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ABSTRACT: With the development of robot interaction technology, researchers begin to explore the emotional commu-
nication between humans and robots, and the design of robot facial expressions has become a hot topic. In order to pro-
mote interaction between humans and robots, researchers need to design the form of robot facial expressions that can be
accepted by people. However, till now, the evaluation mechanism of human perception on the robot facial expressions has
not been systematically analyzed and summarized, so the work aims to provide guidance and suggestions for designers to
choose appropriate evaluation methods in different situations through the analysis and summary on the evaluation scales
of robot facial expressions. The method of literature research was adopted to select 51 publications for review and analy-
sis, so as to sort out the scales suitable for the evaluation of robot facial expressions. The key words include robot facial
expression design, robot facial expression evaluation, robot emotion evaluation scale, etc. The publications were collected

from ACM, Springer, IEEE and other databases, published from 1977 to 2019. Through the analysis by literature survey,
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six most important evaluation scales of robot facial expressions were selected, including empathy scales, scale of

three-factor theory of emotions, robot anxiety scale, positive and negative affect schedule, scale of human perception of

robots and Likert scale. Then, the characteristics of each evaluation scale were analyzed from three aspects: the design

points, the original application field and the evaluation views. Finally, the applicable recommendations of evaluation

scales for robot facial expression design were proposed. The robot facial expression evaluation scales were classified and

summarized and the applicable stage and situation of each scale were put forward.

KEY WORDS: robot; facial expression; evaluation scale; emotion evaluation; literature review
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‘When someone else is feeling excited, I tend to get excited too

Other people’s misfortunes do not disturb me a great deal

It upsets me to see someone being treated disrespectfully

I remain unaffected when someone close to me is happy

I enjoy making other people feel better

I have tender, concerned feelings for people less fortunate than me

When a friend starts to talk about his/her problems, I try to steer the

conversation towards something else

8. Ican tell when others are sad even when they do not say anything

9. Ifind that I am “in tune” with other people’s moods

10. T do not feel sympathy for people who cause their own serious illnesses

11. 1 become irritated when someone cries

12.T am not really interested in how other people feel

13.1 get a strong urge to help when I see someone who is upset

14. When I see someone being treated unfairly, I do not feel very much pity for
them

15. I find it silly for people to cry out of happiness

16. When I see someone being taken advantage of, I feel kind of protective

towards him/her

Nk L=

K1 TEQ %
Fig.1 TEQ scale
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F 1 McGill KiEEEREE
Tab.1 Items of McGill friendship questionnaires

Function Assertions Supportive Against
M SD M SD

Stimulating I had fun playing with iCat by my side. 44 05 40 12
Companionship  iCat behaved as my companion during the game. 36 0.7 29 08
iCat made me laugh. 48 04 48 09

I enjoyed talking to iCat. 34 1.2 2.6 12

It was nice being with iCat. 40 07 38 0.7

Help iCat helped me during the game. 30 1.0 31 08
iCat’s comments were useful to me. 38 08 38 07

iCat showed me how to do things better. 2.7 1.1 2.7 14

iCat’s comments were helpful to me. 30 12 29 11

Intimacy iCat knew when something was bothering me. 29 1.2 2.1 1.0
iCat knew when I was upset. 29 12 2.1 0.8

Reliable iCat was loyal to me. 4.1 0.7 3.1 1.2
Alliance iCat would still be my friend if we did not see each other for several months. 3.6 1.0 2.7 1.2
iCat would still be my friend even when we did not agree on something. 40 08 33 1.1

Self- iCat encouraged me to play better during the game. 40 07 29 13
Validation iCat praised me when I played well. 48 04 43 07
iCat made me feel intelligent. 34 1.0 28 09

I felt that I could play better in the presence of iCat. 39 09 38 09

iCat enhanced the aspects that I am good at. 34 1.1 3.1 0.9

iCat made me feel special. 26 09 27 1.0

Emotional If I were worried, iCat would make me feel better. 30 1.0 2.7 1.2
Security If I were nervous, iCat would make me feel more calm. 34 11 30 14

If I were upset, iCat would make me feel better.
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Tab.2 Data of different emotions on three
dimensions measured by Russell
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Pleasure Arousal D

Term N Mean SD Mean SD Mean SD

|. Bold 27 0.44* 0.32 0.61* 0.24 0.66* 0.30
2. Useful 27 0.70* 020 0.44* 028 0.47* 0.40
3. Mighty 27 0.48* 037 051* 028 069 03I
4. Kind 22 0.73* 022 0.19* 032 057 0.27
5. Self-satisfied 27 0.86* 0.10 020 040 0.62* 0.3I
6. Admired 29 0.81* 0.21 044* 030 0.51* 034
7. Proud 29 0.77* 021 0.38% 034 0.65* 0.33
8. Interested 29 0.64* 020 0.51* 021 0.17 040
9. Arrogant 29 0.00 0.51 0.34* 0.4 048 0.34
10. Inspired 29 071* 030 063* 021 0.34* 0.55
11. Excited 29 0.62* 025 0.75* 020 0.38* 0.29
12. Influential 28 0.68* 023 040* 033 0.75* 0.18
13. Aggressive 28 0.41* 030 0.63* 025 0.62* 024
14. Strong 28 0.58* 0.24 0.48* 0.30 0.62* 0.30
15. Dignified 28 0.55* 027 0.22* 040 0.61* 0.30
16. Powerful 28 0.54* 026 045 0.36 0.73* 0.25
17. Elated 28 0.50* 047 0.42* 0.14 023* 036
18. Hopeful 29 0.51* 0.30 0.23* 033 0.14 041
19. Triumphant 29 0.69* 0.23 0.57* 0.19 0.63* 0.26
20. Joyful 29 0.76* 022 0.48* 0.26 0.35* 031
21. Capable 29 0.70* 024 0.28* 0.27 061* 0.3]
22. Lucky 30 0.71* 0.19 0.48* 0.30 037* 0.29
23. Responsible 30 0.35* 0.29 0.38* 0.26 0.49* 0.37
24, Friendly 30 0.69* 0.23 0.35* 028 0.30* 0.27
25. Masterful 30 0.58* 025 0.44* 027 0.69* 0.25
26. Free 30 0.81* 0.14 0.24* 038 046* 0.33
27. Devoted 30 0.49* 025 0.17* 027 0.10 037
28. Domineering 27 0.23* 037 0.40* 0.21 0.58* 0.26
29. Aroused 30 0.24* 028 0.57* 0.26 0.22* 0.33
30. Concentrating 28 0.42* 025 0.28* 0.27 0.39* 0.3
31. Happy 29 081 021 0.51* 026 0.46* 0.38
32. Egotistical 29 0.24* 034 0.32* 025 0.50* 0.31
33. Carefree 29 0.78* 021 025% 039 041* 031
34. Affectionate 29 0.64* 026 0.35% 034 0.24* 0.40
35. Vigorous 30 0.58* 022 0.61* 023 049* 024
36. Activated 30  0.42* 026 0.58* 021 0.38* 0.28
37. Alent 30 0.49* 025 0.57* 0.20 0.45* 0.26
38. Alone with responsibility 30  0.33* 034 034* 0.37 048* 0.36
39. Controlling 30 047 026 0.34* 0.23 0.66* 0.25
40. Proud and lonely 27 0.01 043 0.02 0.32 026* 0.40
41. Enjoyment 30 077 0.17 044 026 0.42* 029
42. Serious 30 0.27¢ 022 0.24* 0.2°. 0.42* 0.27
43. Cooperative 3l 0.39* 0.32 0.13* 027 0.03 0.3
44. Thankful 27 0.61* 0.25 0.10 0.34 -0.13 0.35
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( Self-Assessment Manikin Questionnaire ) J&—FfiiE
W H RGPS H AR o & I 5 PR 45 Rl
)17 RS I AH I AT B . MR AN AT 4P . SAM
% 5 Ayl L 2P, I ZENLT, K EER
fia] B ELAR A A3 i, R T RO B4 1 JRR
RS WS 2 SAM R THLAS A FOBIFSE
H1, Nicole Mirnig %5 AP EFT T SAM [1]
BT, B R oR T — R RS IR 4 kAT
R YEfRE . ILAh, B TAFEZEB LA, B
i EDDIE HLe§ A", TURO #L#E AFIELSE A2 2 1]
TR % EBAE SAM P4 FA A . B F
Vasiliki Vouloutsi %5 A" 56126 AL 2§ A I FR 1%
AT e, 12 SAM FMEEGEHe T B (The Af-
fective Slider, AS) #17 T EL A, LIIFAL S
A iCub HLEs AN o b, AS Sewl2 T
B AREROBE ARG ERY, fFEX Hid s
SAM KAl iCub HLAF A HIF G 1R 5% . SAM F1
AS ZESEERVGT LK 38, B3 dh, )R SAM,
T R U AS,

e

B2 SAM [ 5 5 iii
Fig.2 Five options of SAM

[ % o % [ e | | o | e

78| oo [57e| oo o] op) aref 58] e

Unhappy Happy

K3 SAM I AS &5 R BT
Fig.3 Evaluation scale combined by SAM and AS

R T T A R A 5 T s A BT (SRR A
JERPUED) HEBOCR , WM SE RIS R
Il 18 28 223512224, 1 SAM VR R EOUL G PEAR AILAS A
TN 9 T, REAB DR | A7 A5 BT 5 3R
ANTRI G 4 2 T B 28 5, A SCPPAl T B 2 A B 9 TR
B .

1.3 HMBAEEBER

AP E (Computer Anxiety ) #IA K& P
FE Al TS MLk S8 2 (A LAY B SR P A ) —
Pz RIR, BT ALECE I 59— 5 ) )
FETF XA &, Tatsuya Nomura 2 ANPHA Ny, T HL
PR FEECE, L, R, DUEGTEALAN
T H AL PR TAE TR AR, BRIL, A ] RR A
U T AL R RSz O T I A X HLER
N B RIR L, B9 4 T HLA £ JE 5 2% ( Robot
Anxiety Scale, RAS), WL 4%, ZH £+ /A4
WH, Kt N E s, RIS A &5 m
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Table 1: All the Questionnaire Items in the First Version of Robot Anxiety Scale (*:

inversive items)

I feel anxiety if robots really have their own emotions.

interacting with robots actively.

Robots are useful machines complementing humans' defects.”

1 surmise that hing negative for h happen when robots b movre similar to h

I will be able to be relaxed if I interact with robots.*

I feel anxiety when I imagine that I may be employed and assig

i to a workplace where robots should be used.

I will be familiar with robots if they have their own emotions.*

T am mentally healed when [ see robots behaving affectively. ©

T am left helpless even by hearing something on robots.

T am likely {0 bring shame on when | use robots in public.

The words “artificial intelligence” or “decision by robots” make me feel unpleasant.

|
B[ 5| S| e oo| ~f @] nf i cof 20| =

Even md:@moi robots will strain me.

-
2

C ion b h

and robots will stimulate and activate that between humans themselves as a result.”

-
L

1 surmise that extreme dependence on robots may cause smeth.mg negative for humans in future.

—
o

Robots are likely to be more honest and reliable than h

P
™)

1 will feel nervous if 1 interact with robots.

P
9

T am afraid that robots may negatively influence children’s mind.

—
oo

I surmise that future societies may be dominated by robots.

K4 RAS
Fig4 RAS
The PANAS

This scale consists of a number of words that describe different feelings and emotions, Read each item and then mark
the appropriate answer in the space next to that word. Indicate to what extent [INSERT APPROPRIATE TIME

INSTRUCTIONS HERE]. Use the following scale to record your answers.

1 2 3

very slightly a little moderately

or not at all

interested
distressed
excited
upset
strong
guilty
scared
hostile
______ enthusiastic
proud

We have used PANAS with the following time instructions:

4 5
quite a bit extremely

irritable
__alert
ashamed
inspired
nervous
determined
attentive
Jittery
active
afraid

Moment (you feel this way right now, that is, at the present moment)
Today (you have felt this way today)

Past fewdays  (you have felt this way during the past few days)

Week (you have felt this way during the past week)

Past few weeks (you have felt this way during the past few weeks)

Year (you have felt this way during the past year)

General (you generally feel this way, that is, how you feel on the average)

Received May 10, 1987
Revision received September 14, 1987
Accepted November 11, 1987 m

&l 5 David Watson %111} PANAS
Fig.5 PANAS designed by David Watson
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NPT RAS 3, R THLE A R
( The Negative Attitudes toward Robot Scale, NARS ),
JEAE SEARHLAE R HE UL a8 A A1 2530501 R P52 R
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1.4 BE—EKBRREER

B —IH % B Fedi i % (Positive and Negative
Affect Schedule, PANAS ) & TG4 (Positive

Affect, PA) FIiE#H 15 %% ( Negative Affect, NA ) P4
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T H . David Watson #%31%) PANAS LI 5% Claudia
Faita 25 A\ P3YEBF 5% 45 S0l PANAS AR A Fedik 445 1)
&, IR 2 5578 5 0 A R T =45 i AL 2%
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Indica su una scala da 1 a 5 quanto I'espressione 1.5.1 H4giE3R

finale appena visualizzata corrisponde a ciascuna
delle emozioni di seguito riportate

Per niente

rava ] (1] (2) ) (&) (8)

Gioia__|

Tristezza

Disgusto

Estremamente

J
Neutrale |
J

Paura

Kl 6 Claudia Faita 5243 T HI ) PANAS
Fig.6 PANAS used by Claudia Faita
GODSPEED I: ANTHROPOMORPHISM

Please rate your impression of the robot on these scales:

UTDRr—zESNTZouRy OIS ZF LT EEW,

Fake B¥HIOLS7E 1 2 3 4 5  Natural B#7
Machinelike #HAY 2 3 4 5  Humanlike ARI#Y
Unconscious EiEZERZN 1 2 3 4 5 Conscious BiZERH>TI\S
Artificial ATLHY 1 2 3 4 5  Lifelike &%
Moving rigidly ¥ZbAZEIE 1 2 3 4 5  Moving elegantlyftfRE hicH#hE

GODSPEED II: ANIMACY
Please rate your impression of the robot on these scales:
UTOAF—MZESNTZor Ry hOREFEL T ZSW,
Dead SEATIVD 1 2 3 4 5  Alive £ETW3

Stagnant ERDRLY 1 2 3 4 5 Lively &4 EL L1
Mechanical H#ERIZZ 1 2 3 4 5  Organic HH#HIT
Artificial A8 1 2 3 4 5  Lifelike 4£#897%
Inert FERMGE 1 2 3 4 5  Interactive X{EEH9ZR
Apathetic HEB/LR 1 2 3 4 5 Responsive RIGDH S

GODSPEED III: LIKEABILITY
Please rate your impression of the robot on these scales:
UTFORr —MESNTIonRy ORZREFHL T ZEW0,

Dislike L\ 1 2 3 4 5 Like ¥F&
Unfriendly L&AIC<LY 1 2 3 4 5  Friendly ELA®T Y
Unkind AR 1 2 3 4 5  Kind 807
Unpleasant AR{fitR7R 1 2 3 4 5 Pleasant @R
Awful DNEW 1 2 3 4 5  Nice R

GODSPEED 1V: PERCEIVED INTELLIGENCE
Please rate your impression of the robot on these scales:

UTDRr—MzESNTZouRy OISR ZFH LT EEWN,

Incompetent fEBEZR 1 2 3 4 5 Competent HHEL
Ignorant IR 1 2 3 4 5  Knowledgeable #1401V 7%
Irresponsible HER{ER 1 2 3 4 5  Responsible H{EDH 3
Unintelligent SIBITALY, 1 2 3 4 5 Intelligent HI#9%
Foolish B/ 1 2 3 4 5  Sensible REA/X

GODSPEED V: PERCEIVED SAFETY
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Fig.7 Godspeed five-dimensional standard scale
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Tab.3 Classification system of evaluation scale by questionnaire method
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Tab.4 Applicable stage and conditions of six types of evaluation scales
in the experiment of robot facial expression evaluation
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