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Effect of LED Illuminance and Task Difficulty on Long-term Memory
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Abstract

This study was conducted to evaluate the effects of LED illumination and task difficulty on a person's long-term
memory. Illumination levels of 400 1x and 1,000 Ix were employed in this study, and task difficulty was set at
learning 4 words (easy task) and 7 words (difficult task). The person's retention rate of the learned task was
designated as a dependent variable. A total of 64 subjects participated in this study, and 16 participants assigned
to each of the four sets of conditions. The results indicated that the retention rate for the difficult task under
relatively dark 400 Ix conditions was 68.49%, while and the retention rate was higher than 56.03% for 1,000 Ix
conditions. In addition, for the easy task, the retention rate was 67.97% and 56.55% for the 400 1x and the 1,000
Ix conditions, respectively. However, the interaction between illumination and task difficulty was not statistically
significant. The study results further suggested that long-term memory can be effective in relatively dark conditions
and indirectly suggests that long-term memory may not follow the Yokers-Dodson law.

Key words: LED Light, Long-term Memory, Word Fragment Complete Task, Task Difficulty, Illuminance,
Yokers-Dodson Law
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| stEP 1 | dark adaptation(2 m) |
v

| step2 | light adaptation(2 m) |
v

| STEP 3 ‘ learning(rehearsal (repeat 10)) |
v

| STEP 4 ‘ interference task(5 m) |
v

| STEP 5 ‘ measurement of memory |
v

| End |

Fig. 1. Procedure of experiment
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Fig. 2. Examples of WFC task
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Table 1. Result of descriptive statistics

400 Ix 1,000 Ix Total
Difficult task 60";331%44) 52'615112186'31) 56‘51\'158372-23)
Easy task 76~5£i1136.60) 59.31\?912.09) 67.9139362.17)
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Table 2. Result of ANOVA
Type SS F R2

Light Condition(LC) | 2485.52 5.28%

Task Difficulty(TD) 2087.12 4.43%* 15

LC*TD 357.02 .76

*p<05  *p<01
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Fig. 3. Result of interaction effect

olf g AHe LALEEE YA o] e 7}
Bl A A ol st A A
AskA] Fehe ZolEt & 4 Jirh S w2 BleR of
715 w2 gl A% AACM e TS
BAA7A ZPTL & 5 ok

4. HE o =9

= ATe 2= A delmd] mE 717199
ApolE AT obgy 2o FA| dolx 7k A
228 a3t deAE AT S8 AAE A

A7Azt slo] 2ol 3 wolkes BF 717
ole] 71 g frefnld 9FE WA= AR W
A 53] 8o 2ee QiAo g 2 HT o
T 2 A7171ede] gt Ao R el



B, ol olde] ATATRE AL Aot EH
A& dolme] BA7E ofel & ool FAol vl
o5l o YL Aow Ut

Je 9e] 259 A dolke] Fo g g
T & AFdAME EAHA skth oleg A7 A
= M 53 I3A dolx 7he] IAE UE 8~
SEEE A s Aoty AL EES Y
o] MEH 2 ZPFFAAME 42 dolxe]
Ale] o] e, H R B 7MY FEol
AME w2 dolxd] Al o] sttt F7gst
3tk AR E AFAFA A= 25 Tl A
glol #1& o FA dolA E2 o] e
Ut} ol Ar)7|ede] EXA @A TES WAL
=] 7] Wi ¢ Ak givkstd F71719S &
717190l Fo gl Hls) 72HdeFEe] = g W
S F W7 HEelth BEE SAFCE fovlsiA =
FUAIRE FHA oz w2 8l 22191 1,000 1xol A 2]
A dolreo] wE 8 o7t Ao E o
32291 400 xHTH B AA Herd H2 8
T HAY AEe AP e o= s Hold 9l
o3 @ g ok olggk AFUF e o] fE FE
s HAbd 1,000 1xo] Bl 27de] AYeEs FES]
S7HAFIA e 7Hed s Al delerh FEE
AA &%s 7FsAol A F Ak weEtA F5 A
TMeE o 22 9 21 53 US 22 759
AeEe A2 ool A, obxd] A ol
S5 45 g4 vhee] AFE A8 B ot e
g2t daEth 7 o]y HeS 53 FFATol
M FZA7)17190] A~ LES HAS Ex g
o A71719S 2Heee] 98 € weta =
AEHA A8 HWE 7 S Blolth

Bek ol 2 AFe v 22 AY A A
o9 dARE 7HAL Aok

AR, dA AwstAzel AAdgEel s A
HAstE FFoZE o]FoH =Tt g etk 8
o] ZEE UFE ol ATES 1,000 1x] ¥ 710
=2 MdFee oplgtta Bustay gtk ey
A 4ol et HH Fa2 HH o oA L=
H &= Zo)7] wiol 1,000 Ix2] Z7io] E Ao e
A Aol HAst ® 2x7te] tisiAe SAIA
of AUtk EE & AR 5F 4 dEgolA e A
S7FsAE ATl T3] wEel KSA 30110041 A
et 2 F P B2 =9l 1,000 kE AT

LED X3Ho| =9} IpH|to|=7} &7|7 (Ao O|x|= Esk 41

Farell isith

A, & A7olA AFEE A ] ol =Tt FEI
HEY S AAREAET] Aot =8 A4
I A AT AR o & Al vl =
< T Bolil A7l AR, 400 Ix 718 o]
& ZA e vlE) 1,000 1x 2709 1 A o] e o]
Thar B2 M2 oA dol= Aol lojAl @Al o
V& 7Fede WESHAL vk A Aoz B 4tto]
off Hlsl 7to]e] S0l

WA, AtlHos oFe ZRdA %7)7)ej0] $-
et A% AAAoR ARZHAT Jung 5
(2017)8] AN FAT FH R o} & 2o
X A7) 719e] S5ths ATATE WS- old Hol
3, w8 ARF] A9 olFolAA gtk B AT

i)

g Fal 47171900] A AR oF& 2ANA §-
Faths AS APEE S A9tk

S, 717100 ARFE] 9L ARHoE
Y e gt beAe 9 g ¢ 977
o 2Pl Al olwe] e Fae] @ g
MAE AR B 37179 @r)7)efolt F9
g3 o) 4HFEe Pl A% & A 2A
& 4 9k

Ao E Wt 471719 bl e wAlS Y
F s A7t A Qo Bt W #a
A QNG F APES BB B Fog 5
o A5 S 2FS Fol Ark AW 259
AA A1lelet @ 5 e F7171%06] tiME g
Aoz pael golth Teht A7ARE FHAN
| 4717190 wrl7)elolt Rl e U
o B2 ASe AL Utk weA B A7E

s W3t 717)0le] Bt ATSel vE BHE =



REFERENCES

Anderson, K. J. (1994). Impulsivity, caffeine, and task
difficulty. A within-subjects test of the Yerkes-
Dodson law. Personality and Individual Differences,
16, 813-829. DOI: 10.1016/0191-8869(94)90226-7

Bradley, M. M., Greenwald, M. K., & Lang, P. J. (1992).
Remembering pictures: Pleasure and arousal in
memory. Journal of Experimental Psychology:
Learning Memory and Cognition, 18, 379-390.
DOI: 10.1037/0278-7393.18.2.379

Cahill, L., Prins, B., Weber, M., & McGaugh, J. L.
(1994). Beta-adrenergic activation and memory for
emotional events. Nature, 371, 702-704.

DOI: 10.1038/371702a0

Cajochen, C. (2007). Alerting effects of light. Sleep
Medicine Review, 11(6), 453-464.

DOI: 10.1016/j.smrv.2007.07.009

Chellappa, S. L., Gordijn, M. C. M., & Cajochen, C.
(2011). Can light make us bright? Effects of light
on cognition and sleep. Progress in Brain Research,
190, 119-133.

DOI: 10.1016/B978-0-444-53817-8.00007-4

Chong, W. S., Kwon, T. K., & Kim, N. G. (2007). Study
of the effect of cognitive by color light stimulation.
Journal of the Korean Society for Precision
Engineering, 24(10), 131-136.

Christiansen, S. A. (1992). Emotional stress and eye-
witness memory: A critical review. Psychological
Bulletin, 112, 284-309.

Han, S. S. (2010). Emotional lives of students in the
classroom space LED fluorescent lamp for
sensitivity lighting. Journal of Korea Academia-
Industrial Cooperation Society, 11(9), 3446-3450.
DOI: 10.5762/KAIS.2010.11.9.3446

Heuer, F., & Reisberg, D. (1990). Vivid memories of
emotional events: The accuracy of remembered
minutiae. Memory and Cognition, 18, 496-506.
DOI: 10.3758/BF03198482

Hong, K. J., Kim, S. M., Lee, B. C,, Lee, D. H.,, &
An, S. K. (2009). The effect of color therapy on
stress and electroencephalogram variation. Korean
Journal of Aesthetics and Cosmetics Society, 7(1),

51-59.

Humphreys, M. S., & Revelle, W. (1984). Personality,
motivation, and performance: A theory of the
relationship between individual differences and
information processing. Psychological Review, 91,
153-184. DOI: 10.1037/0033-295X.91.2.153

Jee, S. D., & Kim, C. B. (2011). Evaluation of
concentration and visual discrimination according to
the color temperatures of LED illumination. The
Journal of Korean Institute of Educational
Facilities, 18(3), 23-33.

Jee, S. D., & Kim, C. B. (2014). Electroencephalogram
analysis on learning factors during relaxed or
concentrated attention according to the color
temperatures of LED illuminance. The Journal of
Korean Institute of Educational Facilities, 21(06),
33-42.

Jung, H. C, Kim, J. H., & Lee, C. W. (2017). The effect
of the illuminance of light emitting diode (LED)
lamps on long-term memory. Displays, 49, 1-5.
DOI: 10.1037/0033-295X.91.2.153

Kensinger, E. A., Garoff-Eaton, R. J., & Schacter, D.
L. (2006). Memory for specific visual details can
be enhanced by negative arousing content. Journal
of Memory and Language, 54(1), 99-112.

DOI: 10.1016/j.jml.2005.05.005

Ochsner, K. N. (2000). Are affective events richly
‘recollected’ or simply familiar? The experience and
process of recognizing feeling past. Journal of
Experimental Psychology: General, 129, 242-261.
DOI: 10.1037/0096-3445.129.2.242

Park, H. S., Lee. C. S,, Jang, J. S., Lee, K. H. & Kim,
H. T (2011). A consideration and prospects of
psychological research on lighting. Korean Journal
of Psychology: General, 30(1), 23-43.

Yerkes, R. M., & Dodson, J. D. (1908). The relation of
strength of stimulus to rapidity of habit-formation.
Journal of Comparative Neurology and Psychology,
18(5), 459-482. DOI: 10.1002/cne.920180503

= 2018.11.15
FAHS 2018.11.30
AAEA: 2018.12.03

(©) 2018 (by) the authors. This open access article is distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided that the original

work is properly cited.



