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Abstract

Keywords

Background and aims: Fatigue and sleepiness (decreased alertness), in addition
to a negative impact on performance and quality of work, are considered as one of Correlated color temperature
the leading causes of human error and accidents in work environments. There is

much evidence indicating that physical factors in the workplace could affect fatigue, Electroencephalogram
vitality, motivation, and productivity of individuals. A physical environment Light

suitable for activity is formed by various factors, among which light is known as an

essential element. Recent photobiological advances and recognition of intrinsically Alertness
photosensitive retinal ganglion cells (ipRGCs) have shown that in addition to Performanc

improving eyesight, light can affect the circadian and homeostatic regulations and
melatonin suppression in human. Furthermore, light can have acute effects on the
physiological, psychological, neurobehavioral, and neuroendocrine responses,
such as improvement in the alertness and neurobehavioral performance, which are
known as the non-visual or non-imaging forming effects (NIF) of light. However,
the possible roles of these potential effects in the improvement of human safety and
efficiency have not been thoroughly investigated.

Some studies have shown that monochromatic blue light or blue-enriched white

light (high correlated color temperature white light or high CCT) can enhance

levels of alertness, and improve mood and cognitive function. Although recent Received: 2019/02/18
evidence has indicated that monochromatic red light or red saturated white light

(low correlated color temperature white light or low CCT) has also been able to Accepted: 2019/11/13
induce such positive effects. There is still an open question left unanswered: “which

of these lighting conditions (high CCT vs. low CCT) has a stronger effect on the

alertness level and neurobehavioral function?” Therefore, the present study tested

this hypothesis in a simulated office workplace environment with the recommended

illumination level of 500 Ix on the desk for daytime office work environments

during the morning hours
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Methods: In this study, 20 healthy paid volunteers (male; mean + SD age, 27.6 +
3.6 years) were selected and followed the experimental protocol. All participants
were interviewed about the quality of sleep, lifestyle habits, and general health. The
inclusion criteria were: not having any mental or physical health problem, having
a good sleep quality according to the Persian version of Pittsburgh Sleep Quality
Index (PSQI score<5 ), being neither extreme early nor extreme chronotype, having
aregular sleep-wake state (bedtimes 22:00 to 24:00 p.m. and wake up between 07:00
and 08:00 a.m.), not smoking, not traveling to a different time zone or experiencing
shift-work during three months prior the experiment, no history of eye diseases,
and having a normal color blindness as evaluated by the Ishihara test. To control the
effect of potential differences in the levels of alertness due to circadian variations
and sleep pressure between the light conditions, the participants completed a sleep/
wake log, starting one week prior to the beginning of the study. In addition, they
were asked to keep a regular sleep/wake state during the study. The participants were
also asked not to drink caffeine and/or alcohol about 12 h before the experiment.
The aim of the study was described for all participants and they signed an informed
consent before the commencement of the study. In addition, the protocol of the
study was confirmed by the university ethics committee.

The present study had a repeated-measures design, and the participants were
exposed to four light conditions for 140 minutes in a counterbalanced order with
a one-week interval. The light conditions were dim light (DL, <5 Ix, control), and
a 500 Ix light intensity on the desk level for high CCT white light (HWL, nominal
CCT= 12000 K), low CCT white light (LWL, nominal CCT= 2700 K), and standard
white light (SWL, nominal CCT= 4000 K).The study was performed in an air-
conditioned room with an area of 19 m2. The room’s windows were closed with
light-blocking curtains to restrict the penetration of daylight into the experimental
setting. Electroencephalogram (EEG) activity (5-7 Hz: theta, 5-9: alpha-theta,
8-12 Hz: alpha, and 13-30 Hz: beta), subjective sleepiness (Karolinska Sleepiness
Scale, KSS), subjective mood (Visual Analogue Mood Scale, VAMS), cognitive
performance tests (sustained attention, working memory, selective attention task,
and inhibitory capacity) and subjective evaluation and beliefs of the participants
about the light conditions were measured. The data were analyzed using the
MATLAB software package (ver. R2012a, Math-Works, USA) and version 20.0
of the SPSS software (IBM, Armonk, NY, USA). Repeated-measures analysis of
variance (ANOVA) was conducted, and where necessary, the Greenhouse-Geisser
correction was applied. A 4 (light conditions) x 6 time intervals ANOVA was
performed for the EEG activity measures (alpha, theta, beta, and alpha-theta)
and CPT data. For the subjective sleepiness and mood, a 4 (light conditions) x 3
time intervals ANOVA was performed. Also, a 4 (light conditions) ANOVA was
performed using each cognitive performance (GO/NO-GO, 2-Back, and divided
attention) outcome measures. A 3 (light conditions) ANOVA was performed using
each subjective evaluation and belief measures about the light conditions. The
Bonferroni-adjusted post-hoc tests were applied to multiple comparisons (P<0.05).

Results: The meanststandard error (SE) of the normalized alpha power was
1.083%0.018 for HWL, 1.147+0.021 for SWL, 1.069+0.021 for LWL, and 1.225+0.027
for DL condition. The Bonferroni-adjusted post-hoc tests indicated a significantly
lower power under HWL (P=0.012) and LWL (P=0.006) compared to DL condition.
The other comparisons revealed no significant differences. The means+SE of the
normalized alpha-theta power was 1.009+0.012 for LWL, 1.053+0.014 for SWL,
1.024+0.016 for HWL, and 1.106+0.017 for DL condition. Post-hoc tests showed a
significantly lower alpha-theta power under LWL (P<0.001) and HWL (P=0.033)
compared to DL condition. The other comparisons indicated no significant
differences. No significant main effect of the light conditions and interaction
between them and the time intervals in the normalized beta and theta powers were
observed.

The means+SE of the normalized subjective sleepiness were 1.129+ 0.045 for LWL,
1.25+0.057 for SWL, 1.127+0.052 for HWL, and 1.499+0.074 for DL condition. Post-
hoc tests showed that HWL (P=0.002) and LWL (P=0.001) conditions significantly
decreased the sleepiness compared to the DL condition. The other comparisons
revealed no significant differences. Furthermore, the present study results indicated
that the means+SE of the normalized mood scores were 1.048+0.013 for SWL,
1.066+0.011 for HWL, 0.942+0.014 for DL, and 1.158+0.02 for LWL condition.
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Post-hoc tests indicated that the participants had significantly better mood under
the LWL (P<0.001), SWL (P=0.001), and HWL (P<0.001) conditions compared to
the DL condition. Furthermore, the LWL enhanced the participants' mood state as
compared to the SWL (P<0.001) and HWL (P=0.009) conditions.

The means+SE of the normalized mean reaction time for continuous performance

test (CPT) were 0.998+0.011 for SWL, 0.977+0.011 for HWL, 1.066+0.017 for
DL, and 0.985+0.011 for LWL condition. The post-hoc with Bonferroni-adjusted
pairwise comparison revealed a significantly lower mean reaction time under HWL
(P<0.001), LWL (P=0.009), and SWL (P=0.026) conditions compared to the DL
condition. Furthermore, the means+SE of the normalized mean reaction time for
GO/NO-GO task were 305.13+13.959 ms for HWL, 308.91+£13.78 ms for SWL,
304.64+14.11 ms for LWL, and 327.49+17.7 ms for DL condition. Post-hoc tests
indicated a significantly lower mean reaction time under LWL (P=0.033) and HWL
(P=0.034) conditions compared to DL condition. The means=SE of the normalized
mean reaction time for 2-Back task were 394.24+32.22 ms for SWL, 387.92+31.64
ms for HWL, 398.62+31.81 ms for DL, and 384.16+30.66 ms for LWL condition.
Post-hoc tests revealed a significantly lower reaction time under LWL (P=0.001)
and HWL (P=0.027) conditions compared to DL condition. The means+SE of the
normalized mean reaction time for selective attention task were 4.16.25+£10.262 ms
for SWL, 415.95+10.292 ms for HWL, 408.05+10.75 ms for LWL, and 437.75+9.618
ms for DL condition. Post-hoc tests showed a significantly lower reaction time
under LWL (P=0.001), HWL (P=0.027), and SWL (P=0.02) conditions compared to
DL condition. The Bonferroni-adjusted post-hoc tests did not show any significant
differences between HWL, LWL, and SWL light conditions in the CPT, GO/NO-
GO, selective attention, and 2-Back tasks.

The participants believed that there was no significant difference between the light
conditions (SWL, LWL, and HWL) according to the subjective appraisals of light,
including brightness, distribution, activating, adequacy amount, and color. In
addition, the participants reported that the light conditions did not significantly
improve their performance. In contrast, the volunteers stated that the LWL (P=0.006)
condition was more effective in improving their mood status compared to the SWL
condition. Also, about the pleasantness of light, the participants preferred the LWL
(P=0.037) over the HWL condition.

Conclusion: Under natural conditions (healthy participants and with regular
sleep-wake cycle), both the low and high CCT lights (500 Ix at the desk) improved
alertness and performance compared to the DL condition during the morning
hours. In contrast, compared to the SWL, no significant improvement in alertness
and cognitive performance during inhibitory capacity, working memory, selective
attention, and sustained attention tasks was observed. Briefly, it can be concluded
that in addition to the relative preferences of the LWL (2700 K) light condition
by the participants, it has had a significant impact on improving the mood of the
participants. Hence, the design and application of lighting interventions by using
low correlated color temperature lighting sources can be beneficial for reducing
fatigue and sleepiness and improving performance and mood during the morning
hours although more studies are required to determine the optimal parameters for
lighting interventions.
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1 .Neurobehavioral Performance (cognitive performance)

2 . Non-visual effects of light (non-image forming effects of light)
3 . Blue-enriched white light (high correlated color temperature
white light-high CCT)

4 . Red light or red saturated white light (low correlated color
temperature white light-low CCT)

5 . Color-salience
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1 . Persian version of Pittsburgh Sleep Quality Index
2 . Morningness -Eveningness Questionair
3 . Logbook
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1 . Visual Analogue Scale (VAS)
2 . the experimental setup
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1 . Lighting settings
2 . Dimmable fluorescent light
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1 . Subjective evaluation of the participants about light conditions
. Peasantness
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1 . Repeated-measures analysis of variance (ANOVA)
2 . Mauchly’s Test of Sphericity
3 . Greenhouse-Geisser correction


https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

OhlSen 5 596,5me b

ol 3 la i el

—— [ el SWL —— HWL ==@==WL

—a—[L --9- 5WL o HWL --#--LWL

ol Yoy oy (o500 o UK )u8 Jlme (slad g 4 Sils =y )‘.39.03
loj Alols ya

sloanslio fyges] =lo opl pogdle olai Hlas axlllas
5 @lidy) sbotendy o LI vy p lp o
elsh plas 3 5 331 1 s (L) (e ool
HWL 5 LWL slacensg 9 DL condy (b oSl
& lolise BB ol Yl j ol uSe Loy 0,50,0
Jo:.”w&c QLO) )LM 6LL3-> ) u..i:L..n w‘ a.)y
3 loy dlold j 40 diugy o ,Sles (yg0;l 0al Yo 5

el ool ools Joled A loged

GO/NO-GO 4051

Sladmslio iygn3] zlis Lubul ol L anlllae i
Condgbawslio o (p=+/-Y¥) LWL 4(p=+/-Y¥)
099 GO/NO-GO &)9“’)] J‘*-"”u‘& UL") 0909 DL
ST, 6 foline (slocglis baaslio Lo ol azsls
Jodl S olo; sl sls 5 oufilee 5,5
(_g‘).’ wfd.a g JJSLQ.C u&A)T ‘GM).:YLAJJ
£ AY/YA SWL X F/8F £ VF/V) (LWL ey
Condy g HWL Y+ 0/\ Y1 Y/208 tHWL .- A/Q)
sl 0545 (MS) als_Lea YYV/FQ £ VY/Y DL

Y- Back OSA)"\
0als Yoy Jadll S Gloj jlre slaz 5 (2 Ske
EY /88 LWL Cunsg sl p s jau V- Back yg05]
TVYV/#F HWL Ya¥/YF £ YY/YY :SWL YAS/\ 7
4l Lo YAA/PY £ YV/AY iDL Consg 4 YAV/AY
QLM..: ;4_97' Q > LSLDMLM ugA)] C_:Lu Ll oéy. (ms)
30 GyeS Jeddl WS ey Basses s ol

Yy dl.éﬂ e o i ©)a8 Jlse slbas g 4 Sle =Y )‘.39.03
Sloy Aol jo 4> oud

55555 6 e

S0 Jlme sl 5 (ke (oo @S ALy
NNOAN T /Y LWL sy glp ol g 459315
NegF £ /<Y :HWL /- fA £ +/.\Y :SWL
=l ol ooy +/AFY * o/e\F DL Ciaig
Camdg HBauSes b ool ol s sl s
dp<e/++1) HWL glaconsy jo 6 o533l
Comdgds S (p=+/++ V) SWL 4(p<+/+ + V) LWL
Sl Cuxsg ol 3l pl pies ailails DL
HWL (clacanss b duglio ;0 LWL Condy 4o 6 e
Dlos S i l58 (p<e/++)) SWL 4 (p = +/-+9)
pled o (s laduslio ol wluly (ol yogdle
P IWL Condg o 52535 Condy (Gloj Jolsd
S)blme BB (ol slacundy plo b anslis
s3> 8ype Jlme gl 5 (oSl el atils
Vo loges jo Sy dlold o y0 caspYle s (VAMS)
el 0 03ld o les
(CPT) Ay ._s/..ﬂo.ca}o)'/'

08 ¥e 5 Jadl e (o lane sl 5 Siles
<[V VLWL Consg 6l poad paaiwgn o ,Slos y90]
£ +/+yY :HWL (-/Q9A£+/+ V) :SWL ../9A0 *
ool 0353 V-85 £ [+\Y DL Cowdy g +/AVY
SFanses ool las s lbanslio fyge3l s
Gcenss o (G GreS JodllnSe ol
/+Y$)SWL 4 (p = +/++9) LWL (p<-+/+ - \)HWL
lduolio plw aslacsls DL Consg b anslie ,o (p =
Syge 2lidy; slaturdy Gle g)lolne oglis

\Y



https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

ol S o il 85 (KSS) iimd syl ebans iy 15— 1 s il gl U )35 (5l (6,5 (sl b el ly 3061 gl - St
Lig) (clons
@9 S it}

P F Error df e P’ Fr Error? df? e
KSS 15
ofeey AUVAY Y YWY (5 slod) alisg, ey NAsA YARYS ¥/e¥ (5 cslod) ol
<IvEY VYA YA v Sloj dlols <ifen VVAvE a ) o il
<Ay YV WE 5 o Aol x lis, R Y/AA WAAYY  S/AFY oy alols x L,
#a b
<efen PEY av ¥ (S5, slos) olidg, Nitat VYA YAIYAL vy (S5 glod) i,
Y Vi YA v Sloj ilols <efeey aIvyY a0 o oy alols
<ife F/AVF WE 5 Sloj dlols x g, <IAR¥ <fyay WYNAA S/FAY o Aol x g,
(ool e oloj) gy 3,8kos 9051 s
<eley NeIEA ov v () cslod) olid Y VIR PRV Yvea (55 sled) ki,
Iy ViesE YEISA VAYY Sy Aols <ife VoY BUAYY Y/\¥R ey Alols
ofexy YAS WY YA e alolix L, Y0¥ JAYY WYY 50 loj Aol x i,
(U o500) gy 3,Sas ci905] s Wl
-y oYY ov ¥ (<55, £lod) iy <ol A¥AA ov ¥ (55 £lod) i
<ife YOEYE O BYIVY  Y/YYO Sy Aols <ifen AY/ASY a0 ) Sloj dlols
-IDYY <JA¥Y YA 0 o Aol x s, <ife FIVEY YA 0 oy Aol x s,

(X)) Wby, hmog b3

(o)l S olog) GONO-GO 05l

<efee FEIFVY YA v (55 sbod) (i,

(3o 28) (2lidy) Loy (b))l

oees AAY YA A (555 sbod) (i,
(L Jaie) GO/NO-GO 05l

-[EVY -Ivoa YA v (S5 celod) s, - [D¥Y svs RS YISY (S5 celod) ks,
(cs243) by, (hmogs oL (Jodll oS o) Y-Back 901
RN vIY YA Y (S5 glod) kg, AR aA-5 YYIVYY VYYD (S5 elod) kg,
((Fxtd s - (Qlidg) CuiS) (lidy) oy (b)) (Lt jlaao) Y-Back 50l
-I5VA < JEAY YA ¥ (S5 glod) ks, -fyay VYV oy ¥ (S5 glod) kg,
(2Udy) @2589) 2ldy) (hross b)) (Jodl oo oj) 5l 4295 y905]
- /£ -Javy YY/AAY WY (5 gled) s, oeey FIVAY ARV Yy (S5 glod) ol

(g, e colis) (olidy) imog b))

(s Jludo) el 225 y905]

-IV50 V¥ YEIAY VEVE (S o) ol

ARV s av ¥ (S5 slod) iy,

(pldgy STy e coliS) (alidy) (hrogs (b))

-IYYY Vo YA v (S5, sles) (ol

sl 013 0313 ytglos (BOIA) 55, oy (P +/+0) (6 bolino > ds &5 sl ol 5,55 clmojlil b uilylg 3T gl 53 sacsimese

". Fitness level; " .Value (s lslixs o)

Joall oSe oy pBanSes i ol plas Sl
LWL (p = +/-+\) HWL LSL"’&‘-:M9 I 6):_&5
DL Condg &y G (p= ¢/ V) SWL 5 (p= /- +¥)
Ol s ble Gl daanslie Lo ;o -wilanils

350,55 oaline dxdllas 050 olidg, srCarsg

5,byo adlbo o oSS S o8l s obj,)
ldy) sloceesy
(o) 523 ool ol sllas 5 (ils
slcirsy 4 Cad axdlae o caSeS Ll ol gl
J.BJ )‘ ol OMT Y Jj"\" o ax]llas S)y90 QS’L‘Ms)
Y

das (ooljl an )y 2 005558 (3] 4 !

(p=+/++\V) LWL g(p=+/-YY) HWL slacrs
S50 @leby; slatunds Gl 5 lobae slaoslis
ol las axlllas

Bl 455 9]
0ab Yl Joall S (yloj Jlae sllaz 5 (1. 55kee
IWL consy Glp wja bl axg (e
:HWL fVZ/YO £V /YEY :SWL ¥ A/-D £ V-/YD
FYV/IVO £ 8/8VA DL Cansg o FYO/A0 £ Y- /YAY

Sloawlio faejl s sl ooy (M) 4l Lo


https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

i
g 0
\
=~
:
)
=
W bS ¥
v Sl
—m L e S === YL HWL

S (lin daw 0 Vlo 5 805 jline (sllad g (Sl =1 15900

Sloj Aols a5 (KSS)
1 v N
% ",-r ------ .
5 ¢;a" e W
) At ety
2
<
>

i L el SWL === WL WL

» (VAMS) 55535 00 le 5505 Jlne (sllas g 050k =V 13905
Slej Aol »

AVAYA]
—-'5") A
\%) ATAT]
S s Caas SN e |
o "2 o -
3 R » ]
7,
1 1
3 .,‘-\.
\ Y s ¥ o F v
Slej alolé

—e—DL -8 SWL —8—HWL --@-- LWL

gy 3,80ae yge3l Jadl 8o oo slims (slld 5 ik <A 13905
lej Alols ,a 55 (CPT)

OhlSen 5 596,5me b

slcarsy le )blae woles (oSS b
Jols olids, byl sleyaie S Gl olids,
ColaS (6,350,205 (oLl @588 o olidy) CudS
by, Sy ke coliS g lame olidy, Hlade
b 0o Ol 5l plas &5 s sgz g L
ui’..ch)’T Lo (o allas 0y50 olidg, slocursg
zr i 5l oldd @l endgds el Ll 5l el
Courdg b duglie ;0 (+p=/-YY) LWL Cordy i

| YY) HWL

AYATS

elds Yoy i3
>4

loj alols
—&—DL -8 SWL —e—HWL --#-- LWL

5 - Wl (e5te sln U €38 e (sllss 5 ik £ 3505
oy Alold jo 5 0ad Yl s

WY

VA
9 /
3 V¥
3
7,
Y
E

Nt

VoY Y Y a5y
e alols
—o—DL 0 SWL —8—HWL =-8--LWL

0183Vl 15 (550 (sla U )08 jle slad 5 (5 Sike =0 ,l5505
ey alols

adlllas 3590 lidg) (slBCundy 4 Cond ddlllas ;> 0SS 1 o3l ad bl 5 ksl glas ¢ Sike =Y g

(HWL) gpgls vy (SWL) g - - (LWL) ¢S vv- - 2Ll (b)) sl e
YIEVEL\Y YIS /\Y ¥/aaE- /)Y S
YAE /Y A7AEVANS \soE Y X,
A ¥/ £e0/-4 L=V ((Sais ) slidsy cuns
A/ -£Ya/y VTN YERIVAY lidsy ase
A ¥/-120/-4 /- £10/10 S S5
¥/-tANE ¥/-AINY ¥/-2a/\¥ sy, e colis
/- £50/10 SEFIA £/.£.0/\Y ilidey ) e colis

Iran Occupational Health. 2020 (28 Nov);17:40



https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

o @ty SBlundy 4y Ll ouiS LS 0 ol
2 elidgy b (5o 5 g6 ,Sme dalllas 3.0
A8 by Dlpis (5,2 VY B A) W (g5ae JUS
Sogllolss g Sws sla asLi o (LF/HF g HF ([LF)
(0F) .ol ooy Judoes

IRE S Gy 53 ol ddlllas mlo b olas )
VWeoo 55, glales b oliby, dezlse o, Sen
D)8 als crge s)lolae jebay (polS YV
Ok oz 5 (5,2 VYW B ) Y o> (g0 sla JiSw
P oslS T olidg; 4 cad (e ) BA) W
g > S jabay (O0) -l ool pbslasy oyl
Jsb 5o o3l s s el slaws Ll b Llss Lad
) 385 Job 5o o3 ST 50 (YY) sl oo (2al331 5,
bty Ul Les (15 - 51 Fre -+ slaceelos sga
Jam O g Sws a4 a5 b o Giuliél Ss
3,5 3925 (godxie (gulgls (BF) 098 oo aizlil ol
Solede b bas e sloguly Gl cel olidy), o
b ooy Gazres «Dlo JLad il pllis o e
Oley 5o 9yt B82S (OY 1) o9l o sebjlas
e (65l - Sls 6sTIL Gldbosgls g ool plonil o
R owin )90 g 5l Sy 2o (e g wicluciiia
il gl sl il s o ygiSTE ol 1A suilazs 5
205 |y S 505 St gy b

agrlsn ols lis o San 5 shee dulllae (glaazil,
15 onslS TV g Weee los b olidig, g0 50
(S ¥y gl Sgupy el F e 0+ K5 Gloo b A s
Sgy eblage o asli sgup 5 (Sogdlolys ials
S ol izen (OA) ol oas 59, Job 4o ol 8l
b b olidg, b agalse oo ol o Sladlas
oo b olisg, bawslio o ((pglS VYo +) YL K,
g0t 5 SOglIls> halS @y e i glS T
oS ool 53 15500 (Y8 A JVA) el o o ,Shae
YLK, glo b olidg, 5l coladod ol plas o
VYeoo) il dallae b aolie o (ol Ve <o)
sy pe Silg5 e 552515 el 45 0 ooliul (55
LWL oLy, @lacersy 55kl 6)lobine mhow 4
2l (e Gyleie mhw Gl 550,05 HWL
b a1, (15 2 T 5 LT (g 50 (gl Ui 03
Sl a4y az g oS e SWL oLy consyg
O g iz &Sl Glp 2 9 b arzlse Jleix

10

g HWL lacossy (ipgh sleadl oluly
LT sire la JuKw @508 (6 lobins & goas IWL
oS S pldyy Caxdy b anslie o s - Wiy
seals aS ol S8 LB LwSlesls jrals (xS -DL)
&d)w@pu_wijwiéwu@w%x‘
(YOYY) 5)ls oo (Seopd oLy, Lansgs ol
- Wy W sla JUSw &)08 28l 505 porie &
2 olids; Glacuasy ol cute 3 saumolas s
s ol el g lie mhaw b b e g5 ol
5o 559 5l 31 Glas oS Sl (U3 lalllas b st
&?@mﬂ)bwuﬁ)Jé)W@‘“ﬁ@Tﬁ
3,10 5925 (g0b; aleds (FA_FY YY) .o,ls (DL) oS
5 9553 silde mhe » ol - b e
2l oluly &l (BVF2) S o 0l 1, (S
5 DL Comig oo jloline Sglis 395 ¢ yol> dalllas
35 2Ly (el @595 2Ly Lo pegdle SWL
ol (e (6l s g (g 5r0 Codlad 5o ole
(OY_0Y AY)

St 58l Sgmgl o5 WS e by ek @ls
08 als s HWL 3 LWL Ly, slacands
St b aglie o L5 LT WT (g0 o JUSs
0> a4y St 5Bl (SWL) Gusls Feve Slis,
Candg a5 Cawl (85 o i (5 ko] L5 5l (6 lobias
sl )0 () Sygeds palS Teee Slidg,
XY 2355 o oozl 6,10 IS clalae o> (1S
(va

9 )RS S G225 50 ol dalllae G b ganon
S, soles b wbdyy ol & lolie gl o) Sen
S, sleo b glishg, Lawslie 0 oS YOPY 5 YYTY
oalie W1 Sy JLK r-’l’ 3)90,0 (ool YYY.
gy 322G 0 a5 Sl S 595 0 (0F) L0005
ool Feee g YV Y- ) slalos b olis,
5,509, e jleoliinl b (izren 285 18 (o 2950
Sl U 5 olids, 56 EEG 35ls 50 glie
W) Ly G, VY B A) WG, 4 510) Ly - T g i
Sl a3l S 5 (55,8 VB 0) Ly g (55,8 YL
Sloogeyl gl a3ls (Foglols) s
ARl gy azg Glovs @l SSLD o Slee
2 @byl g LBl azg g 6l Cud)b )8


https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

5 o slodsbe popdle wad oo (Las valyd ol
2 $9ISE sl sl 5l (6,500 095 iz (slabes
O oYl cawlus a5 5o 5924 (IPRGCs) S
eras b i Ojgons ) olidy; 5 3)ls o o
sl 5o o Jsbes ! (FEY) 0t o ool 3ie
e« gdle 055 e 97 (2Ll (il yed SIS
CIls alids) Seislssids,s8 ST g (nolS e o
©95 o 45 00l A8 5y o954 09 el (FFFD) a3 lo
5 skt s ity 53l (sl eigidle (9,90
Elllae 4Ll (BY) ol (5556 oo Sloj o 0, Shoe
S Hg e el 5 e 59, Jobo yo 00ls (yLis 2
Wy sai oliby, lawgs ealldl (g luia g 0og oS
by igdle (9098 (0 e 4 ks LS jsboay
A e ol Slilllae S (Y] YD YY) ail
g0 caalS g g Sl &b 5l Wil ge olids,
S 0gh g o (ible 5 oulext slavilp S o5
gl Gl O @i § 535315 094 41 7o Wil o
ereg Guizmes (FAFA) 05l Ll o 6 Lt
0590 Ly omly SOy Gles b (olidg) b 5,8 SlaS
Loy G)W@amowdwdolﬁmslwlo)l}
ol 165 olaoni S Lawgs Yol jo8 5
s e eSS (o s sa 5z glaes 5
OlF e B Hobar (YYVY) 05l ol (e (slako
599558 Dl 3l ol (gl alire loe ilSe S
Slalllae 5929l a5 5 )13 3925 (alig) (6,18 — (s
ool az5] sl oaile axSlisl ST cikiz
Sl sasSoloul glap il o aS canl playls
wiile ool 5 olisg) oo 36 6550l i,
5465,8) (a0 Slos 5, leip gl « Sels o)
Cewlodd B pdy o5 o353l
AT S 8 das e ol ol Aallls gl
(V1350 (6 5240 597931 Candy 5 oline j5bo
by, Glacarsy plo b awslio 0 IWL sy
5 spipeml @i ol b Lslyen wilosyS (3158
ol S5y gleo b (olidg) a5 ailes )57 3,155 e
2 i b s, Jsb o (8 gl )0 WSO )
ol prodle (Y1) sl 4l o] 3l (595 5 515 Connidg
lds, b alge wilos 7 olprinn Slallas =g
4955 5 b 08 pezed o5 b, l gl
45 35 0 ymin Sl 3l gy Comdg g g 5l 05

OhlSen 5 596,5me b

Yo K, sloo b olidg, molio 31 oolatnl cgilans]
Oliz )8 Glalaze ;o (glS VWVWerr Gozen
a5 Sgdoe AST (F0o0) oy ooi Haiay canlic
dalllas ;o (KSS wljd) c2d gl ol mls
b sue o)l arle b splie &g, sl ol
el aslo (Lo - Léﬂ5 #]] Sy sl JLKw) g lin
Ww&yu@bmbwm”dlm
wlidy, Glacarsy o Cute b o5 lia mlaw
41,DL s SWL (glacass b duslie o LWL g HWL
S (F 57 Glologe) ol lis addllas slaazsl

2 G b RSB LWL Ll Comdg (IS gboas
oeLs) L‘;.’;_Lé.ngLé.ﬂ(_g)'.i.n sl LK &,08 als

Ol Gllae o8l 92558 9 g dalllae L Ll o0
5 W 550 laliSenw 508 2015 5 503 )9 b
G (YY) sl 009 o1 590 5 (55598 Lis Ls-LalT
335 5 L e S, daaghy (S
Fos il s Sl ol Gl U5 (255 (sloesS)
$9B> S 800 Wl oo il B cnl g Wil 1) ol 3
2l b awslio S IWL Condg ;5 onalcussa; (VAMS)
ol 5598 s 3B T @ 5 i) slacunds
WS e ) e )bt s p (olidy,; Consg
(FY_#Y)

2 bl Sl olids) ol dallbe @l (wlal
azolas sad pYle s ol o Ly sl JLKw slacs,ad
Cillas S g cpae dnlllas b ozl ol ]
Sl ol ol Glatandy Wo S (5)l55 a5 5l
A Gl i b b ye jae slacld
Gl L gunod 05 G 5l 0Bl aLBls (5l
bl wilosls las liass pan ol> uagh
> o095 4 L5 - Wl 5 T (5500 slo JUS
Ol ol 5 009 les Sl (lidig) wiile (2 )5
on Slp b (a3 Ls lyieds Wl oo b JUSns
o oolitl e gt caallad iy, il
(YOYY ¥+)

yol> dalllae slaasdly 5l (S5l 38— (onae salsd
Soete Sl HWL g LWL (glaceasy oo il )90
S (oo (Platiy 3 es 5 (e )i gl (oo

\#



https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

iy, o] bl s a8 sl (L3 Slidllae U guvan
alls bl o, Sles Cullbg jo s slawd 5 oS 3
(YY Ya.¥- 0 0) .l
Il 853l Sl 51 s 3 B by il dalllas o
slabed) (olids; slocundy oS 5 (5T Cundy
S (heogd) (03 b))l (s bid o Shoe 1 (ST
(2 lbyy Srlandg a4 S cadlllas jo 0SS 10
L slge <dS Olgies S0 Sjle 4008 ploxl
oS byl (bl (Grand) plnps ol
adllas lame olils) Laylyds 0500 ol 8l sBus 4
Lo o Slas ialbg o bl o Slos j wilgs oo 525
Condy Sy o ol ST sl 38,50 6 lags
| lidsy Conds ol g e s plalol (ol
7P e sy glocends ;00 b anlie
750 gl o Slas 0ty lgs o0 ;9551 (pl s
S S Gan b anlllas oyl o (FY) .o las,
Dad Gezes SLSy (b jlad (e a5
Coxdy (S aES)0 5 aldy) @ig (b,
i) @l aTosh ooliul oy 950 (i)
b IS jsbas 035 on b | s a3 91,8
@S (s 3o ,eS B oga a5 plod Gonaex
PENCTORA AR gs’L“*’B) Coxdy (somd g 5l OL8S
gyl ol ped B ISl eSS L5 ol
Sy sbeo cpl jo saslaiwody sl o Sles LS
g gazs sl o Gldllas plo aiilen (iogh ol
oS b o lbgls Ll e canlllas ol 4 -os
2 Sl egh 4 g5 @l phite (gl - Sle>
doSS 1y ol - lgt S SY Geiod o Job
sl sl cule, 6bsS ol @l a5 WS
Lol . sl 005y dslllae 5,90 0,81 Lawg plaie (5l
b sl (BLEST e s1p) (e o9, S5l
390 Oeien i eolaiul HoSde L)l55 05 slaosls
U iy, b ol,31 dgrlse oo o canllias oyl
o Ol 1A 00gy (4B VP sgux) oligS
@l loln ) sbocels plo js by, SISl
L ool podle Cans i lel ol Anllae
03e3] 3 sogame olasi 5 ST 00+ ity S
P sl a8 513 ) 350 (LS 9 Slas
dsgame o 2lils) slaad plo b))l Sl oldlas

v

(FY5Y) oS s |y asdllae () ol Wlgs o gaSL0
aS Cewl oals SLSI salizs slajiogh jo S gbay
Sga SR (29510 (SeS 3505, (lyeds o lidy,
Qﬁ.wLSA oolazwl L;o).w.el QLA)O k5'\'> 9”9 Q_AMB
(VY_V’ 5\*"\)

LWL g HWL lacandy )0 )i 385 50
e s o Shee lagge;] Jeddl S s
Jul a5 (o)l Ul slon Sudb i
US| DL comsg b awslie ;o bl axg5
Sloools i b gued puizmon .ol aiils (5 lolixe
cHWL) Yl.: g_is) dLoé la LS’L“"‘"9) We 90 EEG
YVeo IWL) 0l ) glos g ((palS VYoo
az 5 Wlools dguge (605050 (polS T v) SWL
el oo 5 5 kel Ll 51 6 loliae o 4 s oyl
Gbos 5 olidy, oo b saSagl cdlae oyl
ghe b b e G il colld K,
slews o ol 51 ilae Sygods a5 cul g,lin
P r i el onlds S b Sl o Sles
o 3G bty b agalee a5 sols lis Slalllas
VY YA ALY) cwl anils ls o Slee
Sl oS o plon 45 wlos S IS S (s
TVer ) lod 5o oy 0590 S LS slagyge]
Tl 3 oS5 B0+ pliby, Sad) sl Foee s
obey Hlaae jo LKen g ooljueine jimgh o
Oleo D-Back 5 atvgn o ,Slas slayge;! Josdl uSe
\_JsLQJ L)"5J‘§ feoo 9 VY. "SaL».Mg) ‘SL(bqu
Sllas IS jgbay (10) .00 5 sowline (5 lolse
sladl w)lae Sy g Dolaie gls wisly )3
Ll s yemmed (sld puxie cailos ygl oo 1) golaie
G595 obey VO Fe) 59,8kl 5By Sliugase
S e |y (e Sldlae gl jo olas
3 oad Yl g sllas slaws p Slais ,5b olids,


https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

5. Dehghan H. The relationship of sleep quality and mental
fatigue in different levels of lighting on attention and
reaction time in thermal comfort condition. Iran
Occup Health. 2017;14(5):95-84. [In Persian]

6. Veitch JA, Charles KE, Farley KM, Newsham GR. A model
of satisfaction with open-plan office conditions: COPE
field findings. J. Environ. Psychol. 2007;27(3):177-89.

7.ZhuY, Yang M, Yao Y, Xiong X, Li X, Zhou G, et al. Effects
of Illuminance and Correlated Color Temperature on
Daytime Cognitive Performance, Subjective Mood,
and Alertness in Healthy Adults. Environment and
Behavior. 2017:0013916517738077.

8. Chellappa SL, Steiner R, Blattner P, Oelhafen P, Gotz T,
Cajochen C. Non-visual effects of light on melatonin,
alertness and cognitive performance: can blue-enriched
light keep us alert? PloS one. 2011;6(1):e16429.

9. Vandewalle G, Maquet P, Dijk D-J. Light as a modulator
of cognitive brain function. Trend Cogn Sci.
2009;13(10):429-38.

10. Chellappa SL, Gordijn MC, Cajochen C. Can light
make us bright? Effects of light on cognition and sleep.
Prog Brain Res. 190: Elsevier; 2011. p. 119-33.

11. Huiberts LM, Smolders KC, de Kort YA. Non-image
forming effects of illuminance level: exploring parallel
effects on physiological arousal and task performance.
Physiol. Behav. 2016;164:129-39.

12. Barkmann C, Wessolowski N, Schulte-Markwort M.
Applicability and efficacy of variable light in schools.
Physiol Behav. 2012;105(3):621-7.

13. Van Bommel W, Van den Beld G. Lighting for work:
a review of visual and biological effects. Lighting Res
Technol. 2004;36(4):255-66.

14. Rahchamani MS, Zakeriyan A, azam k. Comparative
Survey on the Effect of Fluorescent Lamps & LED
Color Temperature on Staffs Psychologically Indicators
at the Office. Iran Occup Health. 2018;15(5):30-7. [In
Persian]

15. Motamedzadeh M, Golmohammadi R, Kazemi R,
Heidarimoghadam R. The effect of blue-enriched
white light on cognitive performances and sleepiness
of night-shift workers: A field study. Physiol Behav.
2017;177:208-14.

16. Lockley SW, Evans EE, Scheer FA, Brainard GC, Czeisler
CA, Aeschbach D. Short-wavelength sensitivity for
the direct effects of light on alertness, vigilance, and
the waking electroencephalogram in humans. Sleep.
2006;29(2):161-8.

17. Vandewalle G, Gais S, Schabus M, Balteau E, Carrier J,
Darsaud A, et al. Wavelength-dependent modulation of
brain responses to a working memory task by daytime
light exposure. Cereb Cortex. 2007;17(12):2788-95.

18. Viola AU, James LM, Schlangen L], Dijk D-]. Blue-

OhlSen 5 596,5me b

2lo g )laid 5 gyl (3ls slaggesl 5l Koo
005 o dlpiiy 59, slagle;

=

6L g Wl ofauses i) b bl o

PSP olidy; Gad jo (phate g lam - Sy
HWL) YU 5 slooh iy cpnd 50 55 15 wlaws
(Q%915YV~ - LWL) wl{.&)duos(&gﬁ\\’n .
o 8kae 5 e 5 23 )i gy e 5T
f"‘) SWL w.’.og l; MLM )Q LS)L‘B) Lf"a'c
5 slholine o a3l ol am 5 el asls (opslS

598 g0 Bl ,o baaidly sonpex a5 s lel L
bowgs LWL olidg) Conds (ood g 5 podle o5

St )0 Ay FB S olidy, Cundg cpl ol B
aols aslllas ;o cauSeS pi o8l ge5 g3l ooy
SaS b olidg, OMae 5l esliiwl g b 13 .ol

3,509, Olyeds Bl o b ST, loo (olidg; mlio

(i ualS gl bl sl LS e SeS
3 S99l Sundy g 0 Shee 290 9 Sl
Sladlas 4:>-)f b Ded g Fmo Lg)lf seels

gy Ol A sl yol )b pund (sl 2 (6 i

‘s;‘o)és 5 : & e
‘bsl.c oKl (5)91.«3 9 &.JLQ.«_Q_?D 8> wsLuc )‘ ulf"\""“"y
B o axdllas oyl b ol oy Older i g%

References

1. Lerman SE, Eskin E, Flower DJ, George EC, Gerson B,
Hartenbaum N, et al. Fatigue risk management in the
workplace. Int ] Occup Environ Med. 2012;54(2):231-
58.

2. Williamson A, Lombardi DA, Folkard S, Stutts J,
Courtney TK, Connor JL. The link between fatigue and
safety. Accid Anal Prev. 2011;43(2):498-515.

3.Rashid M, Zimring C. A review of the empirical literature
on the relationships between indoor environment
and stress in health care and office settings: Problems
and prospects of sharing evidence. Environment and
Behavior. 2008;40(2):151-90.

4. Veitch JA, Newsham GR. Determinants of lighting
quality I: State of the science. Journal of the Illuminating
Engineering Society. 1998;27(1):92-106.

VA



https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

EN U. Light and lighting. Lighting of work places, Part
1: Indoor work places. 2011.
Smolders KC, de Kort YA. Investigating daytime effects
of correlated colour temperature on experiences,
performance, and arousal. ] Environ Psychol
2017;50:80-93.
Glisky EL. Changes in cognitive function in human
aging. Brain aging: models, methods, and mechanisms.
2007:3-20.
Riccio CA, Reynolds CR, Lowe P, Moore JJ. The
continuous performance test: a window on the neural
substrates for attention? Arch Clin Neuropsychol.
2002;17(3):235-72.
Nomenclature SEP. American Electroencephalographic
Society guidelines for standard electrode position
nomenclature. J Clin Neurophysiol. 1991;8(2):200-2.
Akerstedt T, Gillberg M. Subjective and objective
sleepiness in the active individual. ] Neurosci
1990;52(1-2):29-37.
Kaida K, Takahashi M, Akerstedt T, Nakata A, Otsuka Y,
Haratani T, et al. Validation of the Karolinska sleepiness
scale against performance and EEG variables. Clin
Neurophysiol. 2006;117(7):1574-81.
Leichtfried V, Mair-Raggautz M, Schaeffer V,
Hammerer-Lercher A, Mair G, Bartenbach C, et al
Intense illumination in the morning hours improved
mood and alertness but not mental performance. Appl
Ergon. 2015;46:54-9.
Flynn JE, Spencer TJ, Martyniuk O, Hendrick C.
Interim study of procedures for investigating the effect
of light on impression and behavior. Journal of the
Iluminating Engineering Society. 1973;3(1):87-94.
Schulz KP, Fan J, Magidina O, Marks D], Hahn B,
Halperin JM. Does the emotional go/no-go task
really measure behavioral inhibition?: Convergence
with measures on a non-emotional analog. Arch Clin
Neuropsychol. 2007;22(2):151-60.
Wessel JR. Prepotent motor activity and inhibitory
control demands in different variants of the go/no-go
paradigm. Psychophysiology. 2018;55(3):e12871.
Cook M]J. Working memory, age, crew downsizing,
system design and training. Univ of Abertay Dundee
Scotland (United Kingdom) Centre for Usability Test
and Evaluation, 2000.
Chen Y-N, Mitra S, Schlaghecken E Sub-processes of
working memory in the N-back task: An investigation
using ERPs. Clin Neurophysiol. 2008;119(7):1546-59.
Robertson IH, Ward T, Ridgeway V, Nimmo-Smith I.
The test of everyday attention (TEA). San Antonio, TX:
Psychological Corporation. 1994.

Abdi H. The
Encyclopedia of research design. 2010;1:544-8.

greenhouse-geisser  correction.

9

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

enriched white light in the workplace improves self-
reported alertness, performance and sleep quality.
Scand ] Work Env Hea. 2008:297-306.

Iskra-Golec I, Wazna A, Smith L. Effects of blue-
enriched light on the daily course of mood, sleepiness
and light perception: A field experiment. Light Res
Technol. 2012;44(4):506-13.

Baek H, Min B-K. Blue light aids in coping with
the post-lunch dip: an EEG study. Ergonomics.
2015;58(5):803-10.

Figueiro MG, Bierman A, Plitnick B, Rea MS.
Preliminary evidence that both blue and red light
can induce alertness at night. BMC Neurosci.
2009;10(1):105.

Figueiro MG, Sahin L, Wood B, Plitnick B. Light at
night and measures of alertness and performance:
implications for shift workers. Biol Res Nurs.
2016;18(1):90-100.

Sahin L, Figueiro MG. Alerting effects of short-
wavelength (blue) and long-wavelength (red) lights in
the afternoon. Physiol. Behav. 2013;116:1-7.

Sahin L, Wood BM, Plitnick B, Figueiro MG. Daytime
light exposure: Effects on biomarkers, measures
of alertness, and performance. Behav Brain Res.
2014;274:176-85.

Okamoto Y, Rea MS, Figueiro MG. Temporal dynamics
of EEG activity during short-and long-wavelength
light exposures in the early morning. BMC Res Notes.
2014;7(1):113.

Keis O, Helbig H, Streb J, Hille K. Influence of
blue-enriched classroom lighting on students’
cognitive performance. ] Undergrad Neurosci Educ.
2014;3(3):86-92.

Buysse DJ, Reynolds CE, Monk TH, Berman SR,
Kupfer DJ. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193-213.

Moghaddam JF, Nakhaee N, Sheibani V, Garrusi B,
Amirkafi A. Reliability and validity of the Persian
version of the Pittsburgh Sleep Quality Index (PSQI-P).
Sleep Breath. 2012;16(1):79-82.

Smolders KC, de Kort YA. Bright light and mental
fatigue: Effects on alertness, vitality, performance and
physiological arousal. Environ Psychol. 2014;39:77-91.
Horne JA, Ostberg O. A self-assessment questionnaire
to determine morningness-eveningness in human
circadian rhythms. Chronobiol Int. 1976.

Rahafar A, Sadeghi JM, Sadeghpour A, Mrzaiel S.
Surveying psychometric features of Persian version
of Morning-Eventide = Questionnaire.  Clinical
Psychologhy & Personality. 2013;20(8):109-122. [In

Persian]


https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

homeostasis. ] Biol Rhythms. 2011;26(3):249-59.

. Hanford N, Figueiro M. Light therapy and Alzheimer’s

disease and related dementia: past, present, and future.
J Alzheimers Dis. 2013;33(4):913-22.

Danilenko KV, Cajochen C, Wirz-Justice A. Is sleep
per se a zeitgeber in humans? ] Biol Rhythms.
2003;18(2):170-8.

Provencio I, Rodriguez IR, Jiang G, Hayes WP, Moreira
EE, Rollag MD. A novel human opsin in the inner
retina. ] Neurosci. 2000;20(2):600-5.

Berson DM, Dunn FA, Takao M. Phototransduction
by retinal ganglion cells that set the circadian clock.
Science. 2002;295(5557):1070-3.

Hatori M, Panda S. The emerging roles of melanopsin
in behavioral adaptation to light. Trends Mol Med.
2010;16(10):435-46.

LeGates TA, Fernandez DC, Hattar S. Light as a central
modulator of circadian rhythms, sleep and affect. Nat
Rev Neurosci. 2014;15(7):443.

Cajochen C, Munch M, Kobialka S, Krauchi K,
Steiner R, Oelhafen P, et al. High sensitivity of human
melatonin, alertness, thermoregulation, and heart rate
to short wavelength light. J Clin Endocrinol Metab.
2005;90(3):1311-6.

Rautkyld E, Puolakka M, Halonen L. Alerting effects of
daytime light exposure-a proposed link between light
exposure and brain mechanisms. Light Res Technol.
2012;44(2):238-52.

Vandewalle G, Balteau E, Phillips C, Degueldre C,
Moreau V, Sterpenich V, et al. Daytime light exposure
dynamically enhances brain responses. Curr Biol.
2006;16(16):1616-21.

Hoffmann G, Gufler V, Griesmacher A, Bartenbach
C, Canazei M, Staggl S, et al. Effects of variable
lighting intensities and colour temperatures on
sulphatoxymelatonin and subjective mood in
an experimental office workplace. Appl Ergon.
2008;39(6):719-28.

Figueiro MG, Steverson B, Heerwagen J, Kampschroer
K, Hunter CM, Gonzales K, et al. The impact of daytime
light exposures on sleep and mood in office workers.
Sleep Health. 2017;3(3):204-15.

Cajochen C, Freyburger M, Basishvili T, Garbazza C,
Rudzik F, Renz C, et al. Effect of daylight LED on visual
comfort, melatonin, mood, waking performance and
sleep. Lighting Res. Technol. 2019; 0: 1-19.

Smolders K, De Kort Y, Cluitmans P. Higher light
intensity induces modulations in brain activity even
during regular daytime working hours. Lighting Res.
Technol. 2016;48(4):433-48.

Ferlazzo F, Piccardi L, Burattini C, Barbalace M,
Giannini A, Bisegna F. Effects of new light sources

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

OhlSen 5 596,5me b

Plitnick B, Figueiro M, Wood B, Rea M. The effects
of red and blue light on alertness and mood at night.
Light Res Technol. 2010;42(4):449-58.

Papamichael C, Skene DJ, Revell VL. Human
nonvisual responses to simultaneous presentation of
blue and red monochromatic light. J Biol Rhythms.
2012;27(1):70-8.

Smolders KC, De Kort YA, Cluitmans P. A higher
illuminance induces alertness even during office
hours: Findings on subjective measures, task
performance and heart rate measures. Physiol Behav.
2012;107(1):7-16.

Hubalek S, Brink M, Schierz C. Office workers’ daily
exposure to light and its influence on sleep quality and
mood. Light Res Technol. 2010;42(1):33-50.
Phipps-Nelson J, Redman JR, Dijk D-J, Rajaratnam SM.
Daytime exposure to bright light, as compared to dim
light, decreases sleepiness and improves psychomotor
vigilance performance. Sleep. 2003;26(6):695-700.

Van Bommel WJ. Non-visual biological effect of lighting
and the practical meaning for lighting for work. Appl
Ergon. 2006;37(4):461-6.

Rahman SA, Flynn-Evans EE, Aeschbach D, Brainard
GC, Czeisler CA, Lockley SW. Diurnal spectral
sensitivity of the acute alerting effects of light. Sleep.
2014;37(2):271-81.

Askaripoor T, Motamedzadeh M, Golmohammadi R,
Farhadian M, Babamiri M, Samavati M. Non-Image
Forming Effects of Light on Brainwaves, Autonomic
Nervous Activity, Fatigue, and Performance. ]
Circadian Rhythms. 2018;16.

Askaripoor T, Motamedzade M, Golmohammadi R,
Farhadian M, Babamiri M, Samavati M. Effects of light
intervention on alertness and mental performance
during the post-lunch dip: a multi-measure study. Ind
Health. 2019;57(4):511-24.

Monk TH. The post-lunch dip in performance. Clin
Sports Med. 2005;24(2):e15-€23.

Dijk D-J, Edgar DM. Circadian and homeostatic control
of wakefulness and sleep. Lung biology in health and
disease. 1999;133:111-47.

Mills PR, Tomkins SC, Schlangen LJ. The effect of
high correlated colour temperature office lighting on
employee wellbeing and work performance. J circadian
rhythms. 2007;5(1):2.

Yoshino F, Yoshida A, Okada E, Okada Y, Maehata
Y, Miyamoto C, et al. Dental resin curing blue light
induced oxidative stress with reactive oxygen species
production. ] Photochem Photobiol B. 2012;114:73-8.
Vandewalle G, Archer SN, Wuillaume C, Balteau E,
Degueldre C, Luxen A, et al. Effects of light on cognitive

brain responses depend on circadian phase and sleep

Y.



https://ioh.iums.ac.ir/article-1-2731-en.html

[ Downloaded from ioh.iums.ac.ir on 2026-05-09 ]

performance in healthy young adults: a systematic
research review. Neurosci Biobehav Rev. 2008;32(1):72-
85.

77.Huang RH, Lee L, Chiu YA, Sun Y. Effects of correlated

color temperature on focused and sustained attention
under white LED desk lighting. Color Res Appl.
2015;40(3):281-6

\Al

on task switching and mental rotation performance. J
Environ Psychol. 2014;39:92-100.

75. Gaggioni G, Maquet P, Schmidt C, Dijk D-], Vandewalle
G. Neuroimaging, cognition, light and circadian
rhythms. Front Syst Neurosci. 2014;8.

76. Hoyland A, Lawton CL, Dye L. Acute effects of

macronutrient manipulations on cognitive test


https://ioh.iums.ac.ir/article-1-2731-en.html
http://www.tcpdf.org

