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Background and Purpose: Learning disorder is a neurodevelopmental disorder that leads to
difficulties in learning and performance of reading, writing, and mathematics. Transcranial electrical
stimulation is one of the recent interventions that has been used in this group. The current paper
aimed to systematically combine the findings of the existing studies to find the effectiveness of these
brain stimulation interventions in improving the executive functions and mathematical performance
of individuals with learning disorders, as well as the possible moderating variables using the meta-
analysis method.

Method: The statistical population of the research was all published studies including scientific
articles and theses. The systematic literature turned 21 studies in the meta-analysis, and 64 effect size
Cohen’s ds were extracted and analyzed using CMAS3 software.

Results: The findings showed a significant moderate combined effect size in both fixed and random
effects models. Moreover, the effect size of the transcranial random noise stimulation was shown to
be larger than the transcranial direct-current stimulation and transcranial alternating current
stimulation. In addition, the meta-regression showed that age is a significant predictor and moderator
with a better effectiveness in younger individuals.

Conclusion: These findings reveal that transcranial electrical stimulation, especially random noise
method, as one of the effective interventions in improving the executive functions and mathematical
performance of children with learning disorder.
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Extended Abstract

Introduction

Specific learning disorder is a neurodevelopmental disorder
with a biological origin that results in cognitive impairments
and associated behavioral symptoms. These disorders cause
persistent difficulties in learning reading, writing, and
mathematics skills (2). Learning disorders are diagnosed with
children's poor performance in one or more than one of these
skills in standard tests, which is not consistent with their age
and intelligence level (3). The etiology of this disorder has been
attributed to various factors, but the similarities in behavioral
and learning difficulties between these individuals and those
with brain injuries (4), as well as the findings from
electroencephalography studies, have confirmed brain
irregularities in individuals with learning disorder (5).
Therefore, brain-based interventions that could modulate these
abnormal brain functions might be effective in improving the
condition of individuals suffering from this disorder.
Transcranial electrical stimulation (tES) is recognized as a
novel neuroscientific intervention utilized in this field. Its
effectiveness has been extensively examined in numerous
studies (44-46, 48, 56, 60-63, 70, 73).

However, these studies, which have been conducted using
different methods and protocols across various age ranges, have
reported diverse and, in some cases, conflicting results.
Therefore, the aim of the present systematic review and meta-
analysis was to reach a general conclusion about the
effectiveness of transcranial electrical stimulation methods by
using the meta-analysis method and performing secondary
analysis to discover the possible moderator variables and
related effect sizes.

Method

The present study was done using meta-analysis method. In
meta-analysis, data is extracted from previous studies;
therefore, the statistical population of this study included all the
studies conducted on the effects of transcranial electrical
stimulation (including direct current, random noise and
alternating current stimulation) accessible on databases
consists of Science Direct, Sage Journals, SID, Magiran,
Noormags, and Irandoc. Since the richness of the samples to
achieve the goals of the study was important, purposive
sampling was used. First, the keywords "transcranial electrical
stimulation”, "transcranial random noise stimulation",
"transcranial direct current stimulation”, "specific learning
disorder”, "dyslexia" and "dyscalculia" were used for the
systematic literature search. Note that we limited our goal to the
application of electrical stimulation and not transcranial
magnitude stimulation (TMS) as the former is the most
available and commonly used method in clinical settings. After
reviewing the background and applying the inclusion and
exclusion criteria, 21 studies were selected as samples, and
their effect sizes were extracted (64 effect sizes in total). The
primary research information collection form was utilized to
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gather the required data in three domains: bibliography,
methodology, and statistical information. The comprehensive
meta-analysis (CMA) software was employed for analysis
purposes.

Results

As mentioned, overall, 64 effect sizes were extracted from 21
studies and included in the meta-analysis. These studies
involved a total of 488 participants. In order to check for and
prevent publication bias, the funnel plot and fail-safe N were
used, which indicated the absence of publication bias. The fail-
safe N statistic value was 3559, indicating that with the
inclusion of 3559 non-significant studies (effect sizes) in the
analysis, the combined effect size (summary effect size) would
become non-significant. The combined effect size was
calculated to be 0.37 in the fixed effects model and 0.38 in the
random effects model, both of which were statistically
significant (p < 0.01). In order to determine the final meta-
analysis model and examine the heterogeneity among effect
sizes, Cochran's Q and I-squared (1) indices were examined.
The Q statistic, with a value of 78.85, was found to be
statistically significant (p < 0.05), showing the presence of a
significant difference (heterogeneity) among the effect sizes of
the primary studies. However, the calculated value of I-squared
(1) was 37.33, which according to interpretive criteria, points
to a low to moderate level of heterogeneity among the effect
sizes of the primary studies. Therefore, the fixed effects model
was considered as the final meta-analysis model. We conducted
secondary analyses to investigate the possible moderators and
to explain the observed differences among the effect sizes of
the primary studies. The results showed that different
stimulation methods have different effect sizes. In this regard,
the effect size of tRNS was 0.40 and the effect size of tDCS and
tACS was 0.38 and 0.33 respectively. Moreover, we observed
different effect sizes of stimulation in different domains. The
effect size related to the effectiveness of tES on mathematics
(0.42) was higher than those related to executive functions
(0.40) and reading (0.28). We also only observed the
moderating role of age in the effectiveness of tES in the meta-
regression model (Q = 35.25) and the regression coefficient
value (-0.16).

Conclusion

The aim of the present study was to determine the effectiveness
of transcranial electrical stimulation in executive functions and
mathematics in individuals with specific learning disorder.
Additionally, the study aimed to investigate the role of possible
moderators in the effectiveness of brain stimulation. We
observed medium effect size, indicating the significant positive
impact of transcranial electrical stimulation methods on
executive functions, mathematics, and reading in children with
specific learning disorder. The subsequent findings revealed
that tRNS was more effective than tDCS and tACS.
Additionally, transcranial electrical stimulation showed better
effectiveness in mathematics than executive functions and
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reading. Furthermore, age was found to be a moderator and an
influential factor in the effectiveness of transcranial electrical
stimulation in this realm. The results of this study confirmed
the findings of the previous studies (44-46, 48, 56, 60-63, 70,
73). We conclude that transcranial electrical stimulation, by
influencing the sodium channels of neuron membranes,
modulates neuronal oscillations and alters the excitability of
neurons, leading to modulation of brain functions in children
with specific learning disorder. This finding supports further
modulation of neuroplasticity in those children (44-46, 56). It
is suggested that future studies examine the impact of other
within-protocol variables as moderators.
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9. Neuroimaging

10. Intraparietal sulcus (IPS)

11. Overlap

12. Frontal areas

13. Medial temporal areas

14. Magnitude processing

15. Occipito-temporal

16. Diffusion Tensor Imaging tractography (DTI)
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. Special education

. Diagnostic and statistical manual of mental disorders
. Specific learning disorder

. Neurodevelopmental disorders

. Persistent

. Electroencephalography

. Evoked potentials (EP)

. Event-related potentials (ERP)
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8. Transcranial alternating current stimulation (tACS)
9. Transcranial random noise stimulation (tRNS)
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3. Ventral occipito-temporal regions
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5. Inferior frontal regions

AY


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6675286/

Ob\g&k}bjj)ﬂ‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

el gosh ol el ln Olalllae i baosls ¢ fdowit 3 s
sy plowil 4y ol da O 53 45T Ll gla ra sy oS il
230l plndl Slalllae 4SS5 1> 2y, ST amsl> ol pls .o
(S 35 8 ) Sl p (S SN S, s 5T s
SN SlaeSSl )3 & Cl (Csliae 5 dits 0L o b &S o3
slezm 0505 e TS pls el ST L ols (sl
Moo oL 5701 SMes ESSL g g Cule & Kl
(S1W1N A0l Sl (6535 5 p ke ot nsy Vy5 (o2 ma
el o s |8

Al g g Doy (8 Sl sl 0 S il e S L
Saisysn s laada 4 o Sl S L35 Sl
oy Aadila (6,5 ped b e3lit ol itabin (6,8 W ses 1 t5 g
e Sl 5L jlazlas &S 5 5 o el (6551 50 OT )3 48 el
iy e el s laly ol 53 AY) 558 o ol LT 51 plia
¢ Glaazmar 3 (SO SIS " ) IS sl e ls ST ta g3
SN " e S " I ol 5 S
Moty 6,8 5L Y el 6 S e " c"r.:j:_mc
T b ol (8l et M sl I " s LU
MRNS" Mowl g o T ol 6,85k Il " S
J'transcranial electrical stimulation" MES" ["tDCS"
transcranial " ("transcranial random noise stimulation"
! direct current stimulation

ol 5 28 Olalllas Sl Coda b atiy (6 ot 1 s
dalpa b s o5 50058 g (ol SO W sa Ol sew
5 OV N LI ke 5555 SES D i uni Sl ol
A s 4 il (ST Gl b s S e
¥ bl 055 (6,8 3k N laszmarl b (S SIS o
Sl (YY) F) BTV cbadlw oS s e OV

Slloes 51y SIS DD 5 Laosls &8 ola it ¥ clilods

6. Magiran

7. Noormags

8. IranDoc

9. Purposive sampling

A¥

b (SOSIES ps tidu Sl o tag s S0 55 5 (VW-VI) dilesls
(Ar=VA FA SY FF) Lol ods sy bl 9
(S 3L OVl aka 3 hgy opl 35l 48 LT
(ol rgline 35 ook plowil sla sy g 5 35 SV b (slakl
G o b sy AT Ol o)k s K S o S
Slp Sl e ol 6,85 Dl Glaamanlp (S S
Oeed il LaKaly iy ol b 5,0 5 s ety T Silalllas
ol 03 ekl el la hass &8l OT ol hags s bl
2 3l eslial 5 ot 3 o0y 5168 o, b g3 pb oy p Ala
S S s & a3 el bl o s (oS
2 Szl 3 (S S o0 20 (S8 5 Ol o5l
w,ﬁ;,f\,gm}tgwugjﬁg@;ai,dﬂfggJ;ul
T Jo g 03 ot Sl ol s 5168 o,m b s oals )3
Sl OF (g 55 s 1 8 S8 0I5 o 5 S osbn g2
Sl 5 il o SISy lemar 5 S S 6, i 2
AT alsl 53 S 5055 6 S 3L I (sl S5 b
Lol 3 Shes 5 21y 3 Sas p Sl 3 (S SIS o5
"l g1l O e Jlazol 0dilS” e (gl ke 55 5 cdyled dm e

Sy 55y 5 SIS o sl e, L

&

90
ool Bl g IO SIS sl 9 a9 TP (A
H90 el a5 el e plandl 4 ST il
Lgbdt_&}«fu&’_mAQwUmj\L;‘wW@LﬁJg;_m\L;)bT
&y bl ol 5l 5 S o S 5 S 0 0505 1y policn
s skey &S or oalit ol Slalllan b pled 0553 6 S amt
G 3 ok plowil Sllllae (oS s S 5 ey e oS Sl
N edsb 0T 51 (IS 51 o3Il 5 a0 S 5 adn i p 550

(/\\)J}&@abw.w\ J:l"”“ﬁu;‘))

1. Mode

2. Meta-analysis
3. ScienceDirect
4. SAGE Journals
5.SID

I?v“mw"\v?“\ofvam ~\7mf°.r"\"“~’x~a\]




VEeY ol ¥ olad o) a,,;‘eﬁ;o‘,,@»qu

O‘)M})}J)ﬂ‘_;v\w-a\:&w

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

C}L‘ﬁlﬂdﬂfaﬁl{.v\_‘ieau‘i_‘n\(wl_ﬁébu)ﬁjﬂduﬁjz
Sl i aw 53 JolS O soa ad ol la i g5 Sledbol ol
wband‘jjl?'.;J)}ALSJMTQLGW‘)‘@L&J)J‘&L&UE{
S ) 4 s il a5 b s b 5T mer Sl ol
(o SSbn 3 1kl S glis) a8 0 51 o310 3l s sglasT Soladllae
calizes clads 5o Sl slaojluil 4 b g e Olislne (g, s oslanal
J\};\rjs\"m;\Lag}:baﬁuj‘@.i@uafﬂ;u,bﬂw;

Al oslizal ) ol 5

(JA ckf)dﬁ\f&.ﬁdbba\f@'yuﬁ .Y’)c.\i\a.ﬁ; U:'J‘)? Iy r)‘y
Ag}gcjf'-d\.ad.f)\».vuwﬁ»:&EJWTQJHQJe:ﬁ
Lg‘jf (:JY L;LAoJLAT) Qb%‘«f&lﬁﬂ)}{\ ! oJ}{ﬁj CJ.&
L aS gty sla g ¥ (s g 03 S5 il 8 1y il o3Il dulous
oo 5 Ol 4 aslilad b dlome & 1 i 5o aliin b LSS o slie
N g i dls (iola3T o b AS 7 b a8 olatasy X 5 ks
25 YY) Sulg s ez S 525 eSS Jlsl 5 i ol
Jolm s el T 15T P 5 s Ol 45 Ol oy

.@‘eu«:b‘\ pjjuﬂ)ﬁuw‘)w)jcw

ol S fiagy gTa,5 Wl plFha ) <

3 g sb 5o LAO-AY) Dlllls 5y &S G| el 55 4y p5Y
plowil Coa b Lol el o plowil Sl )by (SO SIS s
S (i 51 Ol jen sl 5 o s 3 456 Sl el (S
35l5 2 p Sl Olsiea (b, 5 0L1E 3 Shes (S S
abpabgs oS 5 eIl auloe 55 5ol b flowil Byl
Col by s Shas 5 ol ol las S 4 by e aS zass Lo

el 4 5515 a5kl 5y 40

sl

oo b ol aalllan VA) aalllan Y1 ¢ gommn 53 b 42 &S, pbolen
gt b 8 ST s ol s SO 5 (il Shas
ol 53 a8 Ui Ol Lo 3 Al 5w 5,5 g (Sl sl
Joder Llails S )l 4 503 Ol sieas 2 FAA §oes 53 I Ra sy
s oo 0L |y adsl Sldlas 51 a0 b g o Sl s )

1. Comprehensive meta-analysis (CMA)

AD



Ob\g&k}bjjjn‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

>l 1 Slo 31l plie § 4dsf (Sl R Sledbl oM 1) Jai

ol ess ok £ st
©) e . . . ;
" 05, il s S O 9 Sz SRR TP (JW) okins g5
7 o = S B 554037
\Y 2L 3T
(i)
SN oS, s )
Wias - by o Shes i o] 53 03037 e W) O, 5 o
PHE ROY z -
A-VV/0 dﬁ{ﬂ};bu‘}ﬂ)‘ﬂ
*/F) - Y b3 Taas
) BN e , . . .
/¥Y ol s Shes L o be by s =Bl B OV 0, Ken 5 5V 5
. = e Ob 2 Z -
JLAY&,O J_;Sﬁ_’;bdy)‘wd‘
 /FY ) _
v 23T
(i)
e [P E S S S o _
e i ©3de E5ls i Ll Pyt “05051 iy AV) O, 5 o sn
' = s 0L 2 b = -
JLe YY-YF =S 09,5 L 5 505T
Y &8
30 /OA o3 \z _
SN il
g o | 55 _ - ~ (AN O, e 5 Cail g
A S sl Ol b J5S 0n Sl 0551 ey 05057 Sy
A=Y
S S S " T
5 - | & 5 P &h)‘w
%1 /0% - b alasl> o | 3 _ _ _ A O 5 Lt
s OL 2 IS 055 b 0ge5T ey 05057 oy
JLev-1¥¢
e " T
5 = | & s P LS:\»{‘\A)‘
/XY - Gols (g)8 abasl> - < _ _ Q) 0L 5 (g ke by
peiies Ob 2 L oy g S L O g5l g 05051 i
JLA-Y
S S eSS " T
LS eSS s Sl
AT = Solis (6,8 sl L 7 e , - Q) OLKes 5 (g ke Sby
e OL 2 b SNy o5 L Osa5l ey Os05) oy
Sl A=Y
/5N = \
0 5
Sl s o e A s 3T
o | 5 _ - _ @AY) 01K 5 3L
204 (e gale Slolaol o dle preiiees OL 2 L Vot IS 0n Bl 055 my 05T oy
w/OV S Sl
#0/0F 4 g
A\l
/99 ol s S S o 2obo 3T
Jlob bl 5 ar 5 S ™ o . @A) 0, 80n 5 ok
it ©oMHs s Db b o JAS s S L 0s5T my O503T 2y
< /FY 0Nl 5
s /Y a5 Y# _
5 sl e g A S s sl
o | 55 _ - _ (AF) O Kes 5 gta|
Wini s Shes polda s Shee s O 2 v S 05 5 L0503 o 03037 in
Vadd 4 g \D 5
(5 4 A laiTas
. _,m-;/_;\>'> _ _ _ 10) Qb&aﬁ) &»Yl T
s /OF Collasil el (g Collasl reies OL - r JS 05 S L 05a3T g 03057 oy
L V-4
0 /0N lssb Y
SIS biTans
s [OA Jls! el glas S, PR 5o f _ _ (A9) o 5 0LL,le
s OL - IS 055 b 0gesT o 05857 oy
s /FF Ol J 287 Jl.a-yy
AF

I;ﬂ*mw"w?“m;‘vam ~\7m“x"\""~’x~o\\]




VEY b o osled o) a,,;‘eS;;ol,,@m«\;LaéJ

Ob\g&k}bjj)ﬂ‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

EXYi4d
s /FY
%0 /OA

v /OV

s /FY

s /O
s /0Y
AL
5w /0F
VAN
u/Yu

% /FF

#0/0)

s /FF

s /F4

0 /F0

s /FA

#+/F4

we/FF

C/YY
AR
s /OV
0 /00

i

WAL

Wias

EVING
s /OY
AL
/XY
s /OY
v /0F

s /00

68 absl>

Sl

u»:b\.ajl.»
ol

stk
JG!
Ol J 28
Gl absl>
S by
P30kl
oyl

STy 0k
Gl absl>

() s
() oy
(HF) Uas-
(HF) s
(HF) Ua>-
(LF)cs
(4dS0) o

&S sl

el glas S8

sld glas Shas

S a5

S absl>

Ol g

Ol g

S AN, o5
reies Ol

A s
s O

A s
s O 2

SN, o5

3 Vv:‘;:-““ Ql‘.ﬁ b
<slze OL o

SN, o5
N

A s
s Ol

SN, o5
N

S 5
peites OL 2 b

o |
Jle -y

Yo

syl 79
Jl.a-yy

o | 53
JLv-1Y

o | =
JL V=19

el
AVY

il 72
V-A

e |
Ve\7

slaTans

J7S 05 S L 0s05Tm 0505T b

slaTans
TSI
IS 05 S b 0gesT

silejTans

IS 05 8 b 09a5T g 03057 Sy

sibesTaes
~05a5T ey
IS 05,8 L0 5e5T g

sibesTaes
~0sa5T ey
IS 05,5 L0 pe5T g

3 350 SaleST 2 b

salesT
05057
IS 03 S L 0ge5T

AN
05031 e
IS 05,5 L0 505T ey

(V) 0L 5 5 Sl

AA) 8L 8en 5 S 38k & s

(A9) 01, Kan 5 Sliuws

(Vor) Gl

O )) ohen 5 o)y

(DL g

) gl odls

AP) O, Kes 5 5 5lulS

AV



Ob\g&k}bjj)ﬂ‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

(WS
v /P¥

(4adS70)
w0 /PN = _

S SN S o v¢ siale3T
YV = _
o s sl 5 oskze OL > b sall 20 03037 i AB) O, 5 3,
S 5 dlVe-1p JAS o5 S L 0s5Tm
ELVAR -
P<./i0*

Goai b gl tags ol sla 51 o3Il 5 lssas ml 3 (5555
Ja.>-4.: &_J})J‘JF&YL{ )J(jégg-;)\:’u 6Lk>)jéfjj
G’ti))\bu’i‘fl“" (\'Yl) “\‘}—‘;'u:“ o.\S\ﬁ (4—»&% _,7\ o)‘u\a‘) ‘la_.nj
Olg oo ¢S ol FuST, 0,5 Blowd 51 a5 15 ge5 6
T I P N Y QP OIS S5 W - SPUp S R
LS das o 0L OT i a5 Cul (gl T 55, ¢SS 50 JW 5,
Aol ¢ ol 3 4y Jlslinn b gl b 2 s sldad 4 O 035 3!

100 N F) i dal g lslias b 4l

Ol 1y Judowsl b ol ad sl Oladllas SleSbl 4o V J gl

bl Slslons a5 oS 5 31 051l dmnlons (Gline 457 das o
(bt b 3 55 ot (slags 18 s 516 i 5 s o O3
S0 Sl 658 s g ol 2 ST el 51 S
D335 238 13 (g 3550 T B 3l ol e s 5T (S s s
Hlgbeilul Fus, o closlw ST, ls 505 5 i
Olid Olalllas jlae glas wlal il (astlde 5 Oleys O J1) Oolalllas

Dhme (slax) S 557 4 gad enam b (sla S5 (gl S oIl das oo

Aol Sl ings ST (Sloil ad Hloges ¥ b

ol OT 51 (Sl oS aT s 4 YOO/ 55 s s 51 pol o, T lukie
Sl ¢ dow 4 lslime i (o3I 1) andlas YOOR 55,5 L oS
S35 an alal s dal g lslas i (4w Ms il o3Il oS 5

3303 ol Olirel ks Szl (6,8 g 3 5 ple 51 015 g0 0ok

3. Number of missing studies that would bring p-value to > alpha
(NF-S)

A

55 adsl Slalllas 51 ol 1 baejlhl 4 by e a5 l5 g

o3l SUuST,y Conlis 0,15 1 (STl a5 el ok o3l olas ¥ S
Sl (513 303 Lo 5 (63 gae Lost) 4Dt 1 o311 (6 g 93 53 3l sla
5 3Ll 005 e edaliie 35 Sy 5 b3 Sl a3Il

o el oleT Ciomas . (5 U'\.m@,w;_;zuf)tf

1. Publication bias
2. Funnel plot

I?v“mw"\v?“\ofvam ~\7mf°.r"\"“~’x~a\]




VEeY ol ¥ olad o) a,,;‘eS;;ol,,@m«\;LaéJ

LS 534 50 (Ghoss Lnw 059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

calzben gla jtagn 5o S5y plw 5 4gel g anals gla S S 5Nl Sl e 53 B s ol 3 ks ST sbay
(0 8) Sl & gline {3 {RH PO WIS GO - S SCON S K VIS PU. SR Y R P WS
S AN ST s i S a8 5 S el Y Jsds 3,531 paoMs Jlo3luil 5 es s alil & 5yl 35 s Suli 5 Al
Mt glyls 5130 s Shes 5 ol > slas SHLS  (Glaazean! b )Ju‘.@\éﬁfdﬂdw&JQLQ}))TJ{)JQ)WJQ‘OTJ\
e o O B3las 5 b Ol 3T de 53 531055 5,8 b @ a5 Sl oI STl ol 6 b Bolar Ol T e

039 G5Ok W1 (S1H1s o BI ok 8 hos 9 212 GBS T p Slaesmen! B (S N &0 o8 OMSIoe (i F1 (8 5 T 03150:Y Jgua

740 Olamb! dold o 31l dlaws

p z 8 5bl Slas PR BPSIRY Jowe
Your ombos S
(VAER] Y/ +/FY4 Anld o/ an' f4 Wy
(VARR] \RYVAng +/FOY AR AR’ AR 4 alas
3 S 0T ylslims &S adsl gla tass sl jl o3l ST, 23 oS 5 Al eIl Hlae ol ol S5 Jgd 53 457 5b0Les
a5 LLELOCANY) Cnlad sl sla it Ola s u;iwu S ol ol dcnloea /YA B5las Ol 51 Jde 3 50 /FY b O 51 Je
oeFLs ol 6,_4”_5\: Jlat dhas 31 e Ld ol glacys gdoes 4 (P<e70Y) ol jlsbiae (45T Llod 1 95 8 oS
. 1 . 5 . .,/ . . . é .. of . s w * . “ ..
J\.@,Z_&:._a:bl)}.A:.;AUAJ-LM(\'Q)Q‘J&@A)J.S:AMJFV»ﬂ ):L;.LSU.;Q‘ﬁﬁwjﬁﬁj‘}:lx|)3$@d4ﬂw:~)jk.ﬁ4{
‘_;)l.\.fz.a O)LGT U‘i‘ g;.,w\Q Q}AJTJ‘ L;\wtiwjﬁ_z«f.ua@ @J: S ol C)Y 4.:5)‘ Slallas )‘ J——'PL" JJ| L;Lhajl.b‘ QL:.A
‘;WJ‘LN‘J:)M)JJQJL WS Aabasls Llg Ve B OIS S Q Lasla s 5kl pl 53558 fk?dlr@QAU&uJ:bJ
RN ) Gziusl} 5 YO 5700 VO slas Llesls &1, &S ﬁquoijngt;;Q .;,:,dngu;*“\l”;\?u ool g
Jﬁ@”‘d{'{)‘bﬂ q\ﬂ)\wlw&uQanT)Ca_w\Lg\fjj.\:ugf)TLgLf

0319 53 JMiS1 g (1 dacmer! B (K SN K o5 DS Tho i T T 03101 (SKenl Sl el T 9o

| y99x0 Slobxe haw IR Q sluae

YV 0N A AD/VA
&LG_; J-LA Q‘}&Q b CAU C)\JJ‘ J..\.a db:kﬁ" u:’.‘f'L" RS 4:.3)‘ a)U.v‘ 4 .19}7}» (IZJQ) QSK“L' LSLQU'G"L—‘;' J.LJL&AY’ d)-'\;-
G 35 L gio Keabssr s a5 L LI5S L5 ys Lol 5 5 el Glas SHLS , laamanl p oSO Sl ST o5 sla !
O 5 La e & Jlaisl 085U ) 0Ll Ko s o 0Lt 1y 055 (5,8 3L Il ghyls sl 31 sl 5 Shes
Slot b5 s il 4 56 sla Jows (5 ol 03 (s | oudaT Cows 4 ABIVA Q Lot ls Hldis 355 s odalies oS 6 S Olan
L;LAQ)u:jou\_ﬁnrﬁ-)J{ o&j&&fﬂlﬁu\}.ﬁb LAJ:&IA&}: )ﬁ)‘}\ éb j(P<'/'ﬁ) oaﬁ)btm LngT,laB:j)‘«f Sl
w_ﬁ.sﬁ UT-TJJ-?‘\'»T‘)‘ Sldlas Jﬂ L;Lho)‘u\.:‘ QL“.A BE] ol odaline I)}.:\qu: )‘u\iﬁ Lol C! 4:3)‘ le.hu.”..hj}g_ J.?| LsLAa)‘ub\ QL:A BE) le.&.?
Gﬁmﬁ)&i’ﬂtf f}-ﬂ.?)} (JY wa‘ 43b‘4;4>j§l.1wl.w‘ ;’6;:*—‘5)\:” wl.w\f:afc_,..»\a.uTC_,.w:QVY'/Y'V wa‘)}
Cled‘ Q&a‘ 4._.))‘ QBJUa.aJJ L‘\;-’J‘JTJ‘ j(g’)}l&a}vﬁ:\.ﬂ.: 3R] dhﬁ}l)b ']L“J:“‘*‘JJVSG'{“"L aM:QL&Jﬂ-@A CJ‘l‘ 7Y )
3. Heterogeneity 1. Fixed effects

2. Random effects

A4



Ob&.«k}bjjjn‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

;,\},.;,Tcswuuzwaut&ﬁ;\yu6\A;ujl.u|4§c_,m
b ol A8 b S 1Sl g e T oS pp s
31K 5l Jeole sla il o3Il 015 oo ol 313160 05 5 5 1kl
=S 5 A SILIF Jsder 5 S 4 wlie wal 15 (S 5 sla s,
b a5 3150 oSS 4 1) (SO SIS o (i Sl 4 b e

s o ol

e Olgean it 95 opl Gl ply s Hadde iy sla Jdos

SrS o bast b flos s s 8 ks sl kS Jidas
b plowil s ize oy

St opl adgl Slalas SHIe 53 did oy Lil 457 4,8 Olas

b S o s O b 65 o ¢ ol (S5 o5 (o5 b 250 s

st Tl o oslial bl 5 LSS s coslne OL

Sl 9y S 4 039 (S w0l JWS1 (S1H10 81 S ol s 0 o g 2121 GBS 57 » Sldosmor! P (O 4N O o0 (i §1 o™ 5 F10311:F Joue

(Wi (S i) &y o5
T8 Slanbo! Aol
12 P z 351kl (Slas e 5 Fleslal <O o £99
Yo o> R
[ZAAR AL Y/¥0 L/VYO U4 AR A LS e
Y4/YA off0 o) VV/YY +/FFY ARD /YA v._.i;...au\a_f
/5 /N Y/ov WISY Y Winx oglize Ob

Sl Sy 50 sl am s ot 4| ad ol Sldlbs I ol
5 L & o5
Sladlas i Uut&s&uwﬁs‘u;guﬁ;&yﬁ
b S el s 5y S oS 36 ol
goce dw ol el s s gesls Hl B3y p 5y ]y Ol
G Sl s 8 8 s 4l Lol e Ol gea ol
S50 58S e sl e 1 e a $SUSE 4 Glanzma p S S

55 Al 55 aegli OSGI b 23 8 515 e

B L e AR - RS FE L QIR

It glyls 5130 5 Shes 5 ol >l slas SHLS 5 (Glaezeaxlp
s e 0lis S SIS s sla i) S 4y 055 (6,8 s
© by e Jlojul lkie o 56555 54 5 e odal i oS sbOles
Ssbliae 35 6T Ll 5148 (/F0) Cal sz 3 5L &S o0
Cslize &K o by e 55 Sl o3Il o 56Ss S (PS4 /00) c
Slae (P<v/e ) il Hlslime 50 51 ojl! ol aS™ (/YY)
‘w\ul;wwuutf‘m;lm}gl”@dbu

J.?| LSLA o)"u\.;‘QL:.A BERE- X% u;\i-uhl.: )‘ LSJ‘-L&.A Q‘}EGA gJ'l‘J"L"’

59 S5Ol IS (51518 Ol3geT 518 Okilgs § ¢ ol s O has ¢l 1 (G135 » (Sldoomesr B O TN 5 o8 S Ihe w8 5 ST 031110 Jaur

(Holy (S o)
720 Olwob! dold
12 P 3 lNil! (Slas o5 5 Flosl 1031l ooy Moly g
Yo o> LR
WO /ey sy Wi YYE /eFe e £ el gl S8
Y/of VD - A0 4 IAYD Y JADL) /Y v ol o Shes
A7 o/ FIA “/Y44 NFA /404 /YA V% Ol 5 Shas

SIS oo 5 oS 5 eI el el 5 el L

e cpl S Gl oo Cws 4 /Y 5Ly 3 Shas  (Slaazean| b

QT}\;E@\SW.@|J§i3555335|};‘.&:{ja:ﬁ)‘3tﬂ

S AN ST s SN e S 5 S eSO Jsd
S OLT g 5o by s Shas ¢ ol 2l slas SO (Glaezex b
J}.\?JJJJJL&kA.MsdoLx!)akjsﬁfagJ)&r"ldb\:

I;ﬂ*mw"\v?‘ﬂofvam ~\7m“x"\"“~’x~a\]




VEeY ol ¥ olad o) a,,;‘eS;;ol,,@m«\;LaéJ

Ob\g&k}bjj)ﬂ‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

3 rass Gl o3t sy s il i ba B,
O or 2o 53 3,13 (513 2§ i i sl Cialitn (slaes S
5058 B s la il eIkl Ola o Q;LA:;\;;JJ.«B:—}I&UQT
030z | b 1y o otalis Kanl 53 0T s Sy 5 S L

213515 05037 3550 0 N5 s )

e ol a8 Gl 3l 3 Shas 4 by o Sl o3Il o 2S4S
(P<e/0y) ol Hlslias o
4?_5|>ﬁoTj|§t> A:JJ\Q[&JUQAU_M)J{JQ;L;}_MJ
Blazsls Hl 3 ol s edsdoes 53 la zash 51K a gla Soge)T
BV o o3 gdoma b 335057 FA (655 5 ODIda fanze 53 ol
ol OB WSS 5 Ko jleay o Lo 5 plowil 4 Jlo YA/

0329 S ol S (S1H18 31 91 ok 3 Shos 9 212 Sl T » Slamear! P (SO G e o (i ST Ogaw 5510 Joho @l i Jouar

Oge 75 Jw e
S10bxo Zlaw ST a5 Q ylade &b Slobize gt Z sloae 331kl (s sy Sl
AR \ YO/X B0y ‘
a/f) /o4 YV T 51 oo
MR al Y/ sbiledl
affof ¥ AV/¥% Js =Y FAM —/2\F () et

S 5 4o § S
A S s M (i T e g ) s
Sl 213 B 5 s Shes 5 gl a3 S 2 Slam a3
By Szl odiiS s das Gl pite oy 5059 (6,5 5L IDs]
i Ol S 35 0T bis & sl s S5 bew
sl bSO Glamanp (S SIS o OY
GLa aia 5 pand |y o3 g (6.8 sl UM ghyls ) 31 s Shas
KE P G S S PR N I SRR g
s oS 5 651 I 4 o 5 LS aulons [ T L
Se3Ibl Jlie (AY) 8 S (6 el S Do 31 5, S0 0 b ol b
NS a5 8 bl gie (s MEe Ol 5 oo 1y 0l 4 loma
SN 5 sla o pll e 5 B 5 e 250 )
S 3 (Bl 3 Mo 5 2l G 3 SUS 2 Slaezmarl 3
Olas L opl 45 gla Jdow aelsl 53 .l ol s (g8 3L IDest|
s s 33 balie s (olat 5L (S SIS o oS 0l
W 0313 U85 1 (6 g B (i 31 0T o 5 585 151
SN ES o 1 o3Il e ¢ Jdomil 3 pl gl il 2 o

2 L;Lmua';u‘j\)gjl,guog\éghd /0 oa‘smsd%}s /Y basana yalia ¢
Dgfina Ly 38 3 o/A 03 gana g Jan gia

SUAN S o5 (i F1 0 e S 513 e s # st

Ghils 331 (ol 5 3 See 5 gl 2l sla s SLIT el 3
Sy i o odalin a5 boles das o OLE ok S sb I
Slsbiae ldie ol 48T Conl ool s 4=/ VP O gen S 5 il
S O e S 513 e 53 e iie &7 i o Ol 5 (P<4/40) ol
) o yxin &S Sl OT 1 STl e Cdle 53505 08T s iy
w8 5 0sa5T 5558 O g 8 515 dee IB 43 0T S friws
2 S ket b 51 Ol b e sSore DLl gyl (S
213 e Sa alasly w0l b e ¢ R 5 opl (Slaesls Ll
Joe sl Q Jltie 55 s S5 Jle (ylokins 0903 )3 pmimen
Jeke 0iasOLis (0T (g lotime 45" T s 4 YO/FD 5w
oeT T3 4y polin 4 5 b e ol iy O S
S B g JSQUOT dslin 5obladl 5 Ogmw S5 Jo (51
O a5 018 a1y odd sdaline (ASTT 5 5l 53 YA 59U

1. Meta-regression

1)



Ob\g&k}bjj)ﬂ‘_;u\wu\:m

059 &S oL Il gl ls 085587 bl s Shas p Slanzman &S pu M Is _idu I

15 JU 635 Shtamar 3 S 7SN S 5 (gt ) i
W) el 3 8 15 00T 5y 0 ot 31315 Ol 3 Shes 3 5
L;ug;,)swleuumc_.,z\jg,ﬂwpkf\

22 et 5 S 0 Jos 68 s a3 S
G iy U S 05l 5550 55 bl (| g do 2y odd slgitiy
S S5 s Shos 1 (Slamear] 3 (S S S i Ciliine
e S e 4 015 o LT alas 14T il ol &81,) i slaze
S o S s (pled 5355 oslal (655 55 nas Sla S
S Ol &S S T polie g a3 (So S
F0) 3k e jha 05 (6 p eSS o 53 Bl 51 4 g s
2 ATLD eas Sl (olas 3 5L o5 sy o 5 4 (FY
Sl S 48T s o B i sLadULS (s,
Kon,lean (FA FY) ST Sl i 1) ray opl Sodes Y b
s Lol (s 5L el 3 (S SNES oS
SOs 3555 b5 255 0 Ops Glas 3 @ls e LU
P 0,5 (Jar Jomily 0liw D) (6 p 1SS o b T et
S35 s fha s S ol Jee Jeily Mg el wb
S i S il ey 53 S G505 4k e (FA (D)
S Ll ol 00,5 0k 015 or (B2l 58 L slamanl b (S S
canlsl 33 5 358 o' Bolal LAiS ey O3l Fo el s
oS GOl 0ld x5 Gosp LOLus @)K 4
N A E AR R NSRS B P
333355 0 G o e 53 (ae Szl S O
Sl slowl 53 WOy 5 e 5 S, 5 0, Sl 4 Culg
LSS S oo 5T o st 53 (FO FF) U7 0 ST fus
slizel 5 ol o O 28U 51 (o i 35 (K S0 s OL
7 s 0Ly Ly (S S S o a8 Cl )
03 e G055 Gl Jouily gl 5 0555 64 25
oSl it S s s oWl b O Y 0 S
b Alplha Bis, s (s 03 o 5 a3 o e Slad s

(F9) 345 o s G a0 S SHI8 als

ay

oI5 o s Jaw gt (§)lRn (55 > Shas y (Slaazmar] b
55 0l 5 Sles 5 ol | Gz ST Gl p 0 dlons (oS 5
015 ot s 09 5 oo s S 557 5 o st (55l 5 5
S o e cade Sl dals 5 ST Olalles 5 o8 Cils U]
el Bl > Sas Sl 3 (S Sl

35 0 S5 Jolo s ety ol ol 51 Kos (S
2 Slzmazl p (S S S o (i S ol Ol 48
G5 sL Mt glls sl sl s Shas 5 ol glas S
Olgea 1y OT 015 oo 93,05 0l Jdas 28 b S5 505T cpmn o s
S 53 O S5 ddie laed S i 5SS
Jol (sl 31 0310 5 Lo 5 55T (w Olo S O o s ley
03Bl opl 03 g o sSae 4 a5 b 5 351 3 g alaly Slalllas S
o311 DL Loyl o 53 5 i sl (W8 33 905 T (fms 03 gudes
it s 5E 55 el 5l Ol e i L S s g3 gasT
il (6 i

S ,u,.ru;”f&i B s ool Shasl b s
(5) 3 g3de Sl b glhoman] b SO SIS s oo L35G
SU 3 S ses el te glaasl s e gy Ko
23 gl 5 L G )lge p (Bl 5 (SO S (S o
S o b 516 53 Slalllan 55 Cpimeen (FY FY) Sl 31 3
8 N p sy 3050 2l G S 5 lamarl 5 S S
33 Kles S &1yl bl i (GaBl b seed 2w ls 55 LT oS
0L b laezman! 3 (S SIS o 5l 0lis ol b b 1y o
AU ormen BV 3 b 1t Gl s ST s s 1 it e
CEF) oIS e IVl 35 Glanzmenl 3 (SO S ES o
(S0 g o1l glas S LS «(PA-5F) (o, LS aks L
350 (VV) 4 g ladsl 3 9 (V0) (6,8 dbsl> 5 (5 pdy Oollaal
s e Sl o I s i S5 3 815 g
IVl 1y s OL 2 b ltmazr| 3 (SO SIS o (e
VE-YY) Coaladli ools DL |y Ol (oo ylgn 3 5ugs 5 Ol

1. Stochastic resonance
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1. Transcranial magnetic stimulation (TMS)
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