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Integrating 3D Visualization Tools into Teaching Surface Area
in Elementary School Classrooms: An Example of Google
SketchUp

Pao-Nan Chou Chong-Yan Wu

Program of Instructional Technology, Department of Education, National University of Tainan

The purpose of this study was to examine the effects of three teaching models on the effectiveness of learning the
surface area of composite solids in elementary school settings: the Google SketchUp assisted instructional model
with push-and-pull function, the Google SketchUp assisted instructional model without push-and-pull function,
and the traditional instructional model. This is an empirical study, utilizing a nonequivalent pretest-posttest control
group design. Participants were recruited from an elementary school in Tainan city, including three classes with a
total of 84 fifth-graders. Each class was randomly assigned one of the three teaching models. After a three-week
teaching experiment, all the participants completed a posttest on the surface area of composite solids. The results
showed that students who received the “Google SketchUp assisted instructional model with push-and-pull function”
performed better than students who received the “Google SketchUp assisted instructional model without
push-and-pull function” and students who received the “traditional instructional model”. However, no significant
difference was found in learning effectiveness between the “Google SketchUp assisted instructional model without
push-and-pull function” and the “traditional instructional model”. The findings indicated that integrating
information technology into mathematics education would only be effective when the tools are comprehensively
implemented; otherwise, it would not significantly differ from the result of employing traditional classroom

teaching strategies.

Keywords: 3D visualization tool, surface area instruction, quasi-experimental study,

information technology integrated into mathematics education
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RN ~ 2R - RPRvEEEAE - BE B e REERZ2NE - BFEENHARE
HSR IR A FREN RS LB B G LA RS, I RER By - fEFTFE T > B HENLT)
RERVEERAH 1 n[fEZANERAIE RGERVERE - FghEPR - Bt - KENVEREESIVE
RECPIEHVERR - F20 B B RV MRS AR R BHEThRErvan] (EERdE 2 %
HsE ) - HREE M AN SRRV A 5 B L G AERE ~ AT - PRAGERAERE-FRAVE SIS BEA
RSN TARRC IR IRAGRTE OB PAEO BHERIDIREAHAVER B OB E B HA s - PAR

TG Z PO
1 BEENA



14 EERBIEFEAT F1E%E 18

A BHERAITHEE ~ EHAER WA 2 B E R LI E AR -

=~ RRITIRE SR A MY S AR

Ausubel (1968) sRIIAEFRAVERE (meaningful learning ) ZHAEEEER LAY LA - TEH 5
AT BhadH 1 KrFERIThRERVERE) - W EASHURHE STPARRREITE TR - LA MRse iR
EEipae (IR Tie ) BRET A NMEEEER AR SRR AR (T ek
RAVAEER - G E VAR PRI (RS Aie) BaiEst ==l 4
BEER A RENE R S SR RIS HEMH RR RV BT » i 6 b SR s R B ARy 2 #E R - BT REZE
TR B BN EA M HHI RN 2 — - 5 2 > A EHEUTIRERTMAHZ i (EERaE 2 ffz
HsH) > /D T HERIDOREACHES SRl > PUE B8 S RGBS M ARG IR R > BUEER
BRI FiEE R -

=~ HAUTIRENVREER AR AT DG RIEESERRE

AT R M UGS OG0 E s T TE245 18 jEH » M VBRI TR A ISR
NG 13 (& 8 AREE) - A EH 1 AR E > EATEREEA H EOEE
HEERER GSU i shRe AR 22 R P AL B B PR 52 - M1 38 e AR RRI R & R A B R B 5
1RIE Ry EHVARRETRRE - HEMAE NSRS SR BN © MR 2 FIPERIE ((HAmiss ) - i
siR e A R T RS B O A IR S iR - A IBER AR B BRI AV T LG
ARG - BE ERERRATEARER AT AME » I RERE-PEE T e - NIt
R 1 AELLOBIRIERE ) R L RRL ISR T > FEREH M A H AV ER AL A -

VO ~ HEAITRENIGRER A FERE SURIFERE ST S48 LRV E
Paivio (1986 ) Frf iy EmGEL R - SREHIE S e AR EUEE Y 2 H R 2 3] mIIsREEE RO -
HARE Wi S aCEsE SR BB SO T 588 - W RS & EHH BRI S E 4 2 IR ks
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Learning the Area of Parallelograms with Worked Examples:
The Influence of Metacognitive Questions
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4Department of Mathematics and Information Education, National Taipei University of Education

>National Academy for Educational Research

The purpose of this study was to examine whether including metacognitive questions in worked examples would
influence learners of different abilities differently in terms of test performance, learning time, and cognitive load. A
2 (types of worked examples: with or without metacognitive questions) x 2 (ability: high and low) experimental
study was conducted. The material was multimedia worked examples for learning the areas of parallelograms. The
participants were 86 fifth graders from an elementary school. They were divided into high and low ability groups
based on their mid-term exam and randomly assigned to one of the experimental groups. The results showed that
the inclusion of metacognitive questions increased the overall learning time, but it was mainly due to the system
difference of the instructional material. Inserting metacognitive questions in the worked examples did not influence
high ability students’ perception of cognitive load and test performance; however, it negatively influenced their
perception of confidence and willingness to participate in the activity. For the low ability students, the inclusion of
metacognitive questions significantly influenced their perception of cognitive load. They needed to invest more
time and effort to learn. These effort unfortunately did not enhance their test performance and negatively

influenced their confidence and willingness to participate in the learning activity.

Keywords: parallelogram, area, cognitive load, metacognitive question
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