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The effect of LED lighting hues on the rating and recognition of affective stimulus
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Abstract

Three experiments were carried out to examine how LED lighting hues influence to the rating and recognition of
affective stimuli. In Experiment 1 and 2, IAPS affective pictures were used and an affective rating(valence and
arousal) task and a recognition memory task were conducted under red, green, blue, and white hue LED lightings
in Experiment 1 and cyan, magenta, yellow, and white ones in Experiment 2, respectively. In Experiment 3,
affective words were used and the same two tasks were conducted under red, green, blue, and white hue LED
lightings. According to the results of affective rating tasks, when primary hues(RGB) were used, red LED lighting
elicited an excitement at the arousal dimension and green LED lighting evoked pleasantness at the valence one.
When secondary hues(CMY) were used, magenta and cyan showed the similar but weaker patterns of responses
comparing to red and green. The results of recognition memory task showed that the responses to the picture
stimuli presented at green and cyan hue lightings tended to be a bit faster comparing to the stimuli presented at
the other conditions but the difference was insignificant. In Experiment 3, however, recognition memory responses
to the affective words presented at green hue lighting were faster significantly. These results indicate that warm
colors like red and magenta elicit unpleasantness or excitement while cool colors like green and cyan evoke
pleasantness or relaxation, and the primary hues provoke more positive or negative affectivity than secondary ones
do. Particularly, the result of recognition memory task in Experiment 3 suggests that green hue LED lighting might
be advantageous at the memory performance of language stimuli rather than visual ones.
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Lighting Hue Lux(ave.) x(ave.) y(ave.)
Red 107.50 0.687 0.304
Green 114.56 0.188 0.739
Blue 108.60 0.141 0.029
White 112.36 0.257 0.197

A= &) delit]o A #|=ZFsk LED 343 A

H(3mx5m)°] AHE-= S+

B 250cmo]|QtF. FH A A|~Elo] A
APue) g

APASAAE

2o of 3m A% Wol7 A Ao

gk

32
s

g el
A

_4

Hl o
21

] &) ;<1—7]_7<].t ok

(Ok 1/4x] ;G)
EUE7ZE f1Ae AL, A7 =Y

22912 LCD

-
A

b, 47 ol vt

o

ZoA oRbe] o]z}
the] MshEol| wlsf 2=
ol guiHew A 2 Aol7k Axvirt €]

A/\lg;ﬂg] ZEE ASEA dAA

A Oﬂ*i 1 Apel7h A4

ol 4E 6

EhES:

3¢ x4dst
= *E‘ AZ2IS AEety] A% RS Hols
H kol
AApLe] A Aol 2
B, AAE AR 8
3ol A9 Hols
70cme] Azl M R UE

AE BRI AR 2

&

RUE 7 AHEH
1024x768 2 A o] 2
TGl 4

o
4

¥
;
é e He = e

[e)

\U;‘F\dL

]



LED =

+ Konica- Mmolta/\}«] CL-200
@J#E#ﬂ](chroma/hght meter)7} AFE-5] A
80cm 3o]o] A8 AFe] sl O]'roﬁi A
A=) A et B ke A = AJASAIR
=7l Psychology Software ToolsAke] 238 S/W
%l E-Prime 2.07} AR&H AL, AFxH O Aojd=
DMX-512 22 EZ3 AEE7 AR AT AFE
Aot 2HTAE S8l Er=e] PC7F AR E AT

0o
nd.z
FRN
ol
BN
My
1o
S|\l
o
é

, AL

o

ok

X AARARANA FRAAAE 54 AR
sl LCD B Ele] 3327 AN HE A2
BTk, A6 @ Ale] mAe A7t 4
-2t zby AAE -l DelA 78 HwS
A%H 0% FANAY. AABAIA} £
F40] Fol AL, ololal AN7]o}H

2 abelel A BUEe] A E AL
A0 P AARAT AN 2 A}
Agolur svolzntE w3t
4% Are] 2

dgoll= oF 409

Gl
L
o,

o

L =
(2 op
o
o &
Me
L

o 1o

>~
=
=2

o X
rr

2 ol

ull

RO

o
kl
=)
EV)
ot

=%
A
B
-
2l
—_>‘4-"4

fo
i

A
[0}
?
=
32 ©

=]

N
N
I~
Ac]
rir
lo

AP AA A Ldolzl HolHel tiste] S
g WA (variance analysis)S A1 A}, WA A4
M7F 2ol 2= Aol wE ol fon|EhA|
2O LHF(1,30) = 2.074, p = ns.], A A7
H] Lol A= Red$} Green[#(30) = -2.590, p < .015], Red
9} White[#(30) = -2.153, p < .039] Ato]ellA] H-<&Jw&
Zpol7b Adeh g, ZH Aol = 27 Aol
w2 zol7h folu ek e M [F(1,30) = 12389, p <
001], M} 27 7+ v]alo] A= Red} Green[#(30)
= 2364, p < .025], Red®} Blue[#(30) = 2.060, p <
.048], Red9} White[#(30) = 3.780, p <.001] Ato]ell
ojm gk zto] 7} AT

a9f 2 A AE Red MAe] o] whe
KRS e} B YEE B Fie
= WHH, Green¥} White Aol e =2 AA7}
(‘IQF;’ 7LH)9]. o 7L/H(o]%} 71/\ KeX HEL@[-_% 9413]

= =
gt 1R 19k T1E 2004 = a7 9l%el, Green A%
2 White 2o Zxgoll thek A 7teh Zd 2kl A
o] BN = Al Zel7k Yl

ZHM A0l HMASFel d™ ot Aelo ojxl= 23 375

Lo 1o

440 - %

*
420 4

4.00

Level of Valence

3.80 4

3.60 4

340 -
GREEN BLUE WHITE

Colorsof LED Lighting

Figure 1. Result of Valence Rating on Affective Pictures under
RGBW LED Lightings

440 -

*K

420 4 %

4.00 1

3.80 4
3.60 A
340 -

RED GREEN BLUE WHITE

Level of Aroual

Colorsof LED Lighting
Figure 2. Result of Arousal Rating on Affective Pictures under
RGBW LED Lightings
930 +
900 4

850 4

800 4
750 4
700 4
650 -

GREEN WHITE

Recognition RT (ms)

Color of LED lighting

Figure 3. Result of Recognition Memory Task on Affective
Pictures under RGBW LED Lightings



AA7F 2 FA oA Bluedll thgh o] Redel
3k WS o = o Hil Hir= wgrls
e v 99l A=, A= Blue: Red}t
== Ay g3E Hols Aoz Q4o

g3 71E AFENME F2 Blue$t Redol th3h =k
SES Hd] 7] "ol ti(Goldstein, 1942; Stone

& English, 1998; Mehta & Zhu, 2009).

S, A7 AL HlolEel et w54 WEk
A Aol A GRS o] AAH A 2
of W AA71F8 §hEA 7] Aol frolm]EHA]
RO H[F(1,30) = 0.021, p = ns], AFFA E ¥l
B o A= Green A St A AAEHH AR S
g WhEAgEo] thE AFE] Hls) tha whE P

o] e FAHLR fFofugh AolE Kol

A7) AL Aol A folul e 2ol 7t LheA] ¢
A WA ARAAN ANFATATL TR
WA ARAAA ARG ] S0} 7]
Aol Fol7l FA ATkl W gk ATl 51,

AR A= o] 7EA & A Bh(salient) A1 ZHE] $Alo] 7]

2

3}2|(retention) 2 A A (recognition)®ll 2] s}A| 2}-8-3}
7] W8 oItk WebA Ao e Ao
S5} ME WA Qs APH 2 A
of o3 &y} o] wWE HAPdxd 1He 74017} /‘}

g e =, 29 A8 I (ceiling effect)”} U
7bs7dol =

gH, A3 104 = dAkAel] s st Red, Green,
Blue, ¥ WhiteZ7} Az g0z A-&=%=d, 1
WA ol
(secondary colors)?] Cyan, Magenta, Yellow”} “d 433
A 71l wx= g3E AmReE AL dAak

3} o148 fA % E ) AT olslshs

20
A
LE#o] 4 Aotk

AE9]  F3HA(intermediate  colors)

5. g 2: CMYW LED A &tof| A
HAMALZlof CHsF H™ ok Aol
2E 20ME FZHMolwA 7 EA(subtractive
mixture of color)®] 2 Ae] &d3}= Cyan, Magenta,
Yellow®t 23159 Z2§<1 White7} AAHA 7 719
T MA= S LotRi I Z3E RGBWO
A Aol Aol wlulstarat &kt

5.1. 2

HEHTIA et At 31 EA 179, 1A
147, Fard#: 23.64)0] Aol Hrlsiglon, &
AN AAAAQ AlH (s WA A )} /_\lllﬁ-g
TR A AdFThe ApRH o R o]Folxl o
AT B3k bR Fgre] Fbgwe] AHH

At

>
1

29 A AY 1004 AHEE A FA3 AL
J=o] A8 20| M= AlEE Yo, AHzyz
320 AAE vhek 2Uh xRS

]
W2 S7RAA oF 220 hux® A3 EH, o=
_"

ok

41 o X mx
N

Table 2. llluminance and CIE Color Coordinates of LED
Lightings in Experiment 2

Lighting Hue Lux(ave.) x(ave.) y(ave.)
Cyan 228.48 0.150 0.168
Magenta 220.2 0.271 0.094
Yellow 227.5 0.466 0.504
White 222.825 0.259 0.197
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LED Z=Q3AH

Appendix 1. Affective Picture Stimuli used in Experiment 1 & 2

0>

ol HAMA=el g™t Aelof ojxl= 21 381

Set No. IAPS Valence | Valence | Arousal | Arousal Set No. IAPS Valence | Valence | Arousal | Arousal
No. (ave.) (SD) (ave) (SD) No. (ave.) (SD) (ave) (SD)
1070 3.96 2.3 6.16 2.08 1310 4.6 1.62 6 1.8
1240 422 1.94 4.92 2.17 1710 8.34 1.12 5.41 2.34
1450 6.37 1.62 2.83 1.87 1740 6.91 1.38 427 2.03
1510 7.01 2.07 428 2.47 2230 4.53 1.22 4.13 1.68
1540 7.15 1.96 4.54 2.35 2340 8.03 1.26 49 22
1560 5.97 232 5.51 2.19 2540 7.63 1.51 3.97 233
1600 737 1.56 4.05 2.37 2600 5.84 1.85 4.16 1.74
1640 6.27 222 5.13 22 3160 2.63 1.23 5.35 1.79
1650 6.65 2.25 6.23 1.99 3170 1.46 1.01 7.21 1.99
1660 6.49 1.89 4.57 2.39 3220 2.49 1.29 5.52 1.86
2020 5.68 1.99 3.34 1.89 3230 2.02 1.3 5.41 2.21
2120 3.34 1.91 5.18 2.52 3250 378 1.72 6.29 1.63

) 2200 4.79 138 3.18 2.17 3 4310 6.04 1.94 5.42 2.24
2260 8.06 1.42 4.26 2.44 4520 6.16 1.54 4.8 2.25
3030 1.91 1.56 6.76 2.1 4660 7.4 1.36 6.58 1.88
3120 1.56 1.09 6.84 2.36 5200 7.36 1.52 3.2 2.16
4210 5.72 2.97 6.08 2.81 5220 7.01 1.5 391 227
4510 551 2.5 3.89 2.86 5870 6.78 1.76 3.1 2.22
5010 7.14 1.5 3 2.25 5900 5.93 1.64 438 2.1
5500 5.42 1.58 3 242 6000 4.04 1.74 491 2.17
5750 6.6 1.84 3.14 2.25 7100 5.24 1.2 2.89 1.7
6210 2.95 1.83 6.34 2.14 7130 4.71 1.03 3.35 1.9
6610 3.6 1.79 5.06 2.39 7190 5.55 1.34 3.84 2.06
7090 5.19 1.46 2.61 2.03 8200 7.54 1.37 6.35 1.98
7200 7.63 1.74 4.87 2.59 9270 3.72 1.51 5.24 2.15
Ave. 5.4624 1.8676 4.6308 2.292 Ave. 5.432 1.4384 4.8236 2.0272
1670 5.82 1.63 333 1.98 1270 3.68 1.85 4.77 2.44
2210 4.7 0.93 3.08 1.76 1910 6.71 1.8 3.29 2.29
2510 6.91 1.91 4 2.1 1920 79 1.48 427 2.53
4290 7.61 2.56 7.2 2.63 2080 8.09 1.47 4.7 2.59
4530 6.19 1.82 531 2.4 2170 7.55 1.42 4.08 2.48
4610 7.29 1.74 5.1 2.29 2370 7.14 1.46 2.9 2.14
4650 6.96 1.54 5.67 2.14 2620 5.93 1.63 2.72 2.16
5830 8 1.48 4.92 2.65 2630 6.35 1.92 3.92 2.53
6930 439 1.82 4.88 22 2710 2.52 1.69 5.46 2.29
7000 5 0.84 242 1.79 2730 245 2.25 6.8 2.21
7050 4.93 0.81 2.75 1.8 3190 3.69 1.67 5.01 1.95
7170 5.14 1.28 3.21 2.05 4230 4.86 2.34 4.7 2.21

) 7270 7.53 1.73 5.76 2.21 4 4680 7.25 1.83 6.02 2.27
7280 7.2 1.8 4.46 2.38 5300 6.91 1.8 4.36 2.62
7500 5.33 1.44 3.26 2.18 5970 4.14 1.77 4.88 2.59
8030 7.33 1.76 7.35 2.02 6020 341 1.98 5.58 2.01
8080 7.3 1.34 6.65 2.2 6940 3.53 2.07 5.35 2.02
8130 6.58 1.34 5.49 2.07 7350 7.1 1.98 4.97 2.44
9000 2.55 1.55 4.06 2.25 7700 425 1.45 2.95 2.17
9040 1.67 1.07 5.82 2.15 7710 5.42 1.58 3.44 2.21
9050 243 1.61 6.36 1.97 7900 6.5 1.72 2.6 2.08
9080 4.07 1.45 4.36 2.17 8040 6.64 1.56 5.61 2.01
9090 3.56 1.5 3.97 2.12 8060 5.36 2.23 531 1.99
9110 3.76 1.41 3.98 2.23 8510 7.32 1.72 493 2.56
9160 3.23 1.64 5.87 1.93 9300 2.26 1.76 6 241
Ave. 5.4364 1.52 4.7704 2.1468 Ave. 5.4784 1.7772 4.5848 2.288
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Appendix 2. Affective Word Stimuli used in Experiment 3

Stimulus Set Affective Word Valence | Activation | Stimulus Set Affective Word Valence Activation
=4 5.89 5.54 7] wich 5.94 5.56
AU} 5.61 5.36 2bekuct 5.75 5.16
ZnEr} 5.56 476 7 ets}c) 5.63 2.06
753t 5.45 447 4 st 5.52 6.66
Hetsio 5.40 2.33 E5slt 5.48 3.85
HEREE 5.25 4.69 SR8 5.40 521
s 4.98 2.28 sl 5.33 3.61
A} 25T} 4.8 441 ot 3l 4.78 2.01
=2} 4.12 5.67 =g 435 5.61
F3sitt 3.07 4.83 7 gkslt 3.99 535
oA Yo} 3.01 3.66 =231 3.07 3.40
7 A3}k 2.94 3.94 HAA T 3.04 3.46
Febksith 2.91 3.69 3 st} 291 2.53
2 3sht 2.83 2.83 Qs 2.85 439
AA T YT} 2.69 4.05 F=3itt 2.94 4.90
1 eSS 2.67 472 3 33} 2.71 3.72
Z-5 38kt 2.59 4.82 Avot 261 5.56
s 2.57 5.54 7A 2]tk 2.58 4.04
ol st} 2.51 561 P 2.51 4.62
AA st 2.47 3.83 S-&3it 2.49 2.80
olulsio} 2.44 3.52 FHET 2.43 532
AH Ytk 2.41 4.05 Hot 2.25 5.04
EukEsit) 2.38 3.99 ot 2.25 5.25
Aotk 2.33 6.10 7 oY &) 2.15 6.03
REEA! 2.33 3.81 of g3tttk 2.07 4.83
slch 2.17 591 A3t} 1.97 5.36
A 5k} 2.13 5.45 sttt 1.93 3.05
o) 5o} 211 5.10 A} 1.87 3.70
s} 1.86 4.63 -3} 1.84 6.17
X d 2]t} 1.80 5.62 st 1.74 5.59
Ave. 3.29 4.51 Ave. 3.35 4.49
Ak 5.96 5.89 ykgio} 591 5.29
w3l 5.64 3.98 e 5.72 5.50
Halot 5.54 2.70 A 9Tk 5.72 4.79
vt 5.50 3.77 HeErt 5.62 2.24
7+A 5o} 543 5.19 3 23t} 5.46 2.46
Qtetalct 5.41 1.90 A 98kt 5.43 4.15
Aot 521 5.26 s 5.11 5.03
vtk 4.94 4.63 a5} 4.73 4.16
5 4.00 437 +=5o 3.72 4.44
Tesitt 3.53 2.70 A Tk 3.38 3.55
st 3.30 4.92 o3}k 2.99 3.98
QrERA T 2.95 3.52 gd ol 2.97 3.81
oolgitt 2.89 3.82 of =3} 2.96 3.32
A &3tk 2.84 3.18 713338kt 2.74 5.67
Adith 2.75 5.86 w] etat 291 4.01
2 s 2.75 3.29 4 vk AT 2.88 531
At 2.69 3.44 A& 3ok 2.76 3.95
FALA S 2.54 5.16 A 2.58 5.39
Eeksit} 2.51 4.88 971438tk 2.51 2.79
AR} 2.50 4.13 =t 2.48 5.32
A 735k} 245 541 Sk~ 227 4.13
Z5 9 2.26 5.28 227 AT} 2.35 5.85
#ot 2.24 476 2 A5 2.23 5.07
=3} 222 541 oAl 2.17 3.20
SEect 2.20 3.64 233t} 2.16 4.19
ueteit) 2.01 3.23 Z B 3lo) 2.11 5.82
5 1.93 3.85 =23t} 1.75 5.85
53 1.85 5.22 g3t 2.03 2.85
3 ¢ &t} 1.80 5.57 Ax-shoh 1.98 5.89
AHY 1.67 5.13 Ardsith 191 3.86
Ave 3.32 4.34 Ave. 3.32 4.40
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