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Abstract:

Objective: This study aimed to compare the effectiveness of mindfulness-based training
and transcranial direct current stimulation (tDCS) in reducing cognitive load among
electronics students in Tehran.

Methods and Materials: A semi-experimental design with pretest—posttest and a two-
month follow-up, including two experimental groups and one control group, was
employed. Forty-five eligible students were randomly assigned to mindfulness-based
training, tDCS, or control groups (n=15 each). Mindfulness training was delivered in eight
Sl S 2y, 90-minute sessions, while tDCS was administered in ten 30-minute sessions. Data were
e analyzed using mixed-design repeated-measures ANOVA and Bonferroni post-hoc tests.

Findings: The results indicated significant main effects of time and group, as well as a
significant timexgroup interaction on cognitive load (p<0.01). Both interventions
significantly reduced cognitive load compared to the control group. tDCS demonstrated a
significantly greater immediate reduction at posttest; however, no significant difference
Initial Publish: 12 February 2026 was observed between the two interventions at the two-month follow-up (p=0.075).

Final Publish: 23 September 2026 Conclusion: Both mindfulness-based training and tDCS are effective approaches for
reducing cognitive load in electronics students; while tDCS yields stronger short-term
effects, both interventions show comparable long-term effectiveness.
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Extended Abstract

Introduction

In contemporary higher education, particularly within
science, technology, engineering, and mathematics
disciplines, students are increasingly confronted with
complex learning environments that demand sustained
attention, advanced problem-solving, and simultaneous
processing of multiple information sources. These demands
often place substantial pressure on learners’ cognitive
systems and heighten the risk of excessive cognitive load,
which can impair learning efficiency and academic
performance. Cognitive Load Theory posits that human
working memory has a limited capacity and that
instructional effectiveness depends on managing the balance
between intrinsic, extraneous, and germane cognitive load
(Sweller, 2024). When this balance is disrupted, learners
may experience cognitive overload, leading to reduced
comprehension, slower skill acquisition, and increased
mental fatigue.

Recent theoretical developments emphasize that
cognitive load is not solely determined by instructional
design but is also shaped by individual cognitive control,
attentional regulation, motivation, and neurocognitive
efficiency (Evans et al., 2024). Empirical evidence from
technology-enhanced learning contexts demonstrates that
immersive

even well-designed digital or learning

environments can inadvertently increase extraneous
cognitive load if learners lack sufficient self-regulation or
attentional resources (Gutierrez et al., 2023; Mokmin et al.,
2024). Consequently, there is growing interest in learner-
centered interventions that directly target cognitive and
attentional processes to optimize cognitive load
management.

Mindfulness-based interventions have emerged as a
promising psychological approach for enhancing attentional
regulation and cognitive control. Mindfulness is commonly
defined as purposeful,

present-moment  awareness

characterized by openness and non-judgmental attention to

internal and external experiences. Extensive research over
the past two decades indicates that mindfulness training can
strengthen attentional stability, reduce mind-wandering, and
improve executive functioning (Posner & Snyder, 2024;
Stuart-Edwards et al., 2023). Neurocognitive studies further
suggest that mindfulness practice is associated with reduced
interference in working memory and structural changes in
brain regions involved in memory and attention (Greenberg
et al.,, 2019). Experimental findings also indicate that
mindfulness training enhances both proactive and reactive
cognitive control, mechanisms that are directly implicated in
cognitive load regulation (Li et al., 2018). Moreover, long-
term mindfulness practitioners demonstrate superior
declarative memory performance, suggesting enduring
cognitive benefits (Shemesh et al., 2023).

Within educational contexts, mindfulness has been linked
to reductions in anxiety and perceived cognitive load, as well
as improvements in teamwork and learning engagement,
even when delivered in brief formats (Takhdat et al., 2024).
Beyond cognitive outcomes, mindfulness interventions have
been shown to foster emotional intelligence, psychological
capital, and subjective well-being among students, factors
that may indirectly support learning by mitigating stress-
related cognitive depletion (Popescu, 2025; Sharifian
Motlag & Mohammadi, 2025; Wang, 2025). Collectively,
these findings position mindfulness as a multifaceted
intervention capable of influencing both the cognitive and
affective dimensions of learning.

Parallel to psychological approaches, advances in
cognitive neuroscience have introduced non-invasive brain
stimulation techniques as potential tools for cognitive
enhancement. Transcranial direct current stimulation (tDCS)
is a neuromodulatory method that applies low-intensity
electrical current to targeted cortical regions to alter neuronal
excitability. Research indicates that stimulation of the
dorsolateral prefrontal cortex can enhance working memory,
attentional control, and executive functioning—core

processes underlying cognitive load management (Figeys et
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al., 2023). Meta-analytic evidence supports the effectiveness
of tDCS, particularly when combined with cognitive
training, in improving working memory performance across
different populations (Lv et al., 2024). Systematic reviews
further suggest that tDCS can exert both immediate and
sustained effects on cognitive and psychological functioning
(Usman et al., 2024; Xie et al., 2024).

Educational neuroscience perspectives increasingly
advocate integrating neurocognitive interventions into
learning  environments to complement traditional
instructional strategies. Some scholars argue that emerging
insights from neuroscience and artificial intelligence
challenge classical formulations of Cognitive Load Theory
by highlighting neural adaptability and individual
differences in learning efficiency (Gkintoni et al., 2025).
Empirical studies conducted in educational and clinical
contexts also provide evidence that prefrontal tDCS can
improve behavioral and neurological outcomes associated
with learning difficulties (Aghaziarati et al., 2023). Despite
these advances, direct comparative research examining
mindfulness-based training and tDCS in relation to cognitive
load remains limited, particularly among university students
in cognitively demanding technical fields.

Given the distinct yet potentially complementary
mechanisms of mindfulness-based training and tDCS—one
operating through self-regulatory cognitive processes and
the other through direct modulation of neural activity—
systematic comparison of their effects on cognitive load is
warranted. Such investigation can contribute to both
theoretical understanding and practical application of
cognitive load management strategies in higher education.

Methods and Materials

The present study employed a semi-experimental design
with pretest, posttest, and a two-month follow-up, including
two experimental groups and one control group. The study
population consisted of undergraduate and graduate students
enrolled in the electronics department of a university in
Tehran. A total of 45 eligible students were selected based

on predefined inclusion criteria and randomly assigned to a

mindfulness-based training group, a transcranial direct
current stimulation group, or a control group, with 15
participants in each group.

The mindfulness-based training intervention was
delivered in eight 90-minute group sessions conducted twice
weekly. The program focused on cultivating present-
moment awareness, attentional control, and non-judgmental
observation of thoughts and sensations. The tDCS
intervention consisted of ten 30-minute sessions
administered three times per week using a standard non-
invasive stimulation device. Stimulation was applied to the
left dorsolateral prefrontal cortex with parameters consistent
with established safety guidelines. The control group did not
receive any active cognitive or neurological intervention
during the study period.

Cognitive load was assessed at three time points—pretest,
posttest, and follow-up—using a standardized self-report
cognitive load questionnaire. Data were analyzed using
mixed-design repeated-measures analysis of variance to
examine within-group and between-group differences over
time, followed by post-hoc comparisons where appropriate.

Findings

The results of the repeated-measures analysis indicated a
significant main effect of time on cognitive load,
demonstrating overall changes across the three measurement
points. A significant main effect of group was also observed,
indicating differences in cognitive load among the
mindfulness, tDCS, and control groups. Additionally, the
interaction between time and group was statistically
significant, suggesting that changes in cognitive load over
time differed across the three groups.

Post-hoc analyses revealed that both the mindfulness-
based training group and the tDCS group exhibited
significant reductions in cognitive load from pretest to
posttest compared to the control group. The magnitude of
reduction was greater in the tDCS group at posttest,
indicating a stronger immediate effect. At the two-month
follow-up,  both maintained

experimental  groups

significantly lower cognitive load scores relative to the
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control group. However, no statistically significant
difference was found between the mindfulness and tDCS
groups at follow-up, indicating comparable long-term
outcomes.

Discussion and Conclusion

The findings of this study demonstrate that both
mindfulness-based training and transcranial direct current
stimulation are effective interventions for reducing cognitive
load among electronics students. The immediate superiority
of tDCS suggests that direct neuromodulation can rapidly
enhance cognitive efficiency and reduce mental effort during
demanding learning tasks. In contrast, the sustained
effectiveness of mindfulness-based training highlights the
role of learned self-regulatory skills in supporting long-term
cognitive functioning.

The convergence of outcomes at follow-up indicates that
although the two interventions operate through different
mechanisms, they ultimately produce similar long-term
benefits in cognitive load management. This pattern

underscores the importance of considering both short-term

performance optimization and long-term cognitive resilience
when selecting interventions for educational settings.

From an applied perspective, the results suggest that
mindfulness-based training offers a low-cost, skill-oriented
approach that can be readily integrated into academic
support programs, while tDCS may serve as a
complementary tool for rapid cognitive enhancement under
controlled conditions. The study contributes to the growing
body of interdisciplinary research at the intersection of
educational psychology and cognitive neuroscience and
supports the use of diversified strategies to optimize learning
in cognitively demanding academic environments.

In conclusion, both mindfulness-based training and
transcranial direct current stimulation represent viable and
effective approaches to reducing cognitive load in higher
education students, with distinct advantages in terms of
immediacy and durability of effects, and their strategic
application may enhance learning efficiency and academic

performance in technical disciplines.




P 0 ko g 0399

Anl 3t (6315 e slat sl o s (Lote (5,5 3L (glalae )
alosy) s Ll 5l eslial b 6 s colir (21580 oS das o 0L
Db GRIB ez se olse (2 n 03 s 3 o e L L Sl
o5 Sladllas s (g5 3l (Mokmin et al,, 2024) 55 5 s 5155
e Ladis e oS Wlesls LS (il 5 (Sos 5Tl 5556l
Solsbme Hsbas 1) OBL 5oL 5 Sae Wil g o 2tbs 5wk J sl
Olojan a5 Dy 00 Ll ol (Gutierrez et al.,, 2023) xas 55
b e Cunde 6l s mbimae 5 L300, (B3l AL &
Ll o At LS

Clasl psle 5l Lo glandiole gl Sony ol sladle 5o
S il Gl st el il 5 ebB0ls, (s
S SIS oS Nt o O S e 2 555
Fran Sien 5 Slasl pgle Gleal 5 5 S5t ks
S 824 Sl 5 g s pdilanl e gladyl s
GKINtoNi ) 1S o Wl (6,850 3 A oo 555 5 i a3l 3l (& Sodkeny
5 bl Gl e O ol ol s (et al, 2025
Aleds = lae 55 g0l b JaSe slalnl O a0 Vsikes) 5

il Gl Gladle 3 am s s, a0k, odlae 5l S
(s JAKT o IS sba dnlfb.ab sl Jalfl-rm': JEp
whay 5l el Jam s Sao Glaw 2 Sl Slal b abdaadan]
ooy 350505 208 jsbay ol laaas ;5 48 3405 (gladl o glacin s
(Stuart-Edwards et al., 2023) Klds bl 5 5550l (b
IS wilg o AT b lacy o3 & das e Olis hash dalsd

PRV

S sl 5305 sa sl Glapllss OLles g ol (slaans 3
S5 RSk lame (S I c e omdige 5 3 slaas
ol sl el shd Oty Ly a)ls sl slaylis 5 Slesbl
wb iy i 5 et e LS Sleaie; LIS e ax S
Slody s go Sl 5o 1y i JLadlol 5 5 kst Olejen Ll il
S Gl 5 a3 s 18l (6 S3L SHIL dites ) sbe oS
bloe Glac olr 5l (S Olgea (b O ol ol e a3
b G 6l il b s g 55 0] 3015 5
LS o ST Cusgdoes cpl Cupde o3 gl NS 5 ol
Sl s Gbloli b i ol el s (Sweller, 2024)
ssbas b b g odd foe jlaline (5 ,S5k (ABL s b LE5ls 5 b b
L g oo b ez Aal,ISU
555 5k ailge a4 Ygpans o Gl Gaplin ospie LS L
S 43l Jb 2 gd e e gllae b sd3le 5L 5 155 0L
ol 555, b als o)Ll Sledbl e Ll Olpe 5 1ye I3
wooshhe Sl s ol e ol5e Jolse 5 S5l ol b
Lsio Goos S5k 5 bao )l b ol & aly olantl oilis 350
gy S ke 45 Llosls 0L L gla iy (Sweller, 2024) 545
Sl Sy 5l e b il b 4 s lesa die an ol
(Evans et al., 2024) ¢ 50 0BL S50 b 5 25800 (g
L Sl oad 5 2l J 28 ar g Ll S (O Gl ol |
oS Sl 5 alSE g ls Sl el s S B iy s s

LS e sl 5,850




SOl g (1 uilidity y aoldad

Slagte A3 ehse Glaliy AP S S s 0L
iz e b ol o Ses 5 a5 () abbl Wl e sl 2y
Figeyset) wllag o tbid 5Ly nie b W‘)jb@ S gl S8
.@al., 2023

5 wlesa 4 dDCS &8 Wlesls OLES s Lowil 5 5 dapllas gla s e
oss0 5 3 Slas Wlg g (bt Slatisel LS5 s 4
Lvetal, 2024; ) dise 55 oo cilizes Slaos S 55 1y ()8 abail>~
5 Ddeoli S Sl Sl 31 gdalpd ol 038l (Usman et al, 2024
VBl (e [EalS 5 o li0ls; sles S 5 s 3 tDCS ekl
oLzl laal ol (Xie et al, 2024) el sds 3,58 o lasl b b s
o3 3 ol abtlte G asly (b LIl K Lesas tDCS oS das e
R I LS

L8 L5 e tDCS & ol O 51 Sl s i s o b 50l anl 53
el sl Slissse LS A 5 esls (il 1 oledbl sl
sl e il OB X, S5k oS (gl Sas s JialS 1) sdzey IS
(Figeys et al,, 2023) xas Lawass 7505 Soson |y 255
b Gl 3 SIS o (o g (Aol Slalllas iean
Lles S o158 b gbas S8 Gl 5 a5 (185 oD 350 3
Solpl Olgeas |, tDCS wualss -pl (Aghaziarati et al., 2023)
Vo Lol b 25pl sladams 53 bt 5L el gl Sisud
S o (B

Sy 53 ol BV SK e sl o)lss 63 nS dalgd sg s b
Sl L 5 DCS 5 alToas 56l 45 it Liudes Slalllas
b ey 0L medils Camaz 53 03 sa Ll on S anlie 2Ll L

Jos MKAJ.E)'\ atlde 55 opl &S ol Jb sl il s gae

Posner & Snyder, ) was (tals |y ad Sl S w5 ol e
(2024

Segr 03 1y ABToas iyl Esu il eodane oo Slallas
Llosls oLis b i sss (Jle Olgeas Liles S 5,158 bt slas S48
=L sl 8 bl s s alS L s ad o el oS
(emmen (Greenberg et al, 2019) ¢l ol en Sledbl i3l
Sl J a8 Wl e aBToas das e OLES &S 5503 35m 5 (gl
5o s s Slee (b ol 5l AS B | STy 5 KS iy
ol 2 ospl (Liet al, 2018) wisy sy | Lol slacgadse
Sl 5 e diCy 5B e e abibl 5 AT 83 el OB NS - el
(Shemesh et al., 2023) w,ls, 3= 5 5yl ol

CMtle oS el OF 5 Sl il Ol gzmdils 5 5500 035 53
2 5 S L ksl a6 wil5 e s e Sasls S
sla i omemen (Takhdat et al,, 2024) Wi s o8 56
Sogn o aSh ol glaail e Lesw AT a3 oS das e OLES L
Sl SIS G 50 0L gmedils o3 ewse 5 30Ny ale e ( Slen
Popescu, 2025; Sharifian Motlag & Mohammadi, 2025; )
Gl dtlie K olgea |y aBT s sl ol (Wang, 2025
S8 Olgy et 5 650k 25 4 Olespn L5 e oS LS o S jne
Lolad

Sl Olael pile laci iy (rladly, oo LS
oh9t (ol pf OsVadagy s Sl ss 4 05200 s s
L IDCS .l ds ((tDCS) wncmazr 55 Sl it (S8 S o
Gre gm0l ol (P s s (ST 0L sl




P 0 ko g 0399

SolSls YO (gladst e Dladllas 55 sldds o5 4 sl = Plae il
© s S lul 5 diebds (S0l 0 4 Byl S Al
Sy pots DS ES 5 Wl ol sl 51y Lds sl a3,
ARl GE N0 s ) ol 8 05 8 s ralesl 058 53 52 ol
(s s S E sl ST culs, bl sy oSl Las
Sre S Mallon b Jeadlsses b Gillas Jlo T ST
pde 5 ((Sapolsy slagls s Dokl sl G ras pde (el
2y wddS e Kb S L0l At 68 il
3o dsb o ander oo Sl e St 58 sl Sl za s sl
33 Gt Al b NS ,E Slys b i el slae s s Olejon S 5
O3l (TD) Ogasl i Al o a3 sl Gl it i 4 S
o553 Jsb 53 olsS 65,8 5w S 13 Lo 5,50 (T3) (6,85 5 (T2)
S0l s dlo Sl s st su'jf@aa axdlaa
dl g elB0ly 0,8 cimsn s 5s Iiss g w3 e
Ay Dl 31T oSl Ot aaS 51 J2m s GO S (p3Y (sl gome
OB 0> IS 5 Ol B icanss d e s s Bl AS el
(S wblie 53 S Sl a0l il il ey S b sl
e Sl el 51 oy OLdbsls s pime Al lid)lS 5 alid)lS
bl a8 A Colg o 5 a5 15 Lbsol syse 3 el L
Sleamt Gl ozl @y 5o 53 6 iz § 513 Ul s g 55 4 a5 LU
S @l el G o3 e ST I Sy L Sl
53 olal ot QBUSES 5 e 5 A JSO o l@ 8 (S5he
S35 3 pedies S S 5 5 AT ad 250D (hlesT g8 5
Sl Jal bl 58 sl e ol S oS S (aemax

35 s amis 55 5L s glaads Ay Ak clia LB s |, JAKTOAS

ekiin gt gbaanl b 5l AT s bl el
2 i IDCS & Jb 55 AS o Jas Gl ol 5 aBTe 5
bl ol o )l8 e 3l b slaasls oL 5 e b o
Sdedily 5 el S pElE L Gl Sl sl gl S 4 Ll5 e
FpEgess

L et gty Jds 0 tige 5 S Sl glaand; 0L il
o2 s ol ou)-r.a Sl s edamy diese | olul oplie
Sge odte lals (ol Al 1S s L Sl VL e
B N R S L R P e R e e LB
5 ATes Sl G enlie 5ol Glons sl 3 528
LT a8 a8 SaS iy ool G iy 4 il 5o Camar ool 55 tDCS
el LS L Sl s sV s ol ol
el e el b Skael S 3 Lol 5SS Al s5les

Comal 5 (glalst e GlapdlSe ¢35 3 g0 tass St 4 a5 L
Lnpllas &y S (glanlllas plnil (Jlo il 3 s b s e
S35 3 peiis S SN S 5 AT s e (Bsel
S i 0,5 Sy S dls 0Ly b L | damar
O3l et alia e sn nl Bis el ol s e (555,02
A demaz (535 3 s S S 5 AT oS e

o295 ewld B,
iloslaas Ll iy 5l 0,08 G 5l ol hass
-Jﬁulﬂ}-’gjj:{:;ﬂ_)}3}5|_9§ﬂ);L{ﬂlMO}«ﬂjim—O}ﬂ)‘T&gCjbl{
Aol e e a4 Jele Ol S 1) fasn bl axels

Lsls LIS VET=VE Y Lass Jle s bl T Kl Sy S




SOl g (1 uilidity y aoldad

ol e e lisile o sl Sl S b s (TY) 0L
5t Ar ad cia LB s altlie ol A5 1ty b (1748)
Slyome A3 8 IS 0 Jl Jlesl 058 (sl atia s andr 53 &) 0wy
S Su b AT wl walie 5sel 51 w5 sba Sl
ol B dol Sladr 5o g et an0lsle 005, S5 el
OIs S 83 plalid Jbm alasd 3 gl oo b pLiT S 0
OL 3,0 5 At 4 o ¢ Slomar Slulua 5 O (S 0 4 55 (0 5
Sl 3y 2 80 Lol s ISl sdalin 6500
Wlad Oad S pds (Sllea 5 IS 4 o ABT (ia by
mBS s slazadly 4y b glaslu) Olssa SIS il
5 odul Glacaase 4 AToa3 G lee poass 5 (Gln slaaly
wr g aede G, e ol le ul s esls a5 sl 6 s, S
b s L el Culg s s s b LS S0 el
.J\i.sjf
dtle . (tDCS)sazmar (535 3 okt (Ko 7SI K 5 ali oo
p33 sl o5 S (61 (tDCS) wamarr (535 5 pediime (S S S o
ol b el b plas 5 Neuro-MS  olSaes 5 eslinl L
Al (0885 OKan 5 o ls) ol b (5500 o Mol
S Aa 3 dndr dw Dy g 5 sladds ¥ Al s ol astlie
3 B Sl il n Ll o S5 o505 candm a3
0303 LI e S Sy p oS dsle b bmill ilec b
G oS Smaty Gl A S e s
F3 4ol 3 o) Mo pie ol o 03 ns(DLPFC)

4l 55y 5 L8 55,0 5 F3 4t éj)ﬂév\.;" 35S0 s sls )3

1) dasmasr (5, 3l el (S S G o ki 03 s el 65 S
e 53 Sldr sled gl Gl as 3 aldr 4w Do
sl (Rl 5 058l 1S ) shten ad 1S 5 OLSS 5 eddd 28
S gl S s S 5 Slpsad bl Cod el S 6 S al s
Ll |l ol Lol 5 5 1o daes Lo L Sl o Ol
3 K lasl a3l S Sl ol

O 5 iS by oS Gl S A ol s L alin
33) 3130555 b L ele a0 di 1S 5 55 Sl el S 4 (YY)
el (458 ) gl b Sl 5 (458 ame) 31355 (b 5L (S
oS b e Sl s Vo elie S s welidn SV 4 L oL
weliis p opl 93 VL 0 ped S s frly (V=) 0L ot S B (V=)
L (VW) 0L 5 S ol SYL 2l 5L 4 o eias OLES
3NS50, 0k G IAY 15058 L Gl Flis S Wl gy 4 b5l
5 bele Sl (VFe ) OLea 5 daly s S 5,8 8V gl L
Jﬁ)ﬁ;)}»):;L;)jaTﬁlsjsljg}u)l{ut@};w)lé&@)l.;;l
SB0ass ok sl Flis S SWT i, &l bl o Kaagsy ol Lsls 13
@l o Sl L35 IS N gl Sl s AP Sl L e VY
ok s VUL Ghls IS 55 GBS oS 8 slagal Olojar s
5505 b Glp s 5ol s LA awlie S Ose5] 3k Sl
By e s SN S (FOYD) 5155 5 5L 5 (Y4/40) Cosllas L (Y2 /TA)
sl gy LSS s aseis Gl ) Sde asliiin sl LS @L:.}
S0l ol s YL e 5l 0l

G ol BT s 55 el adstlte . a8 83 55 gl dlslte

E] JK‘—«: .}a.w): =-\-3‘;w-‘3 (MBCT) &@TJAA P Jb)bg",;-lﬂl

1 Wassermann




P 0 ko g 0399

o 3 eslid blanal 5 o bl Sl besls o gl

Tl 03 3 8 a1kl Gl sl 5 (o K0le glaat e o 5
bl joiie w55 03 dloj ol (solal Sl sie il (blaaul LI
et A s P 05031 L sl oK 5 oS g Lt O g
eslizl 5 So (5 So3l L bl Jdowt 31t g3y slaans b 0 g3l 51
(S el cilises ol e 55 oas S Gl gl ey shiteas s S
Sl eslial b (bl (sl o S s 4 S IS @ S5 iy a0 g

Al /00 (g lablins Cb..ﬂ))} Y# ase.s SPSS Jl)é\€j3

Lasl

EYIY 53,0 Gaios 53 QBSOS 5 Aoy YVA Lol jass 5s

5 el ¥ S S 0L Sad 5 S 15 ey e i B
23Ee pl S s a8 F b sl e s s ¥ S e Ol D
O o iyls S 3tDCS 5 poe prlis Oladlae 5o Jglie 5 eyl asls s
Jlasl ol LG8 5 050 5 (Direct Current) i s &y sty S S0
el Bl k5 D goas DL Dl cand o slgml gl s s Al
el bl 53 6, S sk Szl i bl Sy 5l B cal el
O &S L3S Do les mnS gl dalyd bl CDLPFC
b kS 5 s 28 () Al ol slas SIS 3 1) 4t oyl
(LS B0 2 s s Ll b Wlesls 0L ol

il IS 5 G Sl S oIS Bl o b

S| ] edzen
s O Ao
e s gesls dydr N Jsi

J5s oo (§9) )l pedinme (S0 S S5 28 BT 8 e Glops csbis 05! e
0K < FOS R COW [ JS oSl 3 sl Gl ol oSle 3 sl Gl ol
TY/YO YI¥A YEAY YIYY vY/I88 YIYA syl e o ls b
TYIAY flov YYNY flos YANY AZAT 9051 e
TEY FIo¥ Y£/AY FISA YAIA A7AN R

Opslm o2 P=r DAY 5 P=r A P=r IR e O]ty
5 P=tOAY P=2TTY K 53 5 P=rtAT) 5 P=+OYF P=+FOY
El pramer .l 13 baesls 0oy Jb i as,ae ol uly (p=+ YOV
Lol Wolie o sls 0lis oy S adsjie s p Sl e Ogell
v Sl RSP e 5 Y o3l s LYVIF Ll s56lS e o0 ¥
Sla o 3 bl ol il o s S ads e 2l Sl oS S

oslizal 13T a5 6l cnlis Slowmaas 3l s Ko (6 S o3I LI L bl

Aoy Ol ity s bt L sl Gl 5 ke ) s

SN S (AT 03y e lays b (glae s S Sy xS
505030 e 0s03l S Al e 53 15 S 5 demarr (55 S pedies
23548 303 0L (bl slaasd g he ooy a0 0L (5,50 053
‘JAKT;,«:S 2o slpsosls 03,5 4w A sHls L ol
Wil i Jle 53 J S 5 ez (9, ) it S S S o
ol 05031 53 S sba tid Sl a5 5 (6K 5 Osa3 g

53 e gl) del s 00 51 S Ll e 3P slie (S




SOl g (1 uilidity y aoldad

LS L gl Ol Jele 53 5 S (58 03I b (S 5 ilols Jobow S Y g

bl g o p lie F Slygdme Egazme (il soliTax o Olygdone Egazne Sl
Jo¥ <efe) ARYAl YFY/A Y YAVIFE ok
i <efe) AR VOAIY \ FYYIA 09,5 %)k
YIAG A¥ AgYNA! Uas-

<IYY <efed q/ay YYY/-# \ FAT 09,5
YE/v fY IAARYA o>

035 ol Jlenl p 055l ol 035 oslize oy S o Olos Job 3
3 S &S (%= XY P<eon) F=44V) 5y bslae otlid L 5 50
@B ol el b L e Bl fa s Slaes S e IS Cosls
oo ol Jeles oo 5 dtlle g e Ol LIS s oS das e 0L

Alazals Ol gaeiils st lid b Sl pss s lodeS s

Shol 36 sl 0l 5 S Sl b (oS 5 il s s

Sis 500N L Fojliis S sba el bt mtlis L Ol
Il by oS 35 v OF L ol bl oy 5 ol s 4y v 00 ) 31 2aS P
L I lsben e S0l el (e ol Ola (558 T 3

ol L ol ass 68 s e LS &S (%= fe <o) FaYY0)

S ‘3}"51 AgIPRES

P SE b cglis la 05,5 09!
< Y/54 RYVY Jrus BT ooy el i
<efee Y/54 -YEIOY Jys S SIS
<o) ¥/54 SVA S S Sy BT a3 ey
<o) /A S\YIFA Jr=s 2T 523 ey S
<ofe ey £/ A -YYN Jras SIS s

1Y ¥/ A /¥4 S SIS =BT 23 ey

Sl Ll Gl b Slaman 28 05,8 L adstlis 5,5 55 51 S5 o
S gl 5Pt ) SE=¥aA OV A== Sle bl 1 s 8T 03
o sl Ll (<) SE=FLA YV ==, Sl Gl S S
Sao S peians (S SG o5 ABTas  ae Oz s S 5o
SE=f. A A ¥8—= Sloo GMt1) 350 lsbine (K0 4 0 55 dazman
b el Lis s alstlie g o Sioler skaslis &S (p=+.+vo

Sl (Ogail he Al e 5o 4 sl OLES Sk wdad Oge)l =k

Ctls s JES 0 8 5 ABTeS e Ols 058 o (gl
K55 055 cpiamer 5 (P<r o) SE=Y£4 AADY —= Sle SMzl)
Ssliae a8 J 28 05 S Lo aslie 53 demmer 65 3 it (S S
SE=rsa yeor—=- Kl OMtl) ol 0lis ol L s (i
GMt) 550 Slalims 0 Slass 05,8 95 e sl Cpl s esdle (P<t e

o sl 50 (6,8 Al ey (P<ie ) SE=YS4 AA V== Sl




P 0 ko g 0399

98

34.00

3200

30.00

28.00

w‘J*b _,h. - ggw

26.00

2400

RS JO PO DR
AT

— 3 s S SRl S
Aazen

—‘bm

Oga )l L Ol o

s

G 5 0905] L 05051 s A o d 53 G 05 8 dw 3 LS L Sl N S

A 5 Lo

T3 2 e 55l e Sl ey Lol s
LS L eSS (ADCS) aamarr 535 5 it S SIS 0
sls Ol blazal gls Jlo sl a5 O, S S Ay 0L gmeiils
ol b s bl JialS oJmS ey S L anslie 5o dstlie 55 8 S
St (bl 5les Sxoley Jalas 505 8 0ley ol i 5 3 S sl
3L Glolo Olgeas ( 2 bis L &S das o OLS sdgy a8l ol 5
D3 o Vsdes, s 5 ol ool Sl Cou Wlg e s LG
55 mlem oMt 28 5 old Ll ki Sl U oS e 3,8
Evansetal., 2024;) 5,5 Jlgren )15 alabl (glacys gdoms Sy o
.(Sweller, 2024

Uty ABToms o e a5sel 05 8 53 (a5 ld U Shslias 1alS

L'):.:SJ:>'L:..':-J>'\.,\3ﬂS}@jrhq“""zﬁ@):ds\wwlﬁjﬂ)s

313 OLES (Olay x a1 P S 5 bl o s 5 5b o

Obgmils ol L res S x Sloy ol 5055 Oy Jol I &S
O3l 5 ol S o (b Sasslis s gl 2 3 ine
Sl g alstlle 53 a o sls DL s A plowl Sy e
Shidazmaz S5l et (S SIS 20 ABTas o cae Sl
Same sbas by tbs b aabe 55 6,80 B 5 Osa3T e B 0t
33 i 3 e cpamen (P <)) S 6y S w0 Cd Llesls JialS
i (5ysba ity s s ol me Sl O ge3T e B 0 sa3T Ry ) Al le
Sl (80 sl 93 3l e Jl= ol Loy i WS DCS
o Lia3Lis 4 (P =+ V0) A 0l tDCS 5 AT a3 o (g)ls ns

il o3 S 53 8 o sl L rals 4l e




SOl g (1 uilidity y aoldad

Midu e g bl 2l JpS 5 (8 aabls bk e peae glaaSl
Sb e U L s S8 o) 8 T ) (Figeys et al., 2023)
S5 s 5 6558 HIDCS a8 coils [l Ol e las o lis
Al xS ey IS el (sl sy g0 a3 SO RA

5 el b g deplles lajg e il b ol tag slaaily
oot 5 s ld s Shee Wl o IDCS Wlesls QLA a8 35l Sl ssean
Lv et al,, 2024; ) Lise 55 ciloses glaoy S 5 1, ()5 ababl>
Sl b 5l Vel 63 SIS sy opl (Usman et al, 2024
s o b mle Ganas fged 5 SbI 25l Sal,I8L
A3 SIS S B s Glatass el e o
Llos S a8 ok, 5 el e osg o L Slig e
2o b b Kl sl ol by (Aghaziarati et al., 2023)
s Sl Al sl edies 36 4 015 e 1, tDCS oS
ols s s a5l

5> a5 DA ol S ol sk e slaasl Sl S
Sisl m ol Sl S sosbar g aaligs Ky de e
S Aas o DL am ) S sdalis > s opl 3 tDCS 5 AT 03
Sdedids 53 55 AT a3 bl aajls (6 5558 il ool S 53 tDCS ax S
LS cpl st e orlid L J2alS 51wl v 4 Al s
L b SHIDCS ol s BB adstle 53 el gl sl
S ol oSan OT Sl gl 5 A o Jos e Clnb it
5 sl Gl (Sl e AT S b s sl el
sl Aok Sl S Ll o (g3l S5 Olaj Hs 0 a0 oS sl Glaz 55

(Stuart-Edwards et al., 2023) xS .

AET I3 e ABT0as wr g IS gla i il 58
spdome Hld mlie 53 5 2 5d g o0 SIS o ealS 5 (lalasd
Ll polanl ClSS A3 6 Sl b oS bl
Sladllas ol b ol sy slaasly (Posner & Snyder, 2024)
aable 15 Wl e AT ad 55 el Wilesls OLES oS ol goad (s
Greenberg ) aas (il ol (asls, o sesls Jials |y )18
slaiags 5l fols dalss (oman (et al, 2019; Liet al., 2018
SL s 0 AT es el S e o oS das e OLES

[

Las el edemy 6,SeL gbiuwsdse o 1 ediS)ol sl

(Takhdat et al., 2024)

Sl e sdalie 5k a5 o s b AT a3 G855l et )
LS o 55 sl by ol SacS e b bl dom 3l i (6 S 3 Sl 1S3l
SaS DEL 8L 4 Ll 3l dws o a8 5 3155 5k e 5 ol s
syt o ld 5 Lsd 5 g Iy 515 S L b A5 e
(Sweller, 2024) 1S culda Jlstias 6,830 5 wslae Hb Caons 4
o Al 35 b AT a3 S Wilesls OLis Slallas copl 0533
SLiS ialS w8l e alse ol oS el ol jan bt (g lanl
(Shemesh et al., 2023) W5 e A& IS 5 ol
Olge |y ABT a3 058 3 sddedalie gl JL 2alS (pl ol
el Gls 5 L gl g Jolse Sljen el Lol

= cemar Gy Sl ppdtes SIS o e o a3
oo 53wl (a8 058 L alie 3 Lwa ) opl &S sl Ol
Sk s te R 5 (BTes sl S 0505
S ol a2 ld Clasl oo Aalpd L4l ) ol 035 sl




P 0 ko g 0399

03 ek opd e Lol 5 5 o3 glaans; Olgmlils ol 555
e 500 ol sl 5l SO bl LS s
S

Al bl gdme (& 2l a5 (93,8 5 sllae s s L
I3 53 g Tl 4605 o s 58 13 e Ll ks 3
ki) oty gl (8 iy ¢ oot AL dmly S O s
wnlogs (5,80 0553 (33> LS o dpdos |y g glaes S 5 LaelSsls
IS g 25l o @l 3 1) SHe Dodekily Sl D s 5 OB
5 D kS S e gl S e e LS
Sk e el nl 52 oSee (501 2 3,8 slac sl
Ll IS 56

235 S s 5 S5 ks el Slatass 25 e sliin
A I gl e OISl by plal il s slaacd
S5 4 Ll e tDCS 5 aTa3 a5sel oS 5 Sl )y o opizean
G glaessn 3l eslinal b e alrlte 53l ol 5l (6 5 Gees
Gols g b bl e laasli 51 S0, 5 S SVsb
S SaS b l eSS g3l 558 el 4 LS e 50 (S yRe

B f@f&ab dslhe g3 o &S das o Ol ol g glaasl
P sl pal; Olpsas KI5 e dezar (S35 3 e S S S o
sy g slgln A58 5 eslanal 350 0L il SLS SL fals s
SLaelS,I8 LB 5 1, AT s la il (235l STe 5 Lael&isls
OoF s S il gl s ar s s el g le
o Vsdesy 5 OOl 5l elsd 1S 5 5 goma s h eslizul OISl (Jl-

s Sy ol posl s oal 3 YU ol las b Obseeiils (gl 1)

Lo pa AT Slacy sol o Whools OLES 5 ety sla e
o b oot 55 Ll sl axdls oyt O I 3 ol S
Popescy, ) Llles Joaxd > Sles 5 Gbes s wr g ll
SIS sls sy gdalis s (g 3l (20255 Wang, 2025
5 b gl bl iley 3L dstle 51w Sde b Al g5 e S| ADCS
S O b S 5 L B Sl 4 Sl (S 0T e
Colem Lol iags a5l basl ) (Xie et al, 2024) wab 3L
@ s IDCS aJsl Cuse anlogs (6,80 53 sy Olis & LS e
i e ma 4 ddtlle g3 e s asl tals aBTad
Lle s

o5 5 sl s SelS s Cmlr 03 e e al S
2 a5 s (L Julse Jolad S el e B las]
sl Ly e & Kdites O Siags S Al AST 6,80
Goer s sl b ea Sl b glas Sy sl
Gkintoni et ) aal axils ax 5 08X ,80L e 5 b glacs b
L0l O o &S s e 0L Sl slaaiily .@al., 2025
L3150 tDCS asle ()5 Ve, 5 SO a5 AT a3 ke
K8 5 eslinad 5y 50 gyl ol o oSe a5l Ol ey

OLE 5 oa g g 35m g0 Sl b S5l lagsy il of somme 53
Sl 2ol Gob Sl i Olmtils 5l L [l oS das
s 5 lE gl SIS L iadde ol b 5l el
w1y 6,53k 4 AL o el el ) ol OG5
oI 5 S 58 S ol Ol sea dmlfb.m': ‘Oi)z‘tsdmli} LS e
s 2313 S5 Jeed S IR e IDES 5 Ll oIl

fij‘y'lo}’k}\.)wfljb@Lljgdsﬁ;)ﬁ.ap@ué)fjléﬁ




SOl g (1 uilidity y aoldad

Educational psychology review, 36(1), 7.
https://doi.org/10.1007/s10648-023-09841-2

Figeys, M., Loucks, T. M., Leung, A. W., & Kim, E. S. (2023).
Transcranial direct current stimulation over the right
dorsolateral prefrontal cortex increases oxyhemoglobin
concentration and cognitive performance dependent on
cognitive load. Behavioural Brain Research, 443, 114343.
https://doi.org/10.1016/j.bbr.2023.114343

Gkintoni, E., Antonopoulou, H., Sortwell, A., & Halkiopoulos, C.
(2025). Challenging Cognitive Load Theory: The Role of
Educational Neuroscience and Artificial Intelligence in
Redefining Learning Efficacy. Brain Sciences, 15(2), 203.
https://doi.org/10.3390/brainsci15020203

Greenberg, J., Romero, V. L., Elkin-Frankston, S., Bezdek, M. A.,
Schumacher, E. H.,, & Llazar, S. W. (2019). Reduced
interference in working memory following mindfulness
training is associated with increases in hippocampal volume.
Brain  Imaging and  Behavior, 13(2), 366-376.
https://doi.org/10.1007/s11682-018-9858-4

Gutierrez, G., Lunsky, I. O., Van Heer, S., Szulewski, A., & Chaplin,
T. (2023). Cognitive load theory in action: e-learning modules
improve performance in simulation-based education. A pilot
study. Canadian Journal of Emergency Medicine, 25(11), 893-
901. https://doi.org/10.1007/s43678-023-00586-z

Li, Y., Liu, F., Zhang, Q., Liu, X., & Wei, P. (2018). The effect of
mindfulness training on proactive and reactive cognitive
control. Frontiers in psychology, 9, 1002.
https://doi.org/10.3389/fpsyg.2018.01002

Lv, Y., Wu, S., Nitsche, M. A., Yue, T., Zschorlich, V. R., & Qj, F.
(2024). A meta-analysis of the effects of transcranial direct
current stimulation combined with cognitive training on
working memory in healthy older adults. Frontiers in Aging
Neuroscience, 16, 1454755.
https://doi.org/10.3389/fnagi.2024.1454755

Mokmin, N. A. M., Hanjun, S., Jing, C., & Qi, S. (2024). Impact of an
AR-based learning approach on the learning achievement,
motivation, and cognitive load of students on a design
course. Journal of Computers in Education, 11(2), 557-574.
https://doi.org/10.1007/s40692-023-00270-2

Popescu, C. D. (2025). The role of mindfulness in developing
students' emotional intelligence. Journal of Romanian
Literary Studies(40), 713-720.

Posner, M. I., & Snyder, C. R. (2024). Attention and cognitive
control. In Information Processing and Cognition (pp. 55-85).
Routledge. https://doi.org/10.4324/9781032722450-4

Sharifian Motlag, A., & Mohammadi, T. (2025). The effectiveness
of mindfulness training on psychological capital and
emotional regulation in gifted students. Journal of Psychology
Growth, 14(1), 94-85.
http://frooyesh.ir/browse.php?a_id=4708&sid=1&slc_lang=
fa

Shemesh, L., Mendelsohn, A., Panitz, D. Y., & Berkovich-Ohana, A.
(2023). Enhanced declarative memory in long-term
mindfulness practitioners. Psychological Research, 87(1),
294-307. https://doi.org/10.1007/500426-022-01642-6

Stuart-Edwards, A., MacDonald, A., & Ansari, M. A. (2023). Twenty
years of research on mindfulness at work: A structured
literature review. Journal of Business Research, 169, 114285.
https://doi.org/10.1016/j.jbusres.2023.114285

3 8es 2 g 5 03 (Sopup S (6, 50k S i)l 4 Lls e

Lles S Lol el gbadass 55 loass

éw oo

S sy milie sl 4.];@_:: ol asllas H’.L"UJ

d“"’ C.a.l.g.’-

el a2l o ol fags ol

SN 253150
.mela.,\.l.:;g'ﬁ\&)gw‘dy‘};ﬁj‘ydwuik}}:w\rbd')é
4 O wtaeS IS (s 5 Il o 5 (5585 Wl 3 7 otens lis )
Ol a5 ol 15T o KSls 5| IRIAUTNB.REC. f¥.YV0 anlis

el Jles

O ks 6 oSyl

LS ) Sl a8 08ty 5 pelad i o) 5 s

@‘;;.\53 ,s“d:'“

"’J§d° PRt

References

Aghaziarati, A., Fard, F. R., Rahimi, H., & Parsakia, K. (2023).
Investigating the Effect of Electrical Stimulation (tDCS) of the
Prefrontal Cortex of the Brain on the Improvement of
Behavioral and Neurological Symptoms of Children with
Specific Learning Disabilities. Health Nexus, 1(2), 44-50.
https://doi.org/10.61838/kman.hn.1.2.6

Evans, P., Vansteenkiste, M., Parker, P., Kingsford-Smith, A., &
Zhou, S. (2024). Cognitive load theory and its relationships
with motivation: A self-determination theory perspective.



https://doi.org/10.61838/kman.hn.1.2.6
https://doi.org/10.1007/s10648-023-09841-2
https://doi.org/10.1016/j.bbr.2023.114343
https://doi.org/10.3390/brainsci15020203
https://doi.org/10.1007/s11682-018-9858-4
https://doi.org/10.1007/s43678-023-00586-z
https://doi.org/10.3389/fpsyg.2018.01002
https://doi.org/10.3389/fnagi.2024.1454755
https://doi.org/10.1007/s40692-023-00270-2
https://doi.org/10.4324/9781032722450-4
http://frooyesh.ir/browse.php?a_id=4708&sid=1&slc_lang=fa
http://frooyesh.ir/browse.php?a_id=4708&sid=1&slc_lang=fa
https://doi.org/10.1007/s00426-022-01642-6
https://doi.org/10.1016/j.jbusres.2023.114285

P 0 ko g 0399

Sweller, J. (2024). Cognitive load theory and individual differences.
Learning and Individual Differences, 110, 102423.
https://doi.org/10.1016/j.lindif.2024.102423

Takhdat, K., Rebahi, H., Rooney, D. M., Ait Babram, M., Benali, A.,
Touzani, S., & El Adib, A. R. (2024). The impact of brief
mindfulness meditation on anxiety, cognitive load, and
teamwork in emergency simulation training: a randomized
controlled trial. Nurse Education Today, 132, 106005.
https://doi.org/10.1016/j.nedt.2023.106005

Usman, J. S., Wong, T. W. L., & Ng, S. S. M. (2024). Effects of
transcranial direct current stimulation on dual-task
performance in older and young adults: A systematic review
and meta-analysis. Archives of Gerontology and Geriatrics
Plus, 1(4), 100047.
https://doi.org/10.1016/j.aggp.2024.100047

Wang, X. (2025). Exploring the impact of mindfulness, subjective
well-being, and music engagement on academic
performance of students in higher educational institutions.
Humanities and Social Sciences Communications, 12(1), 1-14.
https://doi.org/10.63313/SSH.2003

Xie, L., Hu, P., Guo, Z., Chen, M., Wang, X., Du, X., & Liu, S. (2024).
Immediate and long-term efficacy of transcranial direct
current stimulation (tCDS) in obsessive-compulsive disorder,
posttraumatic stress disorder and anxiety disorders: a
systematic review and meta-analysis. Translational
psychiatry, 14(1), 343. https://doi.org/10.1038/s41398-024-
03053-0



https://doi.org/10.1016/j.lindif.2024.102423
https://doi.org/10.1016/j.nedt.2023.106005
https://doi.org/10.1016/j.aggp.2024.100047
https://doi.org/10.63313/SSH.2003
https://doi.org/10.1038/s41398-024-03053-0
https://doi.org/10.1038/s41398-024-03053-0

