goooooooo

Vol.XX  No. XX, pp.10010 1010, 1999

1001

goon

Jgu-gbtgoogtdbogbbtdtubugbbotdn

oo ogr

oo o

oo o=

Psychological evaluation on interactions between people and robot

Takayuki Kanda *, Hiroshi Ishiguro *! and Toru Ishida **

For realizing robots working in human society, interaction between people and robots is one of the important issues.

We have developed a robot that behaves based on visual information and interacts with people. The robot controls

its gazing direction for representing the internal states. By using the robot, we have evaluated impressions given

by the robot based on psychological methods. SD method and factor analysis have been applied to evaluate the

impressions. As a result of the experiments, impressions of the robot principally consisted of 4 factors: familiality,

enjoyment, activity, and performance evaluation, and these have been effected by computer skills of subjects. In

addition, we have verified that gazing direction control promotes interactions between people and the robot.

Key Words: psychological evaluation, semantic differential method, impression, interaction
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Fig.1 Developed robot and Environment
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Fig.2 Example of moving robot
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Adjective pairs Mean | S.D.
ooog ooo 4.20 | 1.22
ooooo gooooo 4.36 | 1.42
oooooo ogooooo 4.33 | 1.58
ooo ogoad 4.78 | 1.44
ooo ogoad 4.05 | 1.26
oooooad ooood 4.90 | 1.27
ooooo oooo 3.69 | 1.48
oooooad oooooo 3.70 | 1.70
oooooo gooooad 4.15 | 1.60
ooo od 3.75 | 1.51
ooooooo ooooo 3.90 | 1.34
oood ooood 3.08 | 1.58
oood ooo 3.79 | 1.34
ooo ooooo 4.87 | 1.67
ooo oooo 4.62 | 1.29
ooo ogoad 4.66 | 1.43
oood ooo 4.53 | 1.63
oo oag 4.62 | 1.28
ooo ogoad 4.54 | 1.74
oo oag 3.02 | 1.37
ooood ooo 295 | 1.35
oood ooooo 3.14 | 1.38
oood ooood 4.33 | 1.46
ooo ogoad 3.81 | 1.50
ooo ogoad 3.03 | 1.24
ooo ogoad 3.86 | 1.38
ooo ogoad 3.81 | 1.55
oo ooo 4.32 | 1.54

Table 1 Evaluated adjective pairs and the results
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Factor Commu-

I 1T 111 v nality

good 0.747 0.238 -0.160 0.076 0.646
goooog 0.727 0.436 0.052 0.265 0.792
gooooo 0.708 0.505 0.170 -0.092 0.794
ooo 0.697 -0.058 -0.214 -0.020 0.535
ooo 0.693 0.279 0.093 0.027 0.568
oooooo 0.609 0.563 0.087 0.121 0.710
goooo 0.596 0.286 0.264 -0.086 0.514
oooooo 0.588 -0.055 -0.056 0.034 0.353
goooooo 0.574 0.132 0.046 0.023 0.349
ooo 0.524 0.398 0.467 -0.254 0.716
ooooooo 0.516 0.247 -0.221 0.266 0.447
oooao 0.492 0.192 0.318 0.114 0.393
oooo 0.389 0.205 0.308 0.272 0.362
ooo 0.131 0.827 0.231 0.109 0.765
ooo 0.359 0.744 0.241 -0.003 0.741
ooo 0.447 0.716 0.070 0.021 0.718
oooo 0.157 0.676 0.345 0.216 0.647
oo 0.454 0.594 0.073 0.142 0.584
ooo -0.072 0.495 0.184 0.299 0.373
oo 0.085 0.081 0.796 0.369 0.783
gooo 0.084 0.093 0.794 0.267 0.717
oood -0.318 0.155 0.713 -0.078 0.640
oooo 0.089 0.325 0.584 -0.037 0.456
ooo -0.252  0.007 0.584 -0.001 0.405
ooo 0.131  0.198 0.576 0.070 0.393
ooo 0.358 0.443 0.537 -0.202 0.654
ooo 0.051 0.176 0.510 0.578 0.628
oo 0.208 0.425 0.146 0.508 0.503
Expl. Var 5.85 4.70 4.29 1.35 16.19

Table 2 Factor Pattern (Varimax normalized)
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Group NM MN
Condition NM-N NM-M | MN-M  MN-N
Num. of sub. 29 29 30 30
The robot’s | Familiality 0.19 0.29 -0.04 -0.42
impressions | Enjoyment 0.19 0.16 0.18 -0.52
(factor Activity -0.52 0.98 -0.18 -0.26
scores) Performance 0.41 0.04 -0.23 -0.20
S.D. of Familiality 0.77 0.88 0.94 1.06
the factor | Enjoyment 0.90 0.79 0.89 0.99
scores Activity 0.76 0.83 0.85 0.60
Performance 0.92 0.88 0.69 0.88

Table 3 Comparison of subject’s impressions in observing con-
ditions
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Ans. Q1 Q.2 Q3] Q4] Q5 Q6] Q7] Q8 Q.9 Q10| QI
Computer | Program- Robot Toys SF | Human- | Imagi- Pet | Autonomy Everyday | Useful-
experience ming exp. contests movies oid nation robots life robots ness
Num. 1 10 5 15 3 7 4 18 2 21 20 8
of 2 20 12 4| 24 27 24 8 16 24 19 42
Ans. 3 29 42 0| 32 25 31 33 41 14 20 9
Fa- 1 0.32 027 | -0.01 | -0.35| 041 | 0.11 | -0.04 | -0.52 0.03 019 | 047
mil- 2 -0.02 -0.07 | 000|-0.02| 006| 004]|-022]| 005 0.19 0.03 | -0.01
arity 3 -0.09 0.05 — 1 005| 005| -0.05| 008 001 -0.37 0.16 | -0.37
+
En- 1 0.04 006| 015| 050| 014 | 085] 023 -0.75 -0.09 -0.05 | 0.09
joy- 2 0.28 0.21| -0.05| 0.10| 0.05| -0.15]| -0.13 | 0.14 0.06 0.13 | 0.02
ment 3 -0.21 -0.05 —— | -012| -0.09 | 0.01]| -0.09 | -0.02 0.04 -0.08 | -0.17
*
Ac- 1 0.33 0.71| 031 |-053| -057 | -0.17 | 0.23 | -0.10 -0.23 022 | -0.05
tiv- 2 -0.04 0.07 | -011| 0.12] 0.10| 0.00| -0.24 | 0.30 0.16 0.32 | -0.01
ity 3 -0.09 -0.10 ——|-004| 006 | 002]|-007]|-011 0.07 -0.08 | 0.10
* * * *
Per- 1 0.50 026 | 0.14|-0.18 | -0.11 | -0.09 | -0.23 | 0.13 0.27 0.14 | 0.13
for- 2 -0.17 0.13 | -0.05 |-0.05| 0.06 | -0.04| 0.01] -0.03 0.25 0.25 | 0.01
mance 3 -0.06 -0.07 — 1 005| -003| 004]| 012 001 -0.01 -0.09 | -0.15
* +

Table 5 Interests and impression evaluation (Each question is shown in Table 4)
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Condition N (camera No-move) M (camera Move) Act. to people Few Many P
Avoidance behavior | None Some P None Some P Num. Of sub. 28 28

Num. of subjects 17 11 15 19 Familiarity -0.02 -0.18 0.54
Familiality -0.05 -0.08 | 0.96 0.37 0.02 | 0.32 Enjoyment -0.10  0.53 0.01
Enjoyment 0.09 -0.42 | 0.20 0.22 -0.01] 0.34 Activity -0.24  0.32 0.04
Activity -0.37 -0.70 | 0.08 <+ | 0.81 0.09 | 0.06 + || Performance -0.17  0.11 0.28
Performance 0.06 -0.07 | 0.76 0.14 -0.32|0.14 Moved dist. (m) | 12.70  7.07 0.00 **
Moved distance(m) | 11.72 11.33 | 0.88 9.63 10.08 | 0.80 Int. time (sec) 114.1 202.8 0.00 **
Interacion time (sec) | 158.1 122.1 | 0.06 + | 149.9 124.3 | 0.08 4 || Obstract 0.21  0.68 0.00 **
Obstruct 0.41  0.55 | 0.76 0.40 0.42 | 1.00 Cross 0.39 0.64 0.11
Cross 0.47  0.55 | 1.00 0.67  0.68 | 1.00 Swing hands 0.07 025 0.14
Swing hands 0.06  0.09 | 1.00 0.13  0.11 | 1.00 Hide eye(s) 0.00 032 0.00 **
Hide eye(s) 0.00 045|001 = | 013 0.05]| 1.00 Eye contact 0.25 0.75 0.00 **
Eye contact 0.59  0.36 | 0.44 0.67 053 | 0.64 Look inside 0.29  0.50 0.17
Look inside 0.35 0.36 | 1.00 0.40 0.42 | 1.00 Table 7 The robot actions to people

Table 6 The avoidance behavior and impressions
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