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Effects of Wi-Fi Wave Exposure on Human Working

Memory

Shahram Behbahanian

Introduction: The possibility that electromagnetic waves affect human cogni-
tion arises from the fact that electromagnetic radiation induces magnetic and
electrical fields which may affect brain electrical activity and membrane poten-
tial of nervous system. The purpose of this study was to investigate the effects
of electromagnetic radiation on the working memory of humans. Method: A
sample of 24 male students from Shahid Beheshti University (mean age 26.5 £
2.7 years) were selected for this study and randomly divided into two groups:
sham exposed and experimental. To evaluate the psychological condition of
participants, the SCL90-R questionnaire was used. The experimental group was
exposed to electromagnetic wave at 2450 MHZ frequency for 20 minutes.. The
head specific absorption rate (SAR) was estimated to be 0.15 W/kg. . The partici-
pants’ working memories were assessed at three stages of before, after and 24
hours following exposure using n-back task. In case the reaction time was more
than 1,000 mili-seconds or accuracy rate less than 70%, the data was excluded
from further analysis. An analysis of ANOVA with repeated measure was used to
analyze the data. Results: A significant decrease in reaction time was observed
in the experimental group after exposure as compared to the sham group, but the
accuracy rate was not changed significantly.Conclusion: According to the find-
ings of present study, it can be concluded that electromagnetic wave exposure in
2450 MHZ frequency may induce transient effect on working memory in healthy
humans by curbing the reaction time.
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PhD student in cognitive neurosci-
ence, Institute for cognitive science
studies

Alireza Moradi*

Professor in clinical psychology,
Department of psychology, Uni-
versity of Kharazmi

Reza Khosroabadi

Assistant Professor, Institute of
cognitive and brain science, Uni-
versity of Shahid Beheshti

Vahid Negati

Associated professor, Institute of
cognitive and brain science, Uni-
versity of Shahid Beheshti

*Corresponding Author:
Email: moradi@iricss.org



OlSas 5 Olslet: ple

ekl 5l Dl eMbl ol Sls 3 S o 5oy
O S o Jie () (galail e Doy
S 5 ls bLg )l Sledlbl Ly ¥l (g )18 (gatasl>
05 Al 3 ol ealds gabasl a4 Jlanl agl b s
O i A s Ol 5 gl Laaladl Ole o sazee
IVl 4 5l a8 syl 3 e b o) abadl> 58
2S5 (s Dlalme 5 o 350 Ol ) 5l
oblae LU 25 (518 5 sead Olallae (E)—ul
Sab 0250 S 00 5 I aSnts dal sl 162 S
2 opemen 3l ()8 galabl s Slas s Sl
bas Sl 55l b el (56 S T bl
NS Dbl 5l L o o S 5 (S

(0)cnl Ly
e e Glmos s iy oLy s &
L Oler 50— e b
(85 JKal 51 S aS ealaul OF 515 plwbis

5 Ol

S5 esls Slslp s S (g5l Do Sy s aS
o590l .l bl 5 S C‘f\ o=l 5l ol
r)'ljl (ol S il Gw B C\y\ ol
S Jis e el Sl 5 (S
Al O gmean Sl ples gla gl el ul Sl
(Slabe St K3 5 055l ol ol o
Tl O e Sl 53 (55l iy 45 S Ul e
S8 LS el ) i b bl ST
b L o 5 e sl (Sl 503
(et ) o g (Gl 121
osb w s lpl b oS gl blas Ol Ll
bl s 31 S5 58 Dl 55— o0 Sl o 5o
Gl S s 4ol ab mlis (galanls 4 0l
Sl zlsel ul Sheslial 513550 53 (o0 5ee
Sliies 1887 Jl s " il it 0besle ol
BT 3550 53 0SB 5 S 5T ey ol 3 1y 39
ot ghliue (sla a5« perblite s 2SI sl p 5

1- Functional magnetic resonance image
2- World health Organization

3

oo

abadl oS 550 opl bl e sle Olaiils i
Ay g a5 el QLI 2l 25 SO S
sl 3 Shas ol Lo ol sy 5 b 2ol oS
3585 di e O1 51 OLS! gaia il 5 STl 5 ail
LG s (rer Sled o glreby ) dlasl-
Slbl glis 5l b ol 5 el plad 33l
il oo 5 aleple e dS a4 s
$4 gors Ol o |y adible 55 5 o 0,005 abibl>
L ledbl oS el ol gla sUlgsk sdae
S5S Sa gl p 15 ga B8 sl 5 (LIS
(sl (o Olalils (V)AS e g5l (o
o 5 SLST sladtyl 3 Lol oS 1 adable s yoe
Ul el Sl L5k s e s s S 5,
L Lo o bl Jasls 5 g8 ns (g3lme u3
Celes s Ll lesliul 5 alls 5 &350 oyl
e 93 alabl (e e 4 A0 s e b (Sn
(V)35 o bl 635 10 2Ulg G oldl ol
Sl ()18 gl (b g slas S ) =
SleMbl (g 8w 5 350 (g5l 13 s aS
So5 dibe oy UL B plnl 6 605 2
! (LS o sl 5 1y PNl 5 6,550 b
(el g sl oS (Jlab (gadadl> calasl> &
Ji gabasl L (IS (gabibls (Oltiails .y S e
Gabasl |5 liles S Deols oS galasl Kl
5 A3l e gabiils S Wlg e Dl S
b b synl 3 sd e oS 0T 55 Sledb
Sl Lab B Al s gl Dol S gabil-
el Sl a5 55 b gebadl ol ool
a2 sl gl ar 55 pais 5 Sdeoli S
b 3 Jb e Bl by il ol
5 oledMbl B g8 5 5l sl aS cl
(Sl e edmmn U S AT bl e o,
e S 4 S s Shysl (Yol

5 bl s s GBI s K

DAY YAV 3 ojleds ¥ Jlw (5L pole laosb Y

Advances in Cognitive Science, Vol. 20, No. 1, 2018 20



S Sl U sl gl sl 6 S

S o J S 1 Ol GegeVU pon 3 ege SlaS 55k
e g 2l oy L8 w5 s ol el 55
G| G PR oee L I POV I NG | PGS gy FL P
5ot bdSdpe x5 o &S > el 5
Je g s a0 el S5 s l 0
SN e ) e SBT G b ol 350 0
oz 31 iy SIS 3, Shas 53 e b ol
Sl (VGCCS) 315 4 axly oS sladUS
Slro iS5 sis 3l oaliel o yiolo3T elasl 5zl
sl 5l Ll oo S 4 iy oS ladUlS
I ONLS (68 s rblins S 2l sal (20050
S Bl e sl 3 g SHE 315 e LS
ey el Bl 5 S Ll it s Sl
et Slad e Rl Sl Ml e 5 S
Jld 5 55 50l8 =S @ el Ty 25 A
Sladlas pzman Lpd S JUIS Olejon O
Ll e plsel pl 48 enls O VS sy
reelS U (oS0Ls 05755 2 5 55k Rl sl
S SBJUS gr 2 e 5 L. OP 5 L g 5
5 plbend la Saanly (5lvla, 3 5Ws 4 axly
bl s 7SI sl (65108 1 she 53 T b5 oS1 5
f a0l s SUT 5 s s slas Shas

(8 5)0) el Szl |6
Al S 0303 0L Dbl (655 Dl
e Sl ol 5l 3 ol 53 055 2L
S slaes, 5o sl pla 5t baaay 5 I8
e el b aslis o b el asls 13
sl 1S sl WIS e (6 i (s
S o513 sl 8l o 6 e i |
Ol oo 1y VB 5 S 5 oS5, 55 2L

1- International commission channels (VGCCs)
on non-lonizing radiation 6- Nitric oxide (NO)

protection 7- Genetic polymorphism
2- Neurobehavioural 8- Expression
3- Thermal 9- Neuropsychiatric

4- Non-thermal
5- Voltage gated calcium

YV DA IFAY O oyles Fe Jlo ( 5Uid pale gloosl

AVl 035 alae a8 5 &sline Wl ol oS
o5 s Sl B Sl Bl Sl oS
Ol blie 5y Sl Comesr Clabls skt 4
O G Sloms d ezl gl (20 51 (30 Il a3
AVl 038 om0 S S/ I Y

Sos Shas s o blite Ole il 41!
ol Sl ol ax g 50 Tl —eae 5 oL
s oK b lita s 1 2l el (1S 1 Ly
5 blie Ol sl b sl sl 48 il
IS 3l she (S A b 5 e S S
s s (g 55 LSS el ais Sl
P 05 G S Lpd o Slaplll 5 s
bl Olde (5lls S Sl e ils L
S bl sl K5 36 o Ll e 5 03
o 3 5 e Sty bl s S el 5,8
o) 53 31 glsal (pl Ko o o g 0520 el
JEI0 G b L el s Ol st Cel WSl e
O 4 Doy S ol I 3 i il 353
B slad S 5 e s sl L L
Dgmaan 4S5k 4 g 0 Jh sl slal g
o el 8 5 b LS el A6 Ol
03,5 3,05 b Kl oo (pizman 58 0 WO (55 520
G eles glaeli S 0 Sl S g0
38 es JH o se 5 4SS G gladUS
sk oot ;S G alains 5550 UK (|
St g 55 ol oy e 51AS Sl S
Sl bl s 1S el OA 5l sy
@ (Dasd e o b (b loel @ S S
Tlol P 03 58S 1A oS el 0L Dlalllas
s Dl sl Sl Wl blite s S
OV V) ss Ol 5 Ol 2l 5 (558,
Sl slas SIS zlgel (18 3 (o 355 53
ol slgdy T SOl b 5T Sl S 53 058
Ll 25 S Fedda bl S5l Sl aS
3 Sl e Glodgdme 3 O slaldl ol ~

21 Advances in Cognitive Science, Vol. 20, No. 1, 2018



OlSas 5 Olslet: ple

SBGsls ol 3 55 e blinay Sl el (5108 )
bl phze stas DLl S galail s Shes
Sl JUT oy w58 50 s opl 1 (e
Sl Ol ()8 gababl 5 SHIS  slsls 15l
3515 50

X3 NP

Sloy oWz el o) S
o seslizal 5l G aS 0 se50 0l 51 "SCLIY0-R-
G Gl (S50l asis Glal syl
Ol A esliul G 5 oS 5 Oldbsls (el
GOlS Sl s 4 8 Je A gl i
3360 08 @ Slay @Dl pla5)l 55 oS e
Ohlesy L0l laaca 0sls 0L sl L0 (sl
S Osa3l ol Sl eslizal L as A Slas s e
21 015 g s 5 IS s go b (gl Lo S50
(oo Ole osdhe sls Lasets ey 51 Wl
S 5L s s3SI Olslins (gl 05050 !
(B ol @ obMes ol Oljlew (i
Olye 4 5 5 pomear Ldd Sla =10 L Ol ley
4 aS Slpmtils fpomen 5 a2 5 Ll
o by IS 4 il LS el 5 ol
e VAVY i s (s 5 e S 1s 1y gl
sas s b oold bl G s A S
oS 13 e 5550 Ol ool
(850 s 4 VAV e e O Ll o3
Ly sl i ol S slael VPV S1 5 51,
Aoz S 518 ool Wy s 5l eslinal U
3RO (S Bl gl (St S
el s o WY ol Sann S0l ol O o zeS
L Osesl ol (Simen 0AVE) Soyla 5 Sk
350> 5 VL Sbes (MHQ) 015 bl el
L obobes Sldlas Ol 2l 3 Kles S 2,15 S +/AY

1- Wi-Fi
2- Symptom check list-90-Revised
3- Michigan Hand Outcomes Questionnaire

S s S 348 (U Ol (Rl el
S0 s, 84S Llesls OLis Slllae .3, S o 5l 3 5L
C\y\ ] P R P T PR VI PRGN Vo V]| BN ¥ Coow
St 5 s Wil s Ll el 55 S
Tlsl B rmes 0048 U3 wlsel Sl 28
U A S e el i S
O35 0 pe 255,55

30355 355 4 aimals gl gol 3B oS esls 0L Sl
Olde il o (S Sl Olde ol wsle ola i
Pl ol s ol Sy b Sl 5 (WS bl
cilsen Loyl 5 5 s IS 3 L el SUT 5 55 oo o s
Cospe g2 S 28 G Ol ) (il
U aS e b Wldl o ey sl 55 G
Ll 2 s e3 g glaal s SBTL Lo e o g el
OF St gane 55 Slides @S g o
b s i gladil oy el glas SIS
sl 03 3 sdoee 5 AL 400 B A S 3
SN G o3 55 35 gn Sla A (Ol
S i s 51 0Ll bliin s 21 el
S5 ik 53y ges S Slalllas Al
S Candly ol 28 5 B 5 LV Vel Sas
s Je gl Sas 5 cad sl galds
ol S5 sad sl S b 1t ol
SIS ST o555 - an SlapanilSs w4z 55 L
e S AN SLacdlis bl 5801 5l
S gas SISy 2l ol G ez 015
sl Hllanl 1 o8 gakabl> O e DL

Sl ash ok 5 A sl 4 g Lo Jb-
13 g el 3l gy el
Y60+ LuilS B 3 e blies 58Ul £y el b S
L 525 oo e (LBl pis 150D 52K
055 0 sl Ol (5,8 gababl> > Shee 2alS
Lo ol plo 4 Cond pil- s sl
ol s oS el adllas 3550 IS 5 sl L
S 03 O5SU sy oole il 5 0520 5y 0

DAY YAV 3 ojleds o Jlw (5L pole laojb YY

Advances in Cognitive Science, Vol. 20, No. 1, 2018 22



S Sl U sl gl sl 6 S

Ol 05051 L M 6 sabails ol Gt 5o
3,5 S YV o Jlw o il S iy, 5 K
psytask s slo saali s 53 05051 5 (YY) b5l
Sye o sl 4 byl s Al Ll 5 a1 b
33l g s esls Sl 5 O ge5] Slas i
S el T galol s el Jlo S s
Do Siled beld CadSs 25 e hlel asmio
SO 3 (slw x50) (S5> SIS s (6 e S
336G G S w5 led amdo Sl e
0-back < jis s s .ol 2-back 0,1 &
03,55 2 3 el 3l Gled jy geal Sl gr 3 505
Oles o Aol S 53 5 amlio el (o dsl L1y O gesl
sl S Dol LB Ll ol cds b
s el ool ge pge o ASL 4L s
sl o3y Ll gas 1-Pack K- i s
sy b2-back -5 s 5 AT 3l s b
GRIBIL e osls muly 5 alis |5y 5
S o Oga3l 355 0n 03538 O3a5] e sl
—33 5 S-S 5 Saseil a5 Ol 4 0-Back
N 3 5,8 sabsl> & 1-Back, 2-Back <
S 3 25 e Sl Ol s GBI 5 2
53 i 3 5 S a0 1-BaCk S-S i
ol slal &g 4 S e 1 2-Back
5 alie (DS e 5l pad RIS a3 S e el
o S 6 5 S e e 2 Ko
Er e 0503 3 48 25 BTWINGdING =5 58) ol
)JJOT%#OK*C»M)‘ S 3 (S S S
3 S a3 S e 6 e le S U ler salols
el Olge 4+ Codle ol pen (S5 = S
S phled Sde Ao 030> el (555 8 oSS
e Sde s 535050 O 5l g 555 A 3B L Ve
IS rlaly ey o Sl o 3 b e i
asb oo Ver s ol Ogesles 2 on gl l Ol

1- Event related potential (ERP)
2- Angel

YYD KAV O oyles Fe Jlo (5Uis pale gloojl

OLES 48 sl plmil 0TV ol 5 (1Y04) 215 e
orl o L3k s oleel 5 Olesen ol
2l Sl Came sl

S o 55,8 o o3 | e Ay € 05031 VI
slar)s =y b G 1 el Ol Ll
3 SIS0 ai i o Olgzr) Ll 3 6 (i) oo
U IS s jarls e ulud p Osesl s
o s 4 e (Sl e 5 e slasili
Goo b 5 e (sl Sl o g (S S atls
S aaS )l s el e s el 10 S
OF 3l 3L 3,30 03 S 6, b 5 oDt i
St (§0 s 4S Sl ol JS (GodeB sy S eslind
Sy oSz lsbins a3 g5 5 ST )
V)l

sl 5l S ipsytask Sus gl Sle sy
0 aS ol 30Ny, a0 s3] b (gl aae
S e 4 g3 sa3l asial (S58a OF gl s
obﬂsvb_a\ps ELIB Y S-S v N LN
23 )8 oS b (gl OB e Ol e
Sldlas gl sl b (S5 S Slalas
5l s il il (g e UK S
M) 50 0 esliial Slades ol Sl 65k
JPEG) & > i 3l b (sols IS e (04
OM L WAVY) sl i 5l golis SIS e
O3S &S alisee gladga3T Ol 511 O O gajl ¥
S Oga5] e LIS @ ) bl Ll )
W3l e op S sl Ol e S 0
(Y3505 (los 2S5 )8 aotb e e Oliies oy
L g VAA0 s 5 5L s doyﬂwUl
b gl s Shee o gl A8 (Bome xS
al oS bl sy s e eslinul )l glajmS L
SrSoa ea 5 o lis DSl (S a g
sl 3 Shas o gl e Jolt | L
sl o3 es xS b 4y el sl Sl (S
(YV)ss,5 00 U @ )8 (abail~

23 Advances in Cognitive Science, Vol. 20, No. 1, 2018



OlSas 5 Olslet: ple

T SuSe alsd 5 b Dl 035 s 0
oy S pde ) g 5 13 4 S 0050
laalt oo S 5 SUL 2 0sa5T el
SLS 5 5 sdsee slge G ae Y ¢ Sl OV
2013 31 Sl eslanal ¥ ¢ lebls 2 G b 5l bt
Slagsles 4 Ml & 108 o 35U jae s Shas oS
R 0 (g o 5 S Ale) (as e b Lo e

e 4 S Sl
L3 e3ls e 55 Wbl (gl 05a5T Jaul 1 plas iz
By 03 IS 5 gl il el D 5
SIS Gl s S o eSS 1) bl p 5
3 Sles oWl glaailis cndd S il sls
e sl Olge 41 IS o el s (ke 5
iy sdal G 4 Sl jas ST esliad g S8
A o O G (550 | s 555030 a0 WY 5
saktlle oy S s dolal &y 4 e ol
Sl O salddl oLl sl LA Yr“"
o3l (S 53 =G = oo i a) SG 01 05051 5
(psytask) s sl gasl 5 (5, o3l d
5 Sy Oley gl iz 5 (g5llely 5 ol o 1 b
63,050 53 A5 Lol s dloms s o Sl 5
b s &l sl 5l i S5 sa3l (2STs Olej aS
sty dos3 Ve 3l S s o Sply 5
Zlol B Sl A b sy Dbl S|
S b ol W ge oK Sl uboline s xSl
el 5234H-B4-R J.. (Lucas Epso) ...
Lol b dbs 655 51 Iyl 50 o sl el
Sl b (Bl s Lol Uslae) 35 21K Y20
548l LV LSO E sl S e Wl
Do o8l G ke 4 4S50 adBa Ve WL e
dls 13 S gesl Sy 53 S e 53 sakols s S
5SS s lomo 2Ll Gl Ad e o ilE O IS &
)ﬁwp,:g,,t o 3l s 2 e Dlas

1- Global severity index
2- Sham

ot (Y (oslizul 3550 e 4. S) A iS o U s
A S a5 STy Ol el sl
5 deslos PSYLASK S5 sl sl o b s g
A Soslperr e Sllons (gl Laesls 5 o
Laesls Juloed 5 4 3ou5

ol slaesls i g o i (gl (Gole (0l 0o
S s 5l (oo (0 S fely Aoy 5 2815 0Le)
33kl Gl il s Sl ol s 55 Sl
b bl Jbow fals bl ol bl sla i,
e bl G Gbly o 5 (60150 slae sl
035 Jlo 5 O se5T Gl eslizal P</+ 0 g fslins
Wy S B el = S edS O gl Lmesls
Sz Sl edel s a Sl 5 e Dl pan
Lo oialoslon S 55 Sl oVolet] glawlis o)
SPSS Ji3sle 5 VA (gases L aesls 5 L3I O g0

A e s 4 e

9

5 O33lim —0se5l Lty g0 51 ol Gl s
S p8 ke b S S 4SS Spe
0 g3l gt el G 10505 T Sy S )
S 4 sed e e (6l (U e YE) (650
ol Gt (gl (54 503 . o3lizal O 5o st
g 8 2y i degd oRL (6 ills TE
SaSSe (G ) 3 A sl et s s
oS e gla ate J o mS Bl b s 5 53505
A 53 el SIS A 0sasT s s (s 4 Ll e
Rl 0s s cassly Ol e gl a4 S
Sl e L e S S AS a5 s 5 S,
G o i uite J S 6l 5 3L OLSG Ol 51
i eslizal 3 0 Ol |

w555 LSl oyl 2l 5,505 sy ax 5 Lo
03 il S5 s 13l sl aalllas gLmes S
e EA NS E SVRGINVETGINW I B U Vi CPC ORI S PR E
femlbiy8 Blas Cass 2l o Sl Cwdla

A=Y YAV 3 o leds Fo Jlw (a5l pgle glao;b YF

Advances in Cognitive Science, Vol. 20, No. 1, 2018 24



S Sl U sl gl sl 6 S

A3 g Oleea 5 3L (g lskae sl SCLI0-R
o Sl 53 0l sl el o sates o £
st 23S 5l maS) p Ssks/ oy /Y 0 Wikg
VYV Vim S ols s (Ml 5510kl
/ol /Y AN obliae Ol o 5 e/
G 5o dSils i oliylesl o 4 55 e
Load G518 5 s aSesll o 5 oo o2l
Jolows (5 pelsl 03T daesls Jl b s 5 4 a5
S Sl s cd, 8wl S8 leell Ly byl
Jebos ¢ U3 slaaslin plonil (sl 35 P</0 0
At Ll s oS O g1 5 48 bSG illg
5 81 Ol s Sl 5 S0l ol ) o
wlinal 5 alie OIS o 4 s o Sl Aoy
s adslde glass S s ,(N-hack) S ol osesl s
5 0503l O3l iy Slas sl o 3 (o

s e 0L (e cell YE ) (8

(Advancet) oyl o5, cxl. U3661 Jus
0555l 5 ) sal W g oK s eslan ol
Sl g 5 ag Lo sl S asle 58 50 ) EEn]
sl SO Ll S5 g0 Siger 2 03ls 13
o33 L@;T@p’:}u&)’yﬂ@ﬁj\&jwmd@
el 03313 25 Y ol Dy 4 o 505] 50 5 A2
ts/\uuw)@”@w\@)ﬁ@uwﬂ.m

a3l i los gab o a3 laesls i |1 (Ve

Jedos 5 sl s 6))1@2- S 5 0ol e

B abl
YVOE YNV (Gudos opl 55 OB S S 5 o S0k
Lol b 5i pral =55 S 5alS 0 531 s bl 22355
s LSt 0sesT bl s S o 5 b 55
3050 53 o dd S S jed 5 g 3 5105 S 55 S

S 503l gal> yo duw y0 n-back ;9031 10 Zumio (o195 EMl w30 9 STy Gloj Silee -Y Jgur

Sl 95 Fml gume wo)d (il E 4l o cans p ST ploj (SSlee
Sbre e Sl il Wmly yuicio
S5 o9eslom RIS S5 RIS REE
alSlow 09,8

Af/0£Y/0 av/oxf/- AV YERIY SANYEN-VIY  SEYIAZAYIY  OVFIVEAYYV Y alie oS e éo-
WAEYE  QAVEYY  SZARYA OYOVEVYMY  OYEEVE  OVYEVD i las e 2
AV /YEY/? ayY/oEY/Y q-xvY OYFIVENYAID  O-YINENY-/N OFV/FENYAY alie cloS e ;

av£f/a A7/OEYN af/7Evio OAA/fEFA/A OYYENVF/A F-YIARNNEIY SAREHTRPIINE JEN 90;_
ayY/vEFIf Q- /0xFIY AYINESIA FeENEN-QIY FATIYESAID FENIYESSIO alie S e c.'\;
q-/7xY/4 AV /FE0/0 AO/AZY/Q Y+ AAEVYAY o2l 2EOIN YYANAEARIY FUREHERPIINE JE go;:—

o 09,5

AVEQ/F AY/IYEY/D a-viy FAARNYYY Q- 00EVFPA TV VENFOIY alie sbS e g
VPEEN AFFEAD  AVFEFIA OFFSEINY OFABEVEVIS  OYYEV D i S e 2
AUYEDN NEYY ANDESIY OYVYENSS  OYE/FENYVIY  OYVIFENFOY wlie oS e c.'_;
AF/¥EO/0 2/VEY )Y 7/YEf)Y OPYIOENEZIY  OYYIYENY /Y DAANSENYA)Y PUREHERPIINE JE go;:—
AY/dE0/0 ¥/ 0¥ AN X210 OVY/IOENY- Y OVEAXAAY  £VV/AERRLF wlie oS e C"\;
A/ YA A/ E2)f AfIFEAlY FYNOENYY/Y YVYEAYIY  YYVIAEAY/E aliiel slacs > ?;2—

1- Specific absorption rate=SAR

YO DA IFAY O oyles Fe Jlo (5L pale gloojl

25 Advances in Cognitive Science, Vol. 20, No. 1, 2018



O,\Ker 5 Olilegs ol 4

Sl (S o3Il el e an s (2-back) -5
Sl LA G0l golal e il (g lsbins
o e e 9 | RS VASYPY o SRV A 3R S5
s LA Gaesl Goslel e 5 alie OIS e
v VAR A SVATIFE S SPR SRS
Fdsdr ol bl o izman 5 wlizel SIS e
53 st 055 53 s o Sl Ao ks
L solsbime et ol g S o3Il Sl (el o

P>/ 0) sl Kuss

Aoys 5 STy 0las ) o slomesls ulul
5 sl oS 53 53 Osa3l & e o Sl
e S aS il ol el g L Se sl slaols
L omsbly ko 0ga3T 5l sl pl 035 lsbins
By P00 By 5 a eslinul 65155 slaeslul
0,b S il S U ss laanslie pll (sl
Joos 03051 b s Ll S i 0ol 5
3 ST Ol sl OIS laesIul Lo el
el s el Y J gk 3 s g Sl Lo
i 3 Sl Oy S0k F s el el

n-back ygo 3l gammo (295 Fwly do s g (ST oy (Sl G lin gl (51,5 GWoo il g0l s —F Jgur
G5osluil yloy dw 5o

Tome (295 Gl w00 oSy gloj
S e Feoll S b Fuold
6)|OLZJ.4 djlot».uo
alslowe 65;
-/ [-0 V4 -1 oY 1P A 25Ty ol
AJ.LL.Q L.;L@J)m o
Uas S
QD
N [+A V/AY Q4 [+ <IANFY 2551y e x>
Uas
“I+ A e \INg NF I+ A Y/ 2551y ol
Uas &
QD
-I§5 /oY “IVA “IVY s Vo4 2551y s =1
441...‘2..';.01.3 6LQJ):M
Uas
RN SNY YAY sefo e -Iv4 AUy - 2551y oles
4{L«i’~e Lgl.mjjm N
Uas o
o)
AT [+ A VAay sefo N VAns 25Ty ol =3
AgL.‘;‘.;:.AU Lgbm_f)m
Uas
#P>-/+0

Osa3l s S8l o 2815 Oles ke calstle o5 8
315 solsbian Bl (6K 5 O3l ke 10 b
Doy (oSika o 63,5 3 S Jl= 53 (P<H/4 )
Ot sl g S 031l Ole a5 3l 3l i ST

P>/ 0) Cliln glslas

o= i 53§ S el Oley aw ys STy Ol
(U3 slaanslis plil (gl 555 o0 s,(2-back)
S ains 03051 5 4L s e
PRI PRV Y PRSI 2l 4 s esli

03 oS ‘_;l_ao}aﬂ 3l edel s & @u o -

A=Y IFAY 3 ojleds Fe Jlw (S5l pgle ool Y&

Advances in Cognitive Science, Vol. 20, No. 1, 2018 26



S Sl U sl gl sl 6 S

aw 0 2-back ygo3l 18 o g Al lao 09,5 98 STy by (2Uigd Glodmslio g1y 9 igr yao)l s Y Jgu

S5 03lul gal> o
o0 B ylewdl galold b O
o glas B o du Lo 03; 99
Yool ombols bl oSl
als oo 05;
-OY/- ~YA-IA oo YVIY -\##/4 5395 Gt 0395
Y/ 0 R A RN Yv/Y YV VA & ey Q}-"j—‘uﬁ. wlie oS e
VZAA ~OAA /e YVYIY IR ey C)}“}TL%.
=YY/ B ARIAY oo Y Yy/# -\YY/f Q?‘}TM 95l
-Y/# -Y.YIY g /oY Yy/# AR G 3305 szl glos e
\YAIA -£a/A Ve \Ryid Ya/o G oSt o905 s
b 09,5
Y#/a -\O-+/A Ve YVIY -Y#/a SO RS |
OF o ) U
VO VY0 Ve YYIY VY GreSes 5305l wlie lacS e
YOV -Yo/# Ve Yv/Y YAIY ey C)?“’)"‘J'-:-»!.
ZYIA -\Yo/A /e YvY/® -Y7Ih OP}TJ*:-.?. 0895l pms
\YY/. 4N AR YY/# YY/IY R O?‘}TL)“%~ alizal oS e
YOAID -¥-/ Ve Yy/# Oay

S5 O3ojl ot

#P<-/-0

L 8 bl 5> SIS ey cola YE (6K il
OLES G ) o3 (458 ol 422550 4l e
& Sole 3 gl sl Tl G S sl
3y S el gl 53 s o Sl
Golate k3 slaasly ams s baanly gl Sl 03,5

(T8 Yo
e e S ARNCE I o
oM i s Shas s Ll5 o 555,58 2l sl
sadlze 3 SH8) bl clled adsl J=l e 5o ol 3
G S35 i 3 e 5 (Y0)3,10K 1 (o
s meblin s 201 2l (5 i3 Y 0l S s
Oley Smals G el KI5 o 5 a4V 0 o SIS 3
53 S (a5 ol d ST el s (ST
Sl glal B S 5 S edal e 5 (sla 2]
(Y8)3 55 g o bid ol posl plol 3 g > Shee
ol Jliss glomal 2038 OIS 58 s S

YV DA KAV O oyles Fe Jlo ( 5Uis pale gloo;l

S 5 4o
Mfébd)ji&jo‘ﬁﬁj\csﬁgdobm‘
gswnaoiﬂljoubwwbuu,fﬁc\y\p
A3 03 3y 5 p el sl BT e
312 e BT L ol 098U &S Sl x i
Sl b s o Sligdoilel ol 0351 3 o ) gel
Grre sladnl oy bl glas SIS ol Jlaxs|
;@Mb}&ﬂ&%w\&kﬂ@\))@
L;)ﬂy):desﬁjﬁ@hnb/\“rmllfjie

w‘w‘)‘)gma‘]ﬂ&b&;;
J{<;J‘QL<‘Yio.)L§BL§\jW@“JL§JéL§°JJJ‘>
wl{x\jsyc\y\@ldi{ljdsbal_wawl
G bl s a3Ts 2T Oley lslins LialS
wb‘ﬂjb)ﬁ‘);\fﬁ‘ﬂjﬂaﬁ OML:»JJS‘igﬁjAA

27 Advances in Cognitive Science, Vol. 20, No. 1, 2018



OlSas 5 Olslet: ple

POl al, 5 aKq Zlo—el O 5 il
W5l de 5 BLL Ol sls o gl a cel
ool s 4 s 45 L3 S g 1 O BT el
Qﬂz,\.smomr_;jd;u“jﬁﬁwv;)w
ST el 5 Al Ol o oy salob s b 8
58 s e 3 Shos 2850 Cel Al e
sl s 518 S oL YA Jle s (M)
Jis Diiosd Sl 255 S )z S 55 Sl
Sl 5 Ol 331 (55 555 gmd 5 555 eSS
Sekas0lid 158l (IS 55 o503 S s )
R S ) S 5 s Ses s 3 g
@S EL 5 s el el en 4 2815 0L
(FV)id el =

S Sl s sl e edaline S 4 S0l
(ol ol Clane e blse s S (g0 4 o
LS ol Sl 15 0T 3550 53 (5 S amd
0 b D3l Sl S sl Wl e oS s S
3 G Sl ) po a8 A el gla )
TAae Ol s S (6 80 e ol L5l b
el s S e b B e sate sl e o, S
ol Sl (GRE DAt R e SIS e
C\ﬂ5jLu)Jé‘JL':AL;|ﬁ.¢_w\JJL“|J§:CJJJ
Ot Sl o ey L 55 S S AL
St glsal o 02 a8 5 e Sl i
OF ol 2 48 035 7 o 5 (glo oy 5
3 o5 s odalle (3 5dms b 53 el i
OF 31 L 55 50 (o5 gdmes o sl Wl b s
(A)s 80 b L 5 ind

homres 2 el g SN ol gl (S 1 ey ol
Ole sl b ol sl o8 ol () (655 10 (oae
A s 15 S el
15 sl Jedly i sl 5 SIS G
Sy b e Slaslil  eas i il

1- Window effect

03 (piman gl s e g3 50T SESTs Ol Sl
Jos S sl el 0 0ls OLE S e
Sandlae (Yo 5 oo ool IS pll o 1oy
Olsen 2alS sl gl S0 S sls Ol WY Koo
4S ol OLES sl (V)0 oo 0 S femly S e
o3l Sl 3l 3 ai3s ¥ Sde s e al 00
Sl a5 ) galadls Osesl plil 5 5y Esls
s Sl e Al oS 38 At g s e
ol Lo 55 golie (e (YA)AS o g5 |
5 STy 0l s 5 g &S Sl pl Lol s @
oubjba_g;jwame.um@w&,ﬁéwg Er
(YO sdal e 03 O sl 3 L3 ol 5550 5 0
Sl i3 YO S sl ol ol as 5 I gandlas
el sl pe5T 53 5, Ses 35 sl L5 o0
93 6,503 Gt 53 geey S (V0 )35 bar 5 5 oS
a3 8 ks ganllae sl lesles S
jd&uoyjir@\jtyag>zo —alasloy S
iz 8513 G o a3l plnil e K505 8
J3 45 (o3 31 1STs Ol ol (1S s bl
Slsbas 3 4 L gy GG o O 53T ol
G o ST ool o S 3 (5503 5 S

(FV)Ls s
Coslite ol ai § oo Sldlae 3l s is
Lol Ol gl Sl s, @Lu' LaS sl Cows @
Y glpal b Lals OLL UL 5 ple (Jle 6l
s las SEalS 5 STy Oley Al sl 5 e
sl J 28 05,8 b aulie 3 b o gasl sl s
A Y ol S sla el s (MY )
)iy Uast o s ilil 5 ol s Shas
s el RS S dels o poes
Loaolie 53 b Co 05,8 [2ST5 Ole il 58l
e Sl e 2 s ety S
OLiS O 5 s ped (FE)U_20 sdal i (6 )
S 3 53 Oga3l el 31 3 sl (A a8 Al
(YOl b s s Slas 5 (5,80 5 ,alKe VAL

A=Y AFAY 3 ojleds Fo Jlw (S5l pgle ool YA

Advances in Cognitive Science, Vol. 20, No. 1, 2018 28



S Sl U sl gl sl 6 S

22 Sl B Sl S5 el oS b
Ol b ard b opl kS o Ll (S galasl- 5 S8
el 03 0 Ol il Yol oS s L s
SO gababls 5 SO e i 555 ose 4l
el 0
Owcur@lépdmdjjédﬁb&brj@b
BERR-A L RGIN ) RUATRYA | QJ\_,.Z\.:C\)»|U,':..:U«SJ\.>
omalsdl el il 5 o (55 Sy 0 /N0 Lol G
Saxs VY s s (gme 8L gles Sl L
S S5l L"’ui:’.‘)-éu‘ck—“dﬁ‘ ek sl S Sl
Sre 3 b Ol i 5y Sl Wil &S el O
J.) OMGMQM 4&.:.596 Ui‘ )J ;)'.’.‘j"l"" (\\)J}.&
sl ol T L Vi (6)lS (sulail 5 SIS
4 atwsly oIS LK alex 51 S s sladLS
L;L:aﬁda_w\)cﬁhbjxgjmx\js&dm_;jwj
(Y el Cilisis (gm0 150 5 cile plald
3 iU K5 amsn s ek e e $lp ax S
LSS L iy eSS Sl 4 el 0
bl A5 (GOl sl O men oy
ol sl Olis Gaiss el ol S T SIS
dﬁy&k&g&bk\jdaébébc‘y‘ﬁ)@ou;
S35 68 il 0 ga3T plonil 3 ST Ol
BRI WA d’jf?.«b Gl @ Solslae il
ol S8 5L s glas SIS bl s xS
LS o 5

@L"J LSJ-lj‘:IUV-:—“-’J ol s glacys gl
cﬁ.w}&wéuesjb\}\j‘esm\l{Jﬁ&J%
L;T&LAUSA}J{JJW)JJA)\}MM

1- Cognitive load

2- Dorsolateral prefrontal cortex
3- Ipsilateral

4- FMRI

YA DA IFAY O oyles Fe Jlo ( 5Uus pale gloojl

Shls (S0l prils Js 4 she K03 (6 m
ol S b o Wi e 5 035 bline Olts
Ol IS Glomer G 53 ()25 )15 pbline
ST Ol bl i il Ll oS S
Zlsel B o S (ool 31 (IS geasl> O a3
5L EalS (golsbae S w ki S 15 bl
S 5463l 35l e b ey S e s, Slas
Sl b B anb B cnl cplple dinss U e
Ly Sl e s L5 o 3255 S 2lsel b s
S iz 3 5 B g (5)l8 (galabl Oga5l el o
53 ok el sla fa s 31 galua b (g S 4t ]
ol g e (VYY) ) l:w:ljv_a 5 ol
Er n Sobbas Sl gl Al ol Gl i
30 5, sabail O go ol 53 s o Sl
(VYY) grpr Dlalllae 51 ol &S
(N-back) <G ol ases3l 3 a5 Wlesls Olas Sl
(22815 Dy ials L st s Ll l Lol an
P 03 S S Sl mle o ool
O 5 ol (8 )l s s 53 DA
o Bl glsel b &S 58 7 ke 1) ars b
Slakl b alil (gl o a5 35000 Sl L350 4
wdls 5l S Sl e s S5l
Va8 58 sl |y 4 ol s 5 AL
(ol gl SIS (Vs 555 Sle 2l
AU b 5l g i U8 bl s S S
535 edlSe 5 50 Sl 515 (M Y05, S s
Sl 4 O Cotlid 5 ol i astlid sy 3 ol
L1 5 g o slaasil o o313 5 (5 o3 S
(YE)sls )3 aide blas|

0L 0L Kans s Olalllae eyl Kis Ll oSS
Wiy T e 4 bl S sl G oS sl
ol i 1P 02 0 Ol Sl sl
o) T LS S e 4 T St e SO S
S Mg e sl i (EY)3 2 0 (750 0
sl C‘f‘ oGl el s ol s Je

29 Advances in Cognitive Science, Vol. 20, No. 1, 2018



OlSas 5 Olslet: ple

ok i pl Gl o b S has 2l i
3.9":'54 Ls)bi""tvw‘ MW LJJJJS

CUNIS =i G pdy 5 OVLAN i 3\ 53

3 Gyt @ Ud Gaadlie b s n 3 s
33580 sdel o 4 SleMbl slie

) ol

CS i pd s opl 55 aS (6358 Ob g 2l 4 JS 5
Sl s e oSy 5 L pske el a g,
pske S 0 Culax e 5 a1t Agd oSl

é.gl_&o

1. Gashmardi M. Editor. The role of memory in the
process of learning a foreign language. Chamran
University, Facuty of Literature and human sciences,
Chamran University; 2005;143-182 [Persian].

2. Saadati SA, Kiamanesh A, Kadivar P, Hamidi M.
Working memory explore the relationship between
reading performance and academic achievement
in language. Journal of educational innovations
2010;35(9):16-36.

3. Baddeley A. Working memory. Science

1992:255(5044):556-559.

4. Kyllonen PC, christal RE. Reasoning abilities work-
ing memory capacity? Intelligence 1990;14(4):389-
433.

5. Shepperd J A, Grace J, Cole L J, Klein C. Anxiety
and Outcome Prediction. Personality and Social psy-
chology Bulletin 2005:31(2):267-275.

6. Barth A, Ponocny |, Gnambs T, Winker R. No ef-
fects of short-term exposure to mobile phone electro-
magnetic fields on human cognitive performance: A
meta-analysis. Bioelectromagnetics 2012:33(2):159-
165.

7. Jauchem R., Effects of low-level radio-frequency
(3 kHz to 300 GHz) energy on human cardiovascular,
reproductive, immune, and other systems: A review of
the recent literature. International Journal of Hygiene
and Environmental Health 2008: 211: 1-29.

8. Vecchia P, Matthes R, Ziegelberger G, Lin J, Saun-
ders R, Swerdlow A. Editors, Exposure to high fre-
quency electromagnetic fields, biological effects and
health consequences (100kHz-300 GHz) New York:
Springer 2009:330-389.

9. Panagopoulos D J, Johansson O, Carlo G. Polariza-
tion: A Key Difference between Man-made and Natu-
ral Electromagnetic Fields, in regard to Biological Ac-
tivity. Scientific Reports 2015:5:149-154.

10. Reilly JP, Editor. Applied bioelectricity: From
electrical stimulation to electropathology, New York:
Springer.1998;45;205-268.

11. D’Andrea J.A Adair ER. Lorge O.D. Behavioral
and cognitive effects of microwave exposure. Bioelec-
tromagnetics supplement 2003(6);39-62.

12. PillaA. Electromagnetic fields instantaneously
modulate nitric oxide signaling in challenged bio-
logical system. Biochemistry Biophysics Research.
2012;426;330-333.

13. FerreriF, Curcio G, Pasqualetti P, Gennaro L, Fini
R, RossiniPM. Mobile phone emissions and human
brain excitability. Annual Neurology 2006;60;188-196.

14. Chu M K, Song H G, Kim C, Lee B, Clinical fea-
tures of headache associated with mobile phone use:
a cross-sectional study in university students. Neurol-
ogy 2011;11:115-129.

15. Pall M L. Microwave frequency electromagnetic
fields (EMFs) produce widespread neuropsychiatric
effects including depression. Journal chemical Neu-
roanatomy 2015;10;1016-1032.

16. Huber R, Treyer V, Borbely A. Electromagnetic
fields, such as those from mobile phones alter regional
cerebral blood flow and sleep and waking EEG. Jour-
nal of Sleep Research 2002;11;289-295.

17. Ashtiani A, Dastani M, editors. Psychological
Tests personality and mental health. Tehran: Besaat
press;2009:292-318 [Persian].

18. Geethanjali, K. Adalarasu, R. Rajsekaran, Impact
of Music on Brain Function during Mental Task us-
ing Electroencephalography, International Journal
of Medical, Health, Biomedical, Bioengineering and
Pharmaceutical Engineering 2012;6(6);27-31.

19. Aleksandar T, Markovska B, Kocarev B, Jordanov
B, Miiller C, Candrian C, Machine learning approach

DAY YAV 3 ojleds ¥ Jlw (5L pole slaojb Y

Advances in Cognitive Science, Vol. 20, No. 1, 2018 30



S Sl U sl gl sl 6 S

for classification of ADHD adults, International Jour-
nal of Psychophysiology 2012;8(4);37-41.

20. Sabine J, Gottselig, M, Schuderer J. Pulsed radio
frequency radiation affects cognitive performance and
the waking electroencephalogram. Neurophysiology,
Basic and Clinical 2007:18(8):803-807.

21. Owen M, McMillan M, Bullmore E, N-Back
Working Memory Paradigm: A Meta-Analysis of
Normative Functional Neuroimaging Studies, Human
Brain Mapping 2005:25:46 —59.

22. Pesonena M, Hamalainenb H, Krausea M, Brain
oscillatory 4-30 Hz responses during a visual n-back
memory task with varying memory load, Brain re-
search 2007;1138;171-177.

23. Angel J, Cortez J, Juarez D, Guerrero M, Garcia
A, Candelaria R, Valdez P, Effects of sleep reduction
on the phonological and visuospatial components of
working memory, Sleep Science 2015:(69);0-77.

24. Preece AW, lwi G, Smith A. Effect of a 915-MHz
simulated mobile phone signal on cognitive function
in man. International Journal of Radiation Biology
1999; (75);447-456.

25. Keetley V, Wood AW, Spong J, Stough C. Neu-
ropsychological sequelae of digital mobile phone ex-
posure in humans. Neuropsychologia 2006;44;1843-
1848.

26. Lass J, Tuulik V, Ferenets R, Riisalo R, Hinrikus
H. Effects of 7 Hz-modulated 450MHz electromag-
netic radiation on human performance in visual mem-
ory tasks. International Journal of Radiation Biology
2002;78;937-944.

27. Koivisto M, Krause CM, Revonsuo A, Laine M,
Hamalainen H. The effects of electromagnetic field
emitted by GSM phones on working memory. Neuro-
Report 2000;11;1641-1643.

28. Lass J, Kruusing K, Hinrikus H.Modulated low-
level electromagnetic field effects on EEG visual
event-related potentials. Estonian Journal of Engi-
neering 2008; 14(2);124-137.

29. Edelstyn N, Oldershaw A, The acute effects of
exposure to the electromagnetic field emitted by
mobile phones on human attention. NeuroReport
2002;13:119-121.

30. Smythe JW, Costall B.Mobile phone use facilitates
memory in male, but not female subjects. NeuroRe-
port 2003;14;243-246.

31. Lee TC, Lam PK, Yee LS, Chan CH, The effect of
the duration of exposure to the electromagnetic field

Y DAY YAy 3 oyleds Fe Jle (Sl pgle slaol

emitted by mobile phones on human attention. Neuro-
Report 2003;14;1361-1364.

32. Koivisto M, Revonsuo A, Krause C, Effects of
902 MHz electromagnetic field emitted by cellular
telephones on response times in humans. NeuroReport
2000;11; 413-415.

33. Maier R, Greter SE, Maier H. Effects of pulsed
electromagnetic fields on cognitive processes- A
pilot study on pulsed field interference with cogni-
tive regeneration. Acta Neurologica Scandinavica
2004;110;46-52.

34. Krause CM, Haarala C, Sillanmaki L.Effects of
Electromagnetic Field Emittedby Cellular Phones
on the EEG during an Auditory Memory Task: A
Double Blind replication study. Bioelectromagnetics
2004;25;33-40.

35. Hamblin DL, Wood AW, Croft RJ, Stough C. Ex-
amining the effects of electromagnetic fields emit-
ted by GSM mobile phones on human event-related
potentials and performance during an auditory task.
Clinical Neurophysiology 2004:115:171-178.

36. Hinrichs H, Heinze HJ. Effects of GSM electro-
magnetic field on the MEG during an encoding- re-
trieval task. NeuroReport 2004;15;1191-1194.

37. Besset A, Espa F, Dauvilliers Y, Billiard M, De
Seze R. No effect on cognitive function from daily
mobile phone use. Bioelectromagnetics 2005;26:102-
108.

38. Barth A, Winker R, Ponocny S E. A meta-analysis
for neurobehavioral effects due to electromagnetic
field exposure emitted by GSM mobile phones. Occu-
pational and Environmental Medicine 2008:65:342-
346.

39. Croft, R J, Leung S, McKenzie J, Loughran S,
Hamblin NR. Effects of 2Gand 3G Mobile Phones on
Human Alpha Rhythms: Resting EEG in Adolescents,
Young Adults, and the Elderly, Bioelectromagnetics
2010:31:434-444,

40. LiY, Yan X, Liu J, Li L, Hu X, Pulsed electromag-
netic field enhances brain-derived neurotrophic fac-
tor expression through L-type voltage-gated calcium
channel and dependent signaling pathways in neonatal
rat dorsal root ganglion neurons. Neurochemistry In-
ternational 2014:75:96-104.

41. Van L M, Lagendijk, J, Zwamborn, P, Hornsleth,
N, Kotte, A, Calculation of change in brain tempera-
tures due to exposure to a mobile phone. Physics in
Medicine and Biology 1999:44:2367-2379.

31 Advances in Cognitive Science, Vol. 20, No. 1, 2018



	Book 1 25
	Book 1 26
	Book 1 27
	Book 1 28
	Book 1 29
	Book 1 30
	Book 1 31
	Book 1 32
	Book 1 33
	Book 1 34
	Book 1 35
	Book 1 36
	Book 1 37

