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Abstract

Aim of this research was exploring the effect of transcranial direct current stimulation (TDCS) on the
working memory (WM) in dorsolateral prefrontal cortex (DLPFC) area in healthy people. Design of this
study was experimental with random assignment and control group. And population of the study included
male students of Kharazmi University whose age was in the range of 18 to 23. 30 participants of the study
underwent three experimental sessions in which they received 15 minutes of 2 mA anodal TDCS or sham
TDCS. After and before the stimulation, these participants performed N-Back task to measure the reaction
time and correct answers. After the analysis of covariance, it was revealed that changing the reaction time
and the number of correct answers was statistically significant. Results of the present study showed that
anodal stimulation has reduced the reaction time and has increased the correct answers and furthermore; it
seems that anodal stimulation can improve the working memory.

Keywords: Transcranial Direct Current Stimulation (TDCS), Dosolateral Prefrontal Cortex (DLPFC),
Working Memory (WM), N-Back Task.


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

VS skl 5 (TDCS) (S oS s ol 51 oolisial b dozmaz (5, 5l 5ie S0

50 s g Sleydgls wile (i sad,Sug; 9 i
Mola il dae ol 5 (g390 e slacd iy Sl
S sl o 5103, Sagy 8l culplis Y+ Y i)
3yl Sllllas ] ot Jlny (£) (celasls
@bl 1) 5o > (LS (galibls (clasnl )b o ac
it 0S5 Loguasin 5 iy Ly (558 0138 on
e sl olyie &1y (DLPFC) 7ol il Ly
Mg ()8 (gadadls sladgwesS g ailyd o 0550
(V3¥) 7 pelS 5 SagS Ll (YN ) oo s
= A8 wyp |y sy galails > DLPFC &
Ui 6 Saws (gl o DLPFC o)l claaly ol
5 bt JYaul gly casly DLPFC g oM 4 olad
—aals Jue Uy Simlen |y o o5 cal ()05 oM
LS o oy 48 Ay e 6yLS gakibls g ac
5 eyUs gl ol Slube sbagusSe DLPFC
LSS5 plple )l LS glaalesil )
ol ils (Gl ey o558 b Logitns o5
S0 Sl (295 Cabl amd e )18 @lal g (wyp 3)90
..\S)lb d)lf alasls

et SBSUSS (ol S (50l 3 Bais ] sl b
rg—ad A ol Al (hl5 8l e SO o8 ey
e Loy 3l o0l Ly deoren (59 3l sre S0
Caslodls (Ui gloaisS lgasel gls (TDCS) ™ S xSl
3 s s (S pSU Koo (VoA (8o 5 0)
ol e K8 S5 K (TDCS) woman 453,
Cxd Gl SOl eolaiwl b wilg o a8 Al o e

SIS 25 5 (Bye Ol detmer (S8
Jols TDCS (58 (sl yral )y 8 sl ¢yt 5blio
Obes @ae g Sl ojlasl (S o e (b Gl
oy oS s (VL ) gl okl 5 S0

(Y0 S NS) g olie il cange

5, Leibtanz

® Dorsolartela prefrontal cortex
7. Zael

¥ Barbey

°. Koenigs

10 Grafman

1. Domain-general

12, Monitoring

. Transcanial direct current stimulation
4 Ohen

3 Anode

16 Cathode

Y7, Clark

w

3

dode

Silw 0,30 a8 0yl ellai a4 o)Ll (g )LS caladls
bl ol 355,55 g i g colid (glalauly &Y guasmeo
P aS b oylisl olaaslyd a4 aasls pl ol o Seo
&Sly 53 g 0 iS o Jas SleMbl aMadio 0 5> Al )3
01 0y M g Kad (el 3l LUl (ol
A 20ygl ol Simgly (VY < gany)
O 09SU g sl oty S5 el Lo (Ul sl
O30 45 Cuslosd golas ol (Bymo pslite 4y 4y L
9 o ladlye ix Jue il (pl irogs (sl e
odd (o>l Jao cpl elal 2 55 Gloggy ol ol g
e S sadadls (Jao ()8 gababls Juo )3 ol
B gly gails 5 o le a8 5l ol cailye
o, 5 (855 30 (syome (2ludd =5yl ) (gabadls
—hs S kil 5 (3L gl sadls ol
P SRS Syome da g 038 Joo jliws 93 aile olas
5)ly o salals clasliig,s S o KaS )lS plos
2902 5 ooieadl ol )3 4 a3 gy suils
—6)lod (S galasls gl o plxl (o)laS CleMb
ades il sliad g (g)lod cledbl (bjaul Jore  olad
gl ) sk G 555 0 gl (405 sl g
O5ed $35 o Sy )l (pdlojlw 5 (5 )aslip
942y JoB Jluwe g oledbl 45 28 (o Joo ()b0
Oitre 0SS o (asidio |y Cuenl (o Plus g leMb
as sl dlie o g GleMbl 35y 0 a8 88 o s
b olag adlye (Voo o) (Jo 09 oolinal (ol e,
i S o)l ol eolgy g0yl 3,5 5)ly Jae
P JES VAT FU i S L TGOV CTR VA (P S VS
oHod gamio g olol jlae SleMbl g 5)ls 41,3 65 5
il glaasly Slon L a8 oo basye ob 4 1) (olaS
o Sis Slej ey a1y oS- olad — o)l
(Yo T )

M > ol (Shg plgis 4 )5 il 4 aeso
OFSgsln 2ile (S5oTg)95 9 (—lyy VNS ]
Caslosd b L pojSal 5 (Sl ol cygutsS )y
oley ol e a3 lis s (Y5 glgil)

! Robson

2, Episodic buffer
3 Baddeley

4. Paolo

IFAY Ol ¥ oyl (¥ 695 ialidh Swlivisls) aolilias

http:/ljcp.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

oiSly e Lol el gy byl ys s 3l plas
5 emaSIla (Y)Y (LS g 5 55) bl ial s
g el eV Gl ©ad b pdmgy ) (Y))) o K
sl Km0 oS sl s dd By Ve S50 loy e
Wiy e d9ste |y DLPFC (051" laas 55
dde 93 GlSS 53 45 39 (g el Ll ST ploxl sy
S e & e Sy ST 3 Ll by il e o
= TDCS a5 a0l (L (VoY) 3> g Jubo e 0,5
S0 Y cMaass b JUS 3 381 53 o) salsdls (o
G35 658U ySomly ©Memans laog)S 53 5 ol
o Sl oo Oglite sadd I SU ) ol 5 05,55
=l el 3 (VLS5 (63,518 lasyly lois
ooy cud adllas cpl o sl ()8 galasls IS
0 D9 diBd Ve S50 &l loj ke g el (o V/O
dlsils , TDCS (YY) o)on 5 ' yssdsl (saslllas
= e W1 g W 59 xSl gy (350 03yl 3131 (68
0 Ladg sl o3l ad 5 )1, 8 cwly 5 co DLPFC
ol e ¥ Lo @ g 2o (Bl 0 ) i Bl
S g (ampe o GBlo g ol oo A b JB2)
it Cax g gliE Ve gy S S5 o
5 A 4ids V0 4 8 m-back c JSS g8 salasls
5 Gl Jlme i plosl YA 558 bawgs S o8
5 bl ialisl onl (6o 09,5 Canyd (slagrl Sl
1S )L galadls g 09 wad sk 4 GBI
0 0, Cglate gl 4 dngi b gy 50 03 yudl 381 )
TDCS (¢ysel (o 93 S yo5 5l odlatl b yimgd o)
=y s9baie d (Jlgie (caudy a3 4853 V0 Ce
sloas )b .c8)S plosl Laguly by g JuiSly cos pu
i (551 5o S Ky s S o s
Slin s 5555 2 (TDCS) dazas (55, 51 5o
S 7S dgb e (Sly (o dgme cge (Sl (A5
= (TDCS) aazmex (55 | jio ot 551 (S8
A 53 sl g iy S Sl i o505

Ped o e gl

22, Mulquiney
2 Oliveira
24 Response criterion

e g 5] el

L (TDCS) asorex (5, 5l jho ot (Su S S 25
slis ity (loml g Logg)s gpdy S o8 s
e L gl Vo g ) (raw slayg)es
e sl sl 58 byt Sild cogo (gl i,V
L dames 59y 1 e o (V400 ans) D90
S 7S i polaite 4 (S S iitns by 1 e3lisl
0Bl b Gl cage )5 3590 (Bl 3 WSS
2 VB ghlSen g o) 29-d e (S3R0 25,8
$9) 3 e e (S SIS 25 (19LS 48 JLs
Sl el ceul 3905 (slojlassl b (TDCS) dasros
Lag Sl p 4 dgaome (ganb 3 bt ] (03,5,8
gl lallas (Y- o5 ()LSan g ) g e ,alls
(TDCS) acoonmez 595 5l 350 diome (S0 8 S, 06
el 01 plosl olin 5 (S 5,5 (5) 2 Bdes
st it (S8 505 136 2050 )3 Slallas iz pn
i Gl iy oS58 (TDCS) dezmes 9, 5l

LW S 5 98) conl Gaal3dl Sl 3 ool
waldls ,, TDCS G o5 i il as ol yimgh
Ales, S ()35 (Solite @bt Wlod)S” oy |y )
RPN PRPIE P REVICS % R S YL e
3- S Gl e Sl S Slin Gl 0SS
Cons G ISS (sl s ey uly 8l —w,yp back
Sy (1iSTy ooy Ll in ) (3158 1) ouil S 00
Job g el e o Gl s Gtmgly nl 5o il
P AT 0 lSen 5 5 8) g2 i Ve Sy ol
3w DLPFC gyl o ¥ Sopo0 b ,505 idgy
Cdy )b eadadl g cage (ogutsSHk Glilew
= el oV S8 (g as 3-back s
P S S oSS gael o 55 9 DLPEC
2 S5 plonl Cee g (pizmed Bl ST 3 Sles
(sl V) a2 Jobo (gl ol )3 Cudls (s
S99 dols celw YA Sluds 4 9390 4ldd Ve S o0
o 65ed gadllan 3 (Yo oF (L San 5 genl) cadls
el e S5 by ©ad b ool S o0 iy Y- )
IS5 gn-back IS5 plsul )3 g yel oo 93
e ;0 3-back S glynl cdy b oy p Sy gl

'8 Nitsche
% Teo

2 Fregni
21 Boggio

http://jcp.khu.ac.ir

IYAY Ol ¥ olad oY oy 90 Sialiuh Suwliuiuls) aolidod


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

TS skl (TDCS) (S oS s ol 51 oolisial b dozmaz (5, 5l e S8

i aniél il 09, & 351 e o (Gl DXV gl
@blwy Gl (s U235 (0 )18 003 & oo )18
3 olss 2298 gyt &)l Rl 51 (S sl ol
S5 loj e g g sl ojlul o by s bld

el S b

L] soged

1o olm e i 2l (atlojl bes )3 2 )b
Wi S (LSl o b clads plod )3 1o 4 95 <lod
olRiwd 3y Sloe il b 4 39,9 baslpd (o) 51
45y 50 oobs gy SaiS S, 5 gl TDCS
L gagejl Lasl 4 (ygail ole @yl 531 4ol ol
031> Lo S3gajl & (1903l gy 0)1y> (Slrwdei g A
2- G IS TDCS cadl s 5l b (Bass 8 s b
50l pll 1) back

b ol g9 90 ool ol o

S558 5 o T 39,580 &S Sl b adly TDCS -y
P F3abi Joke co DLPC Jliw o b a5
GlaBas i8 YU p 518 595U g EEG Ve /Y e it
sl blie Gk

o=l A (J5S 0g)8 lgis 4 (Si3le b o TDCS -y
T (S5 slm3g Sl Alan I3 S| 5o &S 000
oler sl ()6 elust (gl o5 gl ol b el oo
A alad alejl Jobo )3 e 9 3l Jgl 456 ¥+ 5o laid
5 iz g9 93 5 905l b b o eS L L Soge]
) dudr d (b ) (o e s8] S 26) TDCS S o0
g el (e Y 01 b b s Sy e a8
(VoW hlSon g 5) i8S o Bl 42 VO Co
ol igofl Jolye b Jlasl paslo; Johs < ol
Sl 5l g A3 4S5 3 Sluds o 4ol el VE
¢S5 bawgs 2-back g el asee S oo cluls
15 el s

stogs Sledao plodl 5l s daosly Juloo 9 4y jo o
Ol e 0o (e (lame Bl (:ka) ool
~0Sle boline yuis &) yxie 003 plol aldlie &S 9090
s>y > oo slagwl sl g JiSly (lej sl
7 iS5 il a8 Julos 51 5 b ol 035 g0l g
5 03lizl SPSS (6ylel 33l 5 dlouss &

26, Analysis of Covariance (ANCOVA)

P9

Slal g oIS 05,5 b aalojl slaz b g5 51 L3 ol
o8ty 5,0 bgmisly o oyl (gamsls ¢ Solas
(VoIVY ( 05655he L) WY BA o glafle )3 (05155
Ol oy 5l gy cul 3 QB S <858 g Jlo
Sl oyl 3 (gaSgel gy (0))lg> olSutil
ao plgin ol 2 CSp Car 639y S
sl 9 2l jlomiey 9 Cowd Sl 9 15 )]-8
SN ;03 Ly s b gpo sl o Slgy Y3
2 3 gatgn labd g sl awsli ) (8 ld cuas
S Y plmghy nl GBS €850 Al plag,
(otalesl) 91 (sloog S ) (ol jsbo 4y Lidgs 3y0 (Ko
(5810 09)5 ya) 38,5 )1)3 (J5) o 9

S
n-back (s guelS S n-back ¢ puols AU
sl S L b ye (315 5 Slas lori S5 S
s G ppgas Slillas 3 bogas 45l T ol
ol gy S 4 o ingel o 3,818 Sl (el
B y2yS bawg VO Jlo )3 )b (inss (gl oSS
Jgledlss as el )8 i GISS (S a0y,
Gl & 5 & pl5 g 4 (513 Logac) S xs
1)) Sy LT a8 0 awypr 1l (559050 g 3945 0 )]
ol Gl on 15 S8 PN S e L (a0
L g 250 ©ypo N iliie polie b ialojl (ol plos
O 9B 039381 ST (6l9dd 2 T e ]34
L o 8l S ymmo oy y3] (l-back G alSS s sy
o3l 3-back GISs ) g 398 0 dunlie LS S e

1 mlgs aunlio L8 o ¥ ok 8l,) S poue
G5 oyl )0 edlawl 5y5 0 oKt :TDCS ol ¥
ActivaTek ¢s, s calw ActiveDose oS>
Cg A o)l S olSud (yl b ke bl se 1S 0]
l 0j9 9 V00 XA FIA oS sl .ol LS
DC el o ¥ ys coci @Sl p,55LS +/VA
Sglite Coglad b (o baag Sl Jlail 525k jl &5 2L oo
Cl ol Wisdi o cud pu Cungy (5 oS (3 4 )
Ladg SIS o o jae 4 docmex (g9 il |y (Sl
o=l 90 Ladg sl ol i sl bl o ()8 4lgs oo

%5 Executive Function

IFAY Ol ¥ oyl (¥ 695 ialidh Swlivisls) aolilias

http:/ljcp.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

e g 5] el

09,5 SuSB & (3903l mg 5 o995t 52 alllas 3,90 (sla e 3 bl Bl g (oo N Jgs

JyS 09,5 Uinlejl 0,5 O9e3l oy e
) e D oS
FAY /¥ /23 o9l oSy oloj
A Uy WAYY o9l
VISA s./ov VY 5. /ov o9l Toue gl
\/S¥ 5 lov d/+) Vev/5e o9eilom

Sy olej 2 s8] o205 3B il )lyeS Sl gl Y Jgue

§)hlse F Sljglore (Sl sl 4y ©lygione ggece 5l ase
TAAR Ak VIAVY/YE ) VIAVY/YE 0995t
of+N 0V/5Y MEYED/YE ) MEYED/YE 09,5

- - WVAIVA/EA Y FEYAFS/-Y 122
oo gl p s o o5 b Ll g oo b Y g

§)hlse F Sljglore (Sl sl 4y ©lygione ggecne 5l ase
AL AL ATAT \ AW 9ol
of+N VVOA/SY VPASVE/OY ) VESVE DY 09,5

- - VE/TY Y YAV/AY s

A dwolio pob b (S35 il S pou sy
O Ol Sglas a8 ol LS5 (g bl JWIUT 5 Jeols ol
o) (Sl Soy55 4 s (J) sl K o0 s
S0 4 @dd V0 48 ixe (py Cal jblize (S L
oz (DLPFD) ola Lils Slig (i o855 gl
Py ol sl g)ls galadls c)_uoiijovul_:P O b
Sy il sl gybliae S5 4 (Sl 5,00 b duslds
D92 GESly Lo )3 w5 C83 )3 o &5 Ll
)9—19“%6-\51 Ju):r.? o”f:\fbb uL“* L;)L:IJ,JZJ@L»
Obes 2 JyiS 09,5 4 Gl syt 3 )Sdas (5)blas
e 90 S you dddd VO L0 @)l 4 faiily STy
b STy olej Sals cerge (s el

b sl (Y2 +0) e 5 JUS ko 4Bl b guues 48l
asin o Soyo0 Slals o i ol D oS ol oyl
Syl IS jIn-back GISS gls 4 g g0 dlols
59.3&&19‘1_3&;&@&_;3@539_30M05&L»|
ol (o G by sl ais el (Vo)) )
DSy ey g 0 o3l e & das dw ST
9 oSNl gasdllas > s @ das 9> ST @ Al 4

7 Marshal

sl
Loy, S (slodgel Clpei ay bgsyo Linog sloaidly

sloysie oojl 9 Ho—oil i > U5 9 pialejl
ol 0dd 1)1 Y Jgas 50 atusly

GiiSTy ploj 2 51 S 23 U o

4 e 0l ool ddlie & £ob9e (pl 4 30 (0 e
gl yo 0 i Sly i sla (W Slae joline , s
S meiin S il lagS” uloss 5l &5 b ol 0l 90l
A ool

el St yite g Casl oline g lel bl 5 ST,
sl 0 oy S e i oyl 5 rglis sloxy

oo Sgwly 3 S 00 Il o
dyg0 y aldlie Jole 31V Joun cleMbl jwll
Jitus yuite g Casl jlaline (g lol blod I groms slagiuly

sl 015 bog,S iy it ol 15 oglis sl ey

G 25 4ol g Coy
0 yod SlpusS (e (i slayo B 4 (0655wl Iy
odwiw 2-back SromelS S L &S ()5 galadls

http://jcp.khu.ac.ir

IYAY Ol ¥ olad oY oy 90 Sialiuh Suwliuiuls) aolidod


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

VO |8 skl 5 (TDCS) (S oS s ooz 51 oolisial b dozmaz (5, 5l 5ie S8

cege 9 0dd GLled yid (ol S5 cnl g sl wl
P9 iiSly looj aloa I Lad ) (S0 )3 35
sl 2 TDCS izl il cla jingiy
g cadibls ales 5 LS slad,SS , DLPFC
S 26 Cawl (Sen dm lodly Ui 1y da g5 5 (5 u80L
Ol 1= 998 (BLS lad S8 dgue el 4l
355 48 Cunl 5> (LS oS 5 el L 4l
Do ()5 saladls ST (o 5 ,Slas Do g0

3l (S S5 & 01 ol Gmgy ol 5S> 28
O 085S = (TDCS) caomar 59, il 530 ks
o slagely 338 3 o g il il i
Sy aids V0 a5 oy lis (gyle] s gols g e
Wb uzeis ggul Sl il Coge (g ymel (luo g0
(Vord) () Kon 5 (=58 (gassl L Snlon 4l oyl
9 39— 03 odliwl 3-back IS5 5l o 5 4 el
e (V+-5) olSon 5 g2l 34 | Sinbon (imen
o b i g £65,8 adlitl yeal uo ¥ <o o5 51 45
ol oo SO s i § S b s ol s
d9te O3Sl Ghlon (o)L galibls 5 ad eolatul
Forb ol 0l U Slg e gesse nl il
39 el A 608 Glada e (salols (pizman 9 il
ol 3l i salols i, g3 oS

sadadls 390 i (V+0V) ohlSen 5 gl g )
ke S gl bl Gglis cpl bl SIS 6
4 dae dw ST 5 om0 aidy Yo loj e g yel
90 ol ©ud Baisd cpl j0 a8 Jb j0 b edlael cas
95 LSS 3l g 290 48 VO o y50 loj e g ymal o
A oolaiwl e 4 dde

OhbSen 5 o5 Siagin Ly plie ol Glaghy (geonts
B 6y helS5 glyp] € ] 3 48 sl (VoY)

a8 2l opl 5l b s 5 g asb el e SO im
y9—b 4y 5y il g n-back eSS ¢y 5l s
i nlyd awy oy & 15 el s odlaiol e jon
L oglaie Laass 3, iin-back p» , 5 sl
&S5 il n-back plosl .ccwl Sy gl @SS
2wl 0 a3l Sy U duslie ¢ lag e cleMb)
3 Gl San HBUS S 1 Sy il MG &5 Jls
6t dpdsgorme (aulio gl 92 5 Cuner 9
2y LS 4 TDCS ol ySao pl gl (ais Lo,

odlitil ol o Sl a1 aiz el haghy
DS S i 20 S ST 0 Jg 09 00
Kot 5 915 AL L gueds ol (pimen 253,5
LSy sy g £l g0l )] p3 a8l (YY)

8l il puilrie balpd )
5 osl 7 9 (V++0) Lo 5 (5 3 gadlllae
Ll e 45 il (g0 (iSTy loj (V20 V) oy Sen
o) S o eos (3-back) pess @SSl st
e S i pieS Gl @l g (2-back) e
Sl p3Y it sl S8 oS (g 4 LBl el
slod ) S5 ol 1) S BlSS & S 255 Ewl
oblosw 59y )= (V2 07) phlSen 5 g2l (igiy
5 el e S gl b oS (b 55 setsS
Wi odod (aiSly les 43 (g39up g 3-back Calss
3 = oad oaalie @l as el ol (o3 S
43k co DLPFC » (oS58 spdy So28 5 il
2 e 9o S9yg )5 oM b gl S8 5
) aob ol oy S g 99 o Sgy95 Col il
eSS iS58 lndSinds sl (ySme o i3
Cos 5L gakibls Jlae j) jits gy G5! odimd
= (V0 ohKen 5 JLs)ke) 15,5 51,8 TDCS LU
S S 3 s LSS (53 lyl o 4 laaSu
Wbl ()5 galadle ) (pebigd B Nlg e 05 4558
L b ye GialS5 Joo )3 a8 a3 o ot ) lallas
“i oRIPl Sl (e (AP 50 by ) eladl
Spd S GBIl Gn (V00 o)lSen 5 92l) ML
Silole) > Al cage Slin i S5 ) (aw
LS gatidls 3 )Slos dgu0 rgo 393 45 39 (molygd
s (gl S yimeligy S pod Col (pSae 255 00
LS aladls glaainld g Sliy iy 055
d9uh )l_J g0 L5.\_31 TDCS ol el (sl gy p
Syl el (SLoUglS prslans 1L ol oS 290 (S o0
S5l g adibls wlidil o g)lS gadibls Ly b,y o
HSen g 1gdsl) amd oo (talj3 ) Fly = S pone
s Cly (o gy ol GBS £S5 (Y
o G 08 (o ()5 0dimd (LS Wlgi e oS Ny,
DLPFC 5 (o551 y55 1 55 oS sy oo 4as 4 iy
Ol it e o S8 dy S0

B Gladwin

IFAY Ol ¥ oyl (¥ 695 ialidh Swlivisls) aolilias

http:/ljcp.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

Al b ye S e ) Gl (650 g dlidls ol

et 5B sy g yls 4 (Yo o8 (oo g sing)
DA_:)S 5 u‘)_,wu u»l_w1 — TDCS EA—= j.\J
aS Ay o Lo gl (Ve oY i) wslb NMDA

Sl 3,50y sy S5, 5 NMDA (glmoss 5
3y90 (samlisw AlutoMy ool (gl Lol s (5900

Ay a5 A calpl ol p3Y e il 035 )3 L
A o o |y il clasiy] b labigls clapuuslSio

(Yoo ol )Sen g in9))
2 Ol czge Sl o (SopSIl el gl ronen
355 SBpBgy S o &5 395 (oo gy clile
395 (HH) et (59)0m (9 3 Olpes 55 5 Lt
Al gy spdy S5 290 Jelgs o (VY (0)0)

| o o S Slgn S o
e oz .

¢ =29 mdbb_}) b DLPFC a4l S o3

aladls Cysli L phS po oS 39 (oM Jlew 5 350k
bowg Sl o gyl (gdladls CEY picren i bagye

5 Sl (kS (G105 50y JuB Sl 3 sl b

Do e

&be

Baddeley, A.D. (2000). The episodic buffer: a new
component of working memory? Trends in Cognitive
Sciences, 4, 11, 417-423.

Baddeley, A.D. (2003). Working Memory Looking
back and looking forward. Nature Reviews -
Neuroscience, 4, 829-839.

Barbey, A.K., Koenigs, M., & Grafman, J. (2013).
Dorsolateral prefrontal contributions to human
working Memory. Cortex, 9, 195-220.

Berryhill, E., & Jones, T. (2012). TDCS selectively
improves working memory in older adults with more
education. Neuroscience Letters, 521, 148-151.

Boggio, P.S., Ferrucci, R., Sergio Rigonatti, S.P.,
Covre, P., Nitzche, M., Leone, A.P., & Fregni, F.
(2006). Effects of Trans cranial direct current
stimulation on working memory in patients with
Parkinson's disease. Journal of the Neurological
Sciences, 249, 31-38.

Clark, V.P., Coffman, B.A., Trumbo, M.C., &

3 Robbins
3 Javadi
3¢ Cheng

e g 5] el

LS gdbadls > 55,5 s Coge o&ia DLPFC
oo pormin 3l (ladn])d ol (@SS as daus
Pl Gl 635 (58 iy S8 ]
3 6yolixe d9u0 4 yoeie bl aiejls n-back CalsS
aS syl 940 3-back S glal Sy oloj g s
Dgad g0l 6130 3y yiawl ST D90 )

OhSon 5 " ogble Bl b plie pimen pibs b
3 St el o 99 Ol S99 b &S cunsl (VoY)
o 1055 e &S sl 0 35S (6) galibls Seugs
A8l S8 Sl o slatin Sy salols

g ey sloail L Siabon gy cnl sloasily
i Ly plio 5 YUy &M 03,8 3 (Y41Y) s
15 e 48 sl Gl OHeaS 09,5 5> aiod plen
OMmazs Ly ol 8l o Sl o wglaie (gad > 5 iU
Gl Syt g s (iSly a5 s cpl a8 il YL
wadadls 5l Sglae (olad S5 lan Lls L 5 ol azily
wdle ol 8l 4 o 1) YU SMuass lyls ol,8l o (6,8
<l

Siel5 el ¢y San 45 2 yicgm Bl ol G
e ly sty s 3] (31 g (slogenly das
Oty iy ke iy gl niSn 251, (LTP)
hol Jols 3550 o33 48 el Gngg dipeidly Jso
pbo I3 & el ol il 5 (5,530
~Csbo Wlgi oo a8 01y o)Ll was slronias Jlanl wus
“ sl lojen b 5l b A S gy aels) laols b L
5 S955) ol mmglisw oy 5 il iy sl
Ol s Wlgs o 0 TDCS clply (Y~ 5 ¢ sl
oo 035 0¥ Lrolen (eglivw iy el
sl 5 59092308 U1 095 LTP zrgo uglines
I Lew LTP (504D ULM.\.» Lglo)‘l.x_ﬂ i L;A.ST &):m
P, TDCS gl T ailefl clilas s
HSan 5 " gymily) wmd o oLis LTP a5 slogy)
35l TDCS a8 sl ool a0lgs o o8 o (Y)Y
4 395 a DLPFC ;5 iy K05 d9s0 & i
5 S S) sl SLabigs s aal58 51 (b s
(S galils Ly aS eaal gl (Yo 0N o LSan

. Mylius

. Berryhill
31 Cooke
32 Bliss

. Ranieri

http://jcp.khu.ac.ir

IYAY Ol ¥ olad oY oy 90 Sialiuh Suwliuiuls) aolidod


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23455780.1393.2.2.2.7 ]

WS sl (TDCS) (S oS s ol 51 oolisial b dozmaz (53, 5l 5ie S8

Oliveira, J.F., Tamires, A., Zan, A.T., Valiengo, L.,
Lotufo, P., Bense, .M., Fregni, F., & Brunoni, A.R.
(2013). Acute working memory improvement after
tDCS in antidepressant-free patients with major
depressive disorder. Neuroscience Letters, 537, 60—
64.

Paulo, S., Boggio., R, Ferrucci., Sergio, P.R.,
Priscila, C., Michael, N., Alvaro, P.L., & Felipe, F.
(2006). Effects of transcranial direct current
stimulation on working memory in patients with
Parkinson's disease. Journal of the Neurological
Sciences, 249, 31-38.

Ranieri, F., Podda, M.V, Riccardi, E., Frisullo, G.,
Dileone, M., Profice, P., Pilato, F.D., Lazzaro., &
Grassi.,, C. (2012). Modulation of LTP at rat
hippocampal CA3-CA1l synapses by direct current
stimulation. Journal Neurophysiol, 107, 7, 1868—
1880.

Robbins, T.W., & Murphy, E.R. (20006).
Behavioural pharmacology, 40years of progress, with
a focus on glutamate receptors and cognition, Trends
in Pharmacological Sciences, 27, 141-148.

Robson, A.J. (2012). Analogical Reasoning and
Working Memory, Durham theses, Durham
University. Available at Durham E-Theses Online:
http://etheses.dur.ac.uk/3625/

Teo, F., Hoy, K., Daskalakis, Z., & Fitzgerald, P.
(2011). Investigating the role of current strength in
TDCS modulation of working memory performance
in healthy controls. Frontiers in Psychiatry, 2, 1-6.

Zaehle, T., Sandmann, P., & Thorne, J. D. (2011).
Transcranial direct current stimulation of the
prefrontal cortex modulates working memory
performance: combined behavioural and
electrophysiological evidence. BMC Neuroscince,
12, 2.

Gasparovic, C. (2011). Transcranial direct current
stimulation (tDCS) produces localized and specific
alterations in neurochemistry: a (1) H magnetic
resonance spectroscopy study, Neuroscience Letters,
500, 67-71.

Cooke, S.F., & Bliss, T.V.P. (2006). Plasticity in
the human central nervous system. Brain, 129, 1659—
1673.

Fregni, F., Boggio, P.S., Nitsche, M., Bermpohl, F.,
Antal, A., & Feredoes, E. (2005). Anodal transcranial
direct current stimulation of prefrontal cortex
enhances working memory. Exp Brain Res, 166, 23—
30.

Gladwin, T.A., Uyl, T.E., & Wiers, R.W. (2012).
Anodal tDCS of dorsolateral prefontal cortex during
an Implicit Association Test. Neuroscience Letters,
517, 82— 86.

Javadi, A.-H. & Cheng, P. (2013). Transcranial
Direct Current Stimulation (tDCS) Enhances
Reconsolidation of Long-Term Memory. Brain
Stimulation, 6, 668-674.

Liebetanz, D., Nitsche, M.A., Tergau, F., & Paulus,
W. (2002). Pharmacological approach to the
mechanisms of transcranial DC-stimulation-induced
after-effects of human motor cortex excitability.
Brain, 125, 2238-2247.

Marshall, L., Matthias, M., Hartwig, R., & Siebner.
J.B. (2005) Bifrontal transcranial direct current
stimulation slows reaction time in a working memory
task. BMC Neuroscience, 6, 23.

Mulquiney, P.G., Hoy, E.K. Daskalakis, Z.J. &
Fitzgerald, P.B. (2011). Improving working memory:
Exploring the effect of transcranial random noise
stimulation and transcranial direct current stimulation
on the dorsolateral prefrontal cortex. Clinical
Neurophysiology, 122, 2384-2389.

Mylius, V., Jung, K. Menzler, A., Haag, P.H.,
Khader, W.H., Oertel, F., Rosenow, J. & Lefaucheur,
P. (2012). Effects of transcranial direct current
stimulation on pain perception and working memory.
Europaen Journal of Pain, 16, 974-982.

Nitsche, M.A., Lampe, C., Antal, A., Liebetan, D.,
Lang, N., Tergau, F., & Paulus, W. (2006).
Dopaminergic modulation of long-lasting direct
current-induced cortical excitability changes in the
humanmotor cortex. Eur. Journal Neurosci, 23,
1651-1657.

Nitsche, M.A., Seeber, A., Frommann, K., Klein,
C.C., Rochford, C., Nitsche, M.S., Fricke, K.,
Liebetanz, D., Lang, N., Antal, A., Paulus, W., &
Tergau, F. (2005). Modulating parameters of
excitability during and after transcranial direct
current stimulation of the human motor cortex.
Journal Physiol, 568, 291-303.

Ohn, SH., Park, C., Yoo, W., Ko, M., Choi, K.P., &
Kim, G. (2008). Time-dependent effect of
transcranial direct current stimulation on the
enhancement of working memory. Neuroreport, 19,
43-47.

IFAY Ol ¥ oyl (¥ 695 ialidh Swlivisls) aolilias

http:/ljcp.khu.ac.ir


https://dor.isc.ac/dor/20.1001.1.23455780.1393.2.2.2.7
https://ndea10.khu.ac.ir/jcp/article-1-2229-en.html
http://www.tcpdf.org

