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ABSTRACT

The present research aimed to identify collaborative cognitive load reduction
techniques in electronic environments, addressing a significant gap in the existing
educational technology literature. The study employed a systematic review
methodology, meticulously searching the Scopus, Science Direct, and Google
Scholar databases to collate relevant literature. Inclusion and exclusion criteria
guided the selection process, resulting in 19 pertinent studies that underwent
thorough analysis. This research utilized dimensional analysis to categorize the
identified techniques into various components, with a particular focus on their
underlying dimensions. The study revealed six fundamental dimensions of
collaborative cognitive load reduction techniques: user-centeredness, information
design, flexibility and customization, community-centeredness, information
retrieval and use, and technology-based support. The results underscored the
importance of these dimensions in alleviating cognitive load in collaborative
electronic environments, providing crucial insights for future pedagogical
practices. Consequently, the findings hold significant implications for designers
and implementers of training in electronic contexts, emphasizing the need for
strategies that effectively minimize collaborative cognitive load and enhance
learning experiences.
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Extended Abstract

Introduction

Online education has become a primary mode of learning, offering global
access but presenting pedagogical challenges, particularly cognitive load (CL)
induced by peer interactions. Effective online design and collaborative
techniques are crucial to mitigate this load (Apridayani et al., 2023; Pefia-
Ayala, 2021). Cognitive Load Theory (CLT) highlights the limitations of
human cognitive capacity, emphasizing the need to minimize extraneous CL
for optimal learning (Li et al., 2024). Excessive CL compromises learning
efficacy, making instructional design that reduces CL essential (Sharma et al.,
2021; Nazir & Wang, 2021; Yu et al., 2024).

Collaborative learning enhances engagement and knowledge exchange
through social interaction. Digital tools facilitate dynamic group engagement,
distributing cognitive load and fostering knowledge co-construction (Chiou et
al., 2020; Sun et al., 2022; Kong et al., 2025). Collaborative Cognitive Load
Theory (CCLT) emphasizes understanding CL in collaborative contexts,
where group work can efficiently distribute CL, enhancing learning quality
(Alfoudari et al., 2021; Agbobli & Mo, 2024).

Electronic Collaborative Cognitive Load Theory (E-CCLT) focuses on
managing CL in online environments to maximize learning efficiency.
Strategic peer interactions reduce cognitive burden, especially in digital
spaces (Al-Qaysi et al., 2023; Ni et al., 2023; Novak et al., 2023). However,
online collaborative learning faces challenges, including potential learner
isolation (Mourad et al., 2015). Successful implementation requires careful
planning and CL reduction techniques, as learners may struggle to self-
regulate without them (Ifenthaler et al., 2012). Strategic CL reduction enriches
experiential learning and learner-instructor connections (Petrovic-Dzerdz &
Trépanier, 2018). CLT-based design optimizes critical thinking by preventing
working memory overload (Sweller, 1993; Young et al., 2014). Explicit
integration of metacognitive training (planning, monitoring, strategy
adaptation) is equally essential for sustainable learning success (Jayakumar &
Krishnakumar, 2015; Louw, 2021).

Research Question(s)
What techniques reduce collaborative cognitive load in online
learning environments?
2. What frameworks best minimize collaborative cognitive load in e-
learning contexts?
3. Which practical strategies improve learning quality in online
collaborative settings?

Literature Review

Research highlights the importance of reducing cognitive load in collaborative
learning environments. Studies, such as Du et al. (2022), indicate that learners
with high working memory capacity benefit more from collaborative learning
than individual learning, experiencing a smaller strain on working memory
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resources. However, those with lower capacity did not see the same
advantages. These findings align with Zheng et al. (2021), who found that
interventions focused on collaborative knowledge construction and shared
metacognitive regulation reduced cognitive load and improved group
performance. Wang et al. (2020) demonstrated that learning environments
with moderate cognitive load and high interactivity promote efficient
information exchange, while high cognitive load environments lead to lower
performance. Liao et al. (2019) found that instructional videos in digital game-
based learning significantly reduce intrinsic and extrinsic cognitive loads. Chu
et al. (2017) found that both tutoring and online learning systems can
significantly improve learning progress and reduce students' cognitive load.
Zhang et al. (2011) found that an open-ended approach can create less
cognitive load compared to individual learning and lead to better performance.
Hwang et al. (2013) found gender differences, with girls experiencing higher
cognitive load and anxiety in synchronous games compared to boys. Overall,
the research suggests that employing techniques to reduce cognitive load in
collaborative settings can enhance learner performance and facilitate learning.

Methodology

This systematic review, adhering to PRISMA guidelines, investigated
cognitive load reduction in collaborative learning. A comprehensive search
across Scopus, Web of Science, ScienceDirect, Ebsco, Noor Mags, IranDoc,
and the Institute for Scientific Information and Technology of the Islamic
World databases, along with Google Scholar, was conducted in October and
December 2024. Inclusion criteria focused on peer-reviewed research post-
2010 relevant to the research objectives. Exclusion criteria encompassed
irrelevant content, non-academic sources, pre-2010 publications, and non-
scientific articles. The initial search identified 465 articles. Following
duplicate removal (102 articles) and title screening, 283 articles were excluded
due to irrelevance to collaborative cognitive load techniques in online
environments.

Results

A systematic review of multiple databases was conducted to identify and
analyze research articles related to collaborative cognitive load theory in e-
learning (E-CCLT). The review process, involving meticulous screening and
data analysis, yielded 19 relevant research articles. Content analysis was
employed to address the primary research question, resulting in the
identification of six main dimensions: user-centricity, information design,
flexibility and customization, community-centricity, information retrieval and
utilization, and technology-based support. These dimensions were derived
from 20 components and 101 techniques.

Discussion
This research identifies effective frameworks for minimizing collaborative
cognitive load in electronic environments, particularly in online learning. It
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offers practical, evidence-based strategies for educators and course designers
to enhance the quality of online learning experiences. The study highlights six
key dimensions for reducing cognitive load: user-centricity, information
design, technology and customization, community-centricity, information
retrieval and use, and technology-based support. These dimensions
encompass various components such as user-centered design principles,
effective information management, and tailored technological support, all
aimed at improving learning outcomes in online settings.

This research highlights the crucial role of technology flexibility and
customization in reducing collaborative cognitive load in online
environments. Utilizing technologies like Al and machine learning enables
personalized user experiences, facilitating easy access to relevant content and
reducing cognitive burden. The study identifies two key components:
personalized learning management and collaborative/interactive activities.
Furthermore, the research emphasizes the effectiveness of social centricity in
alleviating learners' cognitive load by fostering interactive and collaborative
spaces for knowledge sharing and mutual learning, encompassing
social/collaborative interactions, observational and social learning,
communication and emotional skills development, and cognitive processes
supporting learners. Effective information retrieval and utilization play a
crucial role in designing educational systems to minimize cognitive load
during online learning. Content should be designed for easy and cost-effective
access, employing tools like indexes and search engines. Technology-based
support, including optimized learning environments and improved user
interfaces, further reduces cognitive burden.

Conclusion

The study on reducing collaborative cognitive load in electronic environments
suggests that user-centered design, information design, flexibility, and
customization are effective techniques in online settings. Social interaction
and collaborative engagement foster interactive spaces and knowledge
exchange, enhancing the learning experience. Effective information retrieval
is crucial, and content design should prioritize easy and quick access to
information, highlighting the need for technology-based support. Educators
and designers are encouraged to implement these techniques to facilitate
learning and utilize advanced tools to optimize information retrieval and

learner interaction, thereby improving learning efficiency and depth.



1Y0-80 £ 0¥ Y o lad Y o, s0

VE/ 8/ 5 6 K3k Ayl N E RV il s A6

ISSN: 2476-3183

elSSN: 2476-3861

eip g dlde sdllds § g

IR AL VA N SR O

250 5

5}

AAEAVARVEYA

=P ¢ s g

S0 KA S0k g3 i el la, s

%?O? % https://jti.atu.ac.ir/
Sl jo S5 Hlhe SSUD b ol et ol
NPl (559 w0 :(E_CCLT) Kig 5

Ol Ol 0les oty ¢ Ssp Il (oS sl anhy adyl ol )I8 (g gl b
fatemeh.moslemi@ut.ac.ir :asb\1, g
Ol Olas (Ogs oty ¢ S, s o, 8 sk axty adl ol S (g il o bl
fatemeh.rezaeill@ut.ac.ir :asbl1, e
Ol Ol Ol oty ¢ Ssp S (o, E sl andy adyl lis )8 (g gl oo
. Ol 5 & dome
m.khouban@ut.ac.ir :.b\!, ¥
Z — Z
isls &@Jé)&j}»' LgLAMUJ{)stuﬁ}J a)/..{Jl.g‘:L’;nl ‘J}fmﬂ ol of *‘S_M_;h
raha.abedi@ut.ac.ir :asbbl, .01l Ol g5 Ol g -
oS>

plril (S5 S Glaame 53 (S5l (gl L Al eSS glals Ooda b 5l ey
29,4 ui:j) di.i)l andlan &il .Ca’-\éj.g: S gn ;;‘:')}“T Lg)}\;é C)L:.g:‘ BE) dq}j‘)ﬂs ;}\g& 49 L&
|, Google Scholar 4 Science Direct (Scopus ss!s L;Lm\fg_g G833 ysba 53,5 eslil Slatu
525 o Sala 1y OBl AT 3 cmy 2 5 2505 Slaskas 5 st L e O gt 55T per S
Sl s3ll Jebo 51 o ol b S 15 JalS ot g i o o 4 Lo e anlllas 19 4 e
5,5 oslial LT ol sbel ok 5 ei b ecalizes (gl 53 ol plulis (eSS (g
b o S 1l Olai |y S Hlie 5 ld L EalS eSS wlul dn jid anlllas oyl
B Lg.:...n G% 9 cab\.&.‘.‘.w‘ 9 C)Lﬁw‘ g_g'L.'.JL cdjyuwlg- cLSJL»u’JaJLd.«J 9 ASJ.L.LLJUQJU‘ LCJLFW‘
S kS oo STh oSl (S5 S (ladame 55 (2 lb L IS bl ol Coed) 65
O-1b 6l oo sladaly Waasl cami s das o &) ol T L;:"J}‘T o gl gl 1y sogr Sla i
S osba 8 w8 o uSTE Sla sl 45l s Lsls (S S sladin; 53 Si5seT O e

s g a1 6,80k Colas g dile e il w1y Sl a5 ls L

L;"SJLL‘: LSJ:§"L~ cé»:jj):;\!‘ 6;)\{ LL;Z>-L~J3)L LL;S)LLA L;’l?-u )L.’ 4{}‘}4’ ZLAaj‘jJ.:.lS

2L Sl LSS lulis (1P 1) e coble 5 hidoms (DL 5 caablb ¢ Sl caablb ¢ ol R0 oy 4 Sl

AY0-40 (YPV LL;J:-.(J[: 3 ‘_;-:‘J;}l/"jbdj‘;ujAu\;ﬂrw G, (E_CCLT) S5 50 (glaloms 55 8 jlie o lis
https://doi.org/10.22054/jti.2025.83916.1542

S e oKsls Y415 ©
Sblb 43l oKsls :‘J;U




VEr | Y ojlad | i o | 83k 53 (B saT laceystd | Ve

PR PP
ols b 6,8k wnlp ol glaob 5 3 K a oy T 55seT a0l slis 5
L 55 OS5 sl 5T w4 (g Joged 40 8 3Ll i ol oSl
S5 b 5 5S4y 53 51 (5 sl Al S ot e Olgar kit
Sl (LS b 0 sh on e 0j g pl 53 &S il sla il I (SGnl 03,57
b e T e s g5 4 T sl dama 53 080,85k s ol 313 oS
Ll g oS S Hlie (6,8 5L eSS Sl eslial 5 p T ) 50T (glatases I ouslis
Pefa- «Apridayani et al., 2023) ol jLis; g0 i Bl S AL Sals s
.(Ayala, 2021

Sl g pde 5 51 lp SLs s (LS b ¢ osems Ol sy (LS L
o b sl ol bl (Lietal, 2024) s o Ca pni (5,8 3 s 5o
b 2l gheny 6,85k ladkime Jie b I 5l 3 g DLl L
e Sl oS 5 s ST 4 s ol ol Coaal (6,53L gl 5 (S050 8 L
5 5 dalg 5 5 o S 6,85k o ST 4 8L, 5L s
025 a5 e pl gl 6258 (25 50T olal 4y gl 53 Sl 4y e Wl 5 o0 ol (0] 5
SIS s L gl g T el glaasl 1 b 5s conlie Hlsle &
Nazir & Wang, 2021 Sharma et al., 2021) Col LOT Codd ga 55 bl O
.(Yuetal., 2024

L Ol ol OB, E5k w0 (550l 551l o Olsion (Sl 6,85k
3,0y cpl o3 AL adls EE s 6,8k Anlp s Jb gba oS das
&y Flort Ml 1S i 315 5 0 Sl 2 5 SleMbl Uals @ Lgsa 08 %, 850
S b (o HT Gladaos 55 S o oMl S50 5 S 500 Joges
Sl sl 5, 0l Jlaws slaylnl oyl 35y S olie 6,5 b &l slos
Ll o ol ol dins o OB LS50 41, 2,8 lacdles 5o Jlb oS jlie 5 5,5
Gl 315 g OB sl ST ST fogd 1y (5,8 3 5 0nls ralST 1y il
Sun <Chiou et al., 2020) 15 3l pbe 4 KA L 6 Kan 5 o] Isls
.(Kong et al., 20254t al., 2022

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

Vod | Oen 5 oot | e (L b bl G S g lulid

dogp Sl Gl S el sl o (S ole ST b Ll b B ST
Sl dizna (CCLT) (o8 5le 25l 5l 4 i ¢l s 23557 (oo ol ST &S 3L
2 L bl (K& o555 gk T Gladems 53 S50 5,550 &
SbetiS o 505 8 K s o8 GEL,E L (e gl l S lke slaldl>
S5 3 (8 3t st 53 5035 el (5330 5 b 4 Ll o 1) KU L
UL 5 (L L (o oS 5T (b el pl Ly diled @il 31 S Gee
3K S 83k Sy e 5 B b L5 e cdns 1 e 5350 1) ez
.(Agbobli, & Mo, 2024<Alfoudari et al., 2021)

¢SS Ol gea (E-CCLT) (Sog ,SI dama 5 S ke sl 3 4 a5 clialy ol s
T b 5l 2l 5 T (6,80l A3 (sl s gt 53 SIS 5 S,
a b Jgol olal 5 oS H5lie o ls L 4 L (Apridayani et al., 2023) ol ous
b el e 0Ll a3 53 Sledbl 5ls g bl o1 4 a8 4yl aslis L
L ol b Sl (6,850 sladases 53 4T AT o ASTT 4 k5l ol 0s
Aol ash Jole 83 B s b 6,8 sk S a0 S e l6 S e
S el ROl (25 5 6,80k 5 plemt Sl & W (glalas 55 03 54
ok by ool 4l oS 5l s Ll 4y (bl Ll Sla g (Sl g Sl
545 LS sl b Sl @ Ll e OB W, 8l e A SVl 45T
Ni et al., 2023 ¢Al-Qaysi et al., 2023) Ll Jopus 1y S 3L Al aomsiys
.(Novak et al., 2023

soor % e oNT Gijsel dae) 55 8 G ol & Olgea E-CCLT
s asls oS aie 6,85 glalase 45 DL, S5l slasl 5 s Dl
3k gl olol r a5 ol ST o ASTh (6, 8T5L 13 55 (Ll L oh o
s b b s sdon KK et 4 S Sl odd ol b ks L4 ki
5oyl s 53 .S o gy 1y Sledbl STy 5 6,8 b 0T L5b 5530 5 e Ol
S y3 &S 53 el ok ks 5 S £ bz o) 5l (S T 50T o8
s S 650 Ol Sl he (S olke 6,85k 5 s L e e
.(Qayumi et al., 2024 «Pereira et al., 2023)



VEr | Y ojled | i o | 83k 53 (B saT lacsysld | )Y

Syl s 5o Fse 3 S, oSS Olgea T (Sl (6, 85k & ul sy L
Sl L ol gladnlp Cupde 3 ol Hle b Ll sdsaslis 5 el
bl 5s 1) ola il A6l g o pUT (6,8 5L (slatasus .l 0l drl go O L, 50
1951 rlm! 4 i 0580l 5 sbo 47 65T 3 gy 40 35 25 68 5L 5 (Plezr! ol
6 2T (S 5l 5,8 5L ¢l > .(Mourad et al., 2015) 5 45 0 08 6,8 5L (m 53
A 5 wlst eyl o5 8 s 5 (b (G5 s mel s iy S
23 s L eSS, Ll pole Doy 55 el (LS L S eSS
Lo OB ,8050 350 ot 55 5255 (2Ll Lol gen L T (S5l (5,85
SA3 skl 68k b sl el S eSS ) edls 5 KT
oyl o5 Do Sl sl pde 4 e L5 o ol S LS o pde
Ifenthaler ) coul cobis 5 o lgs i) pte OF doe a5 550 b iy 5 STL
(etal., 2012

A T glalss 5 slaml Sely (s b eSS Ol s
38T (15 0 e B Sl i S il il el S OB, S L Ll oo
Lilg o old b eSS 5 il S Sl s 8 el s
o el s blie B 5 S bl 1) 2 g 650k Gl
o2l Cads (Petrovic-Dzerdz & Trépanier, 2018) 18”55 Oladns 5 08 4,850
s lizs Glaldd 55 rer (50 e Sl bl (B ATSL s s
sl T 25seT 3 il J2alS 5 08K sl culs ) o5all

e Jom 50 S (5,8 3k sl (a3 (sladyl by p 4 (LS (wlBOlg) )
22 S e oSG Ol (SOl LS L comolr ol 03 sk e 4l
b LSS Sl eslinl pde ol = lae p T (gladaoes 3 (Sl Sk
b e 0303 (3 gdome Cud b 45T (6,8 abable do 1t IS LU L Llg e gt lis
L5 n ol 214 55l ote alins Jo 5 (63l51 S ASle ¢ 2l Glady] b ys Cand
<l (Young et al., 2014 Sweller, 1993) .3 35 e SILL 5 obow (5,5 5L @
Sl 5,5k ol b s 15 e D8 Wil 0 550 pl 4 s
Jo slas,lee 5 ookl SE Jged sl 1y U L 4k gl (3T O o

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

VX | a5 ookt | e (L b bl G S g lulis

(5,5 b dulp 38 asyltle b(Louw, 2021) & ,n 8 4 08w, 8 5L s alts
Jo sla obls 5 golisl Si 5 o3 S arg |y ks b s p dialys a6 o sl
35 o A LB 5 Gl lge &5 olouT 1 AuST o g5 Ol geT Els 53 1y dlis
b i diS (6 paal b Ll o 3B 1y O3 saT 2515 5 diyls jaT b go (8 5L
eSS ol (658 5k Al oy s Gl 55 D) 3 1y g5l 5 S Ol

.Jayakumar & Krishnakumar, 2015) s 35 s b8 08 05,8 5L &b 53 39

Bt R
OE LS5k 5 Shee (S olte (ls b 2al SlaeSSS 1 aslial 4y 5o
DU .tits (5,8 3b il 3 55 ot lid 5L talS ol odias Ol (godmze sla ha g
S das o Ol S Loy 4 opl 4 355 G o (2022) 1 a5
S oS olie 6,850 Ll 5 s iy oYL (6,8 ail b b oS B W, Sl
Lol 655 57 4 25 15 (6187 alablo mlin )3 (6 208" 2alS 5 L3 57 Jor (533 &S\
Cb b L glael (o i dino g bl S il 5 ol B L 8,85
ol b B L OB LSl lae s cilanils (g g 3 Shas mhaen (slaos 8 55 Y
53 2gdome sbay LOT 5 Shes 5 W5 dino gy (Sl 6,53k bl 5 5
S 3,03 g ea (2021) 01, Ken 5 ZheNg (slawdl b s pl 3 (Keal slaog S
&S phe Sl el (B 5 S 5lae HIs Cole y patd sladlsle T
Sl p elel (s edimsoli JilesT 05,8 cLiagi opl 93 X3S sy p )
38 3 Sas 35 5 UL L RS 4 S W J S e 8 4 e (6 ey
I 5 e 6k 6 WS e LS L S ol (Kalen 58 oSS
35 5 (LS L S el oS elge 51 (S sd amie baey S s e Sl
WaNg caiej cpl 53 6l (6,8 30 Gac I 5 1 gime cnlin 1 b 0595 o0 6,5 5L
S5 oy s Sl 5 (6 ,55k 3 Sheer Olye b (hags 53 (2020) O Ss
s b St Caliee Glalu i gla oLl o ot ls 5L L5b T oS Lk
S sls 0l LOT mls s S AST e WT Sl 6,850 soks, s S,
e 5 dmils e e ol b (el abed) Jb (6,8 5L glad b sla WIS
e Vb gt lis 5L L ST ol WS oS Il cinls olas Sledbl dsls s oL



VEr | Y5 ojld | i Jo | 83k 55 i) saT clacsysl | 1+ F

OLen 5 Lia0 Ol ge mod b mlize . tzils (628 5 Shes (ool 4bemd) L33
ez s G5b 5 2 655 3L Gladeses 53 55507 Glagtis ;3T o)z L (2019)
5302 L Sl e 5 JB b b s b s 6 g ol Sl ealinal ST L) a2 ol 4y
Slalu ki byl 5l eslinal & das oo Ol goose ol Ans Ay S s
Sl a5 bl ST Sl (6,85l e 5 (L L el 4 Ll
soon 515 S 55 (6,5 5 4 ccmlie Il 5 35 90T S gme o1 ose &S
odas0ll Calies Sa g il (Sl Hlo) 5 5 lodiy ol Sl 58wl
O30T 505 6,85k slasly 5 s Dl 6,85k sl Sy Dbz 5T
Lgﬁfalir:...._.wj#f.b-w).\sajg.i))).sw)j\{(2017)0\)\§o.m)(:hu sl
783k Db ey o 5 B sba Wl e a5 33 4 45 Lk s ol 0 T
ool 0 dias Lt Laadly ol .ias 2alS 1) Ol 5T jils otlid [l 5 dias ilj3l 1,
OLan 5Zhang (ol gie ol b colize .ol (6,830 AT 5 53 comlio 5,55 55 oles!
3,005 4 Loy S nl 4 (S5l (6,8 5L Calitn gl gy L 5 (2011)
3 hee 5 &S sl (63,5 (5,8 3 b amglie 53 15 (6 28T b L TS e L OLY
S 53 i dled (ol b Soys 0 das o O s ol AL bls ol o 4| (5 20
Jol 65550 682 5 o) Sl 4 DLl 5 Ll 2 oS el (gl Sy S e
Sl s (L HL s s Gl gl o das e OLAS La Ra g romen 13 00
Ml ey 53 Ol a5 O3 457 ol (sla Bl 51 (6 5 Gaas 5750 Ll 5 o0 26,
R 55 (2013) 0l,a s HWANG cas 3 opl 53 .S a3 el se OT L (55513
DTl 385 1 by Olkal 5 ols Ll 5o (i slaoslin Olge b
400,18 o b Olejen b (e (3L S5 53 (5L b 5 (5l 4 o ik WS
4 Sl Sy 2Bl 5 (L L Objen lail 5o O Ly a2
2 ol Ol g il (6315 51 e3lizal 55 WOT o 5 la iS5 bl edisls Ol ey
S ol ol b 2alS gleSiSS Sl eslitul & Canl 0T 51 Sl b iag s sles
S g 15 0T (6,850 5 ditde 350 15 OB 5,850 5 Shee W15 o
03 (S olhe (2l L 2l eSS slinal Coenl 4 4 5 b e plal ol
@\)se@uw(,u_,;tw,’gﬁ\ﬁ&,;ﬁ”xf&u,,J@Tjtg;{g};ﬁ\@m

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

Voo | a5 ookt | e L b bl G S g lulid

LB L Ol Pl 4 55 fse Gl sroler (glelis Lo S vl s ga clial
Ll g5 op o ool Glas 5l nl 5 LSS (b yme b opomen oIS SGS die ) pl 5o
ksll.a)&a\).a;m.a\jﬁ-wcsﬁﬁ@WTdh@):éﬁfslﬂwJ%Q
Lg)lbjojebOT}‘M‘ﬁ&WT&L&o))JOB-‘J]o)OLJMJr:fdjb‘.wm)‘_;la&
Colana) opl 53 5 ph Gla) 28T Csla () 2 9 65 (Sle 3y 0 05 SR 5 AS
o) 035 Jas g (b lp ) oy 5 A sl ey ) 3 b IS anny
b Al (SaeSiSS 4T ol Jlg ol 4 Gy pshiea Jrags cpl 10 65 ST Al

Sl S (S5 S Lo 55 (S lis ol

X3
w3 OV Jow (oL, (plels ol .x;,,rUa; 50 5 Sk el o
ol ok oslimal S Hlie 6, 85L Lo jx sl L talS eSS
Sl hian | s S O o |y Solidions Lapllss 5 5, (Petticrew & Roberts, 2008)
S 59 el (o (gileaods ol &S eseie o adse 5> ol O]
o5liy3 oddelil Sla i gy ‘.x;ﬁrU&J 090 Olalllas 53 s S Ly o 355 0 Ol
SNVl s5,m (11 53,8 or S L 3 ke 5 s sbay ol o S
ol ol a5 50 5,058 (VFAD OLEer 5315 )) 558 o Cond 385 Ael
53550 ESG S 3 WIS g 5 S on sl Gy g0 § 5 00 Sl el el O S
ST S8 4y i S dr 5 b 5 038 gl 1) Gl 55 &5 e Dl 5 g0 Ll
.(Hammersley, 2010¢<Tondeur, 2012)

Moher et al., ) PRISMA cudeSa 51 (s, b diepllss 550 cpl ot 5,280,
(Sl osls oBSL YV s SVl 03,5 patie g Sl b Selowil (2009
e il 5 salnal o 5 &S5 Oyl By 5 Kl (28l sl ¢ sl T
VY 3T 55 5 35 S VEY e 5 dteplis (s gt o3l Ol (55515 5
255 Sy S5 eSS sl St EF 55 55 s Samiea i Slayaya
(238 653 ¢S slie (5,8 5L L ad e IS LIS S 5 I i Sl sLe



VEr | Y ojled | i Jlo | 83 53 (B saT lacsystd | V8

33 5 ) Jsdr b IS esls sl s s S 6, Sl amks L
i S S Y Jadr b o Bosls ool

el o3l slael L .)..‘..arLE Sz 33 SIS LS N Jgu

OR OR OR
"Collaborative learning" “Cognitive load” “e-learning”
" . - " . " Electronic "
Cooperl.?tll:/e learning AND Cognitive burden - "learning
"collaborative " " Wanli P
cognitive load" Perceptual load online learning
"Mental load" " online education"
"Information load" " E-education”

solb osls el .x;.acl.]éj G 33 SIS SIS LY J g

L L
S S s Sk SOl (5,850
> ) ——
b 6,55k TR TSR
ol S5k

ssbieay R oal 5o SV g 2 50555 Slaslae SRash Oda w glaws Sl

LaS Gl gYe Joli 55,59 Hlas . Llodkd i Gadow @l:.l BERGERPRRE SRz
Sl s 3,28 odd (69l sade rasl fad 53 g o3y L e tags Coda
Gl gdle 5o Lbodd sy OV (piomen (Lilodd Lizie aslOLL 5 (6 S5
Shae (blie 53 sl as cale g 5l g odd ame cnddS Lo os)ler 3 0394
S gl fuad 5o b il (bl gasn Oda b oS ol Y Jald g
8 os jize SVUis ol o sMe lods daie L 551 5 oo ges Mo claaali} sy
AT 5 51 cdilods iz ale 1 Oy oty &5 SYWe imman s (WA L) Yo+ L |
Llodkds 28 3 owndSSl 5 oy 51 o (SAOLS 4 45 SVl ¢ pioma ks o o)
Db ol slasbae 5 Od s Slaskas Jsde s S ol s ol Sl 5
G_L@;QWAgo@)ubys&uuo&,ow;tw,ﬂk},\f&,;@wﬁ

as e Ol J.:Ja:: VLS

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

VoV | On 5 oot | e (L b bl G ST g lulis

dw‘)fJJ}J)JQYGAQMC‘JB-[{.)J&\J)L‘M.Y’JJ&

S olie 6 ,55L L bl pas Sl 5L L ks
T L L LS pts ol Jass 53 (6, S5b L LS s
S 5L L Bl pas Sl UL b
cLAML)_}) cg.)ts 6LAJ~4.§ BL) AMH‘JLZ- ol Ls)}b JQJF 6LAMLL~Q_‘.3 DL cJu.;rg_r‘l%
b o158 oo g8 D Laaebobl 5 555 sladla, da il a8
WAL L YoV e 5l 5 el sliasl L OF 5l jdgder 5 WWAQ L Yo e SLasl Jla
Ve U558 i g5 — ook B = ele OV

L PR L IR (e

Ly OVl Ol 5 gt Ly (iagy ool o :..L;A(aLEu' S 9
0315 Lol L aled 53 g b cldnl 3 Conl o onls Ol N Ko 5 &7 glas S a
clas o (S DS Sl bzl b 5 ey 5 ol SLa0LS & SV Juli ¢ S e
sllie p o )b o33 oL (5 gmtan 534S ol ST JBAs o lulid Al FYD sl
ol ISl J8 03 s (6 i G b S Ea YO 0l o 5Ble s 25l o e
3] 53 oy Al PO 4y oliadl SV § samme o 5 p oS 5 S Bl 40 sarms
i Ol Ol gie gy (51 e YHY sl s o 5 g lulis (g,) SG allan ) Y
1 0L LSS L bl pde s 4 L YAY (oWl o Olgie (gmy ol b
L3, Sl stp s s oo oy gt Gain (sl pde s 5 T Laos 55 (S e
o 5 b Ol odSg sy @l e A ey s 8 Dol e
S8 amlie 5 Jlo shien itd OBl JlS (me s (sl i YA o U2
:ﬁj‘}»wS.xisjf.léw@Jt’}s&f}bjs‘_g;ubg&ﬁ‘_;h)lﬁudwo\!&»
05,5 55 isel sl Slesan s iiseT gab 5 8 0e5T s plnil od 25705 S
5 Hs sl JolST e ey 3 e Qs ol & g Lo RlST 5 JS
A O Grae o 5 g sl dlie VA Zulgs



VEr | Y5 ojled | i o | 83k 53 (85 saT lacsysli | 1A

Sldlee Ol 5 sl Al 3 S

Loty (saolaly 3,b 3 Laaslllas bl ’

3 Aaloys 6315 olRl 33 gtinr
- olalllas Coudyb o lulis 50D onzom 3l s by a3l SV sle?
3 e >
9
¢ 1) Doy (0S5 oo 4 0k ol ¥l sl
¥ alo e YA O e Blisl e Lo 4 0 ol S ol
(1) 018 b3l pde s 40 ol DYl sl
. o bl Hr 4l o
2953 3o oyl >
'-5‘ ¥ al>ye Vo oSS s g
> oY lis 0aSy _ Ll eiSe .
q [ ol S e b il 5 ke il bk WelS sy o 1 dgzila
) SN 6 Sl S i o
:F al> 0 S i
Jals i LS b andia
——p| T Sl da s (S S Loy i
9 Gens Al 50 spy e it g L2 LS L5l (s i TA
3 Olalllas ot ooy Sespn 3 B3 a8 3 3 0sST el o 28 0s £
:} Wl s s o AT 3 I8 es 8 s 2jT la
B RENSEENTR

sl 3 dinpllss j5,m ol )3 okd o3 (ol SV lEe Sledbl tlaesls ol oz
Jols 4 a3 o b 5 1y G jp Dlanie ¥ Jguter i3 8 ol el ok il
SIS ale (o s )53ST (Pagn sy Olge GLSH b codiny 513l 5s
5 peplis Qo gl o ge ealis O Jgdar 53 e 5 Al Al OV )3 5 s
P Usir 53 5 gl il s SU (5,5 Lo 5 il Ll sl eSS
3 5 G5 oT 3 gnazns
Laasl
583955 S dlas! 5 Calises o3ls claolL Lopllss 55,0 G plonil I g
sy g pabge b las e OV 5 b ey Jod 5 plulid sl oy 5
Wlio 14 31 aosls w5 385 owyd Cpl i Aol 5 pl ks Juol Laaily I (glas yorms
ASSE- CCOLT 4y cobt Coanl &5 55 Cdniie Ll

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

Vel | a5 oot | e (L b bl G ST g lulis

Jalos 5 Sl E-CCLT _zalS (chaeSUSS aney 5o g allie V4 § szma
ng)fﬁfjaj?w\)z:ﬁyQyw;J}j)CﬂcM:QL&JQYL&J‘.JM
b8 Dlaseiin s &S 2SN (gla WNIS™ 55 (S Hlie 2t ld 5L Calises slaace

3G 5 Gae 5)-"‘{;;6—".‘}5&\5 }i& g,xvouul;ﬁuh},%);uﬂj}’dl
Azt oS ESGS E-CCLT b o o Sl 53 6yl Sadis, sl

e gla s Clasie £ gl

o5 gls -X3) IgS Ao Ol ge Jl /o ds 5
b gl 5 500 j <
_ =)
cshisel b s g
sl b ) s
3 U 50l 3 S iia‘ e-Learning and the R&utgi(éhghagk
~ T < ] 2 Science of Instruction Mayer (2023')
2 e S5k e,k 3 g
. o)
aalyt Y
w5l e T S5k 2
Ao e ¢ = “The Illusion of
Gl b Sl oS3 a, § Collaboration”: An
(Sl 2Ll L elS ol 2o Integrated Examination of =~ ..
i Y & 52 the Antecedents, V“\]II yogst(hzlggg)
hoe o3 SOk el ol G > 5 = Processes, and
Ao omd cled > -nd a Consequences of Online
S B sl 2 g e Group Work
193 ol %
PELILS) [S)
S Ol Sl 650k
bl (ClaP) sl & 8
.. e s I~
Sbakl 5ol s 2 s Investigating Carmel Kent &
Lo 13 (CLT) sxls i ¥ < Collaboration as a Process Mutlu
e (CLT) > =y with TheoryDriven Cukurova
<(CCLT) S )l il % g Learning Analytics (2020)
5+
i s e 555k © g
slorl gbasls
sk ‘“5’5’ Bl b 3 £3 The impact of working — y cii o
Sz O350l 2ils ¢ S 5L ) s =) memory capacity on Con ! Chen &
. L R = 22 collaborative learning in Hong win Lin
b Al s s S50k k O 5 elementary school (29022)
&l alasl> ’ Lo students
slasl (ils S e ol i —%; . R o The multi-layered nature
5 gal 5 6 ,Sok (il @ 288 < ofsmall-group learning: .
Fisel 03 S el £c 1-gr ming
© ‘ - s £ é&g £ Productive interactions in Cm(azldl%‘msa
Solen ol Jalai e }3 o 2 SS=¢e object-oriented
Ko S glaes S x 8 SR collaboration




VEr | Y ojled | i o | 83k 53 (B saT laceystd | VY

53‘;.&:&5 u:‘JJ J_,.:S A.LN t)‘rﬁ J‘-w/a.\l..u‘j
COVID-19 (sl b .,D‘ ‘;i - The role of metacognition
' _ Y I £8 in promoting deep Helmy Elbyaly
S5 MOOCS (Gas (5,550 ‘;? 3 8. learning in MOOCs & Mohammed
AT KL w -® during COVID-19 Elfeky (2022)
wie L 8 pandemic
o
[72]
Q
(&) .
COVID-19 . ~ Ul 24l N >< Feedback from medical .

B SFE S 3 § £ 8 student on an interactive Shamsuddin,
&Sl Google Jamboard j = 29 T"; online anatomy practical Woon & Hadie
T e . = <=8 using the Google (2023)

ol 650k (lelas b o Jamboard platform
=
&
% = S Collaborative use of
) ’ s > virtual patients after a .
S el b = < ; lecture enhances learning M?%fé)al"
Kt k= o with minimal investment
13 & g of cognitive load
_ . . Effects of an online
(52 B, el e 2 3 o U’E formative peer-tutoring
GBS (o pat s k S % SE approach on students’ Chu, Jun- Chen
’ T 9 % SES learning behaviors, & Tsai (2017)
ko s 525 o5 Sk 15 A gz performance and
— [ it H
sl s claeses we Ssl 5 cognitive load in
Sl sl 2k mathematics
i =< s ¢ 2 3 Enhancement of digital
(S S 650k ?J = reading performance by
Sl 5 0Ll Ll i 8 sh using a novel web-based  Jan, Chen &
o = 2 ES collaborative reading HanHuag
(Sl (5,500 sl o R e £3 annotation system with (2016)
R X £ two quality annotation
L I sla | Lo "
S sl slas sl Y 38 filtering mechanisms
A3k (S le 5500 5 o
“ig ) - I= -g Examining different types
R o o 0 & of collaborative learning
D © 1
il L e kL5l — < 28 in a complex Zhang, Ayres
Sl b 4kl e Y 5 é.c computer-based & Chan (2011)
and ol b 6,83l ?ﬁ S g environment: A cognitive
L : © E load approach
S 2a®)
NP s
; N =8
(rs,S AET L 2 ‘>3 -
S g ! 2 $9 Tacit guidance for Bodemer
odeze b sla Sisla '3\ £ 3.? collaborative multimedia (2011)
hgm sy b 8 B earning
bl sl elis T
.  Theeffects of pre-training
- ) © = HT
ol Sl By eel A > o o __¢© types on cognitive load,
ST R ) S = £¢  collaborative knowledge  Jung, Shin &
GSol (sHlie il el = = SES construction and deep Zumbach
. ¢ s BE 5 2o learning in a computer- (2021)
Geee $ 53k (SOl 5 3 =- & supported collaborative

learning environment

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

WY | OKn 5 ot | e (L b el G ST gl

¥

o5l 5uls’ ey oS Ol e Il /oy 6

adllas ¢ g S5 o ol
(sl L eslanal LB
SSolie a3 el 5l 5 S5b

Towards effective video
annotation: An approach

to automatically link Mu (2010)
notes with video content

Computers &
Education

Jizes 3L » e 550 Y The interactivity of video
oL N o and collaboration for
(23! kb (DGBL) Py c »S learning achievement,

Eul, g - IoR=] intrinsic motivation, Liao, et al
WSSl S sl }“j Z 23 cognitive load, and (2019)
(st b G 05K - = 5% behavior patterns in a

* © digital game-based

SASk s, learning environment

Learning performance and

o Sl Sk 5) E behavioral patterns of
(bl bl b S © L online collaborative
B o 3 £ = learning: Impact of Wagg'(gggg)&
S5k da LUls k O g cognitive load and
eian Eo ccliile s S affordances of different
o S S © multimedia
_ «  Applying collaborative
- B ¢ © .
Sl b Solie 6550 3 g S HS S cognitive load theory to
4 . 3 S 225§  computer-supported Janssen &
(halsd glacdld (b L T 8288 llaborative learning: Kirschner
2 SEgFg collaborative learning: (2020)
e (S8 il i 2 = 223 towards a research
=0 agenda.
. ] . L
S oS S ey S 3 » 5 Effects of interactivity in
¢ s - LE E-textbooks on 7th Weng et al.
S Lo elas ¢ L N S : . !
2k el 4 é% graders science learning (2018)
ol kA s s and cogpnitive load.
Olusl Jolas (sl 5L 6595 ;3 > 0& Integrating cognitive load
. e T 1 < L2 theory and concepts of ~ Hollender et al.
Wbl KS w I bl M '
R Lo 2 § é-c human—computer (2010)
$SsL 3, O 5E interaction
"],) [ON=1
~ T

Sl Izl 53 oS A eslizal | gome o 1o tass ool Jlgw @ Gl ol
Foly Sl 513 T (Vg o 5 Ry ke 035 adedn b G Jl e 5 £ 50 50
5 ot les 45" s Sl g4 S a ab g o (lgimmn b O 20 b3S ST i o3ls
T Jolo fogs 9 Wosls guuatas (gl g sl A aalsl 55 sl Cy}n Js
C}la.»)s L3 g (6 i r.:Abu Jols 487 S 51 gslia s CL?‘)J ..u,tigjf&@@b
A & 55 sdoms il 3y g0 e 5 A S 15 aadle ) 5 ediguuares YU
03 3n (S g 4y a5 5 i3 ST 1y sdomn (5,5 IS8 5 Sl sl ) sbas ol sla
zils o3b5 Gligen oS (oolal chulp oul o s b8 e ué,ufcu



VEr | Y ojld | i o | 83k 53 (85 saT lacsy ks | V)Y

SIS A P o)l glaadl 3o b Jole S8 Gbaias & ulgiys s ods oS 5
46‘)?:&&\.&:9.-\ cdjbufb)u..u 9 ngi.,\.ldlbu‘ e L?-\J.b cdjfuﬁ)lf J"‘L:"
alge ¥ 51 s 8 anaih 5508 gme Sy 5 SO Sl eslizal 5 oL

3 8 e SSSE N Gladge Yo ol s s S 2 sl

sl 5 bad je 4 E-CCLT s slacslisT siuanns .0 J gl

K laadl 0 sle

LTS slal il 5 ealizl
GRS I b sl
S sla sl S5l b s 15
ey 5 om0kl sl (LS slasl
alss (S9SN peps Gl Sl sl

diess Jo S0k axw s
s ol 650k s
sl Sk dis > 5 6550
LD ladnl B S e
ol il 3ol 5 g5lede

Sl el (6 S5L sl 2
Obkar (58 5 Cylom 3505
glol 5 S, foges GoKen 5 ol Soga S
bkl oy S oolels
Lo Sl Sl

83,8 sl sl sl dw
s 2,575k
o582k sl 3,570k 5 Sy
c..él} 35575k 5 b el 2 1
sl glacs

sl Lo S sl
Downtime ;Breaks
Sl s ible AT feos G AL gl
sapeeei Sl b
=215 Sk Slaal

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

W O 5 oot | e i b 8 ST Ll

oSS Wil 3o

sl

6)})"5):?.’ OleMbl i
S els b s
o i L oLl Blasa L Ly e
s L L sl
sl b s pde

el el b
Sliluydor 6,550 Jsol 20l
OMGJ): (},’I>L.J )L» L» bJ.:?_:r.:.!: ;L_u_l.bj ‘})‘)b
sl b sl el 5L L;uuf}_) 51 eslanal

ol ladendly s 5 B3 6)1E
2l e Gla by
LSJ'.’JU J}Lﬂ o3l
Sledbl 0y S 5 =
dleé g3lear LG b

sl 5 sl
S5k

35 e il ol (6 s sl sl S eslana
S g fou 4 bl Js s Lse Ols 5 slaslnl s GL;A 3 eslazul
slaloskar glacas 3 Sra
VU kSl e il (sl 2L Sl esbicad

bl o
sl S Lie sl
ol 5,575k

ﬁw&)yig}é&b wb‘ﬁﬂu.alraéﬁ

5,55k 5 bls

A
Sl

B SRl il S Gaass
L ot
S A0kl
Sl s eas0ble gl sl slal sl

6;:55[4, Sl s

§ e 6550 lales 3l eslizl
Y, —3 6[.&)\}.1‘ J\ oslazul
Blr 53 ol Gy 5l OLL Sl Cilly Sl eslicad
Obles 33500 OVlman

ola/ S jLie e

sl Sk

Sl g



VEr | Y5 ojld | i o | 83k 55 i) saT lacsy sl | 1N F

e

laadl 3o slad

St elaxl OBl
o S Gy 53
asl bl (o) Oblun (5K 5 Colam 5 5i0

S oK gl

SSOL elea! OMalas

elazrl edalin 3 b 5l 655l
SSolie ol3 (6 :S5L 6l !
SSolie S5k gl sl gilecir
dlé Jalss s 5
OVl 5 555 (sl enrilSCe

PPN
sl

Pl gl e axn s
Syl s Lible BT Jgus
Sl s rld B 34

2 gl o

SO lenr|

Ll gl lge ann s

sible

oS sbSalys 4 g
LD ladnl B S e
iy St 5L 1 Sl Culem 5 (g5lude
Lo

Sl g pacdl Gy 55

5 sl glanl b
G815, 850 5 cules

sl b e
S el b s
sl 5L oLl sl s b Sy sl eslinl

S el

Ob bl s o e
ERPI'S)"

e (5,8 bl (6,108 Sl
Sl osh dnn s
Sl 5l eslanal 5 oL5L

S sl sl 5leslan

)\ oslaral
e

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

WO | O, 5 oot | e i b 28 ST Ll

S Waadl 30 sl

S 5 b Gopis
el glacs
GRSk 4 a5l Ol arass

el s S5 = A
A . , slolpl 5 Job slacs 3
ol s a0l gl s gl o
- L
R
LS)}} b)f)b 6um&ﬂ gé}?“,‘;ﬂ' dububs E) MUeJU
6;5“{ b bl

fe 5L glalass 5l eslizad

b o Sl 4 4y o .
] ‘ ) 56500 Gileag
sy gla i 4 lacilasl 8 5 sy

| gis 4 >
. c e ST
5 e pasl slajlnl s Kales la 205 JialS

-y e Sl
S Glakal; 5 g S
S5k L sE Gl sl ST 5 Qe s 5 ane s
Sl e slzel b S bt 5 cpudle 5550l S8 Ly

)lplr,: Sheslatal e bb gslaang - )

S S Lo s Sl b L mals bl Soled sled Y K2

LSJ;-“M,HJLS

...- \-f-' -_.. £ 2 Y d;_l)b
goskd ]

S el el

S sl

5 b s &y s
3l sslazad e s
cledbl RNES

Sase ploned



VEr | Y ojled | i o | 83 53 (B saT lacsystd | V8

S S o 5 Lo
LS L 0l Blis 4 s S ol plels skl hags ol
S GBSy ASTB L romen ol 0k plonil (S5 SU (sladamms 3 (Sl
Ares 5 oo o) aly i T Gladesms 55 6,85k CodS 35 Sladis
b S (5405 e e LOT 1L s 8 Sl pT slaey 5o Ol b 5 Oladas gl
osba Wiy S e QLSS S b (SO0 (a0l lakae S
G S L Sl e gl s das 2l 1 (85l 43 E-COLT o gures
2557 Olhayl 4 01,8 @l 1,

Sl (ol L 2l GaeSSG ol 55 bbbl Slides (slaasl (g
5 6l Wl b (oS 8 s (S S e o
6ol p e Sty (Dbl S eslizal 5 ol o) gen ez (g 3le ) lim
Aiea oLl Gl el s e el

ssba Ll o e )8 b &S das s Ol baasl (gl
Ol cpl D8 L, E 50 w3 gy pl s S2alS 1, 08,850 ol 5L g 55 L6
ST (Gl e |y e 5 s 05 Dl 5 s L 4 a5 L aS s e )
OS5l 33 3e 5 dleb (68 3k il B 5 il 5 e DE 5L eSSl b S
S ol 5,850 gl 5 ade ol el ailge mhy Jals (65 e )8 S
alos (S5 S S olS abeor 51 cpbin 5 LTI (sla 1 31 (10 samme (5,855 s
35 5 et shateas LML 5505 5 aa0le)le gl o 2t ls 5 dos glalnl g
e o 5 5530 p53 il 3o (Xuejiao et al., 2022) 55 o GBI (5, S5k Aul 3
3 s il 6500 g5 s Jo 5 555 5L dam 5 )5 Al e ol 5> S
Gl B 3l Culem (gl g5ludie 5 ks gladnl b S a5 Lo il 3l (6,5 5l
Lyl p 4y oS Sl (5 8n 5 ol gy 430 . (Helmy et al, 2021)s,5 ol
5 plext 5 S| fgud Obliar ()8er 32585 (S 5Lk ould S SsL l!
S5k il sl ber Slaty Glagtees 5 @lylsle 2y 8 Sl sl
5 Sbiiy polegr s . (Shmseddin et al., 2023)s 5 o 051> o 3 5 &S i

5 i 3y 5L Sl s b bl I gl og;rﬁ\;e_&wl 3550

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

WY OKn 5 oot | e (L b ol G S gl

s &y SN Gl b sl =ty 2,555k 5 b Jaddly s &1 o) 58
slas ey ad 3o 55 (Chu et al., 2017) s3ls , o djzféli Ll s G.eJS P 6;:?"’,
Joted s 55k olal b omani sk 5 (plem Lame &S5 sl 4 6 S 5L
S S Sl (5 onlin (Ol 035 wal 3 5 Dbl s Lible 2T
. (Kirschner & Erkens, 2013)s 3 oo bl ot 5 530 5,8 L

Lo 53 SHlie Sl L alS ol Dbl oL 1okl o4 Y
5 550 1, el a4y il 018 oS 554 plon G184 Lb T
WSS Sl i 4 Dbl s 55 eSS Sl olizal oty Lad (513 o 0 OT
3 S o b S S O )8 4 il s (6 e s ailis 3 esliul 5 (g s 451
Sb e Jl add e el wjﬂ@uﬁfﬁ);,@@l il adls odd &1yl (gl gee
sl L Ol Blusa (659 0,8 Dbl Dod sl p 4 &S ol ols
56,5 oL pd S G505 L L s 5 S13 L b a sl ol
¢ ad 3+ . (Janssen & Kirschner, 2018) s 5é o 2l ol slads) b (g 5luaig
Sk Jpol iy b s (55507 (b 15 ol 53 Sl (50T (b
Loty by b ¢ Jitae by 5 bline Sowols o Jsl sl ¢glaile ks
3o o sien (L 5L L5516l SU5 sl Sas Sl eslizel yedim 55 (L L
5 230bsle e e sw . (Clarck & Mayer, 2023)s .8 el 5o &Sl
S szl Sleslinal (el s sla Janlly s 5 LUl 6515 5 4 «$ S 3 s kL
Syl Gy (b 5 Sledbl 03 573 5 (6 b (silwesl ¢ g,y o pie
Kent & Cukurova, ) 3 55 o GMb! | sios 20 &S 55 5 5,8 3L Aol b fuges (51 Jab
.(2020

Sl 5 dowy skl a4 adlge oyl 53 & Sl 5,550 5 bLSSI polear A5
sl 5 kB s bl e B anan cplite 5555k 4] cal sl Lo (oSl
Ravanelli );;@‘_}gﬁlog.\};ﬂi SMalas ;Mjéﬁfagwjjb@ﬁw
S5 4 (b 4 53 i Sl i b ) e ¢ omen (& Sering, 2014
sl ¢ p T Sl 5 o lid 5L L Lo o gl )S j5 05 s ¢ s wlilOlg)
S by Lt



VEY | Y5 ojled | i o | 83k 53 (85 saT lacsy sl | 1)A

UL el 4 o gl (Lol 5 (65518 18 Sl o sl § (S g Slanil Y
b s Glas)sls Sl eslimal S o bl GulST i (T Lasee js S Lk
oli gl paimd (5 )5 Glaa o sloul 4 Wil g o wdle 5, S5L 5 osnae aa
=y s e 5 il b Las e (gl some il Ol IS oS () sbay (ST $SS
L;\?@\,thl,_j‘.ufd,.aﬁ‘s&u,pJmf@wuu:u)u“@;al.m%
ool S op Iy g s eaiies 5 el (Gl gen 4 (Db (6l 5 SV b (6 e
i &y Lol (6 83 Ly e 5 (S5l ot oS Il el jo ol 4l 3o 53 Juli
bl Slestinl 5 5 jo 230k jle ¢ olais 5 51 Slariy ( A3 (B> bl s 28
b lze 5 635 6,83k o S| Hsbiea 2515, 5 a0l ol s
(sholi/ (S e Sl 55 4l 3o (W0OUS, 2022) 555 o0 GO ol 5L A slasl
oA by sl T O bl g s (5,8 5L (slatimme Sl eslizul 4 S
Oblien 25507 5 OVlar Olo 55 0By Go s L OLL (Solie by ¢ Jats
spbign oals s OEW,E0L o S Jols 5 I 680k s sk
(Damsa, 2014)
Sosrn Lozl o das o O 2 ol slaesily R FSYE Sy ICER Y3
0 S ol S o o OB W, 8L s L JRelS s e S, S Ol e w
Sils 5 Dl 2 Al a3 OT 534S ST 0 oSS S Lk 5 ol (lalizd sl
g5 ol S sl SaSS Sl 5 il el sl & S ST sl w1y 5
S o $SGST (ool Sledbl 35l 5l AL bl Hlad ialS 4 e Sl
Sl Jold s ol st e (25 8 5L Sl s el e a5 sl S
(e olaim| Sl slowl a4 S )L/ olazor| SMalas il jo J ol A 50 ol a3
S ISen G 5 5 4l il (6, 8m O ken (K0 5 Culem o (6,808 Gy 525
Jung, Shin &) 355 o 4 (555w Dbl 5 5,850 a o Gyl gl e
38k 4 8 ol elaznl 5 Glodalive 5,8 5L ail e mess .(Zumbach, 2021
Sy $3la Gl (Sl wlE S5l ¢l (el stalie b
Sl OVlan 3,555k Gl pnsSe (6,555 5 b Jolad g5 ¢ S 5l (5,8 5L
(Zhang et al., 2011) 545 g 0313 S oy 8 5 SMalws 5 (6,5 b il b Co i

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

N | K 5 ot | e (L b bl G ST g lulis

Ll arw g 4 0T j3 &8 Col dble 5 byl slad,lge arw s oy 4o
Jomsi 5 Ml s 2t lis W 5 sis (Dbl ys ible ABT Lgus ( bls )l
w13 5 6,8l s stble e il s Obli ) CulS s g jskiea )8 glas
Marei etal.,) cul 08 L, 5 5L 5l ulem 5 o lid ladnl b ailjo pmeylea 355 o0
s ileddle (s gladnl S a5 (s 8 slaeSlalus 4 adgs opl 45 (2019
Sl S ol o gail> Gy g ben Slnly Gla gt sl g5l Bls 5l L
b g o 5 g 8 3 Cote SNl 5 5o (6,8 5k sl
SleMbl J5e ob3baS das oo OLiS baasl (gl 55 :ledol 31 ool 9 b 3L .0
13 (3587 Glapt (b 55 ST 5B (6,85l Ayl 5o T Sl eslizal
SIS 4 5mn & Sl (65,0 ¢ nNT (6,850 L ks o il L 2alS ol
Lile gl pl 51 oslizal AL 45208 5 DT SleMbl & (oo s & 3458 (b
a3 o 15 Ol ol D88 50 a0 0 iy (S i Uy 5530 5 L a3
A LSSl e 3 L mle 4 Sl 5 Cojuen
S was e Ol psn S Job 555 5 e (8 abils (g S ST il
S oS3 Sl 5 (6,8l LI Sl 4 el obsL s (Ssle
4 o la b ool s o pie addge Jol Al e Conl add 3o 4w Juld U ol L AST s
Sheslial o g13 g lE b @ optls 0T ol Ol (ks L s
osbtea M byl 6,88 5 s Ll oLy sl S s S s
3550 I OB L850 s slasd b b (6,85l 5 6,53k Wl b (5ludgs
(e I Al o s 4 S ol glles ps> s (Chen et al., 2018)
G S 54 5 Sl Sl eslizul 5 objb S 2he Jisa anw g 0T g 108 S il
Wise) 35 g0 428 o3 5 05 5 S50 5 7 5me 6,8 2 sl 1 6 s sla i3l
4l go pl & ol s gyl 5 b o b p s 4l 50 (& Schwarz, 2017
4 il Ol pamass (SRl slais 3 03 S eal s S s b G
(313 5 230l sl s a6 S (DMl 03 S5 5 o S sl
‘SLAV.W“.Z&.A (S5l AlulS” 5 aslofly uoman (o sgis 4l 5 smeiee | oslitl
Jolws 5 (CLT) (ol b 4y i Jpool plosl b (6 ,875b o587 b5l s 5558 3555



VEr | Y5 ojled | i o | 683 53 (B saT laeysld | VY

Janetal., ) sjls 5 oo s ogs S S 3L Gas Gyl 5l (HCD) 5 5alS 5 0L
.(2016
4 o7 JB sba Ll ol (e Sl 18090 p S Sy
33 s sbassle 5 baylpl Sl eslizul ST oSS 0B W, aslis L als
Jetd 5 608 35555k 1 OVl (a0l le 4 ¢ S S 55 50T (slalamee
S e | GS o &S das e Ol L = el n oL, 5L o Slbls
45 as g Rl 6800 b 01l bals 5 Oltabl e (68 0k Sty
el g 53 Gl iy ol 5 gr e 2T (6,8 5L b s e s L sl
lalos Sl oslinl & & Sl Igmms 4 (s 5 (5500 (Siledigy llie ol
4 Wablasl I35 Lay chad e (slsme & 4Bt (oo s bl of s (6,8 5L
5 e Sl Gl 6,8 8 a5 s Soalen gla S SEalS (S sla i
ssbgn I OEW,E0L LT RIB s 650k Wl e Sl s
3 4 S s 5 JolsS 55 5 arw s o Ad5e (Hollender et al., 2023)
D5 Sl eslizal (6,8 5l Ly 58 sl 65k LSS (6,8 58w s 8 sla ke
3l eslizal CobB (g3loangs 5 i sy Olalllas i slzel da SN Cst s 5 il
Hwang et al., ) 353 oo i a5 (6,8 5k Aul b 03 6,18 42 G sln Ll58le 5
(2013
SN Gladas 53 oS5l s L pals s S eSS sl
5 pkobal 5 DMl slb ey sb sl ST das e 0L
Aas gals WT gl js 1) Sl ol HL LIS e og5le il
ST mils sl 5 holad (slalias sl 4y (S 5Lie Selas 5 (65 gomag Lol (oo
oslizal 5 O] 50 5L Sl o sdlea i oo 35 15 (6 S 3L 42 LS oo
376 (5 e (b b 8 Gl o p T Lamms 3 0354 0 S 5k 3 0T !
g 5 QLT Sl 4 (o s o8 L3L (61655 4 b | gomn (b cplol 5 6l
3 3 sh de 55 sl ) e 53 35l on ez 1) (6510 e Slndy ps &S AL
ST SIS Sl et ol bl pelul s (T (slaey 53 Ol b 5 Olalae
SUacs 538 5 43 iy Lol 515 Auled g 1y (55 5L 5 o3linal 5L 2l L

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

I | O 5 ot | e L b Sl G ST gl

o3lizal OB L 5L o Sl ges 5 Sledbl Sb3L L) Giledng @l o
S LS 6,8k Gas 5 oS Sl a b s

c\..o
Q‘j.@.: ./Lé[}‘i M’AZA;JJJ.A (\Y’/\O) uL@-\Z 4&)1)4.3\}5- 9 gO,:ﬁ)T ‘g;sl)):"‘j‘ ‘ﬁf gJ‘}j ()
OK;»J‘J L;laj JS]"

References

Agbobli, D., & Mo, Y. (2024). Leveraging XR in AEC education focusing on
occupant behavior-related building energy use: A systematic review. Energy
and Buildings, 323, 114821.
https://doi.org/10.1016/J.ENBUILD.2024.114821

Alfoudari, A. M., Durugbo, C. M., & Aldhmour, F. M. (2021). Understanding socio-
technological challenges of smart classrooms using a systematic review.
Computers & Education, 173, 104282.
https://doi.org/10.1016/J. COMPEDU.2021.104282

Al-Qaysi, N., Grani¢, A., Al-Emran, M., Ramayah, T., Garces, E., & Daim, T. U.
(2023). Social media adoption in education: A systematic review of
disciplines, applications, and influential factors. Technology in Society, 73,
102249. https://doi.org/10.1016/J. TECHSOC.2023.102249

Anjewierden, A., Gijlers, H., Kolloffel, B., Saab, N., & De Hoog, R. (2009).
Examining the relation between domain-related communication and
collaborative inquiry learning. In Computer Supported Collaborative
Learning Practices CSCL 2009 Conference Proceedings - 9th International
Conference.

Apridayani, A., Han, W., & Waluyo, B. (2023). Understanding students’ self-
regulated learning and anxiety in online English courses in higher education.
Heliyon, 9(6), e17469. https://doi.org/10.1016/J.HELIYON.2023.E17469

Bodemer, D. (2011). Tacit guidance for collaborative  multimedia
learning. Computers in Human Behavior, 27(3), 1079-1086.

Carmel Kent, M. C. (2020). Investigating Collaboration as a Process with Theory-
Driven Learning Analytics.

Chiou, C. C., Tien, L. C., & Tang, Y. C. (2020). Applying structured computer-
assisted collaborative concept mapping to flipped classroom for hospitality
accounting. Journal of Hospitality, Leisure, Sport & Tourism Education, 26,
100243. https://doi.org/10.1016/J.JHLSTE.2020.100243

Chu, H. C., Chen, J. M., & Tsai, C. L. (2018). Effects of an online formative peer-
tutoring approach on students’ learning behaviors, performance and cognitive
load in mathematics. In Learning Analytics (pp. 61-77). Routledge.

Hammersley, M. (2009). On'systematic'reviews of research literatures:
a'narrative'response to Evans & Benefield. British educational research
journal, 27(5), 543-554.

Hsu, M. E., & Cheng, M. T. (2021). Immersion experiences and behavioural patterns
in game-based learning. British Journal of Educational Technology, 52(5),
1981-1999.

Ifenthaler, D. (2012). Determining the effectiveness of prompts for self-regulated
learning in problem-solving scenarios. J. Educ. Technol. Soc., 15, 38-52.



VEr | Y ojled | i o | 83k 53 (85 saT lacsy ks | VXY

Jan, J. C., Chen, C. M., & Huang, P. H. (2016). Enhancement of digital reading
performance by using a novel web-based collaborative reading annotation
system with two quality annotation filtering mechanisms. International
Journal of Human-Computer Studies, 86, 81-93.

Jayakumar, R., & Krishnakumar, R. (2015). Meta-cognitive skills: The development
of technopedagogical skills of teachers. International journal of applied
research, 1, 165-168.

Josef Buchner, K. B. M. K. (2021). The impact of augmented reality on cognitive load
andperformance: A systematic review.

Jung, J., Shin, Y., & Zumbach, J. (2021). The effects of pre-training types on cognitive
load, collaborative knowledge construction and deep learning in a computer-
supported  collaborative learning environment. Interactive  Learning
Environments, 29(7), 1163-1175.

Kester, L., & Kirschner, P. A. (2009). Effects of fading support on hypertext
navigation and performance in student-centered e-learning environments.
Journal of INTERACTIVE LEARNING ENVIRONMENTS, 17(2), 165-179.
https://doi.org/https://doi.org/10.1080/104948208020549921

Kirschner, J. J. P. A. (2020). Applying collaborative cognitive load theory to
computer-supported collaborative learning: towards a research agenda.

Kong, X., Liu, Z., Chen, C., Liu, S., Xu, Z., & Tang, Q. (2025). Exploratory study of
an Al-supported discussion representational tool for online collaborative
learning in a Chinese university. The Internet and Higher Education, 64,
100973. https://doi.org/10.1016/J.IHEDUC.2024.100973

Li, Y., He, X., Wang, P., Fang, J., Li, Y., & Li, Y. (2024). Automatic detection and
interpretable  analysis of learners’ cognitive states based on
electroencephalogram signals. Thinking Skills and Creativity, 54, 101643.
https://doi.org/10.1016/J.TSC.2024.101643

Louw, A. (2021). Cognitive load theory in simulations to facilitate critical thinking in
radiography students. African Journal of Health Professions Education, 13(1),
41-46.

Marei, H. F., Donkers, J., Al-Eraky, M. M., & Van Merrienboer, J. J. (2019).
Collaborative use of virtual patients after a lecture enhances learning with
minimal investment of cognitive load. Medical teacher, 41(3), 332-339.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Altman, D., Antes, G., ... & Clark,
J. (2009). Preferred reporting items for systematic reviews and meta-analyses:
the PRISMA statement (Chinese edition). Journal of Chinese Integrative
Medicine, 7(9), 889-896.

Mourad, B., Tarik, A., Karim, A., & Pascal, E. (2015). System interactive cyber
presence for E learning to break down learner isolation. arXiv preprint
arXiv:1502.06641.

Mu, X. (2010). Towards effective video annotation: An approach to automatically
link notes with video content. Computers & Education, 55(4), 1752-1763.

Nazir, A., & Wang, Z. (2023). A comprehensive survey of ChatGPT: Advancements,
applications, prospects, and challenges. Meta-Radiology, 1(2), 100022.
https://doi.org/10.1016/J. METRAD.2023.100022

Ni, A., Cheung, A. C. K., & Shi, J. (2023). The impact of flipped classroom teaching
on college English language learning: A meta-analysis. International Journal
of Educational Research, 121, 102230.
https://doi.org/10.1016/J.1JER.2023.102230

Novak, E., McDaniel, K., & Li, J. (2023). Factors that impact student frustration in
digital learning environments. Computers and Education Open, 5, 100153.
https://doi.org/10.1016/J.CAEQ.2023.100153

Homepage: https://jti.atu.ac.ir/



Homepage: https://jti.atu.ac.ir/

WY | O 5 ot | e L b el G ST g lulid

Paul A. Kirschner, J. S., Femke Kirschner & Jimmy Zambrano R. (2018). From
Cognitive Load Theory to Collaborative Cognitive Load Theory.

Pefia-Ayala, A. (2021). A learning design cooperative framework to instill 21st
century  education. Telematics and Informatics, 62, 101632.
https://doi.org/10.1016/J. TELE.2021.101632

Pereira, D. S. M., Falcdo, F., Costa, L., Lunn, B. S., Pégo, J. M., & Costa, P. (2023).
Here’s to the future: Conversational agents in higher education- a scoping
review. International Journal of Educational Research, 122, 102233.
https://doi.org/10.1016/J.1JER.2023.102233

Petrovic-Dzerdz, M., & Trépanier, A. (2018). Online hunting, gathering and sharing—
a return to experiential learning in a digital age. International Review of
Research in Open and Distributed Learning, 19(2).

Petticrew, M., & Roberts, H. (2008). Systematic reviews in the social sciences: A
practical guide. John Wiley & Sons.

Qayumi, K., Hosseini, S. T. M., Hosseini, M. M., Nejat, A., Salih, M., Azimi, M.,
Forgani, S., Akbar, B., Farooq, G., Shafag, N., Rustampoor, H., Oryakhil, N.,
Rahmani, M., Noora, M., Jallah, M. N., Naebkhil, A., Zhwak, Z. A., Aziz, S.,
Omar, F. A, ... Ferreres, A. (2024). Enhancing medical training in conflict
zones and remote areas through innovation: introducing the Canadian Virtual
Medical ~ University Initiative.  EClinicalMedicine, 76, 102854,
https://doi.org/10.1016/J.ECLINM.2024.102854

Rajabnezhad, M., Shirvani, A., & Khazanedari, S. (1385/2006). Systematic review of
evidence. Tehran; Markaz-e Ta'ali-ye Daneshgah. [In Persian]

Shamsuddin, S. A., Woon, C. K., & Hadie, S. N. (2023). Feedback from medical
student on an interactive online anatomy practical using the Google Jamboard
platform. Journal of Taibah University Medical Sciences, 18(2), 234-243.

Sharma, K., Mangaroska, K., van Berkel, N., Giannakos, M., & Kostakos, V. (2021).
Information flow and cognition affect each other: Evidence from digital
learning. International Journal of Human-Computer Studies, 146, 102549,
https://doi.org/10.1016/J.1JHCS.2020.102549

Sun, Y., Albeaino, G., Gheisari, M., & Eiris, R. (2022). Online site visits using virtual
collaborative spaces: A plan-reading activity on a digital building site.
Advanced Engineering Informatics, 53, 101667.
https://doi.org/10.1016/J.AEI.2022.101667

Sweller, J. (1993). Some cognitive processes and their consequences for the
organisation and presentation of information. Australian Journal of
psychology, 45(1), 1-8.

Tondeur, J., Van Braak, J., Sang, G., Voogt, J., Fisser, P., & OttenbreitLeftwich, A.
(2012). Preparing pre-service teachers to integrate technology in education: A
synthesis of qualitative evidence. Computers & Education, 59(1), 134-144.

Upasani, S., Srinivasan, D., Zhu, Q., Du, J., & Leonessa, A. (2024). Eye-Tracking in
Physical Human—Robot Interaction: Mental Workload and Performance
Prediction.  Journal of Human Factors, 66(8), 2104-2119.
https://doi.org/https://doi.org/10.1177/00187208231204704

Wang, C., Fang, T., & Gu, Y. (2020). Learning performance and behavioral patterns
of online collaborative learning: Impact of cognitive load and affordances of
different multimedia. Computers &amp; Education, 143, N.PAG.

Weng, C., Otanga, S., Weng, A., & Cox, J. (2018). Effects of interactivity in E-
textbooks on 7th graders science learning and cognitive load. Computers &
Education, 120, 172-184. https://doi.org/10.1016/j.compedu.2018.02.008

Woods, J. C. (2022). The Illusion of Collaboration: An Integrated Examination of the
Antecedents, Processes, and Consequences of Online Group Work.



VEr | Y oyl | i o | 83k 55 i) saT lacsy sl | AYE

Xuejiao Du, C. C., and Hongxin Lin. (2023). The impact of working memory capacity
on collaborative learning in elementary school students.

Young, J. Q., Van Merrienboer, J., Durning, S., & Ten Cate, O. (2014). Cognitive
load theory: implications for medical education. AMEE Guide No.
86. Medical teacher, 36(5), 371-384.

Yu, S., Androsov, A., Yan, H., & Chen, Y. (2024). Bridging computer and education
sciences: A systematic review of automated emotion recognition in online
learning environments. Computers & Education, 220, 105111.
https://doi.org/10.1016/J.COMPEDU.2024.105111

Zhan, Z., Zhou, X., Cai, S., & Lan, X. (2024). Exploring the effect of competing
mechanism in an immersive learning game based on augmented reality.
JOURNAL OF COMPUTERS IN EDUCATION.
https://doi.org/https://doi.org/10.1007/540692-024-00317-y

Zheng, L., Zhong, L., Niu, J., Long, M., & Zhao, J. (2021). Effects of Personalized
Intervention on Collaborative Knowledge Building, Group Performance,
Socially Shared Metacognitive Regulation, and Cognitive Load in Computer-
Supported Collaborative Learning. Educational Technology & Society, 24(3),
174-193. https://www.jstor.org/stable/27032864

Homepage: https://jti.atu.ac.ir/


https://doi.org/10.1016/J.COMPEDU.2024.105111

