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Future learners k3R EEE &

* The potential of children 7 Z 7%
* Learning motivation £33 &1 Rt
* 21st century learning needs: —+—1H4CEA T FE K

asa de5|gner

as a creator

7C SkillsH; 8¢ RAEH
@ Critical thinking and problem solving $tt, 3] {4 B 4 F0 f# SR 5 28 ~—— Future
- . Communications, information, and media literacy j#i&. EEMFEERS Children
-/ R SLE
8%% Collaboration, teamwork, and leadership §1EgE /1. B FI5EE /
as an .
.~ Creativity and innovation &1J1& 71 F1 8137 /] innovator
AIFE
Computing and ICT literacy SBiSFIICTE S ‘ .

ﬁ Career and learning self-reliance T {EH1E2E B B T 45

Cross-cultural understanding ¥ 24V IR fZ
s =]

Trilling. B et al., (2010, p 176)
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Multimodal Learning Z o2 H

« Neuroscience research shows that learning ability can be significantly

improved by making full use of visual and linguistic of multimodal

learning
- MAEREMRNRA, THNHSIEREENRBIRENRE
A BRE RS2 E R
(Fadel, 2008, p. 12).
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Using various ways to present materials can also encourage children
develop another more flexible learning method
ERZTUNAXE2RMEIEENREEEER 7 —BEEE
HWEE R A

(Hazari, 2004).

(Hu & Yelland, 2019)



Classroom Practices sR B i

Theme: My Ocean Park

Age group: 6-8 years

FRE: BEEAE
FHy: 6-85%

3) Create
2) Design BlE
1) Explore AXE

BRE

Three Stages
—EEEFEER
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Stage 1: Explore (FEEX 1. #IR_E)
e

o Computer & Internet Smart device To search information on the web
Toolkits  gpse s wism B wewn P4 P BRI S
TEH
Tablet & Internet Smart device To search information on the web
iR B & B EAE HHRERx Il AR EERER
Recordable Talking Smart toy To recognize the Chinese characters
Interactive Wall mELE A ET
R O BE
Chatter Block Smart toy To create information on the six sides with
HEE HEE sound and pictures

REEMNE A EENER



Activity: Ocean World Discovery)
e a. WFEERRER

g Information searching {£ 8.2 z8

» Teacher facilitated children to use a computer or tablet to find

information about the learning theme “Ocean” on the internet
- HEMS| 24 B ERSCE R ER A E S e
BEIFTENER

Tool Multimodal & ITiiRE Engagement B335 22 i
TH - Cognition  Behavior Emotion
R | |
e 0 8 Q & & = 240 55 R

ompr [N VoA A

& Internet
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Activity: Ocean World Discovery)
n%ilﬁh SPESLRFEAE S

Record and Play g0 §% 0555 &%

» leacher and children play the Chatter Block together for

learning how to read the ocean animals' name in Chinese that
they wrote on the cards

o HEMFE4 —iZHrChatter Block (BZEF) , EE
AAXRBMHABEAERHF EREFHYNEF

Tool Multimodal % ciaE EngagementEi3 £ 8
TR | Y o0 Cognition  Behavior ~ Emotion
Q@ 08 L & & 6 T "% e

ater Bloc VooN N N N
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*Stage 1: Children's Exploration Outcomes SE e €000
“BEERL: BERAEMR
\

Children drew their
favorite ocean animals
in 2D format at the

/Re-created ocean \

animals in 3D format
after the first stage

begir!ning - ((:Zorre])itee Psew
- Pictures ey vl\J/ords
B4 s 1IA2DF T - :\leW way of
et T MMREEN earning
NSPEXNLY)
- B B 14 1) 3D R
B RIEE FEY)
- BlEFE
- HIXF
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Stage 2: Design (B%Eﬁz E%E-l—) i Tttt QA 0w w v

Google earth Web software & App  To relate real-life experience through the digital map

Google Ik PRt EAER BREFHEEREE4EKE
Toolkit
Iﬂﬂ:’ﬁ VR Wearable device To extend children's real-life experience beyond the classroom
ERER w o EER NELNEE L ARRIERIRE 5
Digital book : App - To facilitate children’s language learning on oral and
EoR m ERER speaking skills
- To enhance children's conceptual skills and technological
skills
- REBLEADNENBSTENGESEE
- REE4ANE S EEE R RE
(Thang et al., 2014; Kallinikou & Nicolaidou, 2019)
3D Bear App of AR technology To enhance children's learning through extend visual function

ARF fiTIE FFETL BRERERIREERRESBENSEEES]




Activity: My Ocean Park Designing 22 e €,
NG M NN ESES/N S B
Relate real-life experience through Digital map and VR | pigital map: visualize the terrain
\* u BEiRETHIEMVRE R EATELR promoting their skills in reading maps
ETHE: JRAMERESAF
) 5B 1 B AV RE
(Carbonell Carrera et al., 2017).

VR visual travel in the classroom

© AHETHVRERNKTT

VR: creating engaging learning
environments

VR: BIZ2HMEEIRIE
(Bailey & Bailenson, 2017).

Tool Multimodal £ JTiERE Engagement 2335 £ §
TR P " . _
Q ,_L e ﬂ @ Cognltlon Behavior Emotion

YAl 7% TE#&

Google Earth N - N J N J
Google Bk

VR Y S L Y y y

“I am flying to the Ocean Park.”
“BEIRE AL EW,




Activity: My Ocean Park DeS|gn|ng SE ., €L

m%i/—é@] %ZE/]/E/ NES B E
Strengthen real-life experience by playing with the visual ocean animals

& 18 S R e i B MR R SR 1R SR TR A VA R R

* Children used AR (3D Bear-app) to
design a visual Ocean Park

- B4 {FHAR (3D Bear-app) &Xi
ik S = 9E /NI

“The shark is same size as me!

AAME—HX! 7

Tool Multimodal 2 ciEfE Engagement&233 £ 8
@ ) ‘:I G’ @ Cognition Behavior ~ Emotion
7 —’7]%” 45 Il‘%@

EH) 1 Tﬁ!

AR N AN NN YN y y
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Activity: My Ocean Park De5|gn|ng e
e a ) BAVEF ARG

Create stories about my ocean friends’ life

EIERR BB FRRERNGE

MmRHERE

v' Fun @tk
v' Engage£ B ft

=

» Children used Book Creator (App) to record stories
according to their artworks

- BARBMMA 4= £ 5 FABook Creator (App)
RS

B e

Multimodal 2 ciEfE

Tool

Engagement 235 £ 81
TR Ty ; Cognition ~ Behavior ~ Emotion
Q —)- % = ! | @ Al 1% B R
Book Creator +/ \ v \ v \

E7E



*Stage 2: Children‘s Designing Outcomes =
b : 33 2] =
*PEE2: BARETRE
Children designed their storyline about the visual traveling

B4R T B ERRTREE R

) AR Department of
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Stage 3: Create (FE&3: AI{E)
o

SeeSaw Seesaw APP To record and share children's thoughts
The Learning Journa | = = B3
TEH
Bee-Bot® /i’ Programmed toy To promote children's abilities of spatial and
K:) miEtH mathematical domains
(R A == R A B B <E I AV AE
3D Printing 3D, Additive To promote children's creativity and enhance the
ﬂ_g_n manufacturing ability to solve real-life problems through the
=Yy e manufacture of real objects
BIBEEEY, (BEBEMEIES, ERER
IREH RNV RE

Stop Motion App To create children's short animation
AR Al BB
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Activity: Travel In My Ocean Park S (o S

B AR E TIRTT

/”—/‘. Cooperative create and play the map
~ EERIEIRE, SEBEE

Children played a travelling game by using Bee-Bot®

(programmed toy) on the Ocean Park map they created
together

24 I ERENEF B E Lt Bee-Bot®
(ARFEITR) Duik1TEzE

Tool TH

Multimodal % ciEfE

Engagement B335 £ B
Q ) e ﬂ R e Cognition ~ Behavior ~ Emotion
v &Y ROAN 15 TBR

Bee-Bot® \ \ \ N N A V V v
mIEITH



Activity: Travel In My Ocean Park SE ., €L

FREHE) EIAEFEAEFAST @ B

W Viake my favorite ocean animals for the map game
DI A BB R R R E RN

»  The teacher facilitated = speme—
children to use a 3D Océah /
printer to create and characters
make ocean characters
for the map game : =

- FENEEBAMERH
3D FI| E 115 Jy bt =] 27
BEUEEEAE

Tool TH Multimodal 2 ciXfE Engagement B33 £ 81
S R A Cognition ~ Behavior ~ Emotion
L O 8 O & O 6 T "5 e

3D printer U v v v v v
3DFI ENt




Activity: Travel In My Ocean Park

REHE) EIAEFEAEFAST

Creative writing

AEMER

» Teacher used Stop Motion (App) to support

children to create animations

- BEHERESE (App) FBRLERNIFEE

et ﬂ?\

%?ﬁﬁﬁ@ “i Ea w Chudho d Educ

ot ion Ui RE L ES

Share

kz \:"g =

o oy T‘i‘*’ﬂ*
248 Ao A 1R Flg @)
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7? ﬁﬁﬁaﬁ 3B BIRRA o4,

Tool TH Multimodal ZciRE Engagement £33 £ B

e 0 8 O
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Stop Motion
EIRENEAPP

x @ Cognition Behavior Emotion
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*Stage 3: Children's Creating Outcomes

*PeEx 31 SEAEMEIERER

N~

Children' map creation progress: Design and think

24 M EAERE. RETHREX

Designed simple signs

TR I:an

Built connection among the signs and
created Ocean Park maps

TERF R < [H BT L B R A
b=

y Department of
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Created an interactive and
playful map games

B B A 30 77 5% B 5
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Study 1 — Using an Inquiry-Based Science and Engineering (IBSE) Curriculum to Promote
Science Knowledge Problem-solving Skills and Approaches to Learning in Preschool Children

/j%ﬁ Hbiﬂj E‘ AA g

Background fi R =

£ F gﬁ/\ BR El']jﬂ%, d

Science achievement gaps begin in the early years
and persist until at least the eighth grade (Morgan et
al., 2016)

Early childhood teachers are usually found
underprepared for teaching science (Greenfield et
al., 2009; Gerde et al., 2018)

Preschoolers’ science learning experiences are
minimal and less supported (Brenneman et al.,
2009; Nayfeld et al., 2011; Sackes, 2014)

Limited engineering-related learning materials
(Bagiati et al., 2010) and teachers’ minimal
background in engineering pedagogy (Bustamante
etal., 2018)

T#& (IBSE) &

EREERRREND R AR . EER

BB EIREIS R, WHE—BFER
Z/D)\EFE4R (Morgan et al., 2016)

AT S 4R BETE R S M2 EERE
(Greenfield et al., 2009; Gerde et al., 2018)

/

S HSIERRI S ERERL, BRI
(Brenneman et al., 2009; Nayfeld et al., 2011; Sackes,

2014)
B T21ERIN 2B MEIEIR (Bagiati et al., 2010)

HEE T2 o E A B4R
(Bustamante et al., 2018)



Intervention: The IBSE Curriculum SE . €

TIE77E. IBSERREE

Teacher Training Classroom Setting Curriculum Delivery

AEM A PR ER AALE B it

Teachers were trained in a 3-hour PD Many types of large pipes, big blocks First, pictures involving objects’
session to learn: (1) EDP and the cycle of and accessories were provided in the movement on an inclined plane were
young children’s scientific inquiry; (2) SEs classroom to encourage children’s shown to communicate with children
instructional model and teachers’ inquiry on “movement” (i.e., How to the purpose of moving blocks/balls.
questioning skills; (3) core ideas about make it move?). Next, the children explored and
objects’ motion (e.g., force and motion, manipulated the blocks and materials
speed and direction). HEFRMETHFZRBNKNEE. following the EDP and inquiry cycle
KIEEARMEH, USEBRERR with teachers’ facilitation.
EHANETT 7 3/ NFPDESG, BE “EE)” (RManfarfEiiegiesk’ )
1) EDPHIZ)RZARIERFAVIBEE, B, BERTG LB EERTE
2) SESHYH BRI FAAMAVIR RIHLIT, HEEFNER, MUERERER
3) ARYBESNZOER (Fim, MBEIEAREREY B 1Y,
HAEE). EEMAME) BETR, EBANHET, RER

RIRIERBARMIARL



Curriculum Intervention
> e -
BEEE

Children
Inquiry

Teacher
Support

FBHHRE
The Education University
of Hong Kong

] ] ]
e Imagine & Plan Create Improve
| | | |
Engage Explore Explain & Elaborate Evaluate
Supportive Environment 7

Materials O

Interactions O
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Participants

N

e Permission was first sought from the principal.

Next, the four K1 classes were chosen and all the
parents of 122 children (M=61.10 months,
SD=3.73) endorsed the participation of their
children.

BABOKRRAVETD], BERIEETE B,
1227 52% (M=6110@8, SD=373) &
FTE X EEER T %28,

Of these children, 61 were girls and 61 were boys.
AEERER, X#%61E, FXOLE.,

Of the parents, 2.5% completed high school, 18.4%
completed an associate degree program, 55.7% had a
bachelor degree, and 23.4% completed master degree or
above.

REh, SHEENHE25%, KEREEMNH18.4%,
ARERERY555.7%, AT FERENG23.4%,

The parents have different vocational status (7.0% were
stay-at-home, 4.9% were semi-technical and technical
worker, 20.1% were semi-professional and public servant,

55.7% were professional and officer, and 12.3% were high-
level professional and administrator).
RKEREERRAARE (£8A7.0%, FRMFENTLT
AN&49%, FHEEMATFER20.1%, HEEABHNE
B7A55.7%, SRAIEEXEANAEBNEIEREEZERL23%)

Regarding the families, 1.6%, 58.2% and 40.2% had low,
medium and high household incomes, respectively, based
on local levels.

HERETE, EMGKERERANE. NS5
£1.6%, 58.2%7%040.2% ,




Measures
Hl=

7N

Demographic Questionnaire

EAERMES

parental educational
attainment

parental vocational status
household income
child’s age and gender

RERBERE
BESTE S
ZKIEBN
REFU MR

Object Motion Test
IEENA

science knowledge
acquisition (SKA)
engineering problem
solution (EPS)

HEMIMEE
TiErIERR

[ ) § Department of
.- é%?ﬁgﬁg Early Childhood Education
The Education University .
O e o Tione ome A 0 nE DR

Picture Problem Solving Task Preschool Learning Behavior Scale

& F ERERR R HRBELREER
children’s openness to e COmpetence motivation
problems e learning strategy
approaches to diverse e attention/persistence
solutions in science

e RESTENHE
susmEnmeE O
P E B R AIEE o« ERNIZREM
(Fusaro & Smith, 2018) (McDermott, Leigh, & Perry,
2002)
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Control Intervention Activities

R4 R4 Vg )

Pre-test BT Teacher survey #(&fizEZs
\/ \/ Parental survey X RFAZE

Child assessment 52 & 0| &

Rating of Implementation fidelity

- FFE—EHRE

12-week experiment

128 T35 P >< \/ . Play space and materials 5% /8% == & #0144}
- . Peer interactions [&]{ 5 &}

Teacher questioning &M1& R

Teacher survey ZEMzEZ

Post-test 12 H| : .
‘ Child assessment 52 & B &
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= = Conirel Group
—_— |n.~a|: Group

= = Control Group

— IBSE Group

I Means

Estimated Marginal ?
Estimated Marginal Me

Between-group effect size, computed as the differences (IBSE minus control) The between-group effect size (d=0.96) was large for PPST scores.
between within-group ds was medium to large for OMT-SKA scores (d=0.64). HRPPSTEEy, ARBEEKR (d=0.96) .

HIROMT-SKAFE>, AHEEEHAEANIZENEE (IBSEREEHR)
SFESPEIR (d=064)

= = Contrel -:'.ml

ip
—mu up

Estimated Marginal Means
Estimated Marginal Means

pretest postiest

pretest postiest
It was noted ds between IBSE and control groups was very large for A very small effect size favoring the IBSE group was found for PLBS (d=0.05)
OMT-EPS scores (d=1.28). and a small to medium effect size for CM (d=0.27); while small effect sizes
IBSEFN$I BB4H ~ FBEIEOMT-EPSiEEEHE K (d=1.28) . favoring the control group was noted LS (d=-0.19) and AP (d=-0.17).

HHPLBS (d=0.05) , FEHRHNCM (d=0.27) RNB|RFNEE.
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Table 2

Moderation model of intervention on pre/post OMT-EPS at the moderator of PPST baseline

Variable B se [ 05%; CI
constant 0.11 0.11 0.99 [-0.11, 0.33]
PPST baseline 0.13 0.08 1.73 [-0.02, 0.28]
Group 1.16 0.15 7.55%k* [0.85, 1.46]
Group* PPST baseline 0.38 0.15 2.58* [0.09, 0.68]
Child sex 0.18 0.16 1.18 [-0.49, 0.12]
Child age 0.05 0.08 0.68 [-0.21, 0.10]
SES 0.15 0.08 1.90 [-0.31, 0.01]

Notes. N=110. PPST= Picture Problem Solving Test; OMT-EPS= Engineering Problem Solution in

object motion test. All the quantitative data was standardized before being put into the model.
*p < 0.05; ***p<0.001.

e  Children’s initial competence in the scientific problem solving task moderated the association between the intervention and the
improvement in engineering problem-solving skills.

REAFRPERETNMGES (BRKE) FETRETRR T ERERRE DRI BB E,
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Study 2 — Does computational thinking (CT) predict school readmess?

MR SrESHE (CT) RIRANRERFR?

» The sample consisted of 101 Chinese children (n,, = 52 and o FRAH 101 ZHEEELAR, MfmsERFEIt
Npoy = 49; Mg = 5.25, SD, = 0.73) who were enrolled in a RE—Pr/A M 4hHEE

public kindergarten in Beijing, China.

« Parents who signed the consent form were asked to complete a - RERBENXSHERTHR—IERAE, WEF
survey that collects information about their education, BAMPRNEE. BE. RERAUREZFHER
occupation, family income, and their child’s age and gender. MR ER

« Six assessors used the TechCheck (Relkin et al., 2020) to test « NAEHE EF A TechCheck (Relkin etal., 2020)
children’s CT, the Picture Sequencing Task (Kazakoff & Bers, AR ZEMNTE RS, FHERBEFERS
2014) to test if children can physically manipulate the cards to (Kazakoff & Bers, 2014) KA R EES U
visualize the sequence of stories, and the direct measure of BEEBRERRREEUHENIER, UK
behavioral regulation — Head-Toes-Knees-Shoulders (Ponitz et ﬁZ%E% 5E-PIEL-RR-/8 (Ponitz etal.,

al., 2008). 2008) .
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The Cattell-Horn-Carroll (CHC) model of intelligence
CHCEEEE

 The Cattell-Horn-Carroll (CHC) model of intelligence (McGrew, 2009)

Controlled
Motor Perception Attention Knowledge
INI/

- N - it N .
Il I [ L Fuid Reasoning | QS} \
| L w
! : W ~r
[ I Y
i : : | I : .§< E
I ) ] 3
[ : ! I : Z &
| , | | : O
I Psychomotor I | I |
| Abilities ! | :
\ \ \Short-Term Memory

/
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7 Sensory & = N\ -~ =N -
/ Perceptual \ - (Ee e_db_ack loop) Cognitive
Systems I el performance
Central Executive /
| Gs e
| Ops
Envi tal Attention Focus of , ) b
nvironmenta ! . :
Input — attention | —)  Motor
i erformance
(feedback loop) (&
© Institute for Applied
Psychometrics (IAP);
Dr. Kevin McGrew; A
03-18-18
1
Gt
Acquired
K ledge Syst
Cattell-Horn-Carroll (CHC) Theory of Il(zzaclog: _t};sr;ms
Cognitive Abilities (an information n’lemfry)

processing framework; adapted from
Schneider & McGrew, 2012, 2013)



Findings
R

Descriptive and
Correlational Analyses

RV FIEB M TR R
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Table 1
Mean, Standard Deviation, and Correlation Coefficients among the Variables

Variable M SD 1 2 3 4 5

1. Computational thinking 742 289 - 36%*F  54%% 44%x 1]

2. Sequencing ability 449 274 - A40%*F  34%F 02

3. Self-regulation 41.63 1391 - 36%*%  30%*

4. Age 525 .73 - 13

5. Family SES 21.39  4.29 -

Notes. ** Correlation is significant at the 0.01 level (2-tailed); SES = socioeconomic status.
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Table 2

Hierarchical Regression Analyses of Demographic Variables and Computational Thinking as

Predictors of Sequencing Ability

IR

L

BRI ITRVAER

Table 3

Predictors of Self-Regulation

Variable Bt R’ AR
Step 1 130 (113%%*
Age 34 3.49%xF

Gender 00 .02

Family SES -03 -27

Step 2 169 .056*
Age 22 2.07*

Gender .03 .34

Family SES -04 -43

Computational thinking .27 2.54%

Note. ¥*¥* p < 001, ¥**p < .01, *p < .05

Variable Bt R AR
Step 1 200 .200%**
Age 33 3.54%%x
Gender .06 .49
Family SES 26 2.84%*
Step 2 376 .176%%*
Age A1 1.24
Gender 10 1.21
Family SES 24 2.90
Computational thinking .47 5.20%**
Note. ¥** p < 001, ¥ p < .01, *p <.05

&%%’cﬁk&

The Education University

uﬂlun&_ Kong

Department of
Early Childhood Education

/N SN

Hierarchical Regression Analyses of Demographic Variables and Computational Thinking as



Study 1°s findings suggest that the IBSE curriculum supported by
EDP and scientific inquiry can foster the development of related
knowledge, skills, and dispositions among Chinese preschool
children.

i 1 VEEIREE, BN IIERETAE (EDP) FMABEZ#R5HIIBSE
e o B ETR BT R EREME. RENEERENER.

Study 2’s findings show that STEAM learning experiences that

are similar to IBSE may promote children’s unique intelligences
(e.g., CT) that are domain-general and can be predictive of their

lifelong learning and career development.

if5x 2 B9ERIR SR A, FA{UHL IBSE g9 STEAM BB f0Ep T fe 2 {21
RENEFSH (B CT) |, S H2—MREEN, o UFEA
fiffIv4E S 2B MIRE LR,

o A
-- The Education University
- of Hong Kong

\
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RERFHE

 Physical or virtual classrooms providing STEM, coding & Al curricula to support inquiry-based
learning, collaborative learning, and personalized learning

RESUERBERHUSTEM, RBMAIREUITFRALNEE . BIEXBEMEMELET

 Professional development targeting at effective, scalable practices among teachers

HEEN. THEBGENEMELER
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