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Sociability of Robots:
Effect Evaluation of Robots on the Impression Formation between Humans

Daisuke Sakamoto*and Tetsuo Ono*?

Abstract — With developments in robotics, robots “living” with people will become
a part of daily life in the near future. However, there are many problems with social
robots. In particular, the behavior of robots can influence human relations, and societies
have not yet clarified this. In this paper, we report on an experiment we conducted to
verify the influence of robot behavior on human relations using the “balance theory.” The
results show that robots can have both good and bad influence on human relations. One
person’s impression of another can undergo changes because of a robot’s social behaviors.
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Fig.1 The balanced state(above) and imbal-
anced state(below) based on the hei-
der’s theory
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Fig.2 Participant’s impression to three ob-
jects
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Table 2 Questionnaire for participants
Question.1 Question.2 Question.3 Question.4 Question.5 Question.6
0ooodd 00000 oOoOoOooo0 0O0OO0OOoo Oooooooo oo

03 0boboooooobobooooooo
gooooooo
Table 3 Results from the questionnaire about
the participant’s impression to the
other participant

Q1 Q2 Q3
plus 4.28 (0.914) 4.19 (0.575) 4.05 (1.022)
minus 2.50 (1.382)  3.05 (1.207) _ 2.09 (0.954)
goooooo F =22.45 F =15.55 F =43.41
(F(1.44)) p < .001(xx) p <.001(xx) p < .001(xx)
Q4 Q5 Q6
plus 3.96 (0.768) 3.60 (0.651) 3.64 (0.772)
minus 3.38 (0.993) 3.00 (0.764)  3.13 (0.833)
goooooo F =4.64 F =17.56 F =4.44
(F'(1.44)) p = .037(%) p = .009(%) p = .041(%)

(n.s.): 000000 (4):0000 (*):00 p<.05 (**):00 p<.01
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Table 4 Results from the questionnaire about
the participant’s impression to the

robot

Q1 Q2 Q3
plus 4.17 (0.746)  3.30 (1.207)  3.67 (1.106)
minus 1.55 (0.783) 1.60 (0.718)  1.50 (0.723)
0000000 F =12954 F = 31.57 F =58.06
(F(1.44)) p < .001(x%) p < .001(x*) p < .001(*x*)

Q4 Q5 6
plus 3.80 (1.04) 3.13 (0.781)  3.96 (0.889)
minus 2.50 (1.197) 2.46 (1.234) 2.91 (1.165)
0000000 F = 14.66 F =472 F=114
(F(1.44)) p < .001(xx) p=.035(x) p=.002(x)

(n.s.): 000000 (4):0000 (*):00 p<.05 (**):00 p<.01
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Table 5 Results from the questionnaire about
the estimated other participant’s im-
pression to the robot

Q1 Q2 3
plus 4.38 (0.696)  3.50 (1.259)  3.92 (1.188)
minus 1.82 (0.936) 2.14 (1.1) 1.73 (0.75)
goooooo F =106.86 F =14.54 F =524
(F(1.44)) p < .001(xx) p <.001(xx) p < .001(xx)
Q4 Q5 Q6
plus 3.71 (1.172)  3.38 (0.905)  3.92 (0.954)
minus 2.78 (0.997)  2.69 (1.062)  3.00 (0.905)
goooooo F = 8.06 F =5.47 F =10.65
(F(1.44)) p = .007(x) p = .024(%) p = .002(*)

(n.s.): 000000 (4):0000 (*):00 p<.05 (**):00 p<.01
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Fig.6 Photo of the participants and robot in
the agree condition
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Table 6 Results from the questionnaire in the four evaluation group

0oooooo Q1 2 Q3 Q4 Q5 Q6

oo (A) 4.34 (0.624) 4.25 (0.596) 4.17 (0.898) 4.34 (0.746) 3.75 (0.722)  3.92 (0.863)
0o (D) 4.20 (1.167) 4.10 (0.539) 3.90 (1.136) 3.50 (0.5) 3.40 (0.49) 3.30 (0.459)
00000 (TA)  2.34 (1.028) 2.75 (1.011) 1. 2 (0.641) 3.25 (1.011) 3.09 (0.954) 3.09 (0.954)
00000 (ID)  2.84 (1.625) 3.34 (1.313) 2.25 (1.164) 3.50 (0.958) 2.92 (0.494) 3.17 (0.688)
ooooooo F =8.42 F =6.47 F:1979 F =4.46 F =39 F =31
(F(3.42)) p < .001 (k%) p = .001(%) p < .001(xx) p = .009(x) p=.016(x) p=.037(x)
0ooooooo A,D>TA,ID A,D>TAID A,D>TAID A>D,IAID A, D>ID A>1ID

o7 00bOOoOoOoO
Table 7 Average of body movements

00000 [mm]

18.84 (60.892)

10.53 (14.491)

ooooooo F =6.84

(F(1, 40)) p = .012(x)

(n.s.): 000000 (4):0000 (*):00 p<.05 (**):00 p<.01
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Table 8 Average of distance between a par-
ticipant and a robot in the two eval-
uation group based on the heider’s
theory
00000 [mm]
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Fig.8 Physical distance between participants

and the robot in Imbalance condition
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Fig.9 Various social attitude of participants
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Fig.7 Entrained cooperative behaviors of the participant
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