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ABSTRACT

TPACK(Technological Pedagogical Content Knowledge) is a theoretical
concept that has seen widespread adoption in the area of teacher
development for technology integration. This presentation analyses the
theoretical development of the TPACK construct and examples of its
application for teacher development in pre-service and in - services
contexts. It will also discuss future directions for the research and
application of TPACK.

AGE

Theoretical conceptions of TPACK

Application 1 — TPACK as teacher education framework
Application 2 — TPACK for teacher profiling
Application 3 — TPACK for lesson design

Synthesizing the approac hes— An example

Future Directions

ook wdE

WHAT IS CONTENT KNOWLEDGE (TPACK)?

« Teachers’ body of knowledge in terms of technology integration

» A form of professional understanding

« Acronym changed from TPCK to TRPACK to better reflect the
integrations between Tec hnology, Pedagogy, and Content Knowledge for

effective technology integration (See Thompson & Mishra,2007)
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THE TPACK

CONSTRUCTS (MISHRA & KOEHLER, 2006) Why teaching
teachers TK alone does not help them better integrate technology

Techeological
Enowledge {TK)

Technological Technological
Pedapogical
HKnowledge (FFR

Pedzgogjeal
Enowledgs (FK)
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BASIC ELEMENT

TRACK Constructs Dr=finition Examplea

TE Enowledge sbout how to use ICT Enowledee about how to use Welb 2.0

hardware and sofwars and associsted tools (e.g. Wiki, Elogs, Facsbook)
{Technological .

paripherals
Knonledge) FK Krowledge about the smdents” leaming

HVECES Shah e Sre = Enowledge gbout how to use problam-
Tad 1 instructionzl strategies, differant based ] ing (BEL)

:lecI educational theories, and aszezzment teachi l ‘m 311%::iact maser

Knouledge) methods aching diffe

Enowledge of the subject

Enowledee about
CE
matter Science or Math subjects

Compent FiiHaaET

INTEGRATION OF TWO

PCE Erowledge of representing content Erowledes of using anzlogies to
imowledze and teach electricity

(Pedagogical Content adopting pedagogical strateries to make the specific

Enowledze) comtent/topic mors waderstandable for the learners (se2 Shulman, 1956)

Enowledge of pedzgogical use of certzin form of
technology for leaming

TPE (Technological (ot subject specific) The notion nct' Wehauess, KEC, using
Pedazozical ICT as cognitive tools,
=os . - computer-supparted collaborative leamins
fnaw ) Ik . Enowledge about online dictionary,
regresent Tesearch and create the comtent in ] L ) _
(Techmological i e corpus technology, Geospatizl technology
£ omtemt - (Google earth and mayp), Geometer’s
Enowledss) (ot considering teaching) Sketchpad, specialized databezes, data
logger,
topic specific simmlation
TOYCE
KEOH
(10161
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SYNTHESIS ON THE TREE

TRACE Enowledze of uzing various Enowledze about how to nze Wiki
losica] Ped il C technologies to teach, represent, and a5 gy, communication teol to
{Kn 4 RELE azuzl facilitate knowledze creation of enhance
owledze) apacific subject collaborative learning in social sclance
content

Ca, 5., & Graham C. F. (2009). Diagramming TPCE in Practice:
Using and elzborated model of the TRCE framework to analyze and depict teacher knowledge. JhhTrends
J3(3F), 60-60.

HOW DO TEACHERS
KOEHLER, MISHRA & YAHYA (2007)

Purpose: Trace the TPACK development of 18 graduate students as they
designed an online course.
Data source: Transcript of classroom discussions, interviews, and

observations.

Examples of coding adapted from the article:

| CK: Teaching examples e.g. spanking, not spanking

| PK: “They need to build teambuilding skills”

1 TK: “Use dropdowns for links to the chapter”

1 PCK: “How do you use rewards for learning?”

| TCK: “Make a link to some websites on jigsaw learning”

"1 TPK: “Where will students click to get to that activity?

| TPACK: “How to deliver this content to students? Use powerpoint?”’

Key conclusion: Integration of technology, pedagogy, and

content occur through design.
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Which Teacher Has

Teacher A Teacher B
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The ICT-TPCK
VALANIDES 2009)

Knowledge of how to teach difficult content more effectively with ICT.

JOYCE KOH (201€)

TPACK-IN-ACTION MODEL (CHAI, KOH & TSAI,
2013)
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Figure 3. The revised TPACK with TLCK framework
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MULTILEVEL CONTEXTUAL TPACK (CHAI, KOH, LIM, &
TSAI, 2014)

]
=
£
o
o Technological
«"o Knowledge
e
7]
¥ o P O
& 2 %
W« o § 2
& & A
~ 5}
> <.
L <
> 2
$ %
g Technological 2
& \ Pedagogical ,/ %
Interpersonal O?i,* Content % Intrapersonal
.£ 2
\59 i Knowledge . %
& >
S %
#Z
Pedagogical Content
Knowledge Knowledge

Pedagogical content knowledge

Technological

Physical/

=] Proceeding The 214 International Conference On Teacher Training and
Education Sebelas Maret University 114
Volume 2 Number 1 2016 ISSN : 25002 — 4124




Tpack Concepts and Practices

Joyce Koh

ST
21

[e218010uLpa] '3 AARINPO. ‘(eI |ND-0D0S ‘BARILBOIRIDIN ‘9ARIUB0D — SUOISLBWIP TITZ

CENTURY LEARNING DESIGN THINKING MODEL
(KOH, CHAI, WONG & HONG, 2015)

21CL dimensions — Cognitive, Metacognitive, Socio-cultural, Productivity, & Technological

) Analyze Oppor_(u‘nlﬂes & Constraints ) ) Analyze Learners
(from syllabi, school and/or ministry policy for 21CLICT integration) PCK-21CL
CK PK-21CL TK * What kinds of learning issues can be
What subject areas/ « Which aspects related to the * What kinds of ICT tools addressed with which aspects of
lesson topicstochoose  21CLdimensions to focus on? are already available? 21CLdi ions?
for 21CL? * How familiar are teachers * Any new ICT tools to = Are existing pedagogical approaches

with this approach? exploit? in congruence?
* How to align the two?

—— " Develop frames & develop ideas (TPACK-21C1) ~ —
P % velop frames & develop ideas (TP ) \@\

- * What current ICT lesson activities can | adapt ~
s for 21CL? N
7 * What new ICT lesson activities can | create for N\

/ - 20 4 ‘ \
/" Design and develop ~ Design Thinking o Implement |
( lesson materials y 1 a3 G l lesson ]
\ \ Reflection-in-action //

N * How toiron out contradictions and problems? /7
b ~ * What Interpersonal resources can | draw upon? - o~
S * How do my personal beliefs influence my design -
iy _decisions?... /\E = -

Analyze ICT tools

TPK-21CL TCK TK

* WhatICT tools * What ICT tools can be used What are
support the aspects of to represent CK? teachers’ and
21CLdimensions * How does the students’ technical
chosen? expert/practitioner use ICT skills for the

* What cyberwellness tools to represent and make potential ICT tools
issues are there and meaning of the CK? we can use?
how to manage? ®

21CLdimensions — Cognitive, Metacognitive, Socio-cultural, Productivity, & Technological

Fig. 1 21CL ICT design thinking framework (21CL-ICTDT)
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Tpack As Teacher Aplication 1 Education Framework
Mapping Teacher Education (Niess 2005)

Summer Quarter Fall Quarter Winter firter Spri rter
4 weels 5 weels 11 weeks 5 weel 6 weeks 6 weeks 5 weeks
Tnsiuctiongal Practice Instuctiohal Practic Instructi Teacr fuctional Fracrice
Practice; integration (TPCK)
Prac ficum I (3) Practicum II (2) Full jcum IIT (2)
Student Teaching
Fulltime Last 5 weeks in teaching unit | 1 week becoming, Full instructional responsibility s exploring
in schoal and working halftime in familiar with schabl classrooms,
site 1 school site T focused on site 2 3 classes, Teach work sample | and studeat
focused planning, teaching, classroom multiple Teach mini unit 00
:rl_‘lhcols_ management and reflection preparations aith e
learners,
teachers —
observing
and
teaching
Hesearch-based teaching and |l Research-based teaching hing de leaming
learmin
:\.llal}‘s‘lgs of Classrooms I (3) ll Analysis of Classrooms IT (3) lassrooms ITI (3)
Classroom management,
observing in classrooms, Classroom management, teaching in Diversity. learning in classrooms
action research classroom. action research
Research-based Fesearch-based teaching o earch-base. Research-based teaching
teaching & learming: leaming: teaching & learming: & learning:
Methods I (3) Methods IT (3) Methods TIT (3)
Methods Planning, Teaching, Planning, Teaching, Planning, teaching,
Foundations (3) Classroom management, Asse: A55858 . tion
Reflection ction
Research-based Technology Integration CK Developiment PCKDe'veI]zznfumem \
teaching & learning: (TPCK) ; Instructional Pedagogy I(2) Pedagogy I1 (2)
Practice Pedagogical content Pedagogical content
Materials & Labs Microteaching (3) knowledge kmowledze development
(3) Planning, Teaching, development
Reflection
Technology Technology Technology Integration
Integration (TPCK) Integration (TPCK) (TPCK)
Teaching with Technology & Technology &
Technology Pedagogy I (1) Pedagogy I (1)
Foundations (3) Planning for teaching Reflecting on teaching
with technology /
Summer Quarter Fall Quarter Quarter I Spring rter

Fig. 1. Teacher preparation program displaying program themes (technology theme shaded).
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The TTF Project-Australia (Source: Http://TTFEDU.AU/)

Teaching Teachers
for the Future

ABOUT  WHAT ISTPACK?  ENGLISH  HISTORY  MATHS

The Teaching Teachers for the
Future (TTF) project is aimed at
enabling all pre-service teachers
at early, middle and senior levels
to become proficient in the use of
ICT in education.

FIND OUT MORE

ENGLISH HISTORY

ot 2 Blihe g B 7

SCIENCE  PRE SERVICE TEACHERS TALK A+ A-

Technological
Pedagogical Content
Knowledge (TPACK)

Technological Technological
Pedagogical Content
Knowledge Knowledge
TPK) _a (TCK)
Pedagogical
Content Knowledge
MATHS SCIENCE

Designing Ict Pedagogies In Teacher Education (Koh & Dlvaharan, 2011)

Phase 1 - Acceptance and

Phase 2 - Subject-focused

Phase 3 - Pedagogical

Technical Proficiency Pedagogical Modeling Application (TPACK)
(TK/TPK) (TPK/TCK/TPACK)
Methods

Method * Critige of subject-based Methods
* Vicarious observation of examples in groups O .

faculty modeling E> |:> Design project
* Tutor demonstration of

technical features
* Self-paced exploration
* Peer sharing of technical

features
X, ~ - 7 N -~

Figure 4. Revised TPACK-Developing Instructional Model.

TPACK FOR TEACHER APLICATION 2

Proliferation Of

1. General TPACK survey (Schmidt et al., 2008; Chai, Koh, & Tsai, 2010)

TPACK for K-12 online instruction(Archambault & Crippen, 2009)

2.
3. TPACK for Science survey (Graham et al.,2009)
4. \W\eb-based TPACK (Lee & Tsai, 2010)
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5. TPACK for Meaningful Learning(Chai, Koh, & Tsai, 2011; Koh, Chai, & Tsai,
2014)

Analysis Of
TPACK CLUSTERS (KOH & CHAI, 2014A)

Table 1
Cluster solutions derived for pre-service and in-service teachers.

Pre-service (N = 164, 100.00%) In-service (N = 102, 100.00%)

Cluster 1 Cluster 2 Cluster 1 Cluster 2
Cluster size N = 92 (56.10%) N = 72 (43.90%) N = 62 (60.78%) N = 40 (3922%)
Gender Male (N = 50, 54.30%) Male (N = 5, 6.90%) Male (N = 27, 43.55%) Male (N = 3, 7.50%)

Female (N = 42, 45.70%) Female (N = 67, 93.10%) Female (N = 35, 56.45%) Female (N = 37, 92.50%)
Years in service NA NA M =747 M =776

SD =5.18 SD =599

Age M = 2447 M = 2621 M=133.11 M = 3415

SD = 2.82 5D =5.55 SD =543 SD =750
Pre-TK M =523 M =410 M = 5.65 M =408

SD =75 SD = .95 SD =.76 SD = 1.05
Pre-PK M=521 M=415 M =586 M =547

SD = .66 sD=71 SD = .45 SD=.70
Pre-CK M =556 M =451 M =598 M =579

SD=.71 SD = 1.03 SD = 66 SDh =72
Pre-PCK M =502 M =392 M =535 M =5.08

5D = 1.04 5D =.80 5D = 96 SD =109
Pre-TCK M =476 M = 3.54 M =552 M =392

SD - 1.02 SD — .89 SD-.72 SD =115
Pre-TPK M —5.08 M-=373 M =562 M-—412

SD = .80 SD =93 SD = 65 SD = .82
Pre-TPACK M = 4.46 M =305 M = 5.03 M =338

SD = 95 SD =92 SD = 92 SD=.89

IN-SERVICE TEACHERS’ PERCEIVED TPACK
CONNECTIONS (KOH, CHAI, & TSAI, 2013)
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0.16

Fig. 3 Unbroken paths to TPACK
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INFLUENCE OF DESIGN DISPOSITIONS (KOH, CHAI, HONG
& TSAI, 2015)

Table 3. Results of structural equation modelling.

Hypothesis Path Path coefTicient  Standard error  Critical ratio

1 DD = LDP 0.59%** 0.08 7.09
DD > TPACK 0.17* 0.08 2,03

2 LDP > TPACK 0.69%** 0.08 8.97

Note: *p < 0.05, ***p < 0.001.

[ D06 _jea—613
'/ {005 1)
(004 618
DD
D07 Je—§1)
e19
[10P5 =
(29 ' —

-

SEEEL
PO®RO®

@

TPACK1 TPACK2 TPACKS TPACKA TPACKS

Figure 1. The structural equation model of DD, LDP, and TPACK.

1
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DESIGN OF PRE-SERVICE ICT MODULE AT NIE (CHAI, KOH &

TSAI, 2010)

* Beszion §-12
— Technology
Enhanced
Leszons

Technology
Praoject

REDESIGN OF PRE-SERVICE ICT MODULE AT NIE (KOH & CHAI,
2012)

= Sassion 1-
3—

Concept af
the

ICT Tool 1

TPACKE for
ICT Tonl 2

ICT Tocl3 [

JOYCE FOH (2014)

Comparison of 2
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Table 2. Descriptive Data and Results of Independent Samples t Test

Pre-test Post-Test
(N=439) (N=365)
Factors M SD M SD
IK 439 1.09 5.05 1.01 8.90 ***
CK 487 1.04 548 0.82 9.21 **%
PK 495 0.90 547 0.79 8.62 #++
IPACK 4.91 1.01 5.54 0.81 9.83 *¢¢
e P 001
Table 1 - Descriptive data and results of paired-sample t-test
TPACK Pre-study survey Post-study survey t d
factor M SD M SD
TK 4.72 1.07 5.27 0.76 4.88** 0.59
PK 4.65 0.85 5.15 0.70 4.92¢ 0.64
CK 5.09 1.02 4.89 0.99 -2.13* -0.20
TCK 4.06 1.15 5.14 0.79 847 1.09
TPK 4.38 1.14 527 0.79 6.80** 091
PCK 4.45 0.98 4.65 0.90 1.54 021
P
TPACK 3.74 1.21 5.17 0.75 11.11%* QNB)

** p<0.001 *p<0.05

Pros and Cons of

a. Allows understanding of teachers

perseptions

b. Allows modelling of teacher development trends

Based on perception data

Does not tell you how teachers make
Design happen

Gaps in Teachers

Anlysis of pre-service teachers ‘ICT

Lesson plans

0.63

0.65

0.61
D65

Faced challenges in designing student-centerred lesson activities to support knowledge

construction
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TPACK FOR LESSON DESSIGN
Aplication 3

TPACK AS LESSON IDEAS

TR p—
[Pes——
sl S
.

World Lingraiges

Welcome to the Learning Activity Types Web Sit

This i vl phics o Aolkn vt in i 10 “ageerticaaie. TH
Mg wih SurTicaium Sased basring sctivicy Typss [LATY) ta gol ug
Imgrortuntiy]) participats iy Hha vetting s rafising of S BotivEy fypes i
Bctby bypa st i hagoanieg

Thon rxarvia i e Ve st bor svbir s darvedoping el rft
T A

Pt it st

Thusenken ot visiting, i ks Bsokrmrk T 08 50 LAt o <8 Comab
o 4 PO

b i . Pk wioler

Srbead o |l abior, Collegn of ‘Williers & Hary

Willkrmabnary, Ve ginis, W

[P “gpid TPACE™ Dmalin deipliryend sl mad Swikipasd by Putys Misea

Bource: hitp:activitytypes. wneda’

Thee “Imterpret™ Activiey Types

Bn e discipline of mathesnancs, sadinvsdual concepts and relationships can be quire abtrace, aed
o time can even represent a bet of & mywieryio wudents. Ofien students need &0 spend some
== deduzing and expliztesy theie selassaihips 10 imernaliee thess Edocatonal weebsalogies
can be uned to help sudents ms mtapatr concrpty and relafimabipa more sctirly, mnd sant them
i inberpreting what dhey obaerve. This tabde displays sctivity types that can suppon this
tharughnful mnlaprelanos proceds, il provdes woess expmples of the availabls 1eckeologies thal

can be used to vopport forming e inderpeetahons.

Table 3: The “Etergect” Activaty Topes

using dhnamss software o display

Pose & Coapscnis relatienibegn.

Pausible Trchnabagirs

Mﬂ'}r_&'b
e student pokes & cospoetare, perhaps

[Fname poasneiry woftware
e g, Geometer’s Sketchpad),
Coenem agecific mteracnve
bocd (e g, Exploreldash), o
il

[The wtudent develops a ssathematical
Deevelop an Arpemeni
o form and 10 display that a nt

rergument related 1o why they think dar
pomethiag s roe. Technolopy may Belp

Costept mappeng saltwase,

e ehemanon softaae, blogs,
ppecaalized word proceiisg
podtware (2 g . Theonst)

The student afempis io exmmne &
poncept of pelahonibep m onder bo
categorize f indo a set of keown

palegones R
[The student cxplanni e 1el k

Catepornes

Dratabase software, online
Hatalaues, £onerpt smappng
hodtware, dramang softnase

TOYCE KOH (2016)
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TPACK CONSTRUCTS AS EPISTEMIC RESOURCES (CHAI & KOH, 2017)

ICT lesson planning models are designed to trigger

consideration of different TPACK aspects

Determining the lesson objectives

| dentify Goals }—— Analyze leamers |
PCK
CK i cbiecives What are the learners’
Wt e et diiclies i eaming . -
ubject i
s %f% }ﬁsc(hd'gm this top::? Whet are Choosing Technology and Pedagogical Activities
orger ng an
discpinary vys o ol ;ﬂ;";r?cg;z:::f' Choose Meda/ Greate [CT-based
knowmg). and Culate and arange IPlan Instructional Activities ]' resource
knovdedge that the list of objectives What are the strengths S T
students should leam? - gtaring rom the and weaknesses ofthe . I i
TK=> TCKITPACK o PK | i K
cognvely existing method of Whatare some ofthe | | DEVRIOP assessment tods | What are some of the good
Can the topic be most chalenging Formative & Summative .
represented by teaching this topic? potential soft skills prac ssoclated with
technologies suchthat | Objectives PCKSTPACK that can be leamed these chosen technologies?
itbecomes theaugh these Outcome Any considerations about
pedagno?r?cany more Can the existing PCK pedagopial Student-centric teaching and cyberwellness issues?
powertu be enhanced with actidties? fe.g. leaming activities supparted by Any good ICT tools to assess
technology? reflective/self technology emetging undeeganding?
Means to assess students’ leaming  TOK
collaberative and leaming processes (usually How do subject matter
learning, autherkic involves evaluating digital artfacts experts use
problem solving created by students using rubeics) represent and
active knowledge meaning of this topic?
creation etc. ) TPACK resources

JOYCE KOH (0185 i

been created ?
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TPACK AS DESIGN THINKING (KOH & CHAI, 2014

Transcript TPACK Transformations
1. HOD

. Did we consolidate and collate their responses? TPK (Clarify)

. In our initial conception, we said that they could keyJiz:(#:e
their responses into the portal so that they can revisitf{#Elsiij)]
their own or their friends’ answers.

. Since they have so many responses, why don't they key it
in somewhere?

d. They can use their phone or the laptop. TPACK(Propose New
i TPACK(Clarify)
2. Teacher A - There were two gquestions on the LMS forum for|
them to write their points about the flags.

3. HOD TPACK(Clarify)

a. How about archiving their own responses? TPACK(Refine new idea)

b. How about a GoogleDoc for each group? TPACK(Support new

c. It will be good to record their own learning, consolidateJEEPe

and share with their friends. TK (Identify Gap)

4, Teacher B - The problem with the phone is that students

st .
Tpack Lesson Plan Assessment Rubric To Support 21 century Meaningful
Learning With Ict (Koh, 2013)

TCT all the rme warh wis it = e - ame 10 work with subjecs matter

Constructive  1CT wols weed foe od v " K od » v oear rudeurs » L1 wools used by smdest

Authentic ~ Norepreseatations of real-  ICT tools used to present  ICT tools support studentsto A problem associated witha  Students represent their

world phenomeacn or examples of real-world  mvestigate real-world real-world phenomenon related  personal expertences of t
problems related to the phenomena related to the  phenomena or problems 10 the subject matter ssused to  real-world phenomenon
subject matter are preseated  subject matter of related to the subject matter,  anchor the actnaty and students  problem related to the
with ICT tools students uvestigate the real-world subyect matter with ICT

phenomenon with ICT tools . tools
order to propose solutions

J0YVCE KOH (207€)
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Synthesizing The Approaches
A 1 Year Design-Based Tpack Development Process For School-Based Ictintegration
(Koh, Chai & Lim, In-Press)

Implement
lessons,
evaluate
student
ouvfcomes

Set TPACK goals & co-
design lessons

(2 houwrs, fortuighthy)

Participants
1. 2 Singapore primary schools
2. 47 teachers, organized into 10 subject-based design teams
3. Schools are focusing on integrating 21st century learning into curriculum

EXAMPLE OF REDESIGNED LESSON -MATH

Initial design Final design
Use online manipulatives for P5 Problem 1 — Distribute a bag of
students to practice visvalization sweets equally among peers (whole

of fractional parts. numbers).

Problem 2 — Compute school’s
average utility bill across the school
year with Microsoft Excel™, analyse
) possible reasons for above-average
solving. usage in particular months &
brainstorm ways for conservation.

Create a totally new lesson for
the topic of Averages that is
based on authentic problem-

Problem 3 — Collect data to find
average mass of peers’ school bags
and individually reflect on strategies
to avoid carrying unnecessarily

heavy bags to school. 10YLE K0 2018)
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Example Of Redesigned Lesson —Science
Initial design

Teachers teach the characteristics of
open and closed circuits, parallel
and series circvits, and electrical
conductors.

Students conduct experiments.

Students still weak in analysing
problems related to circuits and
articulating scientific explanations.

Example Of Redesigned Lesson —English

Initial design

PS5 students produced draft of
essay by writing
collaboratively with online
platform Titanpad ™,

Students consolidated ideas
face-to-face to produce a
final project.

Implementation results —
Students unable to judge how
they could expand the content
of their writing.

Outcomes

Final design

Lesson 1 - Use students’ postings on
Padlet™ at beginning and end of lesson
to ossess students” understanding of open
and closed circuits.

Lesson 2 — Students explore computer-
based simulation and build explanations
of observations using POE (Predict,
Observe, Explain).

Lesson 3 — Students diagnose actual
circuits for problems, with the option of
using simulations as scatfolds. Provide
explanations using POE.

Lesson 4 — Students use different
materials provided by teachers and
themselves to set-up circuits and vse POE
to explain if these were conductors.

YOTTE KOH (2A1E)

Final design

Self-paced learning of
techniques for “ballooning’
sentences with self-paced
learning packages on
Powerpoint™,

¥

Practice “ballooning”
sentences and paragraphs
using Titanpad ™.

Online editing & peer
commenting with Titanpad.

JOTCE KOH (ZOTE)

TPACK Survey - Improved teacher confidence in TPACK
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1. TPACK lesson design — 9 out of 10 groups improved their lesson design ratings

for meaningful learning dimensions

2. Evidence of improvement in student learning

FUTURE DIRECTIONS
For Pre-Service Teacher Education

1.
2.

3.

Assess both teacher perceptions and design products

Develop TPACK Activity Types as scaffolds for specific technologies, pedagogies,
and content

Develop lesson planning scaffold

FOR IN-SERVICE TEACHERS

1.
2.
3.

Engage TPACK development in schoolbased design teams
Examine teachers’ design outcomes and impact on student learning
Examine teachers’ design thinking for supporting TPACK development
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