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Effects of Emotion on Color Vividness of Visual Memory
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ABSTRACT

Objective: The aim of this study is to investigate the quantitative effects of various emotions and retention periods on the
color vividness of visual memory. Background: Although numerous studies have focused on the effects of emotions on
memory such as visual detail and vividness of emotional events compared to neutral events, the relationship between
emotion and visual memory is ambiguous yet. Furthermore, there were few studies on the effect of emotion on vividness of
visual memory. Method: A total of 68 subjects were participated in serial experiments proceed on online and the experiments
had two phases: recognition phase and reproduction phase. The 15 photographs were used as visual stimuli and all experiments
were conducted over the internet(experiment website) and the results were collected on the web database. Results: The
retention period, sleep-arousal emotion and subjective saturation of visual stimuli had a significant effect on the color
vividness of visual memory. Conclusion: The results suggested that the color of visual stimulus might be more vividly
remembered when it is arousing, the subjective saturation is higher and the retention period is longer. Application: The
findings of this study may help clarify the relationship between human emotions and visual memory.
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1. Introduction = AbaLEREe] AHEEO] Qdste] £E$9-RA (slow motion)
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oItk 8k, 7192 AAEE A= Q17ke] WAIA] A
(message processing) ]l v«]f& TS o A4
% 3ItH(Smith & Shaffer, 2000). A2j8tellA= o] Hr
AABHA 3= ANARIS s & dEFE
= AAA @3 (vividness effect) 7} €8] &#i4 3loH,

ol& nHAY W GAAR Y A AE ATER LAY

1 Stk (Keller & Block, 1997).

A3 ellA e tekst AT-EolME IdPAES 3
W AT AlES 28R 84 AHEE Bk sk Aldst

A 719801 3= A 48 Yok (Dewhurst & Parry,
2000; Kensinger & Corkin, 2003; Ochsner, 2000). 21
2, JAPAES AFFoln ZHdE Yo7)=(arousing)
lgo] w2l E(text) 9 AX g} 2E, 3t A & F
o] AgstA 7198 7Fs/do] wrhal StHD'Argembeau &
Van der Linden, 2004; Doerksen & Shimamura, 2001;
Kensinger & Corkin, 2003).

SEAIRE o3t A= e, JAdAE 7
o} 71, 7 Q A o F-= AAF L %%}%ﬁlﬂ ‘iﬂﬂr
L= AT A Er gRyE T ME]-(Loftus & Burns, 1982;
Neisser & Harsch, 1992; Schmolck, Buffalo, & Squire,
2000; Talarico & Rubin, 2003). %3t <l (recognition)
AFAT ot ztol7t gledE B8t AdPAEL
Aol MAE AHEg 284 &2 AR s 719
shoby 8k A2 2 YERLTH(Ochsner, 2000; Sharot,
Delgado, & Phelps, 2004). ©]ef| w2} 3] d=}e] 27| 8.
(self—report) ol th3t Azl 2ol A7)= L Ut

SlellA dgst ATEelAe 54 ol #ig, giaE
A, A Gl tigk AlzbA 719 ] e Al O]U]
AE o= AT AFA o= 7dst=rt sol T8 A
oldol it AR 87t YA o R olopr|sh= 7)o 1
B = 7)ol Bl gItielE BdoE AlZHE L
£ o= A% ALstA 719sks 7HERE ofugt AlZ+A] o
v A7} o] A AretA 719 = d=r 23t o)A
& AZFA 710l glo] U8z A 7))o ARt of
yet, A7k 53] dalFQl A 7]|do] AdES JERith
Au A FHgel| A Ao whef| L7} srobzl /\P{]O IR
izehs w7t 7ad Zlow Hof shtheE FAE Qv
(Vemallis, 1999).

2 AFexE 4R ARS8 Y AR 7
Aol gt AAE AHR A st 53], A7 oln]H]e|
&) e A9 344713 (retention period) ol whel A
7 7196 2ol 7t YEAE Akt st

2. Method
B el AP ik ARG F2 olgHE %
HEL FBE 5 Qe OPAES AFOR AN, A

(recognition), A (reproduction) A& & A=}
9] kg SAskelnk AL HFEE o] 83l HW(web)
FollA] o] FoAAEF 3l omH, o]E FAHLCE A5t
ARS =39k

2.1 Subjects

2 AT Aol Mok 7 m QA % 68

by ool Wolalglon, A4 A F 4B s
Ao S 2t 43 W AT Q4 5 9 ol
So s SRabge) AE Bl 32
OhE S U 345 ol 578 SamEa 1809
of Bas 7)Aol AFE U AHY FEFEAS 23w
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Table 1. Subjects participated in experiments

Retention Number of subjects Age
period(days) Male Female Mean Std
1 19 13 23.8 2.98
3 29 7 21.7 2.98
Total 48 20 22.7 3.15
2.2 Apparatus
’éfﬁ% AR St AE el H&ES sho] Y
Aol A x&etl e, A3 el Intel Pentium 4 Micro—

processors 7|HFO. 2 &= PCS} 1024%768 st = 32
bit color, refresh rate 85HzZ AA® 1791 ZYE7}
ol gFH At A¥FFAE Ugn AFE T g AH5AE
W GIAES o] gate] A Al st ARYEE KA
== 319tk A% & 990] %)= Macromdeia Flash 8.0¢
o8 AYEQ o, FAsAte] X W QHZE Web
Database®ll HFE AL AEAE fgt SARA =

SPSS 15.0 for Windows®& o]-&3}3it}.
2.3 Stimuli
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w2 22009 ME HESEE skt o] owA 52 Uxt
A 528 (Mehrabian & Russell, 1974) oA A& 3

(pleasure), =3 (displeasure), ©]¢H(sleep), ZHd (arousal),

9 (neutral) & v 7 IHIFPom ERENCH, 7
AAET & 3, F 15709 o|uAI7t HE AdA=ow
A=A Aol o] &% olnAF9] & Ho|H Figure
13 2k 15719] o|n|A 52 AWt o2 Wo| AREE= o]
2] 2 E3 AZEo]?] Adobe Photoshop 7.09] 3|8
13 B &3}(histogram stretching) 71H-& ©]-83fo] WE
o} tjn], M-S HAEsI

Figure 1. Visual stimuli used in the experiment

ARATFoZ AAD 157] olnx]e] YulE= Hx 394
A Hol 750 FAlolH, o)A BUE|} Fe] ARE
45Cmetar 8w, Aokzt 15.3~28.770) st oju]A|
£9 ol 384 (Aokzt 14.9°) ~56374(21.7°) %
t} olu A 59 HF A7]E 640x511 FAolH 24.6 ¥
19.7°¢] Alopzts 7pt),

2.4 Procedure

A= AFAA] @A A9 (recognition), A48
(reproduction) A3 9] ©HAZ o]FofFth =A A Ao
e 7 FAPARECA 1670 o[RS 929 A U=
AABEL oAl AR = Y3 FHA] A= (o]w]A]
Agol AR & BretEE siith A4S A-E4,
ojgt=7d F A9 o7 o] 77t 74 FAE HE
(Likert scale) @ ZA3} o ojn|x|o] F£HA & T3t
78 YAE Ax=Z SAA AT AQL TS 31 7|7E
(retention time) ol we} JAEAE F 7j9] 1FCZE
Fol, A WA 25 1Y F, 7 WA IF2 39 F AN
3kt

Z1ARIARE A= AFANA] Aol AAEE 1570 o]H]A]
= 999 AR SAA3AZ0A TAl AlAlEkaL, 719 sk

= oA ATt FUAE et ES Sl 94
FAre] Arke 53 FAE 2A(+2~ -2 = FEE
dl, AE7t FAe Aols 04, B Awrt E3 A9st
|24, J AETE Sa SaARle] 7k —23e
A H == Sl

71 ARANM = 2 SABAA B DAl A
1570 oA AEE Pl WshAA AN F, 7Jne
b mhe-2E olgsted ZofstaL gl olmlA| o] Amgk 2
ABES Sl owX) A7 T v (gray scale)
= Oolet shar € ofmx9) A%E 1008ta & ), 0~
250 M7 248 5 Q=5 Sl

AP A Figure 29 2om, A4As AALA ]
AR SHAE { ool el A, HH o F
Tl ol 8= 3tk

Figure 2. The screenshots of recognition(left) and
reproduction experiment (right)

3. Results

3.1 Recognition experiment
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Table 2. ANOVA results for comparison of means by
recognition experiment

Source SS DF | MS F | p-value
Retention period 742 1 | 742 | 955 | 0.002"
Subjective saturation 3.58 6 0.60 | 0.77 | 0.594
Pleasure 031 2 | 015 | 020 | 0.821
Arousal 327 1 | 327 | 421 | 0.040

Retention period *
Subjective saturation

Retention period * Pleasure 1.69 2 0.84 | 1.09 | 0.338

7.53 6 1.26 | 1.62 | 0.139

Subjective saturation *

13.84 | 12 1.15 | 1.49 | 0.124
Pleasure

Retention period * Subjective
saturation * Pleasure

Retention period * Arousal 0.81 1 0.81 | 1.04 | 0.308

Subjective saturation *
Arousal

6.67 | 10 0.67 | 0.86 | 0.571

391 6 0.65 | 0.84 | 0.539

Retention period * Subjective
saturation * Arousal

Pleasure * Arousal 1.70 2 085 | 1.10 | 0.334

0.71 5 0.14 | 0.18 | 0.969

Retention period * Pleasure *

Arousal 054 2 | 027 | 034 | 0.708

Subjective saturation *

Pleasure * Arousal 4.81 9 0.53 | 0.69 | 0.720

Retention period * Subjective

saturation * Pleasure * Arousal 8.18 8 1021 132 1 0.231

SS(sum of square), DF(degree of freedom), MS(mean square)
(*: significant at the 0.05 level)
(**: significant at the 0.01 level)

o 27 Sl Aow YElEoH (p>0.05), 2913 o)A wE
ZH-2 Folg 0.059014 9 vAA] s AR Y
Wik

Figure 32 3}x]7|7te] we} A #Ax7 Hrkst A= &
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Figure 3. Mean identity scores and 95% confidence intervals
as a function of retention period in recognition experiment

Table 3. One-sample t-test and confidence interval for
identity scores as a function of retention period

- - 95% CID
Re.tentlon ¢ DF Si g MD 0

Period(day) (2-tailed) Lower | Upper

1 415 | 479 | 0.000" | 0.17 | 0.09 | 024

3 403 | 524 | 0.000" |-0.16 | -0.23 | -0.08

MD(mean difference), CID(confidence interval of the difference)
(**:signiﬁcant at the 0.01 level)
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Figure 4. Mean identity scores and 95% confidence intervals
as a function of sleep-arousal axis in recognition experiment

Table 4. One-sample t-test and confidence interval for identity
scores as a function of sleep-arousal axis
Sig. 95% CID
(2-tailed) | MP

Axis t DF
Lower | Upper

Sleep 1.04 | 580 0.298 0.04 | -0.03 | 0.11
Arousal | -1.33 | 423 0.185 -0.06 | -0.15 | 0.03
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Table 5. ANOVA results for comparison of means by recognition experiment

Source SS DF MS F p-value
Retention period 6.67 1 6.67 8.60 0.003"
Displeasure arousal 1.21 2 0.61 0.78 0.459
Subjective saturation 437 6 0.73 0.94 0.466
Retention period * Displeasure arousal 1.35 2 0.67 0.87 0.420
Retention period * Subjective saturation 4.14 6 0.69 0.89 0.502
Subjective saturation * Displeasure arousal 8.05 12 0.67 0.86 0.583
Retention period * Subjective saturation * Displeasure arousal 3.07 10 0.31 0.40 0.949

(" significant at the 0.01 level)

Table 6. ANOVA results for comparison of means by reproduction experiment

Source SS DF MS F p-value
Retention period 57421.8 1 57421.8 21.54 0.000™
Subjective saturation 42940.8 6 7156.8 2.68 0.014"
Pleasure 1581.1 2 790.5 0.30 0.743
Arousal 14902.6 1 14902.6 5.59 0.018"
Retention period * Subjective saturation 13286.2 6 22144 0.83 0.546
Retention period * Pleasure 2533.0 2 1266.5 0.48 0.622
Subjective saturation * Pleasure 23196.0 12 1933.0 0.73 0.728
Retention period * Subjective saturation * Pleasure 19154.9 10 1915.5 0.72 0.708
Retention period * Arousal 81.3 1 81.3 0.03 0.861
Subjective saturation * Arousal 15557.6 6 2592.9 0.97 0.443
Retention period * Subjective saturation * Arousal 4233.6 5 846.7 0.32 0.903
Pleasure * Arousal 8203.0 2 4101.5 1.54 0.215
Retention period * Pleasure * Arousal 3859.7 2 1929.9 0.72 0.485
Subjective saturation * Pleasure * Arousal 14600.9 9 1622.3 0.61 0.791
Retention period * Subjective saturation * Pleasure * Arousal 3970.2 8 496.3 0.19 0.993

Kensinger et al.(2006)2 &3t 233 24 =7}
=& A, S B3 Al AFARL o|n|R] 7]oo] &t
Hrta 34519tk Table 53 Table 20 #A|AISE A
oA A SRR B, ojg-71 i, &3
W3S SHHSE sto] AAJs EAHEA] Aot Table 2

G whAR S7IKe] Tt §e0g Aol (p<0.01) 7}
Ao delstor) EAY Yol webd $aY 3
frelgt atol7t gl Ao ® vERGTH(p>0.05).
071t olul el dhak A FEel 7]
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(" significant at the 0.05 level)
(" significant at the 0.01 level)

3.2 Reproduction experiment

Table 62 FAHA7F 243 ATAY ghs FEHUFE
st WX 713F, 84 A, S, o|g-ZMS 5
FE RIS AAISE Aifeltt, g7t whet §-o)5
7 0.01°14 zo17} Sl Ao L}E}khzﬂ%, ?—%@ A=
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Figure 5. Mean saturation reproduction and 95% confidence
intervals as a function of retention period

Figure 62 o]u|X] A|A] ©Alo|A A H=7}F 713k o]
w|A ] FHA AE9) ole W ANEAY T Hate]
95% A7 e Zolth &3 W9 A~Ci= Scheffe
AF3179 A 7 (post—hoc test) LE= XAISH ZozH, 7
< Al {4 0.0504 TAALCE FYES Vet

it AsAdy= ,q/ﬂ?ﬂx};'} FHAoF A7) oy =
7 oA S AA7IZE F AASHAl = A o]w A Hrt
O AEE A A 2olar itk ARVl = Ay

AT 9o 204 Ak A B fol8 3
B M)A ge Ao UE. olg) tE Anl
thd ol fi= B A7e] AIQIAF] AZAN Tl 0]-45]
L Al AN wEole) AlRaT. =,
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AE o] HHES =9 5 QTR P B thE A 243 A=+
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Figure 6. Mean saturation reproduction and 95% confidence
intervals as a function of subjective saturation and
Scheffe post-hoc test(a=0.05)
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Figure 7. Mean saturation reproduction and 95% confidence
intervals as a function of sleep-arousal axis

4. Conclusion
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Uepde, 22 3 @%% 2o Age] olgw
AA717ke] G FEGA QAT A7) A} 7)elo] B
a AWA, NARASE ol o) Heke Auris 1
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o). o]ei3t dyl= dAA &3 (vividness effect) 7} AlZH
ARkl et Foe IS s T UsS dAETh
E3] 7199 A 7|7 2 RS AT OEZN AkA
T A5EE F 9 Y F glew, A3k wAIX] A}
ol YT T+ 5 HIE D rpEy Fofolm & A
TADR) &g 7158 Ao oSt 25 theke A

AHAAE BB ¥ o} o] F 3] AlEdAel
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