe constrnct a pair of systems with the proposed 

method and a previous one and divide the subjects into 
rwo groups according to th<'ir operating order. The num-
恥 ・ofsubjects is 15. 

All experimental conditions follow the ones described 
for System #1 in section 3.2 except for the system of the 
proposed method that displays the elite individual. The 
procedure for the subjective test is the same. However, 
we analyze the results of the comparative evaluation of 
the two systems, not by Sheffe's method of paired com-
parisons, but by the sign test. 

4.3 Evaluation results 

We show the results of our subjective test in Table 4. 
With respect to convergence, we omit the answers of 4 of 
the 15 subjects off the test because their responses were 
neither good nor had. ~ inc of thr 11 subjects srnsrd 
rhat thr sysrrm thar displayrd thr rtirr indi,・idual had 
co1n-crgrd fasrer rhan the sysrrm rhar did not display 
the elite individual. By applying the sign test, we found 
that the difference between the two systems wa.~ not sta-
tistically significant, but it would be significant at 6. 7% 
level. 
As to the operability, we omitted the answers of 3 of 
the 15 subjects because their answers were neither good 
nor bad. Eleven of the remaining 12 subjects answered 
that they had sensed the system of the proposed method 
to be easier to operate and less tiring than the system of 
past method. By applying the sign test, we found that 
the diffrrence brtwern two systrms to be statistically sig-
nificant. 

Table 4: Results of rvaluation of the in terfacr displaying 

the elite: answers to thr questionvヽhichsystem subjects 
have sensed is better. 

叫二11:ttr~~~;:::r:~;:: 言:l:::~~~ 贔

p二：ばid=-:」 ¥1
convergence: not signifirnnt (p > 0.05) 
operability: significant (p < 0.01) 

5 Evaluating the method for dis-
playing the sound source in se-
． 
ries 

5.1 Method for displaying the sound ．．  
source 1n senes 

To ea.5ily compare individuals, the previous interface of 
an IEC speech processing system displays a.II the indi-
vid叫 sfrom one generation at once. Users tire from 
rcpea.tedly moving a cursor to select the next evaluation 
indiYid11al. \~re then considered that the interface dis-
played only one candidate on the screen at a time. By 
doing so, we can minimize the motion required to move 
the rnrsor. The user ca.nnot m11tna.lly compar<'individu-
als. how<',・cr. th<'user may roughly <'Yal11ate <'ach indiYid-
ual. The operntion goes so smoothly that it is expected 
that the operability increa.ses. 
In this section, we perform a subjective test of the 
interface system of the method for displaying a sound 
source in series and verify its validity. 

5.2 Experimental evaluation 

vVc compare the proposed method with a previous one. 
The system construct from the proposed method shows 
one play button and one set of fitness value input but-
tons for one speech at a time. When a user clicks a fitness 
叫 ueinput button, evaluation moves to the next indi-
vidnal and the next sp<'rrh is automatically played. It is 
possible to 1110¥'C hcrwcrn thr indiYidnals. For exampl<'、
we can go back ro a pre¥・ions evaluation in the cas<'of 
malcing a 111istake by inputting ru1 incorrect fitness叫 IIC.
If it is difficult to input value for a candidate, we can de-

fer its evaluation and skip to the next. The user pushes 
the'Back'and'Forward'buttons for moving between in-
dividuals. The sysr,em of the previous method displays 
all of the sound sources of a generation at once邸 shown
in Figure 3. 
The procedure for this experiment is almost identical 
to the one described in section 4. However, there is a 
small difference'in the m<-'thod of e叫 uation;questions 
aftrr operating the systems are limited only to operabil-
ity. 

• How easy is the system to operate? 
• How tiring is the system? 
The nnmbrr of subjects we used is 15. 

In this experiment. we m⑬ sme the times that the sub-

jrcts tak<'to opcrat.r rach system apart from our snbjcr-

tivc tests. Wr a11alyzr the rrsnlts by statistically trsting 
for significant differences brtwccn oprrating times by rhe 

Wilcoxon-Mann-Whitney test [8]. 

Ex1)('rimcn tal conditions follow the ones of the cxpcri-
mcnt described in section 4 <'xcrpt for the syst<'m of thr 
proposed method that uses the method for displaying rhc 

sound source in series. 



5.3 Evaluation results 

The results of our subjective test are shown in Table 5. 
As to the ease of operation, 9 of the 10 subjects whose 

answers have been used for the test, answered that they 
sensed the system of proposed method was easier to op-
erate than the system of the conventional method. By 
applying the sign test, we could find that the difference 
between two systems was statistically significant. 
As to the difficulty to tire, we omitted the answers of 
1 of the 10 subjects from the test because their answer 
was neither good nor bad. All subjects whose answers 
were used for thr tcsr had answered that they sensed the 
system of the proposed met.hodvヽasless tiring than the 
system of the conventional method. By applying the sign 
test, wr found the difference between the two systems to 
br statistically significant. 

Table 5: Results of the evaluation of the interface dis-
pla!ing a sonn<l source in series: answers to the question 
winch system subjects sensed was better 

ansヽvers the number of answers 
"¥. 「hichis better?" e邸 incssto hardness to 

operate get tired 

proposed method ， ， 
conventional method 1 

゜easiness to operate: significant (p < 0.05) 
operability: significant (p < 0.01) 

Tahir 6 shows「hrmran operating rimrs to the 5th 
generation for rarh sysrrm. By applying thr ¥¥'ilroxon-
Mann-¥i¥fhitncy test, vヽcfound tha,t the operating times 
for proposed method were significantly shorter than for 

the conventional method. 

Table 6: Mean operating times up to 5th generation 

minutes i proposi。;1ethodI past 9~;~thod' 

significant (p < 0.05) 

6 Discussion 

Observing thcsr cxpcrimc11ta.l rrsults in sc<"tions 3, 4り

and 5, wr may obtain four hints to 1でduceuser fatigue: 
(1) thr他 sirrromparison of individuals, thr lrss user 

fatigue, (?) _ rrfrcshmc11t for monotonous evaluations 1s 

useful unclrr theぐonclitionof the (1), (3) thr lrss number 

of operations, the less US('!'fatigue, and (4) the in terfacc 
that rnuscs less obsession causes lrss user fatigue. 

Thr rasr ofぐomparisonh邸 anserious cff<'ct on user 
fatigue. the System #2 that邸 signscliffercn t speeches 

to each individual had poor performance on both con-
vcrgence and operability than the System #1 that uses 
only one kind of speech皿 dthe System #3 that does 

not change speech source in same generation. Also, the 
system that displays the elite individual showed higher 
operability and possible faster convergence at 6. 7% level. 
Common factor that reduce user fatigue between these 
two results in section 3 and 4 is how the IEC interface 
provides e邸 icrcomparison of individuals. 

By decre邸 inguser's weariness, we can improve op-
erability. Refreshment for monotonous evaluations in-
crease operability、burthis hint should be nnclrr the 
aforementioned condition of the easier comparison. From 

the comparison of the Systems #1 and 3, a system chang-
ing speech sources in earh generation resulted higher 
oprrahility than a syst<'lll using same speech source. 
This result leads us to the hint that refreshment for 
monotonous evaluation reduce human fatigue. Actually, 
many subjects reported that they would have got bored 
anyway. However, this hint must be valid only when 
the first hint, which is easier comparison is important, is 
satisfied from the fact that too much chru1ge of speech 
sources showed less opcntbility. 

It is better that the number of user operations is small. 
Fine operability of the method that displays only one 
individual in a series and h邸 nooperation of moving a 
cursor to select the next individual must have resulted 
that less operation leads higher operability of systems. In 
the method for displaying the sound source in a series, a 
ns<'l'only 11111st basically click fitness value input buttons. 
UsC'r eヽ・aluatrs<'aぐhindi,・idual without attrntion to thr 
incliYidttals cYalttatcd onぐ<'.Thr r0s1tlt from 1でducingthe 

opera.ting time shows this fact also. 

,ve can decrea5c user fatigue by reducing a mental 
compulsion. In the mC'thod for displaying the sound 
source in a series, it is very difficult to mutually com-
pare individuals. From the users'perspective, all that 
user has to do is to pay attention to the displayed speech 
without concern about mutual evaluation. By paying no 

attention to other individuals, the user may feel less com-
pulsion to take a second look at his or her evaluation by 
comparing individuals. In addition. subjects have said 
that they did not foe! oppressed by bring displayed sound 
s011rccs at once, and th1.1.t they co11ld comfortably oprrate 
at pie邸 antpace. However, we musr consider the prob-
lem that this interface may cause unreliable evaluation 
b0cause of less adjustment of thr first rvaluation. The 

unrrliable evaluation may causes poorer convcrgencC'. 

It is important to comfort thr user also. In the expcr-
imcnt in which an intcrfaぐ<'displil.ysthe C'lit<'indiYidual、
subjects r<'portrd that th<'y folt reliend brcanse they 

could confirm what they had thought. vヽasgood. vVc ron-

sider the fact that there ha.5 beC'n standa.rd for evaluation 
which led to 11s0r・s serurit.y. As to the system displaying 
the sound sourで('inseries, subjC'rts frlr rrlievrd because 
of existrncc of'Back'and'Forward'buttons. B<"forc con-



ducting a formal expe1iment, we conducted preliminary 
tests without these buttons. In the preliminary tests, 
subjects reported that they became concerned because 
they could not return to a previous evaluation when they 
had made a mistake in inputting fitness value. In our for-

ma! cxpeiimcnt, however, subjects did not seem to use 
these button a.5 expected. Some subjects said they felt 
secure from making a nlistake with the presence of these 
buttons. 

7 Conclusion 

In this paper, we evaluated three methods to decrease 
usrr fatigue for the sound processing system using an 
inrrracriYc <'Yolutionary computarion.'i¥'c Ycrificd thrir 
validity using a sprech processing system wirh snbjccriYc 

tests. 

The first method uses various kinds of speeches. By 
using the system that changed the kind of speech in every 
generation, we could improve operability significantly by 
ensming that the convergence was not lower than previ-
ous methods. As to the system that changed the kinds 
of speech for each individual, neither convergence nor 
operability h邸 beenbetter. 

The second method displays the elite of previous gen-
eration. This improved convergence and operability sig-
nificantly. 

The third method displays the sound source in a se-
rics. vVc haw found this system improYed operability 
significanrly. 

As ro rhr drsign of IEC inrrrfacr. it is imporranr to 
make convergence and operability compatible with each 
other. If wr are to raise the precision of a. srarch, nsrr 
fatigue will incrcとise.Howevrr, if we give a priority to the 

operability and design of the interface so that the user 
feels comfortable, the precision of a search will decline. 
It is important to maintain a high level of precision so 
that we can put the system to practical use, decreasing 
user fatigue as much as possible. We have found that 
two of the three methods suggested in this paper have 
improvrd the opcrnbility while maintain a high level of 
prrcision、exceptfor the method displaying the sound 
source in a scrirs. vVe have found the mrthocl display-
ing the sound source in a series has contributed much to 
the improvement of operability.'Ne must test how much 
prrcision convrrgrncc this system has and put it to prac-

ti叫 use.At prrsrnt, we arc evaluating the convergence 
of the mrthod displaying the sound sourer in a scrirs. 
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