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Abstract-This paper proposes to display in-
dividuals of interactive evolutionary computa-
tions in an evaluation order to reduce the bur-
den on human operators. To display an eval-
uation order, two prediction methods—the first 
using neural networks, and the second using Eu-
clidean distance measure--are proposed. We 
evaluate their predictive performance through 
simulation experiments and subjective tests. 

1 INTRODUCTION 

Computers are widely used for industrial design, sys-
tern design, and artistic design. In most cases, comput-
ers are used for drawing. The next step of computer-
aided design would be to assist human creativity and 
determining human design needs. However, it is com-
plicated to implement the human evaluation model into 
the computer. 
Interactive evolutionary computation (EC)一suchas 
interactive genetic algorithm (GA), interactive genetic 
programming (GP), interactive evolutionary strategy 
(ES), etc.-is a technique that combines a human as 
an evaluation function and an evolutionary computa— 

tion technique as an optimizer. This approach is much 
easier and more precise than an approach which models 
human preference, sensation, or conception. There are 
several interactive EC applications, and the application 
fields have spread from artistic field to engineering and 
educational fields. See the detail in the survey paper of 
[10]. 
The biggest remaining problem of the interactive de-
sign system is that system operators become tired by 
the iterative evaluation process [6, 7]. This is not only 
a problem for interactive design, but also for human 
behavior modeling because much of the data obtained 
from human operation are essential to realize a precise 

model. 
We have previously studied the interface of the inter-
active EC to reduce the heavy burden on human oper-
ators. We proposed and evaluated several methods to 
solve this problem. For example, we improved the input 
interface by implementing a new input method which 
allowed human operators to input rough fitness values 
[8, 9, 3]; 邸 celeratingthe speed of GA convergence that 
approximately applies a quadratic function to the data 
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obtained from human operators [2]. 
This paper focuses on improving the interface of dis-
playing individuals in interactive design systems. We 
propose a new display method that arranges individu-
als in fitness value order by predicting their fitness val— 

ues independently of application tasks. Their effect is 
evaluated through simulations and psychological tests 
using an interactive GA. 

2 PROPOSAL OF DISPLAY METHOD FOR 

INTERACTIVE DESIGN 

If individuals are displayed in the approximate order in 
which a human operator of interactive EC wants to ar-
range, it may be easier for the operator to evaluate the 
individuals (see Figure 1 left.) We propose to display 
individuals in a predicted evaluation order based on the 
fitness values of past individuals. Of course, it is im-
possible to predict the human evaluation perfectly. But, 
even if the prediction is imperfect, it may become easier 
for human operators to compare and evaluate the dis-
played individuals in a predicted evaluation order than 
those in the random order of conventional interactive 
EC. This may solve the biggest problem of interactive 
EC, human burden. 
Two prediction methods are proposed: the method 
using a neural network (NN) and the method using the 
distance measure between individuals in past and cur-
rent generations. NN training of the prediction method 
using an NN is conducted dynamically with past indi-
viduals and their fitness values to model human eval— 

uation through the operation process. When EC gen-
erates offspring individuals, the NN inputs them and 
outputs their predicted fitness values. The individuals 
are then displayed after their predicted fitness values 
are sorted. 
The second prediction method, the prediction using 
the distance measure, calculates Euclidean distances 
between one offspring individual and individuals in the 
past generation(s) of a EC searching space. The average 
fitness values of individuals in the past generation(s), 
weighted by the reciprocals of the distances, is defined 
as the predicted fitness value of the present individual. 
This simple example is shown in Figure 2. 

These proposed methods are evaluated in sections 3 
and 4. 
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Conventional display: random 
display order of individuals. 

Figure 1: Concept of proposed method. It is expected to be easier for a human operator of interactive EC to evaluate 
individuals when individuals are displayed in evaluation order rather than in random order. The faces above are just 
samples to explain the concept of the proposed method. 
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Figure 2: Prediction of a new fitness value using fitness 
values of individuals in its parent generation with weighting 
distances. P, is the fitness value of the i-th individual in the 
p紅 entgeneration. Pnow is the fitness value to be predicted 
from P、.D、isthe distance between P1 and Pnow• 
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SIMULATION TEST 

Experimental conditions 

The following three kinds of orders are obtained in each 

generation: 
Order (1) 
Order (2) 

Order (3) 

the generated order of individuals by EC, 

the sorted order of individuals based on 

predicted fitness values by the proposed 

method, and 
the order arranged by actual fitness values. 
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Individuals In display order 
predicted by proposed method 
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Individuals In the order of 
human subjective evaluation 

Figure 3: Correlation coefficients between two display or-
ders are compared as the precision criteria of prediction. 

The objective of our proposal is not to automate the in-

teractive EC but to reduce the human burden. If the 
Orders (2)-(3) is closer than the Orders (1)-(3), even if 
the prediction is imperfect, our proposal is better than 

the conventional approach. To evaluate the siinilarity, 

the correlations between the orders are compared. 

Twenty individuals are sorted by fitness values and 

then assigned order numbers ranging from one to 
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twenty. Next, we calculate the correlation coefficients 
of the order numbers between orders (1) and (3) and 
between orders (2) and (3), and regard them as a per-
formance criterion of the proposed methods. It will be 
shown that the proposed method can display individ-
uals closer to the actual order than the conventional 
display method, if the correlation coefficient between 
orders (2) and (3) is significantly larger than that be-
tween orders (1) and (3). See Figure 3. 

The task used in sections 3 and 4 is a drawing face 
involving GA. Figure 1 shows the examples of faces ere-
ated by this system. GA optimizes the face parameters 
and searches the most similar face to the given tar-
get face. This GA search is conducted based on the 
Euclidean distance between the target face and each 
generated face. Since this is a simulation, it is not the 
interactive GA. On the other hand in Section 4, human 

operator inputs his/her evaluation by moving a scroll 
bar at the right side of each face windows. This experi-
mental system has the function that sorts faces in given 
evaluation order to help operators to compare them. 

GA experimental conditions are shown in Table 1. 
The number of generations that humans can operate 
is limited. For example, it took about three hours for 
humans to use this face-drawing system to achieve 20 
generations. Practically, simulations were conducted 
until the 20th generation. 

Table 1: Experimental GA conditions in simulation. 

parameters 18 (width of a mouth angle 
organizing a face of eyebrows, and so on.) 
coding binary coding 

selection roulette wheel selection 
elitist strategy one elite is selected 

cross over one point cross over 

mutation rate 3.3333% 

population size 20 

generation up to 20th 

initial condition 10 different conditions 

fitness function Euclidean distances between 
a target and each individual 

Simulation I tests the effect of the prediction method 
using a feed-forward NN. The NN is trained with the 
parameters organizing past faces and their fitness val-

ues through several past generations. Simulations are 
conducted with NN training, a various number of gener-
ations used for NN training, and the nodes of a hidden 

layer. 

Simulation II tests the effect of the prediction method 

using the Euclidean distance. According to the result 
of Simulation I, the prediction of fitness values in the 
(k+l)-th generation is conducted using individuals in 
the k-th generation. 

3.2 

0.55 

0.5 

5

5

5

 

4

3

2

 

0

0

0

 

iua,oyaoo uoffe1aJJoo 

0.4 

0.3 

0.2 

0.15 O 

the number of 1 -+-. 
generaitons used3ペー・
for NN training 5 .... — 

7-+-. 
9-M-・・ 

21:r・ 
4,a.. •. 
50-. 

廷 ・

1G← Proposed 

di.;::: ... ¥ 

椙ーごご-.. 
＼ 
Conventional 

200 400 600 800 
the number of epochs 

1000 

Figure 4: Experimentally obtained correlation coefficients 
between the ideal order and the order predicted by NN. 

Results and discussion 

The result of Simulation I, under the condition that the 
best node number of NN hidden layer is 10, is shown 
in Figure 4. Correlation coefficients are plotted as a 

function of the number of training iterations in each 
number of generation used for NN training. The pre-
diction method using an NN can predict fitness values 
at a certain precise level by comparing it to a conven-
tional display method, since the correlation coefficients 
of orders (2) and (3) are always larger than that of or-
ders (1) and (3) (p < 0.01). 
The most successful prediction has only one past gen-
eration. This means that the searching space in the 
present generation is close to that in one past genera-
tion, provided that the mutation rate of a GA is not too 
high. The prediction method using an NN was effective, 
though the data obtained in one past generation may 
be too few for NN training. 

The result of Simulation II in Table 2 shows that 
the correlation coefficient of orders (2) and (3) is sig-
nificantly larger than that of orders (1) and (3). In 

Table 2: Experimentally obtained correlation coefficients 
between the ideal order and the order predicted by Eu-
clidean distance measure. 

conventional prediction using 
(no prediction) Euclidean distance 

average 0.434 0.561 

standard 0.106 0.135 

deviation 

difference significant (p < 0.01) 
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addition, the result of Simulation II is better than that 
of Simulation I. Therefore, we conclude that the predic-
tion using the Euclidean distance measure can predict 
the fitness values precisely. 

4 SUBJECTIVE TEST 

4.1 Experimental conditions 

Following the simulations, we quantitatively evaluate 
the accuracy of the display order based on predicted 
fitness values to the order arranged by a human oper-
ator and the effectiveness of the proposed method in 
reducing human burden through psychological and sta-
tistical tests. 
Only the prediction method using the Euclidean dis-
tance measure is selected for this subjective test since 
it has shown better prediction performance than that 
using an NN in simulation test. 
Two different experiments are conducted in the sub-
jective test. Subjective test I aims to mathemati-
cally evaluate the precision with which the prediction 
method using the distance measure can predict actual 
human fitness values with the same methodology of the 
simulation test. Subjective test II aims to psychologi— 

cally investigate whether the display order predicted by 
the Euclidean distance is close enough to order that the 
human operator evaluated and whether the prediction 
method is helpful for them to let their operation easier. 
The experimental task is the same as the simulation 
test except for the fitness function. Actual fitness values 
are obtained from human subjective distances between 
a target face and each individual face. Different target 
face is given to each subject to avoid the biased influ-
ence of given target face, and the subjects are required 
to find out the most similar face using the interactive 
GA. 
Other experimental conditions that are different from 
the simulation test are shown in Table 3. 

Table 3: Experimental condition in subjective test, which 
differs from that in simulation. 

generation up to 5th 
the number of 16 (each initial 
subjects condition is different) 
fitness function subjective distances between 

a target and each individual 

To avoid human fatigue and keep experiment叫 pre-
cision, human subjects are required to operate the ex-
perimental system up to only five generations. 
In subjective test I, the three kinds of data men-
tioned in section 3 are obtained by human operation 
of the drawing-face system. The correlation coefficient 
of orders (1) and (3), and that of orders (2) and (3) 
are calculated with the same method as the simulation 
test. The comparison of two correlation coefficients is 
ame邸 ureof the subjective test I. 

In subjective test II, subjects comparatively evaluate 
the drawing-face systems whose display are in the con-
ventional order and in the proposed one. After operat-
ing each system, subjects responded as to whether the 
conventional or proposed system was better regarding 
the effect and usability of the display orders in five lev-
els. Their evaluation values are tested by the method of 
successive categories [1]. After operating two systems, 
subjects choose the better one from the points of the 
effect and usability. These data are tested by the sign 
test [4, 5]. The number of evaluations are two times for 
each subject for each test. 
To evaluate the proposed method, it is important to 
set same experimental conditions to the conventional 
and proposed systems except display order of individual 
drawn-faces. However, it is almost impossible for hu-
man keep completely same evaluation measure in mind 
any time, which may result that different faces are dis-
played by the two systems. To avoid its influence, both 
systems display same face sets that were created in the 
subjective test I regardless the fitness values given by 
the subjects. The subjects are requested to operate in-
teractive GA systems and are not known that the test 
systems imitated interactive GA ones. 
All subjects of the subjective test I participated in 
the subjective test II a few days later and were asked 
to operate the experimental system as they did in the 
subjective test I. 
To avoid ordering effects, sixteen subjects were sep-
arated into four groups in which the order of operating 
the system was different: C-P2-C-P2, C-P2-P2-C, P2-
C-P2-C, and P2-C-C-P2, where C is the conventional 
one, and P2 is the proposed one. The word, ordering ef-
feet, is a technical term of a psychological test and does 
not mean the effect of the display order of individuals. 

4.2 Results and discussion 

The result of Subjective test I is shown in Table 4. The 
difference of the correlation coefficients between orders 
(2) and (3) and that between orders (1) and (3) are 
not significant. The prediction method using Euclidean 
distances works well in the simulation test. However, 
it did not work well in the subjective test with fitness 
values given by human operators. 
The result of Subjective test II is shown in Figure 5. 

Table 4: Experimentally obtained correlation coefficients 
between the order predicted by Euclidean distance me邸 ure
and the order that human operators actually evaluated. 

conventional prediction using 
(no prediction) Euclidean distance 

average 0.493 0.487 

standard 0.144 0.131 

deviation 
difference not significant (p < 0.05) 
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Figure 5: Experimental result of subjective tests obtained 
by the method of subjective categories and the sign test. 
The result of the former was categorized into five in order, 
and the latter tests statistical significance. 

C and P2 belong to a same category and there is no 
significant difference about bot~of display order and 
usability. The result reveals a humanly unnoticeable 
difference in the order and no difference in usability 
between C and P2. 

5 DISCUSSIONS 

5.1 Possibility shown by simulation 

The simulation result has shown that our proposed 
method can predict fitness values significantly. 
In addition, it is shown that the best prediction for 
the k-th generation is obtained when only individual 
information from its parent generation, (k-1)-th gener-
ation, is used. The reason is considered that the space 
formed by individuals in the k-th generation is similar 
to that formed by those in the (k-1)-th generation, be-
cause offspring obtained by crossover generally locates 
itself near either parent or their middle position. We 
consider this possibility to be universal for any task that 
the interactive EC employing a crossover operation. 
The predictive precision offitness values that the pro-
posed method requires is not high; if subjects feel the 
displayed order is roughly similru・to that in his/her 
mind, it is enough. The requirement of low predictive 

precision in the drawing-face task is common to other 
tasks, it is expected that the proposed method is appli-
cable to the other tasks. 

5.2 Discussion on psychological test 

There are two possible reasons why the proposed 
method had little effect on our psychological test: (a) 
the human evaluation distance was different from pre-
dicted evaluation order based on the Euclidean dis-
tance, and (b) the predicted evaluation order displayed 
cannot significantly reduce human burden, even if the 
predicted order is the same邸 thehuman one. To dis-
cuss these two points, we analyzed the comments of the 
subjects in our experiments. 

(a) Whether human evaluation can be simulated by 
Euclidean distance 

Many of the subjects described that they evaluated 
given faces by weighting certain parts of faces. This 
means that human evaluation is not based on the Eu-
clidean distance that was used to predict human eval-
uation in our subjective test. Actually, we found that 
the difference of eyebrow angle and mouth shape gives 
us a much different impression than that of the shape 
of nose. Unlikely to the given target face in this paper, 
interactive EC operators evaluate and create graphics, 
music, or other individuals based on the target in their 
minds. So that, it is considered that the tendency of 
the mentioned weighting evaluation in general cases is 
strong and depends on application tasks. Furthermore, 
the weight parameters seem to change during the in-
teractive EC process. For example, human operators 
who evaluated faces with paying attention to eyes may 
switch their attention to mouth when the eyes of many 
faces become similar. 
Therefore, we propose a method with weighted dis-
tance measure in which the weight of each parameter is 
calculated independently of application tasks. It may 
result in a better prediction method of human evalua-
tion order when the weighting characteristics in human 
evaluation is adaptively estimated and implemented in 
the proposed prediction. We have started to test this 
idea in our lab. 

(b) How ordered display reduce the human burden of 
interactive EC operators 

Although there is not enough evidence to either prove 
or disprove this hypothesis with experimental results 
and subjects'answers to our questionnaires, there were 
some tips on improving the display for interactive EC. 
Some subjects answered that the ordered display would 
reduce the operator's burden if we improved our pre-
diction order, while others said that the ordered display 
was not enough to reduce the burden. Many described 
that they first categorized the displayed individuals into 
several groups, e.g. similar and dissimilar groups, and 
then evaluated them in detail. Some subjects said that 
displaying a very dissimilar individual in a group of sim-
il紅 onesw邸 e邸ierto evaluate than many simil紅 ones
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displaying in order. 

From these subjective opinions of our subjects, we 
obtained suggestions for improving of displays: such as 

categorizing individuals into several groups and placing 
the groups which have different impressions adjacent to 
one another. Experimental knowledge obtained from 
the reports of subjects and our past interface research 
[3] are useful to decide the number of the individual 
groups. We are preparing this new improving interface 

research now. 

6 CONCLUSION 

This paper proposed to predict human evaluation of 
interactive evolutionary computation and display the 
individuals in a predicted order to reduce human bur-
den. Simulation results have shown that the proposed 
prediction methods, using NN and Euclidean distance 
measure, obtain significantly better evaluation order. 

However, the subjective test on actual interactive GA 
using a drawing face has not shown a significantly bet-

ter result. 

The comments of the subjects have indicated that 
humans evaluate individuals by weighting a certain part 
of an individual with a strong impression. Therefore, 
we will improve our proposed display method to predict 
fitness values independently of applications and more 
precisely by considering these part weights by human 

operators. 
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