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Abstract

This study aimed to examine the effectiveness of teaching concept map drawing on self-
regulation, retention, and comprehension of science concepts among sixth-grade female
students. This quasi-experimental research employed a pretest-posttest design with a
control group. The statistical population included all sixth-grade female students in
Marand City during the 20242025 academic year. Fifty students were selected through
convenience sampling and randomly assigned to experimental and control groups (25
each). The experimental group received eight sessions of concept map training based on
a validated instructional package, while the control group received traditional classroom
instruction. Data were collected using the Bouffard Self-Regulation Questionnaire (1995)
and teacher-made tests of retention and comprehension. Data analysis was conducted
using multivariate analysis of covariance (MANCOVA) via SPSS-27 software. The
results indicated that concept map instruction had a significant effect on self-regulation
(F=5.505, p=0.023, 7n>=0.109), retention (F=62.252, p<0.001, n*=0.580), and
comprehension (F=50.054, p<0.001, 1*=0.640). Students in the experimental group
outperformed the control group in all posttest variables. The Wilks’ Lambda test (A=0.195,
F=43.241, p<0.001, *=0.751) confirmed the overall multivariate effect of concept map
training on dependent variables. Teaching through concept map drawing significantly
improved students’ self-regulation, retention, and comprehension in science learning. The
visual and structural organization of concepts promoted meaningful learning and
cognitive engagement. It is recommended that science teachers integrate concept mapping
as an active learning strategy to enhance conceptual understanding and self-directed
learning.

Keywords: Concept map, self-regulation, retention, comprehension, sixth-grade science

How to cite: Mirasi, R., Mesrabadi, J., Aghdasi, A.
(2026). The Effect of Teaching Concept Map
Drawing on Self-Regulation, Retention, and
Comprehension in Sixth-Grade Science. Cognition,
Behavior, Learning, 3(1), 1-17.

© 2026 the authors. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC4.0) License.


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

6;0'.: ‘)l.}'é) sl

doddo

5 ol ol Gils (Nl 5 el o U5 (sloplet 4 nins S5 slaailie et | (St M 099 5 trminsle 5,5k
LQ»Sd) 0,90 u)‘ ) ﬁjl-c w)yo—‘ (Wang et al., 2025) d)‘é .IoLu)‘ s J> 9 WB» ‘GQLO_»J‘ )S.Q.l GLQU)LP Jw.i) l.: W )5.|a4.s
Cel jgmaplas 5 it Glooged e Baae (lizren (ymipgle Gijel (olnl o aloz il e obisel (Slopllss 31 (g ylemms o o Jloial b
oyl jleslaiwl o oyl 1o s> o (Zhang, 2020) s5le oo g9 yljgel siils gl |y cenaiiogs g Bl 6,050 Cus b aS
S ool psle igel CorteS Ll o alil Jom WilS so ¢ sontie sloatis oz 5l es mSoly Jled

osle o lesle (gl conl (g5l il By g3l loline (6 S0l 4y a5 gl 0 Slags B3935 dags Jbopwinst a5 (09 he AL
SaS B 50l 4 bjeal Il ool (Ausubel et al., 1978; Novak, 1990) oyl o als, 5 eudline 5 s1aSiis § (5 pas & ygu0as
A glessl oo 5 (ol alidis O jgods 355 28 jo 1 uils JLisle g e Wigw 993 i (S 4l Bas palas b S
5 el b tals qaemlie (s LU sbnl 3,0 5l loline 6,055l Cushs o ,Ss, ol Lol aa (Novak & Caiias, 2008a)
el Seaiile g sl (6 ,.50b a4 ke Cgx L o adly o (Chi & Wylie, 2014) el wox slacasdas 4 iils Jlam! Jagos
Mesrabadi & Alilu, 2015; ) cul pdasogs 5 Jld s uSob & Jiil 6,500 Lo slp oyl 5,550 5l (SO cogtho aihs
.(Novak & Gowin, 2015

9 JUd sunl B 1) (ceraiiogd (rerery g g )8 650k wuld 50 oete B (eplaiBogS (6 S0k (G (oelidly) s
093 ,Sles 05 o S a3lial,d g clis las jal) w08, it ) 095 (5,5l Blasl 00s 5ol )] o a5 asils e e Lo
sleasds 3l eolitul a5 s o plis ;3 sl iegy (Pintrich, 2000; Zimmerman & Schunk, 1989) w5 o o)l 1,
Alt &) oS oty il oplesle oUlsi 5 obials ol alil b 5l Ghsel (il odaioss sloc Lo wilg o soptie
shanld ool Sen g 53,8 MAPS Jos wlal »» .(Naamati-Schneider, 2021; Fang et al., 2022; Rugh et al., 2023
e egphe slaasss (odly,s (Frazier et al., 2021) o400 Jld (2ls gilwales g ( obs)logs o 5 aisgs o Joles & b
Qb ] ke aSl «iils saSedl o Lsas 5w uSob as QLS o o2l )8

G353k i gt e STl el (5Tol Jeb sl Jute oo & i (sl S, e 5o psle sl el slaans o
@ by o (5,5 e ol (Machado & Carvalho, 2020; Vanides et al., 2005) il 00,5 &8 1> jgmmoaiis 5 ol il
G5B o laJas o0 285 ISS (550b gy lible 5 b slaanl & w2 Fe @ Sams 2518, laa s olslis]
O 5 Slyes (Schraw, 1998) sjlu 095 s Slo s Glue o1, das Lils Wb 51,8 ccnlgione g 51,8 o Jolas 5 Lo
onl 5 S oy g KBTI 095 Sl sla sl ljeel Sails Kigd o crge (sogtie slaaids a5 Silesls ylis g3 ladxy o
(Novak, 1995) 545 0 e b 5 Jlolae (5 5ok 4yl

Anastasiou ) wls a3 e g elil (glaSn cuale cdél ol mplio )5 iS50 oss o ympsle iigel 10 cesthe glaasis
IS @ sele Slanline g o i davodsay oy SbLS | 598 o0 o costie sloaidi JB o ualae ol 200lejle (et al., 2024
(Anastasiou et al., 2024) sgi o st slo oy, b dmslio o oljeal 2ils  cogtie mad g dams o, Slae Jloline ial33l Coge
0u 3155 5 el Jrosdi s £3:050 5 Gligal il (sale ol (2alidl o)lo 555 5 Lhslo Slalllas o puliio slaazily
(Meidiana & Pertiwi, 2024) <.l



1900 Jbo (Jol osled (pows 039

Cheng, ) coul fuion (il 5 aaz ualio o Jd bLS | el jloline (6,50l d,Feslo 6,50k a,lai Gax > 10 500 (sgm )
Glaatis SaS b oSl 4 sls lis Koz i o walyd s 5 ol mloisl Gk 3l 1, bL) ol seseie 4tE (2024
ol 03,5 oSt alys sleelas 5 ol p e 6,50l aile Bjeel (pgs 510 ,Sog, b cestie slaands plésl Connl 5 Silga
(Chiu & Hwang, 2024) 544 w0 <5 5 solasl S5 sl )| coge s s, opl cuS )5 a5 ol ojlis Liagh o] b

abadls 5l Sledbl oLk 5 0,3 SUles 4 (g )looly ijls 95 1 Slofug ol 3l Cllas STy 5 (500l (s T ol alizes slal L po
sleiagi (Anderson & Krathwohl, 2001; Bloom, 1956) 54 oo o gune yi5e (6 50l slaasly 5 (S5 50,10 o Ll oy
Nurlia et ) O g o ol bl g alkdls o Sledbl (6138 10, an] 3 Saupe Cely cogpro slraiis jf oolaiwl a5 Wlesls ylis goasis
Cga oogtie slands jleolatwl b 5,50l aS olo ylis o) SKes g L ,es Lipgh bl o (al., 2023; Welter et al., 2022
andi 4 auS J.,SL iy s UL (pizmen .(Nurlia et al., 2023) 35,5 sopole 5 Lol peplao o akadl> gl g ds il
AR 50 S5ud S etz D ygohs |y (oo mealie Sl el s Sy o)l e Lty aleiil g L ye meplie Wisey B2 3l sashie
.(Na Ta & Razali, 2023)

ol pnlie s B (5,8 5 Jelo s U5 ol ol 5D 50l 55 oy b olyiees outlie ngd 5 S0
00 5ol a5 b o 3o Slej cllae Sy a5 Wl uST ol Kes 5 390 i) onl o (Anderson & Krathwohl, 2001)
Ole bL3 ) uled b cegbe acis (Murphy et al., 2023) sjlus Las 5 00,5 5855 03 s (il b 1) wos oledlbl wilgn
il oo byl Tgzome 31 o lils 545 g 0iS oo a3l gl o shol eplice

S90Sl S99 BRSOl Jlad oS i il g cogpie addi a5 wlools yLiS pele ybigel 09> 40 daaie sl ey
Arwgd (O gt Al i p oz Sldlle (b ol o (Machado & Carvalho, 2020; Rezaei et al., 2022) 552 o oLl
Kb sleassl, (Eshuis et al., 2022; Fang et al., 2022) wls oS o obj,lse5 5 s,aebp akex 5l o c5lisl 3 slae e
el il g deass oSl 9 4 STEM lacldled o sogpie il 5 e (candaiSogs 0,500, 5l oolaiwl a5 ols L
s b alS b esgie glaaiis i, b a5 wiols Lis ) Sen ¢ ,2g gl gl «Su0 am 3l ens] opalz] 550l sl
(Welter et al., 2022) 545 0 5 50b anl,8 50 Ul jies 6,05 ,0 el (olygel zils Jalas 2ol38l

ol g 5ol Clhsl ol Coge qrealae g laus uled B,k 5l cegpie slraids aF Wlols lis uzes S Ol
Sl 0T @SSl s (Sop Ugeel 5o o Kes 3 05 slaaisl, (Horowitz et al., 2020) wsd o o550l sils misasloze!
(Gomes et al., 2011) & ,ls 5,550 Lids bgmisls sod poplele g golasl Sas5 olis ) o cegpho slaaiss a5

A0S syl g eaalie |y sl Sl o peSaly anylyd wilyns o] Gayb 51 B ol labes s 6550 3l ooptrie 4t o Las oSy ;]
Ll j0 s bl g s |y aublie 5 ol5g0] jiils a8lg Syo am o el ledae 4 5l ol (Daley & Torre, 2010)
bl o o o ps,S ebes Cao b slomsl b astie gloaiis 45 ols Lt yiawsds (il opmizan aisles olulid | bapy] 3lis
(Schuster, 2002) ouS o Cughi 1) oljeel Giils (6,580 5

OLis arlagle gy s oo )5 o)Ll o2 psle (65a0k )0 sapthe 425 Cue ySb 4 5 S (slagiagsy Llie ol LS
(Tahmasebi, 2023) o pole ;0 10 olig0l Lilo (650l s me (iul38l Coge i (jgal & Cans g, ol 5l eoliiwl a8 sls

(Mesrabadi et al., 2007) s s oS 5 ool 5 cullas 5,0 S ;8 cophie Aids it il ohide g 63l e anllas (pizeons



6;0'.: ‘)l.}'é) sl

Ooyor B Golul 0980 (o) 2 (35Sl 5 LBl slaay lai b Suo5 (i o (ooelaiios 6Tk potie s,k v 5o
9 ez oo ,93 5k b Jolai )0 o8 conl (23l 5 & jllas s paak p ol slas 2 JEREOPW prlis (oplaiiogs (6 S0k el S
S e, cpl wgylas Il Glsieds eseie aidi (Schraw, 1998; Zimmerman & Schunk, 1989) s .5 o JSo o5l
(Disch et al., 2023) WS o Jugond 5,250 d s byl 5 il [lsle jeiase oledsl @b

a5 Wigd oo Odeaily akadls o Hloe leaSll sbul Coge segeie slraia a5 wiles S ol odxin Olallhas (bl Hlais
(2> jsba (Nesbit & Adesope, 2006; Novak & Cafias, 2008b) wiS o Juped 205> slocandoe 4 |, 5,500 Jla!
Syt 9 sostie Laly) FEres S0 4 ymie (Ol s o sestde 4l Sl eslitul & col ] 5l (S Sen 5 ez slaaily
Jin, 2022) el 0l cale JYarul

55 g hble (slaadlie sgupy yo a5k (S-S o Shos Cosl )0 LA (sespde slaards &5 wlools lad 5 3 slaiag
sontie sleass &,k 5l 6 ,u5eb «i 5 po (Fisher & Oyserman, 2017; Hartmeyer et al., 2018) &30 550k
S Sy St Pl ligal ils oz J,58 5 SThol s Gsys (35S el 5055 5 Wlsi oo

(sorbiiogs Sl b apmipsle (isel o sastie slratis | eolinul &5 wms e Lid JlilE )25 5 1 sl egaze o
Heidari Moghadam et al., 2016; Karami ) o4 oy oyl350] 2l (6,500 CotS 9oupn 4 ¢ ol muplin )0 5 5 b0k
Eshuis ) 4 (Disch et al., 2023) ,.ls 25 sloiegy s (onl » o358l (& BabaMoradi, 2015; Pavani et al., 2020
JIoline 6 5ol Conti 1 golS ole 553 48 Wls 0T opie (Gt pemsys aiild o bl 5 o3l Cwenl (et al., 2022
o]

3 4 alie b g ezipsle ) 650l (55UsS alul  sagte slaadds o3b aie) )0 ohgs iy Sladill degerme 4 4255 L
2 ostde Slaa o i Gigel (i3l gy Boa b ey (ol eelaiogs g Jlb slas Sos) S S a @ Glnl SS5sel plls
s plonil ol ot aly oliael 1o jo 02Bpsle wod 5 S50 5 (6 lools (perlitings

bbby

ale] 09)5) Wk e 0,5 90 4 QBT ES 10 el J 7S 09,5 b geil g 5 soiltn b staleslans g8 5l 1ol ey
saloplas slaigesl s (190) 3 g cadaiiogs anliin s 3l oslial b la gl (U5 05,5 55,8 Sl (captibe 25 ajgal 45
izl Glaaiag jleslatul b cbjgel duds cutn Liolejl 05,5 08,5 plowl cwins 1o als-loe 5l an g L8 a5 cllas S j0 5 (5 )l
sy Ao b 5 ad et IS e b 5 dute gas aclip b Blao JS 03,5 08 Jlo 40 0,8 2l end Sl
el sosie Al (sB50] (slaai loslinul b (ctalojl 05,8« Bl 5,285 )5 & (LT (3jpel 55 aiejlisls sl b (o5l ds
Log,S cnl b plosl psle ()0 (55l (sloog Sy 5l Ja5 50 Lawssi (sospe 428 5 (sie (sBjgel d (siluaingn 5 b o
il Syt ogiho 57T0k Jool b a5 305 (Hb laisTay 1) (s3i50l lymoms w053 las a2 5 paasd (IS 5l 6550
039> > Lasiie olSadly Gluyde | (o LB 10 6005 5 ele (e liel Caz (jgal a2l Uolre JeoSS 5l ey il
waled 5o gols Wl o3 (Mol glasleri i lizl 3B (g2 b Gote il 2855 8 (el (Hib g ey ol
Slolazme ,o o1 50 sl lotin) 55,8 a1 (gl di lae 56,5 el wanT b cnl 08 jolol; T (GBieal 5 ale 0l
sdsad Jlasl 1 5 Jins yoie &5 (29,5 5 9505 o0 )8 Jis yuiio (oyme ;3 45 (29,5 oo delio ikl 5 S (S3500]
VEeFNEY lass Jlo jo a5 Wi 0l ol picd 4l ;350 Oligel ils adS Jelis udios opl jo (5 Lol anmel> S5 D ygo



1900 Jbo (Jol osled (pows 039

s o ;2 5l s 0D O] oyt (0 g dy il | dalllas 4y 59,9 Layl 1 a5 (0] S g pdiac] dus o) dusjoe 90 (e ppd
YO My 5l iges a5 Jolas sloul sl (oIS 90 cpl o oyligel tils Slows gles 4y az g5 b o Sl i by WS SO
A oligel ils JalS o 18 loil s 590l 4l YO (61 (0) s (oIS 45 00 30uS ds o0 40 i dnlllas o)1y diges lgicas 45
Sl ls YV (gl Call i SIS oS oliel a4 i il lay T cyles 31 585 YO cooles 530l s §f ool s s 5 5
3 o Nl oLl gl lgiedy owile Bl a8 YO wal Bl (0l cowd aiile) aila 1) asdllas 4y 04,9 Jal s a5 185 g0 g
A5 Y0 5 alojl 09,8 15 5a5 YO 5 00 ggezme | a5 glaigSay ind (il J555 5 Glalojl 09,5 90 5 pligel tils «ales ol
S (o0 SeS Laog S (092 )l Sl plebl 5 g (950 el Gl s S J 5S4 (g cnl i8S 1B S 098 o

0B 2l pj b 4 al> e oz 50 hagh arlp JS

(oo A by, 5l eoliiwl | KigS dadiges o auive | o ol polyd tolej] (g0 lS Gledde Al o ol 4ot lweslel al> e
O ez sl 5 Ggasl ey alo e 10 0 T A sashie 4LE (gl Ay 5 0 00ld ool plas a (D55l 25y S Glsiea
5 sl psle (6551 500) &5 5 (pailon 5 008 (hb) et (5 5 (35,90 cdd ;0 wlllas Sl ond 4 (yge3l i L O
2 pee ogtho ALE (e sBel 09,5 40 2l e 0wl )2 09,5 9 e (lisel s g9y 9 ) serlatiogS Al
4 I8l 995 g o 050 Sl osliinl by plae S 05,5 15 59,8 Guayo |y 51200 )50 Jsad (cogipie 4t (ojg0l dy l ooliial by (DS
ks ) 03 gy llas Sl onds and (yge3lm Sk B! g ctalejl gyl ander ()3T o (gesl oy Al e 50 0,5
7298 (ooraing Al w9 il by pole (Conzr lp Kz Jad) 033150 5 (S Sla St Jad) 035k (S5 (L S5
i ool 2 ogalm sl it psle QLS IV Ve 5 gasliay Gl ALY (ugys il wl 2l 0,8 55 o (lisel il s,
S5k 2 oosthe AL i gl ;6 (gyn B0m (Gash nl 3 el AS s ashy sl Gloj g S ey
halrd 5> ez g o 8 (395 Sl 5l e 5 055 plnil gy 1 3l oS Sl (ilaie il b ol oz eoalae
5 Sledbl Jal 5l 655l ez 0s3lom 5 Oe3ltn DY I5e ol 3 03l 63,8as g e S8yt £ 5l iy oite oS
il Oglite 08 4 S (5233l 5l (65055l

b a8, 05 05 sl Sl 5ssee e e 1y DML (5 5l S

V290 Jlo po o)) en g 0,5 Lawgs a5 Cowl Jlgus VF (ol 0 ,l8gs candaiings aali i, :(1488)0 )V gy  conddsi s 95 anl g y
153 syl 3 om0 gze oLl 4 1y conlaings olsme dcl sy ol el o olylomin 5l o VWAe Jlo 5 43005 Lags >,k
05 aly o qillies SLS 5 oillis oo i (5,5 coiblye oiblye SolS ans3S 51 S cins ol ) eoliul b (5,385 yod o S oo
Ve I Wlgh 00,8 10 &l ol foamme Nigd oo (6,180 505 wsSan & jg0d VF-IT-0 OV l5w 0gim 00l V B0 5l Olyed s 5 a0
ool )85 (salamogs iy S (Gl cpd e (LS 1) allie (To )5 4 0 )8 IS adlge e 0 VL o pe il
el 00 555 IS 285 alol oDl Langs (VWAY) oo 45 45 gy 5 Gisd 0y905] bl oml oaaliomods <V #Lol,S clall
3l ySo e b acl i cpl ojle olgy el ools 13 aslllaes ja0 |y 0,89 sondaiiogs adl iy oLL 5 (2l 5o (2000y)Kadivar
Gl oo 5 ool ouds (5155 osllas v 3 delitw SVl (oo (S (Staer alpo else Jolod g (Sian gl o
Xy 9 slooye (Gt 4 B Al ol 5SS Gl elulinly Sl osgr PA (gj0 Sluen romiw sl Elis)S
b o b Soge;]

i 4y olieltals 53 ymiesle umlio w4d 5 5y 5 (g ool (arkiiogs Sla s Sl Bum b oespde L8 (9l di

Lo S «SasS L o5 Ly ols ol it pale GLS 5 L dus Loll s iy ol (sl s Lzl 5 >yl ot



6;0'.: ‘)l.}'é) sl

pole Gzl plaasco )i b 5 aly pole (S350l sloog )Ty dansg aiopllds & jg0a 5 03,5 (gl (S sl JKi2> 5 ¢S 5
B o eealas ol el gZlSeil o8 g Lol pealie g 0u0 S adlae 380 jobay Jad o sleie (b > 6yl A
oolanl 3550 (s yd5 Al 8 0 b dinds sles 5 2ol dujl A e (i edbp S SlBALE A astine €Az g €l & She
g wad Lil ragh Blaal b ol5gel 2ils canss ands )0 el o lal 4 ciolejl 09,5 jo Jlgie duds cutin b dites ol 05,5 1,38
o00® pelie (hisal cpgd duda 0000 )8 12l (ygail iy Glsiear dislugize Jamd Cdytoy 503l 50 )lBg peritiogs dali s
S Sy Yl b g 0l redgi |y s (slyime conlel aggie 4t 5l oolinal b ples ST «SmsS L5 oF 5 >
Oligel zils cation Sledbl 5,5 5 «SoilS 5 s Slowsl plya! (S0 129 L «Saigd o ond piix b olojus a2 aile a2d
Ol BL3 | GtS a4y S slacimy 45 &5 JLie by 390l 215 ¢yt 557005 (6l LS (s 5 onolis anllas 51 ey 08 b3k 1,
ey Sy 9 SxeS sl slaglas glacalil o)l 1) 095 (69,8 cogpie alds audl a,g.)y.L ads L o g el eealis
5 stnySee bl Ghaled 5ol &l (3ol (slos j555k 0,5 (oyn 1y Oligel s (saspie ool plas g il 5w
23,8 (b 1y 093 (29,5 sastie ik plae Culam b oyl glaog)S jo (59l SIS g D503 s | pelie (g par S0 (a9
M55 S LSy S D o el el o s ol 5o elie ol 5 428l S5 5 San &l
9 ‘;u)..\.: O ygods ‘) Alas p.LLA uS)L..M.A Lu U 9 dax]llaso ‘) Y0 e ‘..\...)‘ u‘)?—o]w‘b A eals u»)}n—‘ OM‘5‘>‘).|0 U’““" )‘ L5°9'efa"°
ols e GlS vl Ll 5o 5058 s a3 L )] BLS 5 oS agdis jo 5y G285 5,0y ol 55 a3 50,8 eSS rox
o yhides (sloog,S 5 0B ki 5 (s Olisel 20 (Sloatdl ooy andz 13 3T el o) pedlis Sl 63,8 (ogtho 4B 3
Gl and e 65l S asSer il Kulae e giw p b )8 Joped (i 10 plao 058 b (29,5 alai by )3 LSis T5aze
og,5 cdud LU 0 018 Ggus putlie Gaond 5 Judos a1y o550l 2ls €05 550 Sy Caadlw o alge am» b «SuiS o Joous 13¢
ands 10 09 Cogis LT sede JYazul 5 Lo sl lee B aisls gl b codlS o sla iy a0 g wiols &l WIS (0 1) 045 (sloaids
& sl ol 5l ol gel Stils s slar,s o)l ol5T 055 9edS LT U phae ol |yl €l Gl JKioP )0 gl ceiinds
g 0x5) Ologzge les Lailgy cogpie aidi jloslaiul b ples g ol an LOLS (e (gladdoos anlllas 3l o (oo 0,5 slowl (o55.K
Kz @ Slogzge am» L «Tuidl o Sl ax 05l 09l S S aisle plo iy 0ged gu i ) Kia pieawsST o ludl i
IS 5 lgmge Jolos oy (i posthe A2E s Jab Jyio helSS i ke Joloo 5 e S5 Sy 5 (5l €Tt
onte 458 b wad LSCES 0 isan slaog,S Toase 55,5 ol 5 ko 1) ol5eel iils sogeie (sloaiis wlas ptis dud> 10 09
G L ples b o ol o g o5 Lie (g uSoly 5 B LS o 3ls glidlen ol wcdls oyl 5 Ban aiS eSS 1, _me,S
0 Ll sl ales al pe i and 5 50,8 oS |, 095 4l ossthe Laly, Sl 5 oyl Jols b oljeelszils 5 cosls Lazal,
5 ol Sl B ed,5 )8 eoliiul 8,90 (903l Olgieds aislo iz Joams &8,k ae)l 9 0,Be cenlaiogs b jiwp g
S g 6l pealie Oloe Wiy Slml e (gl e (al ggame 3 05d swyp Rohy layite )3 (estde 4LE (sl
Sgai g lsgel Gl jo 1) jloline (S0l 5 (I llaiogs (g il SE (29,5 69,8 osthe st jfoolinul b (Jlb 5,50k
O3l 5 9ol Olyiedd il plae e bt (el 99 5 Gl laasls e sl i gleand Cd iy (19031
Bize glan;S ke o Yo Jold ge;l s 09 ot 3 5,0 9 6,00l 8 yg05l 98 sl lagyge;l 5l plaS s a8 wb eolatul

O Il 10 slaw a7 05y il aly (ympsle (oo 2o bS (6551 o 5 maslen 5 0 (1B sy 5 (2509 A Y el el

I Teacher- construct



1900 Jbo (Jol osled (pows 039

00 (8 lllas 3l a3l Bime slany 3 ez Jlges T ol 523 (503l gy im0y ot 5 S50 el Sl 10 5 (s l00ks rba
@l mid @Sesle QLS (Car gl SRz Jad 5 S o S0 Jad (SzeS LS S B Jad) WYY e e
4 al o an bagygail ool agd )0 el 00,8 dlons Yo gus o 1955 g Sl esliil b gailmy 5 oseilote bl Sl
SR BN
e 185 s il 5 05 (b AT 9 9 G2iss 00®) oot P sl sledan Cand l 5 s Bigel (Re gt Ban )
dibie gl oid pole (wpo jgel (Sloog)S | a3 50 5 G jdo Jansgi (CuneS sl SRz 5 5 gl iS5 oS5 L5 SzsS
A a3 L s b (50g,5 slacian wisls e LSt 1) s ol ales (slocian a5 Glanl (ol dags 5l e A dgs 0
Al O30yl 9 Hgeslom Gl OYl5w 5 Glaiges olsl Gae b Slasiin oo dgixe g Boa gom 90 Slasuie Jgoo ays .Y
2 ol Ll lagsail alsiome gls) 5l Gl ool & o
Sl 5 S L g e ailate oy (igel pole oy myte Sl 5 ds basi psle ge3l it 5 Oseilm DY IG5 )b Y
el psle (SS90l laog )T p Sl a0 50l
SPSS jl38le 5 b (uily,lsgS Jalo (y3e31) (ol 5 (o sl Blpel 5 (5 Silo) pogs Lol 5l ooliaal Ly oiis pslaaz sloosls
28,5 )18 gl Jeloiga ;20 0 00
aisly
S o atetn | (o 5530 55100k soplaiogS) haghy slo it (lone Szl 5 (nSile) (ot el 55 oo

Sgi G iie (Shwogi sWoslol ) Jsur

- o93lom S 0s,5 e
s Joilial Bl oo oeSila s Joilial Bl o Sl

Yo £104 YS 5 BIAY Yviof e A N
Yo DIFE YYIYE BIVY v s
Yo 1) VoI YA AIYF opthe A b
Yo VAT AIF¥ 134 A-¥ s
Yo /50 Y- IYA VVY ANF costhe LS JUEPRE
Yo \/0F a-f ) AIF¥ s

Ol Galesl 05,5 Glisel 23l od 5550 5 5100k ¢ (goplaings reatie Dl ai eSilie 45 0595 o0 paalie oSl dglie ol

0503] 5 L e 005r Lbieel il L3l iules] 09,8 s cSlee Ll LT 8 WSS ol cymens gl el axily (slalisdle L

o3e3l 3l ookl b gy Jloyi Adg500 (5051 cal plomil 51 8 sl oad i) Jglazr po ] gulis a5 w ooliisl (g it wiz (il oS

Logyhe g uilyly o905 5l 0ol b (ygam S5 s Adg5h0 <3290 (i3 51 ooliciasl b Lo puilyly (6l 309500 By prmmsh- B9, 5055

S 9l O3] 255 5yl sme el L (Sod 5 Wad gy Sl ol gl 5l eslial b il s i)y slam il s 2
w3 9 550 9 50l «(ouliiogS p (oogtho SLOALE i 10590 53 0 ppdiieusr (uil)lgeS Julow Y Jgux

Sl osl! & P re pelans F s golil ax o solil ax o e
“IVD) eV ETE fr NENTEN Sy sy

! Instructional objectives



LS).‘.?M'.’. ‘)l.:é) sl

Jexin bt S5 A wes e ol mls cpl by «(P=+/ V)l Sogme (FYIVF))onds aulows F 39 Jgox s bl
I (etd 9S50 5 ool (oordaiogs slagygail i) il oo locglis Joaws 5| G (ot 9 S50 5 5500k (enlatiogs) Aty

B Foge3l cr OIS 903l ¥ Jgus

Bl jgdone e F Slygdome (il ERHEESS Slygdone £ gane waly il Ol gt
“Veq XY 8I0-0 \- /55 ) VeFFSe enhiiogs o0l 0,5
“1OA- Seey o osYIvAY Y1/ 0) ) YV/-0) ol 305
I5¥- e bel-of YYITYY \ YYYYY S 5 90ilims

14/ ) 0 ADOIDY  aglaiogs (y05] s s
IYYA- o AINARNY &k yge3l
Y 0 VANY) 1 0303

093l 3l 09,5 aw 13 eeiltien 1 JES 5l am wd 5 S50 9 5ok (erlaingS sla ite (ygeil e Dl el (eSKilie dulie jelaieny
U?A)—‘U’“" u‘)m u,.iLA O oS .)9.....1&5‘0 oanlie J5_\> U"‘ GLA U’“L“'" » R PR 431)‘ d93 Jj& B Ui G»L..: aS o eolawl 6....9.!_5
Sl G (Bl jgdzea =1+ Qe P=/oYY ¢F () 9F0) = 0/0-0)0,15 5929 (5,0 gime ©glas yg03] i 51 Bio ) o enlaiiogs it
5 (Blygdome = (DA« P=/e+V ¢ F(\ 4 ¥0) = £YIYOY)o b 0529 (5,0 sire glas 923l S Bds ) s g ylool ite el e
P=/e oV ¢FQ 5 F0) =0+/-0F)5 s 0425 (5,0 e glas (03 i 51 Bl 5l s o d 9550 yuiin (905l Sl ol (s (i
e A 5B 33 (S re yeb & (agtde A mem i 09,5) Gialejl 09,5 gaslm Dl il (i (U] jgdome = /P
b & astin A el S 5 Gle e o Sl o5T e e (o8 5 50 5 SO0 pmaliSogS) ey
ol 00 y905] e Al o 0 o 9S50 95,00l (cedaings ioli8l Coge (5o Sae

S5 Azl 9 Sy

Ol yd oxipsle pealio 04d 5 550 5 (5 ylo0ks caralings 5 oo SOALE )i (550l U gy polo (gl (Lol Baa
ol Cge cagpre slraids o i Q:,j,,{l aS ols lisd o yusediz il lagS bdow bl 0g ol il 4l Q‘jjﬁ]&i‘é
ksl.ﬁuﬂ.bs).u )‘ 6‘4.95.0.7:.&[.: LQA.JL: U"‘ JJQ; J)....S og)fl; ML&A ).) (p.@‘ﬁ 9 J)J 9 6)1.)0[4 cdm.‘adéy) M‘j )M A ).Kb )b )‘\JL.JLA
oSl g alal,d  alin sleanl,d slas)l o gl Sl ol cisu il a8 col binlyee Medlip mhw o o g 5,k
sl s (Fang et al., 2022; Meidiana & Pertiwi, 2024; Rugh et al., 2023; Welter et al., 2022) s o5t
W.Qé 9 J)a »9 LS)‘*”L’. » ‘6}:‘5&‘.‘. ‘SQ.Ja.qoﬁ} » as"ﬁ“&“" 6[»4.:);.33 J..)L “"’9’“’(5" Oy ‘_J..A JrE o LSLL?A » J.ol:- 6Lbdﬁ.éli
spsle peols

kJ"‘ w‘ o.>|.> u«a—")s‘ ‘) u‘)}n]w‘\) GA.JG.UQP C.la.w d)bl...uo )5L>4.: ‘k5'°9'ef°"° FRH » QSA'HA U’“")ﬁ"’] AS ole ul.m.) w@ﬁf ‘_gLQM.»_‘)L:
S8, 5 o pSl e lil J S p0 00 Sl Jlad i a5 slag,lai 05 e (6 50h (senlaiogs ks 4SO L g e |y s
oy B2,k 3l Gbeel (Pintrich, 2000; Zimmerman & Schunk, 1989) sls oS 555l Glaal 4y L3 cu 40 595
S Lo 095 0, Sloe yoiie 2bj)l 5 pedlie 20 5losle (6l (650,400 1 (6 0L a8 oo o 5130 ol el osgie sloaiis
095 oleiil g cudole ( 3lal 3 BT Lo Joles Jol> anlatiogs ) )SKan 5 55,8 MAPS Jow ulal 5 aiil atisls (5l

(Frazier etal., 2021) a8 o Cusis ;83 50 ils JiSle Gb3L E,b 5l 1) an aw ol By aggie sloaiis sl Kioas]



1900 Jbo (Jol osled (pows 039

sl o bl Sl 5l iagh gl .ailes,S oSt wobaisoss Sl )l )0 egphe sloaids & p 5 i Slelllas
Alt & ) ‘55-“"‘5" L)L’W“) u;a..>L»...u Copde g @)LEJQP waljﬂ‘ ;A.CL: u.i){)—‘ 609.@.9.& Al )‘ oolaiwl as ols uLMAJ JLA-»]J\) U’“")B‘A—‘
P R9hhe ALE 5 e cenliBogE 9,505, a5 Wil o o Kes g S8 wlie isgh o (Naamati-Schneider, 2021
sladl (yisen (Fang et al., 2022) Dl o yie ddplig Sl il il g pley Cu e (Bud ol Sgups 4 STEM slacolls
5 o Ghigel il Ll 5 3l slas pal; Gl cge sostihe SLBALE 5 (e Ghigel 45 A oo anl Sen 5 ST,
Sl b sogpie ais b8 g5 o il ol cpd o (Rugh et al., 2023) sjle o yoieilss 055 5,500 jld; Co e o |, oLl
SRSk gy p Jled J7uS Gl 5w e Gl 1) Ghass SIS & S (5050l (2Tog5 wenalis (o Ll Sl s 2lesil
(Eshuis et al., 2022) s 4 o o2l 31,

Shilos> 5 o )llainsS Ssuge ;5 Sl (segpie ratds SE pgas o o Ses 5 iy slaal L ol aslllae mls () z 093
WS oSS lgimme 2O losle 4 lg5as jemedinds sla |yl a5 ws S Lo LT (Welter et al., 2022) o )ls Jlgspa 505 5ol
Sz ryas ) Gayens ali b QUL Baile cal i ol 5 ]y 055 s jetes & jg0m (lisel s sk e sl asLy
A G5 o0 ool plo (Zimmerman & Schunk, 1989) coul Liwl e ((ciadilib 90 ,Slos (55,400 ,) conkaiogs slal> podus
ul)y]wlo Gu)JMéP L_S‘LQU)LG(" my )\) ‘U’“"b )L~>Lw C)L&‘ 9 o..\.QL..wo (5‘)" LS'P)ID u\);pﬁ‘)ﬁ L| (599.@‘43.0 u;‘l.ﬁm 45 u.‘!)f
d.dlg Q"‘ gl J)....S 03; )l )M (5)..§o.m_'> )9.194.1 ‘saﬂ_um).. ‘5......‘0 U’“’)}'J 09;)0 6)‘QQL u‘).o.a u..i.'L..A as sl ul.m.) lec\.dl.v
Ny Oy W 4 wa ils oS el JB5e Gloy (650l WS oS as Sl o ls Sladan Jgsl Jlolins (5,50l 4 las b
Sl il 3,k 5l adig opl sl b cespie sloaciss (Ausubel et al., 1978) s .5 sl> oui, S0l 3lis [lslo 0 5 ol
Novak & Cafias, ) g oo Sl aladl> 1o ] s Corgo g 03,5 Jugund |, Sledlbl (5138 50, ol b oyl o0 Jailg) g pulio
(2008a

assi 3l eoliiwl a8 ols ylas gel> Jdoulyd 0 Ko 5 guwliwll adlas 0iS o Slaiiy yol> slaaiil 5l sosnie slaingh
(o5 eed 4 (Anastasiou et al., 2024) sgi 0 oyzSegle 0 il 5)luk g (Leass o, Slee Jlolie (il Cge segehe
1y ol (ol el pmalds & jg0a DML moplojl 31,k 5| (cogio sloatis & g )] Sk 55 iy 5 Wisg Gl mls
aS oads )55 o) Sen 5 sy imgh 0 s plie slaadl (Na Ta & Razali, 2023; Nurlia et al., 2023) oS o Jugons
(Welter et al., 2022) 554 o SleMbl 6, ,Baile iol38l g c5ls b pals cel bacs Jlusws b aas oo olis

G100l 4y ol al g WS e Sy | (5 g alaile glasls sla il 5 bghas o K5, aile (6 polic 5l osliiul b aspie sloaiis
LS 6,55, zolin o Ll a5 ICAP Loz o b baatil ol s ks oS 51 (Horowitz et al., 2020) sy oo oo e
W}J d.uLo) ‘W lA OJJ)LAJ 9 JL!S Lg)"‘f)‘) ‘J«.M QJ‘ u..:Lw‘ > (Chi &Wylie, 2014) Sl LM.)‘)m.b ‘MQ‘SA GMO?J ‘) 6)..50[.: E.:Lu 9
Cusil g soptie Ll (woplejlo b (o3l (hisel 1o astie sleasds 4 ol (i o Kes 5 ez (gl ol @S sl o
55 olpl o amlegb ogh bl (uisen (JIN, 2022) wias il Bl g 6ol j0 ax g LB sgn el ( olae slaas
wlal gl zils 1o 6,5l gyl ioli8l Coge (i Slo by, 4 Cand pale o5 0 sogeie adihi | oolatul a5 sl yLis
o2 0 el slae slaasiis sl b« ogpie sloaiis a5 8,5 amiS ylg oo wlel (pl » (Tahmasebi, 2023) 554

g oo Dy (cbygal pllas o (g0l glas )l sl yise slaylnl 5l (S eael il



6;0'.: ‘)l.}'é) sl

Sy el o0l gyzipsle mealie wgd 9 S50 Joline S0y rge (othe ALE sy Gigel 45 0o (i il lgsS Sl gl
Anderson & Krathwohl, ) coul salie o Lals, Judo 5 peoss cpunnds U557 Jols ool 3Ll ganaids ulul ccdbas
Saes Sy sly gl qeuplie o Jolei 5 sonaib « Jolae g cde Lilg) Giolei b segebe sloasidi (2001; Bloom, 1956
S5 i 05,5 & S Nyd Ubigel sosthe 4l oolitul L o5 Jjgal iils 4 ols i Lz s mults AuiS e eal 8 Iyt
Jena, 2012) aily o,2psle oy 0 YL Cdlas

ol claolad b ssgie clodids oS 5 a5 ol Lis Silsa 5 5ez Lidsdy gult S e i | pols 4l cousie Sl
)55 695 9 Lhasle copuizmen (Chiu & Hwang, 2024) sgi o gl oyljel il o codds 5 golasl a5 coghs el ¢ Jlad
Meidiana & Pertiwi, ) wos 5 oludl Jieodss comw 10 cale mublin 55gas )0 crge sogtio slaasss 3l solaiwl a5 wo,S
Casi |y oline (6550l o G210 5 metlin oo B3| it b (sosto sloatis a5 Wlo)T Sl i ;500 slaimsy (2024
(Cheng, 2024; Machado & Carvalho, 2020) uuS

Sl 5 GBUs b el Goyb il sesthe 4t wiols LaS &S sl guued OSen 5 jugy08 adlllae b pol slaadl il 2 0938
Jow b leadly oyl 55 s,k olFays 5l (Horowitz et al., 2020) 548 0 oo cdlas )0 (ol 4 cgdgo 4 S S oS0
Wl ge iy pledil g (wopleile (alaShe, sloanl (r Jalss piline 1) Cllas S0 oS5 jls cdillae 9IS 5 (g il (SSLLS
(Anderson & Krathwohl, 2001)

ot ol ool ols (L a5 el Lialyod oyl o o, Sad g 6obl s Limghy cloamily b uizman yol> i mls
Sldllas jo zmls ol alie (Mesrabadi et al., 2007) s4i o oypsle olyael zils jo Cdlas S jo gl )| cgo (5 lolins Hgbas
Soisel 58 95 9 Jlb (Gomes et al., 2011) (Sij (hjgel ;0 o) Ken 5 7095 slaimgh j0 alex sl el snds (5155 55 Mol
aie) 50,5 w0l B L segeie sloaids ( IS sboas (Schuster, 2002) 29,5 55501 0 jiwgd g (Daley & Torre, 2010) Sy
Sipbige 5l 5 5 Bres x5 ol ealh 55 g rge iblylaile 5 ol 55k sl

ey glal gt Al 2150 5500 1o 4 S gamme danllas el cienss .l Codgame dix glyls pol> imgh (ude gl 04>y b
32 Mt Slog g3 3,5 pladl Lol b sy i s (sloes, o i 3blin sl & b5 paass il 5532 3550
ey Do g a5l GRS S5l Lapio 4ty tine (igal (il Bliae il Son Loy 42,25 Gline g lalae o5 050
asile o8,)155093 slo Il 5l eslaiwl ool il 004 (B Baeails SIS cwry (5l ol Soe ((j90] dud> cim) als-lae 1,5
5 il @ gy ol dnles il 41,5 8 ligal s (mogly (S el ot ol (Sae o gy gorlaiagS Al
2Bl axdls (185 She (LS slaSgjle 5580 S50 50 Wlgioe o5 S 1 (segrie SLBALE e 5 g (b anl

il QIS B 09 (oo hlizms o sloaly 5 st sloog )T n sostie a2i Shjgel T enl slajtaghy 5 355 e ety
ol 55550 Sansily 5 isel Sl (8l Gk sl Job slagsb S eolital (e 53,5 oald Liaxs slas s s
S 3l olmie Gy ol LS 5l 5 Gees Sy Wi i sashie 4B (e (il 4 GESTs g0 (i OO (o)
sladice; WS oo (035381 CuaBly b (ogian (hgo wile) (sogpie sloasds Jlos g (>1pb )0 diedon slacs)glid 3l 650y 500
&S0k aiile Jlab 6,50k (slod S5y ol b aspie 4tiS oS5 wanl lajiagh 10 S5d e sleiing 00,5 (bisel slacs,sls
Sy et ol gl8len SIETE 0508 8 (o) 9590 b s (e by (5L

25 o3liul (6 253k g (2O3L Il Dlyiedr (cogtie Slaatd I oy 2l g Ak o psle lelae 598 oo Slpiin (g0 )5 Slais

Cands (e (slme 90 wiilgi se 5 chigel ()l yaeliy 5 ()l e anled Sp0 il lejls 5 (5 e ot | pealie atilsny lisel il b

AR



1900 Jbo (Jol osled (pows 039

aiile (55l Ul (0 ,Spnld s ydo o yo a8 1555 plolae sl ostie sloaisi 5,54 5 (b oy (bjeel (sl
Glodid pew S 4 oligel 2l §15d3 iz WS SaelS 5 SOl 1) 6 S0l anl 8 Wl e egpie addl >,b slalidls
SrS S aled o 05800 0L igel (5 5 (S iliogs golil S s crge (DS slaclld o (89,5 5 60,8
eplie 5] hgel tils (a8l S50 Gl 5 (St S Lo Sl 65380 npal Wliion SLL 5 (sSS Slaledin)) )3 (oastie slaaiss
IRER I J\ NRR

OB N g &8 HLiw

L35 ) SluSy i B eled dlie oyl 45,55 5

&le o)l

D)l 2gzg (=8lie DlaT LS gud ¢ pusls dalllas plodil 4o

Extended Abstract

Introduction

In the contemporary educational landscape, science education at the elementary level serves as a crucial
foundation for developing cognitive, analytical, and problem-solving skills among students (Wang et al.,
2025). Effective teaching of science does not merely involve transmitting factual knowledge; rather, it aims
to cultivate critical thinking, creativity, and the ability to relate scientific concepts to real-world phenomena.
However, many educational systems, including Iran’s, continue to rely predominantly on teacher-centered
methods that restrict students’ active engagement and self-regulated learning (Zhang, 2020). To address these
limitations, innovative teaching strategies based on active learning—such as concept mapping—have emerged
as effective alternatives for enhancing meaningful learning and knowledge retention (Machado & Carvalho,
2020; Vanides et al., 2005).

The concept map, first introduced by Joseph Novak within the framework of Ausubel’s theory of meaningful
learning, is a graphical tool used to represent knowledge structures and the relationships among concepts
(Ausubel et al., 1978; Novak, 1990). This instructional strategy promotes meaningful learning by linking new
information to existing knowledge, thereby facilitating the organization, comprehension, and long-term
retention of scientific content (Novak & Canas, 2008a). According to cognitive and constructivist learning
theories, concept maps encourage students to become active participants in knowledge construction, rather
than passive recipients (Chi & Wylie, 2014; Mesrabadi & Alilu, 2015).

Self-regulated learning (SRL) is another fundamental construct in educational psychology that relates closely
to the development of metacognitive and motivational skills. SRL refers to learners’ ability to plan, monitor,
and evaluate their cognitive and behavioral processes to achieve academic goals (Pintrich, 2000;
Zimmerman & Schunk, 1989). Recent research has emphasized that concept mapping can strengthen SRL by
enabling learners to visualize and evaluate their learning strategies (Fang et al., 2022; Rugh et al., 2023).
Frazier etal. highlighted that self-regulation integrates metacognition, agency, and possible selves, and concept
maps can foster all these components by externalizing internal knowledge structures (Frazier et al., 2021).
From a broader pedagogical perspective, concept maps have demonstrated significant effectiveness in
enhancing students’ performance in science education. Meta-analytic evidence by Anastasiou et al. confirmed
that concept mapping improves both achievement and comprehension across scientific domains (Anastasiou
et al., 2024). Moreover, studies integrating concept mapping with other interactive approaches—such as robot-
based learning—have yielded enhanced critical thinking and creativity in elementary students (Chiu & Hwang,
2024).
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Within the cognitive domain, learning outcomes such as retention and comprehension represent fundamental
indicators of meaningful learning (Anderson & Krathwohl, 2001; Bloom, 1956). Retention refers to the ability
to store and retrieve information from long-term memory, while comprehension entails constructing meaning
by integrating new and existing knowledge. Numerous studies have shown that concept maps can improve
both dimensions of learning by organizing information hierarchically and making conceptual connections
explicit (Nurlia et al., 2023; Welter et al., 2022).
In addition, research underscores that the visual and interactive nature of concept maps promotes sustained
engagement and cognitive activation among learners (Horowitz et al., 2020; Meidiana & Pertiwi, 2024). For
instance, Meidiana and Pertiwi found that concept map-assisted science instruction increased students’
scientific literacy and long-term understanding of biological systems. Moreover, through reducing cognitive
load, concept maps provide a scaffold for learners to process complex information efficiently (Chi & Wylie,
2014, Jin, 2022).
Given the evidence that concept mapping can simultaneously influence self-regulation, retention, and
comprehension, it becomes essential to empirically examine its integrated effects in the context of Iranian
elementary education. Thus, this study aimed to investigate the effectiveness of concept map-based instruction
on self-regulation, retention, and comprehension among sixth-grade students in experimental science courses.
Methods and Materials
This study employed a quasi-experimental design with a pretest-posttest control group. The population
consisted of all sixth-grade female students in Marand City during the 20242025 academic year. Fifty students
were selected through convenience sampling and randomly assigned to an experimental group (n=25) and a
control group (n=25).
The experimental group received eight sessions of concept map-based instruction designed by experienced
science educators and validated by a university expert in educational psychology and instructional design. The
control group received traditional instruction based on the standard curriculum without any intervention.
Data were collected using the Bouffard Self-Regulation Questionnaire (1995), which measures students’
metacognitive and motivational regulation, and two teacher-made tests for assessing retention and
comprehension. The reliability of the instruments was confirmed using Cronbach’s alpha coefficients above
0.70. Data analysis was conducted through multivariate analysis of covariance (MANCOVA) using SPSS
version 27 to compare posttest scores after controlling for pretest differences.
Findings
Descriptive statistics revealed a noticeable increase in the mean scores of self-regulation, retention, and
comprehension in the experimental group compared to the control group.
o Self-Regulation: The experimental group’s posttest mean score increased from 33.56 (SD = 5.81) to
36.16 (SD = 6.59), while the control group’s mean changed from 33.00 (SD = 5.72) to 33.24 (SD =
5.44).
e Retention: The experimental group’s mean improved from 8.36 (SD = 2.18) to 10.20 (SD = 1.91),
whereas the control group’s mean changed from 8.04 (SD = 1.99) to 8.64 (SD = 1.93).
e Comprehension: The experimental group’s mean increased from 8.16 (SD = 1.77) to 10.28 (SD =
1.65), while the control group’s mean changed from 8.64 (SD = 1.58) t0 9.04 (SD = 1.54).
The multivariate test using Wilks’ Lambda indicated a significant overall effect of the conceptmap instruction
on the combination of dependent variables (A = 0.195, F(3, 43) = 43.241, p < 0.001, n* = 0.751).
Univariate ANCOVA results confirmed significant differences between the experimental and control groups
for each dependent variable:
o Self-regulation: F(1,45) =5.505, p=0.023, n>=0.109
e Retention: F(1,45)=62.252, p <0.001, 2= 0.580
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e Comprehension: F(1,45) = 50.054, p < 0.001, n?>= 0.640
These results demonstrate that the concept map-based teaching intervention had a statistically significant and
substantial effect on all three learning outcomes.
Discussion and Conclusion
The findings ofthis study confirm that teaching based on concept map drawing significantly enhances students’
self-regulation, retention, and comprehension in science learning. The observed improvements align with
theoretical and empirical research emphasizing the effectiveness of visual knowledge organization and active
cognitive engagement in promoting meaningful learning.
First, the increase in self-regulation scores suggests that concept maps empower learners to take ownership of
their learning process. By visualizing conceptual relationships, students become more aware of what they know
and what they need to learn, thereby strengthening planning, monitoring, and evaluation skills. These findings
are consistent with the principles of self-regulated learning theory, which posits that active engagement and
reflection are prerequisites for effective learning management. Through constructing their own maps, students
not only externalize their thought processes but also cultivate a sense of agency and autonomy in learning.
Second, the improvement in retention indicates that concept maps facilitate long-term memory encoding by
linking new information with prior knowledge. The hierarchical structure of concept maps supports the
development of semantic networks in memory, allowing easier retrieval and application of learned information.
This outcome highlights the cognitive advantage of integrating concept mapping into science education, where
learners often struggle to retain complex, abstract content. The visual format of concept maps provides an
effective means for reducing cognitive load and enhancing meaningful recall.
Third, the increase in comprehension demonstrates that concept maps are powerful tools for fostering deeper
understanding of scientific concepts. By enabling learners to identify causal relationships and interconnections
between ideas, concept maps promote a holistic grasp of scientific phenomena. This finding resonates with
constructivist views of learning, which emphasize active knowledge construction and the importance of
connecting new content with existing schemas. Students who constructed and analyzed concept maps were
able to articulate and justify their understanding, demonstrating improved critical thinking and interpretative
skills.
The results also underscore the importance of using student-generated maps rather than teacher-prepared ones.
Constructing maps requires students to engage in higher-order thinking processes such as analysis, synthesis,
and evaluation, which are vital components of Bloom’s revised taxonomy. Moreover, group-based concept
mapping activities likely contributed to increased peer interaction, collaborative problem-solving, and shared
cognitive regulation—factors that further reinforce learning outcomes.
From an instructional standpoint, these findings suggest that concept mapping should be integrated as a central
pedagogical strategy in science education, particularly at the elementary level where cognitive structures are
still developing. It can serve as both a teaching and assessment tool, allowing educators to diagnose
misconceptions and monitor students’ conceptual growth.
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