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Abstract

Integrating three-dimensional (3D) imaging technologies into chemistry education enhances
the comprehension of complex structures and the understanding of spatially dependent
concepts, such as polarity in chemical bonds (Stull & Hegarty, 2016). Moreover, by allowing
users to manipulate and interact with 3D models, these technologies enhance active learning
and engagement (Aw et al., 2020). While the benefits of 3D visualization on cognitive
comprehension are well-documented, its impact on metacognitive processes remains
underexplored. This study aims to investigate the effects of 3D visualization combined with
active learning on metacognitive processes in chemistry education. It compares the efficacy
of traditional two-dimensional (2D) visuals against 3D and interactive 3D models, facilitated
by Molview software, in enhancing students' abilities to monitor and regulate their
understanding of molecular structure and polarity. A cohort of 130 students aged 18-40,
without prior chemistry knowledge, will be randomly assigned to these groups. The
methodology incorporates a demographic questionnaire, a mental rotation task for spatial
ability assessment, structured learning presentation, comprehension questions, and
confidence ratings to measure metacognitive monitoring. The study will examine
performance, monitoring accuracy, and learning efficiency. Findings are expected to offer
insights into enhancing educational practices through technology-enhanced metacognitive
processes in chemistry education. In a pretest on 50 participants the presentation and
comprehension questions were calibrated.

Keywords: Three-dimensional imaging, active learning, metacognition, polarity, monitoring.

YTVINTN IPA TIYN DINRN 1 0IYY YWY NT1RY NNV MIVIN 9PNY WY -NYYNN 0391 990
NNINAN NVIDIDNIND : NNYTL(D97IY) P27 /N 19D 2 PYOPIR-NVY » OTD Y PIDI /N I I INDD /N WNY-PI0IN T



(1VDIY) YD NTHTA DPDVIMNP-NVN DYIONN Y NPYM NP0 TPTIR-NoN PRTI NYown Y220

L)

MAN INPIANINN MIAN 29D DXIMIN 11N HWND ,1MIANIN NDXAN DIWNT 123101 D27 DINYY)
NN PPN NIXRNNA NTHN-NYN PHTN NPNTNOV NDIW DM DAIVP YV NPIDP
D210 NN MIMIN NON NPNYNOLV .(Stull & Hegarty, 2016) NN DINWI) NXINNA DWW 95
-NOMN RT O NN .DTHN 1T NN DNXIN DNV DIANY NYP DI TITaY DO THN-NoN
M2PoM YW YaININN NN NN PAND DYTHRYN DY DNDID NN NITWN MNP DV NI THN
DYNYPN DYNITNN DXVDND 117952 DNV P2 DIWP INNY 1971 PHNLIN NN 1D NN
AOWH PRI NPNIDNOV MDY AN MNN NYNNND QoM .(Wu et al., 2001) ona
AN NPND T2 MNPOMN NN HINDY 22I0D TIMOD MIVINRND YV T2 7T By 1DV NTIND
NN NN DIWYPN DIPDY YANIND NN YW MIANN NN NIDYN 11D NTNRY AN Yo
-NON NYNNIOVY ,0MDVINP OOV LY INYIVNY GONA .(Aw et al., 2020) TMDN MIANYN
NVYYYI MHANN TV IO ,DMDVINP-NVN DOV DY DI NAVPN NYOYN NPNY NI THN
029NN Yy TAN-NON MM NYaVnY Twa .(Dunlosky et al., 2019) nTondN 32
YTINWYA DNYPN DMDVINP-NLVN DMIONN YY INYOYN ,NININA NI DMDVLINP
INTNOVI VIDYN NYOWN DX PITAY TV ONONN IPNNN NPT NOY VYN PPN
DINY) NN DMDVINP-NVI DIIONN DY ,NDOYI DTN N THN-NON MHTNH NASYHN
LIILYPN DDIIN DIWMI YIDOYW DY T TNIND .1PININ NDDAN DOVYNTY P31
IPNN NPV NTNT IWAND Y THN NON 1PN MNP 1NN NT O Molview owa
NTIVNI YNIAT IPNNND PP DTIP Y KO 40-18 NN DOVITIVD 130 ONNY
INIPN IDINI NP DONNWNN .(Qualtrics) OPIVINP NIN TIT ,NNININ NVIDIDNNND
TON-NON IORT ,THN-NON IYRTA L(TIN-1T) NNPPA : MININ MXIAPN VIDYND NNND
DOIMNNT PORY X :DININ DXMIYWN DX IDOYY MNIAPN NYIDYIA DONNWNN NPV
92010 199910 NMINH YW NPNRY .3 ,1ANTINN NDXOANN NN MORLIN PNV NPYN .2
LD TNN-T DMPRI IND 920NN NNPXAN NP .MNPOIN HY NPavIpY Man by
10952) ,GIF VPN DYIADNDN OMTHN-NON DMIPNIA NNDY 120NN THN-NONN N¥IAP2
NYUDI MORY DY MyN .7 ,Molview DIVMD MYOP GONNY 1DV 71PNTNN NXIIAP DAPNY
X D995 IPNNA DMYNN OXTTRN .NAIWN Y3 NIAY PNNVIIAN AN NPT TN MHINHN
,0VPMAID TTH) NNVIA : DODVINP-NVNN DITTHN NN 12 MONWYN DY MIYNI NNYSNN
AT L (MONIN DY YON PYTY TTH) INDIINT (VNN DY SVINDIAR PTY TTH) MNP
DYI0N P NN THH NONN NPT NXIAP SYINI YD WIVN .ANTNON MDY NANN
-YTN NP NN DXV P THN NYNN NMHTN NXIAP OYINA Y, 0> TTHN Y52 INM2
DYONN DY NTHHN NON HRTN NPNNIDV NYIVN NHAND ININ> IPNNT INNND . THN
DONNWN 50 Y OXTH YYOW  DXTPN NDMNA PXION NPHYI  OODVINP-NVN

NN NTND NN NNMIAY MORYN DV OWIPN NN 19N, OINMDIN IDIDININ
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