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Analysis of Users” Emotions on Lighting Effect of Artificial Intelligence Devices
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Abstract

Artificial intelligence (Al) technology has been evolving to recognize and learn the languages, voice tones, and
facial expressions of users so that they can respond to users' emotions in various contexts. Many Al-based services
of particular importance in communications with users provide emotional interaction. However, research on nonverbal
interaction as a means of expressing emotion in the Al system is still insufficient. We studied the effect of lighting
on users' emotional interaction with an Al device, focusing on color and flickering motion. The Al device used in
this study expresses emotions with six colors of light (red, yellow, green, blue, purple, and white) and with a
three-level flickering effect (high, middle, and low velocity). We studied the responses of 50 men and women in
their 20s and 30s to the emotions expressed by the light colors and flickering effects of the Al device. We found
that each light color represented an emotion that was largely similar to the user's emotional image shown in a
previous color-sensibility study. The rate of flickering of the lights produced changes in emotional arousal and
balance. The change in arousal patterns produced similar intensities of all colors. On the other hand, changes in
balance patterns were somewhat related to the emotional image in the previous color-sensibility study, but the colors
were different. As Al systems and devices are becoming more diverse, our findings are expected to contribute to

designing the users emotional with Al devices through lighting.

Key words: Artificial Intelligence, Emotional Interaction, Lighting Colors and Flickering Effects of Artificial
Intelligence Devices, Emotional Arousal and Balance
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Table 1. Emotional concepts of color

ohIA 33

il

3.1. &g A}

ZAF 71782 20179 5€Y 274 EE 2017 6€Y
A 2 B JYsER o, A g2
A-S- ol gle] B39

A7 W AHEAZ B T L

gt Ishihara H|2ERZ 92} 5 A2} o] =47}

o N
et
—
S
e

e
o>
2
2

\:

ol
)
£
rr
o
=]
&
e
=2
=

=
3
N

o o
ol

re

2
dlo

fo
o
ol
ol
e
O
il
M
EN
>
>
rlr
>
&S
B
it
>
o
o
rx
)
1o

-

M
R
fitt
™,
Ong‘
ofs
2
O
t
M oft ot ofo o ofm o

A&}A FE37] Y WE retina LED U] A= 0]

AAREE o] f= AP AuEE 24 HA E )53
dlo]dEel st Hal 71710 i Bilo] B

T =
(48%) 0.2 Z 50 o]tk A5 tlupo] =9 AL
A o] A= A= 143 (28%), AHE- A o] Q= 1)

A= 369(72%) 22 LEFSTH(Table 2).

Colors Positive Negative
Red Warm, Love, Passion, Gentleness Danger, Excitement, Rage, Explosion, Vitality

Satisfaction, Warm, Gentleness, Affection, Richness,
Orange

Pleasure

Refreshing, Brightness, Happiness, Richness, Hope, .
Yellow Cheerful, Pleasure Flippancy, Jealousy
Green Comfort, Exhilaration, Fertility, Life, Hope, Growth,

Stability, Relaxed
Blue Cool, Intelligence, Peace, Honest, Faithfulness Cold, Fear, Passivity
Purple Elegance, Splendor, Richness, Nobility, Mysticity Fear, Loneliness, Sorrow, Anxiety
White Cheerful, Brightness, Lofty, Hope, Purity, Clean,
Peace, Modesty, Honest

Table 2. Subject information

Rate N
Male 52% 26
Gender
Female 48% 24
Atrtificial Intelligence device Yes 28% 14
usage experience No 729, 36
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Table 3. Prototypes of artificial intelligence device
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High arousal

o aroused
® astonished

e excited

® delighted

® happy
Positive
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serene
® content
@ at ease
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calm
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Low arousal

Fig. 1. Russell's circumplex model of affect
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Table 4. Frequency analyzed results of lighting with middle velocity
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Table 5. Frequency analyzed results of lighting with high, middle, and low velocity
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Table 6. Results of Fisher's exact test

Color p-value Significance level (a)

red 0.000 0.05
blue 0.000 0.05
purple 0.000 0.05
green 0.000 0.05
yellow 0.000 0.05
white 0.000 0.05
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Table 7. Frequency analyzed results of lighting with high,
middle, and low velocity (red)

High velocity Middle velocity Low velocity

emotion % emotion % emotion %

afraid 28.0 afraid 24.0 afraid 24.5

alarmed 24.0 | distressed 12.0 excited 12.2

tense 22.0 tired 10.0 tense 8.2

excited 8.0 miserable 8.0 distressed 8.2

angry 8.0 at ease 6.0 tired 8.2
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4.2.2. Blue
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Table 8. Frequency analyzed results of lighting with high,
middle, and low velocity (blue)

High velocity Middle velocity Low velocity

emotion % emotion % emotion %

tense 20.0 gloomy 20.0 glad 14.3

excited 16.0 angry 14.0 satisfied 10.2

happy 10.0 sad 12.0 alarmed 10.2

astonished | 8.0 distressed 6.0 depressed | 10.2

angry 8.0 depressed 6.0 tired 8.1

4.2.3. Purple
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Table 9. Frequency analyzed results of lighting with high,
middle, and low velocity (purple)

High velocity Middle velocity Low velocity

emotion % emotion % emotion %
alarmed 12.0 gloomy 20.0 gloomy 12.0
annoyed 12.0 relaxed 14.0 tired 10.0
distressed | 12.0 satisfied 8.0 bored 8.0
tense 10.0 bored 8.0 serene 6.0
happy 8.0 pleased 6.0 pleased 6.0
4.2.4. Green
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Table 10. Frequency analyzed results of lighting with high,
middle, and low velocity (green)

High velocity Middle velocity Low velocity
emotion % emotion % emotion %
at ease 14.0 content 12.0 relaxed 12.0
sleepy 12.0 glad 12.0 serene 12.0
excited 10.0 serene 10.0 glad 12.0
happy 8.0 pleased 10.0 satisfied 10.0
tense 8.0 droopy 10.0 at ease 10.0
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Table 11. Frequency analyzed results of lighting with high,
middle, and low velocity (yellow)

High velocity Middle velocity Low velocity

emotion % emotion % emotion %
astonished | 20.0 glad 20.0 serene 22.0
tense 12.0 satisfied 14.0 satisfied 16.0
delighted 8.0 at ease 10.0 glad 12.0
excited 8.0 | astonished | 6.0 pleased 8.0
aroused 8.0 calm 6.0 relaxed 6.0
4.2.6. White

Th Table 125 white 2)7¢] Al 4 Axch

white 21/32] A3}l w2 high+= aroused”} 12.0%

v Zo] 7} Z1 3, middle?} low 5 glad7} Z+7}
26.0%, 20.0%¢] H]&Z ¥Zo] 747 Ak Theo
high®] 29 % 3¢9+ ZH2} content®} delighted 7}
A =3, middleZ} lowoll = pleased, satisfied 5 5
2 FAAA Aol dY == 4% Bk

R = |

Table 12. Frequency analyzed results of lighting with high,
middle, and low velocity (white)

High velocity Middle velocity Low velocity

emotion % emotion % emotion %

aroused 12.0 glad 26.0 glad 20.0

content 12.0 pleased 22.0 satisfied 16.0

delighted 10.0 satisfied 14.0 serene 16.0

happy 8.0 serene 12.0 pleased 14.0

astonished 8.0 relaxed 8.0 relaxed 4.0
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