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Highlights

e Examines what it means for teachers to have moréess Technological Pedagogical
Content Knowledge (TPACK).

e A partial credit Rasch analysis is conducted ordewte of practicing teachers' TPACK
Confidence and TPACK Usefulness.

e Person-item maps are generated showing the redhifproetween respondent ability and
item difficulty.

e Person-item maps are used to develop construct mdpsh qualitatively describe
increasing proficiency in the constructs.

Abstract

This paper aims to contribute to the theoreticaiming of Technological Pedagogical Content
Knowledge (TPACK) by exploring how a measuremernrapch can be used to address the
need to improve the prescriptive value of the fram&. Building on and extending the work
described in Saubern, Urbach, Koehler and Phi{l3@4.9), this paper describes the development
of an empirically derived qualitative descriptiohimcreasing proficiency in TPACK Confidence
and TPACK Usefulness. Using the results of a pactiedit Rasch analysis of survey responses,
five bands of proficiency in TPACK Confidence angef bands of proficiency in TPACK



Usefulness were delineated and described. They $tuthd that teachers at higher levels of
TPACK proficiency more strongly believe in the valof using technology to facilitate deep
thinking and learning and are more confident to teséinology to support and facilitate deeper
thinking and learning in and across curriculum arébhan teachers with lower levels of
proficiency. By providing a description of lowendahigher proficiency and an inferred typical
order of acquisition, the resulting construct megs be used by researchers to help develop and
test hypotheses about teachers' acquisition of TRRAGI improve the validity and precision of
TPACK survey tools and by teacher educators teebettderstand and evaluate the TPACK of
student teachers and inform the development ohesaaducation curricula.
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TPACK Band Description
Confidence
A Teachers in |... extremely confident that they have the knowledge, skills and :blhues to support
Band S are smd.mxs use of ICT to actively construct that areas,
typically... |actively construct their ovmkmledge in collaboration with their peers and omgts
analyze their their . develop deep
12%of about a topic of interest relevant to the :umcuhm area’s being smdied. plan andor
Tespal manage curriculum projects, engage in i with
activities and facilitate the integration of curriculum areas to construct multidisciplinary
knowledge.
Teachers in |... beginning to be that they have the knowledge, skills and
Band 4 are ab:hn.es to support students’ use of ICT 10 activy ely construct knowledge that integrates
typically... |cumculum areas, actively construct their own knowledge in collaboration with their
peers and others, develop deep understanding about a topic of interest relevant to the
curriculum area’s being studied and plan and/or manage curriculum projects and very
21%0f confident that they have the knowledge, skills and abilities to support students’ use of
respondents |ICT to analyze their 2 ize their engage in i

involvement with curriculum activities and facilitate the integration of curriculum areas
to construct multidisciplinary knowledge.

respondents

. very confident that they have the knowledge skills and a\n!mes to support students’
use of ICT to actively construct areas, actively
construct their own knowledge in colhbonuon with their peers and others, analyze
their their dge, develop deep understanding about 2 topic
of interest relevant to the curriculum area’s being studied, plan and'or manage
curriculum projects, engage in sustained involvement with curriculum activities and
facilitate the integration of curriculum areas to construct multidisciplinary knowledge.

Teachersin |...

Band 2 are
typically..

25%of
respondents

beginning to be very confident that they have the knowledge, skills and abilities
support students’ use of ICT to develop deep understanding about 2 topic of interest
relevant to the curriculum area’s being studied and plan and/or manage curriculum
projects and moderately confident that they have the know! hdge skllls and abll.lnes to
support smdents’ use of ICT to actively construct
areas, actively construct their own knowledge in collabonm with their peers and
others.:nalyumm ledgze, ize their k ledge, engage in d

with curmiculum activities and facilitate the mlemnnn of curriculum areas
to construct multidisciplinary knowledge.




1. Introduction

What teachers know has long been an area of intéoesresearchers in education
(Fenstermacher, 1994; Loughran, 2010). Effortdistinguish the knowledge of teachers from
other content experts led to the conceptualizatiba knowledge base for teaching (Shulman,
1987; Shulman, 1986). Shulman argued that teaciarg on a wide range of knowledge types,
describing seven kinds of knowledge ranging fronovwdedge of the subject content to
knowledge of learners and their characteristicsul@hn, 1987). Amongst these, Shulman
singled out pedagogical content knowledge (PCKhasform of knowledge that most clearly
distinguishes the expert teacher from the conteper as it:

represents the blending of content and pedagogyaintunderstanding of how particular
topics, problems, or issues are organized, reptedeand adapted to the diverse interests
and abilities of students, and presented for issitva. (Shulman, 1987, p. 8)

In the context of research on teacher professideatlopment and the impact of increasing
use of digital technologies in education, Mishra &woehler (2006, 2007) built on Shulman’s
PCK framework to develop the Technological PedagigiContent Knowledge (TPACK)
framework. TPACK describes the factors that conite to successful teaching with technology
and is intended to support and promote understgndirtechnology integration in education
from theoretical, pedagogical and methodologicalspectives (Mishra & Koehler, 2006).
TPACK has proven a popular and useful framework riegearchers investigating teachers’
understanding of the effective use of technologyeisching and learning (Kessler & Phillips,
2019). However, aspects of the TPACK framewoike lihe PCK framework that preceded it,
have been the subject of critique, investigatiod daevelopment. In particular, researchers have
examined the integrative and transformational tyadtif the TPACK construct, TPACK
components and component boundaries, TPACK measuateapproaches, the relationship
between TPACK and PCK and the prescriptive valu¢hefframework (Angeli & Valanides,
2009; Archambault & Crippen, 2009; Archambault &riett, 2010; Cavanagh & Koehler,
2013; Chai, Koh, & Tsai, 2010; Graham, 2011; Koehkhin, & Mishra, 2012; Phillips &
Harris, 2018; Scherer, Tondeur, & Siddiq, 2017).

This paper aims to contribute to the theoreticaiming of TPACK by exploring how a
measurement approach can be used to address thé¢onegprove the prescriptive value of the
framework. An analysis of data collected usingeatablished TPACK survey tool was used to
develop an empirically derived qualitative desgoiptof increasing proficiency in TPACK in the
form of a construct map (Cavanagh & Koehler, 20¥&json, 2003; Wilson, 2004). By
providing a description of lower and higher prdadicty and an inferred typical order of
acquisition, these construct maps can be useddearehers to help develop and test hypotheses
about teachers’ acquisition of TPACK, improve traidity and precision of TPACK survey
tools and interrogate and reflect on the framingtlé construct in a fine-grained way
(Archambault & Barnett, 2010; Cavanagh & Koehld12; Graham, 2011). Teacher educators
can use construct maps to better understand wiearehdr education students are in the
development of their TPACK, establish goals andt st@ps for learning and more broadly to
inform the development of teacher education culuitu

1.1 The Technological Pedagogical Content Knowledge (TPACK) framewor k



In considering the knowledge base for teaching, '8&Gn (1987; 1986) singled out
pedagogical content knowledge (PCK) for speciamdibn as it “identifies the distinctive bodies
of knowledge for teaching” (Shulman, 1987, p. 8LKPis a kind of specialist knowledge of
teachers which combines pedagogical knowledge, ithdtroad principles and strategies of
classroom management and organization that appetmanscend subject matter” (Shulman,
1987, p. 8), and content knowledge of particuldjescts to generate an understanding of “how
particular topics, problems, or issues are orgahizepresented, and adapted to the diverse
interests and abilities of learners, and presefaeshstruction” (Shulman, 1987, p. 8). PCK can
be represented as a Venn diagram shown as an pustaveen pedagogical knowledge and
content knowledge (figure 1).

Pedagogical
Content
Knowledge

Pedagogical

Content

Knowledge Knowledge

Figure 1: Pedagogical Content Knowledge

In an attempt to understand how the increassegaf digital technologies in schools might
impact on the development of teachers’ professiinalwledge, Mishra and Koehler (2006,
2007) expanded Shulman’'s PCK framework throughatidition of a third knowledge domain,
technological knowledge (TK), by which they meantcantinuously developing state of
knowledge about technology which goes beyond utaledsng of how to use and apply
technology to achieve goals to include problem iaglvcommunicating and interacting with
technology (Koehler & Mishra, 2009). The resultiflgACK framework (figure 2) describes the
interaction of three core areas of teacher knowdequmedagogical knowledge (PK), content
knowledge (CK) and technological knowledge (TK)tenmacting to create four additional
subdomains:

e Pedagogical Content Knowledge (PCK): describedhyirBan (1987; 1986)



e Technological Pedagogical Knowledge (TPK): the usi@damding of technology that
teachers bring to particular pedagogical tasksheovd teaching and learning are affected
by the use of particular technology in particulays (Koehler & Mishra, 2009).

e Technological Content Knowledge (TCK): knowledgetloé technology that relates to
the subject area of instruction, in particular ‘@mderstanding of the manner in which
technology and content influence and constrainasreher” (Koehler & Mishra, 2009, p.
65).

e Technological Pedagogical Content Knowledge (TPACHKh “emergent form of
knowledge” dynamically combining all three core wihedge areas and the basis of
effective teaching using technology (Mishra & Kaahl 2007). It incorporates
understandings of how concepts can be represersiad technology, how particular
pedagogical approaches can make use of particad@mologies to teach particular
content, understanding of how technology can be tsaddress what is difficult or easy
to learn in particular content areas, knowledgé@k students see and understand the
use of technology for learning and of how to bualdd develop these understandings
(Koehler & Mishra, 2009).

Technological
Pedagogical Content
Knowledge
(TPACK)

Technological
Knowledge

Pedagogical
Knowledge
(PK)

Technological
Pedagogical
Knowledge
(TPK)

Technological
Content

Knowledge
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Figure 2: Technological Pedagogical Content Knowledge (TRA€amework. Reproduced
with permission of the publisher, © 2012 by tpac.o

The TPACK framework has had a substantial influence research investigating the
effective use of educational technology, partidylar relation to teacher education and teacher



professional development. A recent paper at a ntapwher education conference reported that
the TPACK framework has been used in over 3200 igatibns across a diverse range of
educational contexts and content areas (Kesslehi&ig?, 2019). A number of studies have
examined the TPACK of pre-service teachers to mfthhe design of initial teacher education
programs (Agyei & Keengwe, 2014; Deng, Chai, S@mQ& Chen, 2017; Finger et al., 2013a;
Mouza, Yang, Pan, Ozden, & Pollock, 2017; Tond8gherer, Siddiq, & Baran, 2017; Valtonen
et al., 2017) and to identify teacher professideaining needs and evaluate the efficacy of in-
service teacher education (Brinkley-Etzkorn, 2088wung-Yuan, Meng-Jung, Yu-Hsuan, &
Liang, 2017; Gill & Dalgarno, 2017; Heitink, Voodtisser, Verplanken, & van Braak, 2017;
Jaaskela, Hakkinen, & Rasku-Puttonen, 2017; Li&t@i, Koh, Yang, & Tsai, 2013; Rienties,
Brouwer, & Lygo-Baker, 2013; Stoilescu, 2015). Othesearchers have used the framework in
identifying profiles of teachers with different Bki and orientations, investigating relative
strengths and weaknesses of teachers in relatidifféoent aspects of TPACK and investigating
differences between groups of teachers in reladtiotemographic qualities such as age, gender
and length of service (Alrwaished, Alkandari, & Ahem, 2017; Handal, Campbell, Cavanagh,
Petocz, & Kelly, 2013; Jaikaran-Doe, 2016; RoigayiMengual-Andres, & Quinto-Medrano,
2015; Tondeur et al., 2017). Researchers havecatsmlly examined and evaluated the TPACK
framework itself to understand its strengths andkmesses and its application in understanding
the knowledge and skills needed by teachers to tesknology effectively in education
(Cavanagh & Koehler, 2013; Deng et al., 2017; JaameProctor et al., 2013; Koehler et al.,
2012; Koh & Chai, 2016; Liang et al., 2013; Statkes2015; Valtonen et al., 2017).

1.2 Under standing and describing teacher knowledge

Graham (2011) argues that an effective theoretizalel has ‘prescriptive value’ because it
describes the phenomenon but also has the aluldgscribe how the phenomenon develops and
what interventions can predictably influence itsvelepment. In the case of a theory of
knowledge such as TPACK, a description of ‘how phenomenon develops’ can take the form
of a description ofncreasing proficiency Useful descriptions of increasing proficiencyan
domain of knowledge go beyond generic statemerdl as ‘beginning’ and ‘advanced’ to be
“descriptions of the successively more sophistitateays of thinking about a topic that can
follow one another” (National Research Council, 200. 219). These descriptions are useful in
a number of ways. Researchers develop and inegeogetailed descriptions of increasing
proficiency in investigating constructs, gatheriagd interpreting evidence and analyzing and
monitoring effects and interventions (ArchambaulB&rnett, 2010; Graham, 2011). Teachers
use detailed understanding of increasing profigieimc a domain of knowledge in order to
understand where learners are in their learningtl@anost relevant next steps for teaching and
learning (Alonzo, 2018; Black & Wiliam, 1998, 200@asters, 2013; Shulman, 1987).

TPACK, like the PCK framework on which it is basélan attempt to describe one of the
things that makes teachers expert: “a form of kedgé that expert teachers bring to play
anytime they teach” (Mishra & Koehler, 2006, p. @3 While significant efforts have been
made to describe, investigate, analyze and critidnge components of TPACK (Angeli &
Valanides, 2009; Archambault & Crippen, 2009; Anmtihault & Barnett, 2010; Cox, 2008;
Koehler et al., 2012; Scherer et al.,, 2017) thaas been less attention given to developing
detailed understanding of increasing proficiencyhi@ construct as a whole or in relation to the
construct components (Cavanagh & Koehler, 2013;héugt, 2019; Yeh, Lin, Hsu, Wu, &



Hwang, 2015) and so we lack “richly developed @ymis of expertise” (Shulman, 1987, p. 1) in
TPACK as a general case and in specific teachintezts.

1.3 Purpose

The purpose of this study was to contribute tor&dfeo improve the utility of the TPACK
construct for research and teacher education bjoerg the questionwhat does it mean to
have more or less TPACKThe study addresses the question by describingahpartial credit
Rasch analysis of data from a TPACK survey tool barused to construct a quantitative and
gualitative description of increasing TPACK proéiocy and how that description can be used to
inform further research into effective use of temogy in education and teacher education
programs.

2. Method

This paper builds on and extends the work descrévet piloted in Authors (2019). That
study used a partial credit Rasch analysis of dali@cted for a study of the TPACK of 152
practicing Australian teachers to construct measarg scales and person-item maps for two
related constructs (TPACK Confidence and TPACK Ukefss) and describes a process for
building a qualitative description of increasingfciency in those constructs in the form of a
construct map (Wilson, 2003; Wilson, 2004). Thereat study uses those person-item maps as
the basis for the development of two construct mdgescribing increasing proficiency in one
aspect of TPACK Confidence and TPACK Usefulness.

As background and for convenience, the followingnmarizes the method reported in
Authors (2019). Data was collected using a modifiersion of the TTF TPACK Survey (Finger
et al., 2013; Jamieson-Proctor et al., 2013). ThE TPACK Survey was originally developed
for a large scale study of initial teacher educastudents in Australian universities (Finger et
al., 2013; Jamieson-Proctor et al., 2013). Theesucomprises four scales: TPACK Confidence
(teacher confidence to use ICT to support studeatning), TPACK Usefulness (teacher
perceptions of usefulness of ICT to support studeatning), TCK/TPK Confidence and
TCK/TPK Usefulness. As the research question wagsied on collecting evidence of teachers’
TPACK, the modified version in the study includedyothe first two scales (see Appendix).

A partial credit Rasch analysis was performed andata. The partial credit Rasch model
(Masters, 1982; Wright & Masters, 1982), an extensif the dichotomous Rasch model (Rasch,
1980), was chosen as it is appropriate for use \iteers have polytomous categories, as was the
case of the TPACK survey under analysis. Rasclysisallows for the construction of a scale
which satisfies the requirements of objective measent. It allows for the ability of a person
and the difficulty of an item to be measured indgfsntly, enabling the estimation of the extent
to which a person possesses an ability and the aasop of the ability of a person with the
difficulty of an item. A person’s ability can théoee be described in relation to the probability
of them being able to successfully complete arneeasimore difficult item.

Authors (2019) used the Rasch analysis to consjpecson-item maps for each scale.
Person-item maps show the population on the lé& of the scale, with each X representing one
respondent, arranged along the latent variablee smadording to their ‘ability’, in this case the
ease with which they agree with the survey statésneRespondents with higher TPACK
Confidence or TPACK Usefulness are shown highethenscale. Parameters for each item are



arranged on the right side of the scale, showieddifficulty of each item parameter. These item
parameters are item category boundaries, the pomtise scale at which the probability of being
in one category and the next is equal. In the amglfor each item, the three item category
boundary parameters represent the boundaries dbtin@nalyzed categories. For each item, the
difficulty of the boundaries are marked as .01,ahd .23. So for example, gq1.01 is the boundary
between Less than Moderately Confident and Modigr&enfident for question 1. This implies
that respondents whose ability is between two itategory boundary parameters are most likely
to be in that category, so for example, respondeittsan ability score between q1.01 and q1.12
are most likely to be moderately confident aboaiitl.

The current study uses the person-item maps catestiloy Authors (2019) as the basis for
the development of a qualitative description oféasing proficiency in TPACK Confidence and
TPACK Usefulness in the form of construct maps @egh & Koehler, 2013; Wilson, 2003;
Wilson, 2004). As an initial step towards a mooenprehensive map of the constructs, a review
of the 23 items in the survey identified a grougeht items roughly corresponding to an aspect
of TPACK described by Koehler and Mishra (2009) “asdagogical techniques that use
technologies in constructive ways to teach contenifThe person-item maps for TPACK
Confidence and TPACK Usefulness were divided imte bands of equal but arbitrary length.
Observations were made of the hierarchical diffiesl of the item parameter boundaries of the
eight selected items to construct a qualitativeedeson of increasing proficiency for each scale
based on the item stems (Nakano & Primi, 2014).

3. Reviewing the per son-item maps

The person-item map constructed for TPACK ConfideriEigure 3), first reported in
Authors (2019), shows that the abilities of the onigy of the respondents are located on the
scale between the first and third item categoryndaunes of most of the items, although
relatively few above the third item category bouwydaln other words, the majority of
respondents were able to agree they were modetatetpre than moderately confident for most
items but only a relatively small group were aldegree that they were extremely confident for
most items. Very few respondents agreed that theng Wess than moderately confident for the
items. Another observation is that while mostat all of the items were fairly easy to agree
with at least moderately, there were differenceshi location of the item category boundary
parameters for the different items and the sizéhefgaps between the item category boundary
parameters, providing an opportunity to analyze ameérpret meaning of the scale in a
gualitative sense.
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Figure 3: TPACK Confidence Person-ltem Map

The person-item map constructed for TPACK Usefudr(@gure 4) shows that the abilities
of the majority of respondents are located on taesbetween the first and third item category
boundaries of most of the items and a sizeablegstiom above the third item category boundary
for many of the items. In other words, the greajomity of respondents believed that most items
were moderately to more than moderately usefutfeir students and many believed that most
items were extremely useful for their students.\Wiew respondents believed that items were
less than moderately useful for their students.

As with the TPACK Confidence person-item map, tHeATK Usefulness map showed
while most of the items were fairly easy to agrathwthere were not only differences in the
location of the item category boundary parameterdife different items but also the size of the
gaps between the item category boundary parametergiding an opportunity to analyze and
interpret meaning of the scale in a qualitativeseen
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Figure4: TPACK Usefulness Person-ltem Map
4. Developing the construct maps

The development of a construct map uses the locatiof the ability estimates of
respondents and the difficulty estimates of itetosigathe scale of the constructed person-item
maps of the latent variable generated from theigdacredit Rasch analysis to develop a
gualitative description of what it means to be mordess proficient in a particular construct
(Cavanagh & Koehler, 2013; Wilson, 2003; Wilson02)) Wilson identifies three types of
construct maps: a respondent construct map, wheslerdbes qualitatively different groups of
respondents; an item construct map, which descrbabtatively different groups of items; and,
a item-response construct map, which describes @gilson, 2004). In the case of the present
study, an analysis of “the hierarchical difficulhy the items - the meaning of low, average or
high scores with regards to ability that accum@at{®akano & Primi, 2014, p. 2) was used to
describe increasing proficiency in TPACK.



As an initial step towards developing a fuller dggon of the TPACK construct, a subset
of the survey items were identified for analysipe8fically, eight items of the 23 items in the
survey were identified as corresponding to an dspécPACK described by Koehler and
Mishra (2009) as “pedagogical techniques that esanologies in constructive ways to teach
content” (henceforth abbreviated to ‘teaching cotile They were:

e actively construct knowledge that integrates cufum areas (item 3)

e actively construct their own knowledge in collaliara with their peers and others (item

4)

e analyze their knowledge (item 5)
synthesize their knowledge (item 6)

e develop deep understanding about a topic of intemsvant to the curriculum area/s

being studied (item 10)

e plan and/or manage curriculum projects (item 13)

e engage in sustained involvement with curriculunivaas (item 14)

e facilitate the integration of curriculum areas tonstruct multidisciplinary knowledge

(item 21)

One approach to developing a qualitative descmptbthe scale of a latent variable is to
divide the scale into ‘bands’ of equal length aresalibe each band in terms of the item
parameters that fall within it. For the presenidgt the TPACK Confidence and TPACK
Usefulness scales were each divided into interaablb each of two logits in length starting at -
2.0 logits. (A logit is the unit of measuremenedsn Rasch analysis. A logit is an interval
length along the scale.) Figures 5 and 6 showtwee scales divided into five bands, the
locations of the item category boundary paramefersthe eight selected items and the
percentage of respondents who fell within that band
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TPACK Usefulness scale (logit)
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Figure 6: TPACK Usefulness scale bands with ‘teaching aathieems

A description of each band based on the positioih@fitem category boundary parameters
was used to develop a construct map for each foglees 7 and 8). For each item, where all or
almost all of the respondents in a band fell betwtse item category boundary parameters, the
band was described in terms of the region betwkesetboundaries. Where an item category
boundary parameter was located half way througtb#mel (i.e. one logit from the top or bottom
of the band), that item was described as changiomg bne region to another, so, for example,
“beginning to be extremely confident”. To improwbe readability of the qualitative
descriptions, the descriptions of the regions betwthe item category boundary parameters
were simplified as follows:

e above item category boundary .23: Extremely comfilseful

e between item category boundaries .12 and .23: ¥enyident/useful

e between item category boundaries .01 and .12: Moekyrconfident/useful

e below item category boundary .01: Less confideeflus



TPACK Band Description
Confidence

Teachers in ... extremely confident that they have the knowledge, skills and abiliteesupport

Band 5 are | students’ use of ICT to actively construct knowlediat integrates curriculum areas

typically... [actively construct their own knowledge in collaktara with their peers and others,
analyze their knowledge, synthesize their knowledgeelop deep understanding

12% of about a topic of interest relevant to the curricularea/s being studied, plan and/or

respondents{ manage curriculum projects, engage in sustainezhiement with curriculum activitie
and facilitate the integration of curriculum aréagonstruct multidisciplinary
knowledge.

Teachers in ... beginning to be extremely confident that they have the knowledge, skills and

Band 4 are | abilities to support students’ use of ICT to adinanstruct knowledge that integratgs

typically... [curriculum areas, actively construct their own kfexge in collaboration with their
peers and others, develop deep understanding aliopic of interest relevant to the
curriculum area/s being studied and plan and/oragercurriculum projects anvery

21% of confident that they have the knowledge, skills and abilit@support students’ use o

respondents| |CT to analyze their knowledge, synthesize thebwiedge, engage in sustained
involvement with curriculum activities and faciligathe integration of curriculum arefs
to construct multidisciplinary knowledge.

Teachers in ... very confident that they have the knowledge, skills and abilitesupport student$’

Band 3 are [use of ICT to actively construct knowledge thaegrates curriculum areas, actively

typically... | construct their own knowledge in collaboration wtitleir peers and others, analyze
their knowledge, synthesize their knowledge, dgveleep understanding about a topic

32% of of interest relevant to the curriculum area/s beituglied, plan and/or manage

respondents| curriculum projects, engage in sustained involvermgth curriculum activities and
facilitate the integration of curriculum areas tmstruct multidisciplinary knowledge.

Teachers in ... beginning to be very confident that they have the knowledge, skills and abilities

Band 2 are [ support students’ use of ICT to develop deep unaieding about a topic of interest

typically... |relevant to the curriculum area/s being studied@ad and/or manage curriculum
projects andanoder ately confident that they have the knowledge, skills and abilitaes

25% of support students’ use of ICT to actively constkrmaiwledge that integrates curriculum

respondents| areas, actively construct their own knowledge itletmration with their peers and
others, analyze their knowledge, synthesize themitedge, engage in sustained
involvement with curriculum activities and facilieathe integration of curriculum aregs
to construct multidisciplinary knowledge.

Teachers in ... moder ately confident that they have the knowledge, skills and abiliteesupport

Band 1 are [ students’ use of ICT to actively construct theimokmowledge in collaboration with

typically... |their peers and otherseginning to be moder ately confident that they have the
knowledge, skills and abilities to support studease of ICT to actively construct

10% of knowledge that integrates curriculum areas lassiconfident they have the

respondentsf knowledge, skills and abilities to support studense of ICT to analyze their
knowledge, synthesize their knowledge, develop delerstanding about a topic of
interest relevant to the curriculum area/s beingist, plan and/or manage curriculum
projects, engage in sustained involvement withiculum activities and facilitate the
integration of curriculum areas to construct mustiplinary knowledge.

Figure 7. TPACK Confidence Construct Map: Teaching Content

TPACK

Band

Description




Usefulness

Teachers in | ... think it isextremely useful that they ensure their students use ICT to agtivel

Band 5 construct knowledge that integrates curriculum siraatively construct their own

typically ... |knowledge in collaboration with their peers andeoth analyze their knowledge,
synthesize their knowledge, develop deep understgradhout a topic of interest

15% of relevant to the curriculum area/s being studieah gind/or manage curriculum

respondents [ projects, engage in sustained involvement withiculum activities and facilitate the
integration of curriculum areas to construct mistiplinary knowledge.

Teachers in |... arebeginningtothink it is extremely useful that they ensure their students use

Band 4 ICT to actively construct their own knowledge irlaboration with their peers and

typically ... |others, develop deep understanding about a topiterest relevant to the curriculumn
areals being studied, plan and/or manage curricpiujects and facilitate the

32% of integration of curriculum areas to construct mistiplinary knowledge and think it is

respondents | very useful that they ensure their students use ICT to agtivehstruct knowledge
that integrates curriculum areas, analyze theimlkedge, synthesize their knowledgg
and engage in sustained involvement with curricuativities.

Teachers in |... think it isvery useful that they ensure their students use ICT to agtivehstruct

Band 3 knowledge that integrates curriculum areas, agtigehstruct their own knowledge in

typically... |collaboration with their peers and others, anatheér knowledge, synthesize their
knowledge, develop deep understanding about a tdpiterest relevant to the

34% of curriculum area/s being studied, plan and/or marcagéculum projects, engage in

respondents [ sustained involvement with curriculum activitiesidacilitate the integration of
curriculum areas to construct multidisciplinary lutedge.

Teachers in |... arebeginningto think it isvery useful that they ensure their students use ICT o

Band 2 actively construct their own knowledge in collaiara with their peers and others,

typically... |develop deep understanding about a topic of intee¢svant to the curriculum area/$
being studied, plan and/or manage curriculum ptsjand think it isnoder ately

13% of useful that they ensure their students use ICT to agtivehstruct knowledge that

respondents  [integrates curriculum areas, analyze their knowgedgnthesize their knowledge,
engage in sustained involvement with curriculunivit@s and facilitate the
integration of curriculum areas to construct mistiplinary knowledge.

Teachers in | ... think it ismoder ately useful that they ensure their students use ICT to agtivel

Band 1 construct their own knowledge in collaboration witleir peers and others and are

typically... |beginningto think it is moderately useful that they ensure their students use ICT[to
actively construct knowledge that integrates cuftim areas, plan and/or manage

5% of curriculum projects and engage in sustained invokm with curriculum activities

respondents [ and think it isless useful that they ensure their students use ICT to anahgie

knowledge, synthesize their knowledge, develop delerstanding about a topic o
interest relevant to the curriculum area/s beindied and facilitate the integration d
curriculum areas to construct multidisciplinary lwtedge.

=

Figure 8. TPACK Usefulness Construct Map: Teaching Content

5. Discussion



The construct maps developed in this study prowdalitative descriptions, based on
guantitative analysis of empirical data collecteahf the survey tool, of what it means to have
more or less proficiency in TPACK Confidence andATK Usefulness. At a high level,
reading the TPACK Confidence: Teaching Content wans map from bottom to top (that is,
from lower to higher proficiency) provides a brosense of how the phenomenon develops
(Graham, 2011). Reading the construct map invilaig brings to the fore the development of
teachers’ confidence to use technology to supputtfacilitate deeper thinking and learning in
and across curriculum areas. Teachers at the tdexed of proficiency (Band 1) are somewhat
confident that they have the skills to support stid to use technology to work collaboratively
with other students and research knowledge but ldely confidence in their skills to support
and facilitate the use of technology to sustainagegnent with the curriculum area and develop
deeper understandings. Teachers in the middleerahgroficiency (Band 3) are very confident
in their skills to support students in a broad enfways when teaching content but one thing
that distinguishes them from the more confidentheas in Band 4 is that those teachers are
more confident in their skills to support studerits use technology to develop deep
understanding of the curriculum area. Similarlyadiag the TPACK Usefulness: Teaching
Content construct map from bottom to top tellsaysof increasing belief in the usefulness of
technology to facilitate deep thinking and learnaigngside the understanding of technology’s
instrumental and practical value for teaching cont&eachers in the lowest proficiency band in
TPACK Usefulness (Band 1) typically see the valfi¢echnology mainly in how it facilitates
students working together, planning and managingkvand sustaining engagement. Teachers
in the middle range of proficiency (Band 3) havesktively broad and balanced view of the
value of technology for student learning, while @spect of what distinguishes those teachers
from the teachers in Band 4 is a stronger beli¢h@évalue of technology to facilitate students to
develop deep understanding and construct multliseiry knowledge.

As well as describing what distinguishes resporgiernth lower and higher proficiency in
TPACK Confidence and TPACK Usefulness, the construnaps describe an inferred typical
order of acquisition of aspects of the construaeapondents move from low to high proficiency
and so provide a prescriptive view of the constragtit develops, which could inform and
suggest future research (Graham 2011; Archambawt#faett 2010). For example, the maps
could be used to help develop and test hypothdsast &iow teachers’ TPACK Confidence or
TPACK Usefulness develops or is best developed rafidct on, interpret and develop the
theoretical framing of the construct in a fine-gead way. Researchers could also use the maps to
refine and improve evidence gathering, ensuringy tto®ls or processes provide appropriate
opportunities to identify differences between resfents and to measure changes in
respondents’ proficiency pre- and post-interventiokor example, one difference between
teachers in Band 4 and Band 5 of the TPACK Usefidmaap is the extent to which teachers
believe that it is useful for students to use I@Tanalyze and synthesize their knowledge.
Researchers looking to investigate differencegactiers’ TPACK Usefulness at the top level of
proficiency should consider how to gather evideottheir subjects’ beliefs in these aspects of
TPACK.

The construct maps can also have an immediatecagiph in teacher education, supporting
teacher educators to better understand where teadbeation students are in the development
of TPACK Confidence and TPACK Usefulness and idgimg next steps for action. For
example, a teacher educator working with a studesmther whose TPACK Usefulness is in



Band 3 can see that the student teacher will needketelop a stronger understanding of the
value to students of using technology to develogpdenderstandings of the topic and construct
interdisciplinary knowledge, amongst other thing®ider to increase her TPACK Usefulness to
Band 4. More generally, the development of thehea education curriculum is informed by
understanding that the majority of teacher edunasimdents enter the program at a particular
level in relation to TPACK Confidence and TPACK f{igdeess (and some at different levels)
and that the program has the goal of ensuring stadeeach a higher level (some agreed
standard) on completion.

5.1 Limitations

There are a number of limitations of the studyahihsuggest that care should be taken not
to overgeneralize the results without further satisating evidence. In particular, data used in
the analysis was self-report data collected usig iTF TPACK Survey tool, which takes a
particular approach to measuring the TPACK constfocusing on teachers’ confidence in their
capacity to use digital technology to support leagrand perceptions of usefulness of digital
technology to students. Further research to cobeadence of teachers’ TPACK using other
techniques and instruments, including direct olet@x, would provide opportunities to broaden
the construct maps and contribute to their valatati Also, while the TPACK construct is
conceived of as highly contextualized (for exampbespecific teaching and learning contexts),
the data analyzed was aggregated from teacherdngoirk a wide range of contexts. Further
research that examined the learning context spetRACK of teachers could contribute to the
development of context specific construct maps.

6. Conclusions

The TPACK framework has proven to be a popularaseful framework for researchers to
investigate what expert teachers understand alffaatiee integration of technology in learning
and to evaluate and inform initial teacher educasind teacher continuous professional learning.
However, despite significant efforts to descrilveeistigate and critique the construct, there has
been relatively little research into developing enatetailed understandings of increasing
proficiency in TPACK or TPACK components. In ateatpt to contribute to efforts to improve
the clarity and efficacy of the framework, in pediar to add to the prescriptive value of the
framework, this paper has described how an anabfsikata collected in a survey of practicing
teachers’ TPACK was used to develop empiricallyeldasonstruct maps describing what it
means to have more or less TPACK Confidence andCIHPBsefulness. These maps will assist
researchers with developing and testing hypothalsest these aspects of teachers’ TPACK and
support them to develop more targeted and cohermasurement tools, the evidence from
which can, in turn, support further efforts to darand develop the construct (Graham 2011;
Archambault & Barnett 2010). The detailed desaooisi can also help teacher educators better
understand where student teachers are in theilafgwent of TPACK Confidence and TPACK
Usefulness and what is needed for them to devalgipehlevels of confidence and perception of
usefulness.

The construct maps developed in this study aresbninary effort to more fully describe
what it means to have more or less TPACK. Furtiesearch and analysis of evidence of
teachers’ TPACK, including in specific settings arging tools which measure different aspects



and components of the TPACK framework and whiclialmyrate the self-report data with direct
observation and other measurement techniques, teulsed to expand, refine and validate the
construct maps and develop new and context spedfistruct maps of TPACK and each of the
seven TPACK components (Cavanagh & Koehler, 20i8pviding researchers further
opportunities to reflect on and interrogate thestarct, including by comparing and contrasting
what increasing TPACK proficiency typically look&ed in specific teaching and learning
contexts.
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Appendix: Survey items
Adapted with permission from TTF TPACK Survey t@dhmieson-Proctor et al., 2013)

Confidence: How confident are you that you have the knowledddls and abilities to support
students’ use of ICT to...

Usefulness: How useful do you consider it will be for you, aseacher, to ensure your students
use ICT to...

provide motivation for curriculum tasks

develop functional competencies in a specifiediculum area

actively construct knowledge that integrates cukdm areas *

actively construct their own knowledge in collaltara with their peers and others *

analyze their knowledge *

synthesize their knowledge *

demonstrate what they have learned

acquire the knowledge, skills, abilities and attés to deal with on-going technological

change

9. integrate different media to create appropriatepots

10.develop deep understanding about a topic of intemdsvant to the curriculum area/s
being studied *

11.support elements of the learning process

12.develop understanding of the world

13.plan and/or manage curriculum projects *

14.engage in sustained involvement with curriculunvaats *

15.undertake formative and/or summative assessment

16.engage in independent learning through accessucaédn at a time, place and pace of
their own choosing

17.gain intercultural understanding

18.acquire awareness of the global implications of-léziEed technologies on society

19.understand and participate in the changing knovdestpnomy

20. critically evaluate their own and society’s values

21.facilitate the integration of curriculum areas tmstruct multidisciplinary knowledge *

22.critically interpret and evaluate the worth of I@&sed content for specific subjects

23.gather information and communicate with a knownienck

NGk~ WNE

* selected for qualitative analysis as representthgt aspect of TPACK described as
“pedagogical techniques that use technologies mstcoctive ways to teach content” (Koehler &
Mishra, 2009).



Examines what it means for teachers to have moréesy Technological Pedagogical
Content Knowledge (TPACK).

A partial credit Rasch analysis is conducted ordewte of practicing teachers’ TPACK
Confidence and TPACK Usefulness.

Person-item maps are generated showing the retaifproetween respondent ability and
item difficulty.

Person-item maps are used to develop construct mdpsh qualitatively describe
increasing proficiency in the constructs.
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