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Abstract: Over the last ten years, the TPACK model has had a major influence on research into 

technology integration in education and been adopted for research across a wide variety of contexts. 

While this research has provided a valuable contribution to our understanding of professional 

knowledge of teachers, the TPACK construct, like the PCK construct on which it is based, remains 

in flux. Researchers continue to explore key questions about the definition of TPACK and its 

components, boundaries between the TPACK components, the transformative or integrative nature 

of TPACK components, and the validity of TPACK measurement.  This paper uses a measurement 

lens to focus on the description of the TPACK construct. It demonstrates how a ‘construct map’ for 

TPACK, which describes increasing proficiency in TPACK, can be developed using empirical data 

gathered from a TPACK survey tool. 

 

 

Introduction 
 

The Technological Pedagogical and Content Knowledge (TPACK) framework (Mishra & Koehler, 2006, 2007) 

has had a substantial influence on research investigating the integration of educational technology. At a PCK/TPACK 

international symposium, it was reported that there were 2658 publications that used the TPACK framework between 

2007 and 2016 (Phillips, Harris, van Driel, Berry & Cooper, 2017). The contributions from this corpus of work have 

been many and varied, and our understanding of the development and use of TPACK in a variety of educational 

settings is undoubtedly richer as a result.  

While these investigations have made valuable contributions to our understanding of the interplay between forms 

of professional knowledge in a variety of settings, elements of the TPACK framework, like the PCK framework which 

proceeded it, remain in flux. Researchers have highlighted and investigated issues relating to defining TPACK 

components and the component boundaries (Angeli & Valanides, 2009; Archambault & Crippen, 2009; Archambault 

& Barnett, 2010; Scherer, Tondeur, & Siddiq, 2017), whether the construct is intended to be understood as integrative 

or transformative (Graham, 2011), the validity of TPACK measurement (Cavanagh & Koehler, 2013; Koehler, Shin, 

& Mishra, 2012) and the relationship between TPACK and PCK (Graham, 2011, Phillips & Harris, 2018).  

This paper aims to explore some of the questions raised in previous research about the TPACK construct through 

a measurement lens, using the analysis of empirical data gathered in the measurement of teachers’ TPACK to highlight 

and return to questions about the theoretical framing of TPACK. An analysis of data collected using an established 

TPACK survey tool is used to demonstrate how empirical data can be used to develop a 'construct map' for TPACK - 

a qualitative description of increasing proficiency in the TPACK construct. 
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The Technological Pedagogical and Content Knowledge (TPACK) framework 
 

The knowledge of expert teachers has long been an area of interest for researchers (Loughran, 2010). In 

particular, efforts to distinguish expert teachers from content experts led to the proposition of a knowledge base for 

teaching (Shulman, 1986). Shulman suggested teachers draw on seven different forms of knowledge as part of the 

“outrageously complex” (Shulman, 1987, p. 11) task of teaching, arguing that pedagogical content knowledge (PCK) 

was of particular interest as this category of teacher knowledge distinguishes teachers from content experts as it: 

goes beyond knowledge of subject matter per se to the dimension of subject matter 

knowledge for teaching. I still speak of content knowledge here, but of the particular form 

of content knowledge that embodies the aspects of content most germane to its 

teachability. (Shulman, 1986, p.9) 

 

The Technological Pedagogical and Content Knowledge (TPACK) framework builds on Shulman’s (1986) 

conceptualisation of teachers’ professional knowledge. Mishra and Koehler (2006) added to Shulman’s PCK 

framework in an attempt to understand how the increasing use of digital technologies in schools might impact on the 

development of teachers’ professional knowledge. In doing so Mishra and Koehler (2006) expanded the PCK 

framework through the addition of technological knowledge (TK). Mishra and Koehler (2006) proposed that good 

teaching with technology involves a combination of technological, pedagogical and content knowledge or TPACK. 

Mishra and Koehler (2006) represented their TPACK framework as three overlapping circles, with each circle 

representing a component of teachers’ professional knowledge. This framework resulted in seven potential forms of 

teachers’ professional knowledge with the aspirational TPACK positioned at the nexus of these circles. Bounding 

these different forms of knowledge is the context in which teachers’ acquire and exhibit their knowledge as shown in 

Figure 1. 

 

Figure 1: The TPACK framework reproduced by permission of the publisher, © 2012 by tpack.org 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The TPACK model has been used in a great variety of contexts, including international examinations of the 

TPACK development of pre-service teachers (for example, see: Agyei & Keengwe, 2014), distance educators (for 

example, see: Brinkley-Etzkorn, 2018) and primary teachers (Gill & Dalgarno, 2017). In Australia, a noteworthy 

example was a study titled Teaching Teachers for the Future (TTF) (https://www.ttf.edu.au) in which 10,443 pre-

service teachers’ knowledge regarding technology integration was examined through a TPACK lens (Finger et al., 

2013). The data used for the analysis in this paper is from a small study which attempted to collect data to validate the 

use of the TTF TPACK Survey tool with in-service teachers and contribute to the empirical base for understanding 

the TPACK of in-service Australian teachers (Saubern & Southcott, 2018). 
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Issues in TPACK research 
 

Despite the widespread use of the TPACK model for research, there is ongoing critique of significant elements 

of the framework (Graham, 2011, Angeli & Valsnides, 2009, Phillips & Harris, 2018).  A fundamental and key 

question researchers using the TPACK model have asked is whether the construct is intended to be understood as 

integrative or transformative. That is, whether TPACK (and the other ‘emergent’ components in the model: TPK, 

TCK and PCK) are distinct and new, synthesised forms of knowledge or are a mixture of aspects of the three core 

categories of knowledge: TK, PK and CK (Angeli & Valanides, 2009; Graham, 2011). While Kohler and Mishra’s 

(2006) original description of TPACK suggests a transformative interpretation, Graham (2011) cites a number of 

researchers who have treated TPACK as an integrative construct, including by seeking to measure TPACK by 

measuring TK, PK and CK (Doering, Scharber, Miller, & Veletsianos, 2009; Graham, 2011; Guzey & Roehrig, 2009; 

Mouza & Wong, 2009). The lack of theoretical clarity and empirical evidence on this critical aspect of the model 

presents significant epistemological and ontological challenges for researchers. 

Closely related to this, researchers using the TPACK model have explored problems relating to defining the 

components of the TPACK model and component boundaries (Angeli & Valanides, 2009; Archambault & Crippen, 

2009; Archambault & Barnett, 2010; Cox, 2008; Koehler et al., 2012; Scherer et al., 2017). In a review of the TPACK 

research literature, Cox (2008) found multiple, distinct definitions for TCK, TPK and TPACK. Scherer et al. (2017) 

review a number of studies which investigate the factor structure of TPACK concluding that empirical evidence of 

the distinction between TPACK components was “mixed” and calling for further research to clarify meaning of the 

components and provide empirical evidence of distinctions between them.  

Underlying these concerns, are critical questions about the relationship between TPACK and PCK (Graham, 

2011, Phillips & Harris, 2018). Despite the extensive use of the PCK model in research and attempts to develop a 

‘consensus model’ (Gess-Newsome & Carlson, 2013), Hume and Chan (in press) continue to highlight notable 

“debates regarding [PCK’s] nature and content [which] have arisen as researchers and educators have endeavoured to 

use the construct in their work” (p. 3). The lack of clarity in PCK presents obvious problems for researchers seeking 

to work with and effectively measure the TPACK framework built upon it (Graham, 2011).  

Finally, researchers have raised questions about the validity of TPACK measurement and what the analysis of 

validity can tell us about the construct that instruments are attempting to measure (Cavanagh & Koehler, 2013; 

Graham, 2011; Koehler et al., 2012). Of 303 studies measuring TPACK identified by Koehler et al (2012), the vast 

majority did not report on reliability or validity in the paper, with only 24 providing clear evidence of reliability and 

only 13 clear evidence of validity. Cavanagh and Koehler (2013) propose the use of a seven-criterion lens for 

evaluating the validity of TPACK measurement. The seven criteria include ‘content evidence’, or the relationship 

between the evidence collected and the construct the instrument is attempting to measure, and ‘interpretability 

evidence’, or how the meaning of scores can be understood in a qualitative sense. 

 

Purpose 
 

While TPACK has provided a useful and popular model for researching the skills and understandings that 

teachers need and use to effectively integrate technology in education, improvements in the theoretical framing of the 

construct will contribute to its utility and long-term viability. Graham (2011) argues that a well developed theoretical 

model has ‘prescriptive value’, that is, it is valuable not only because it describes the phenomenon but also has the 

ability to describe how the phenomenon develops and what interventions can predictably influence its development. 

The purpose of this study was to contribute to efforts to improve the clarity of the TPACK construct by demonstrating 

how an analysis of empirical data can be used to describe the construct in terms of increasing proficiency.  Specifically 

this study explores how Rasch analysis of TPACK survey data can be used to describe and interrogate what it means 

to have more or less TPACK. 

 

Method 
 

To investigate and describe the TPACK construct, a Rasch analysis, in particular a partial credit model analysis, 

was undertaken on data collected as part of a recent study of the TPACK which comprised of 152 practising teachers 

in Australian schools (Saubern & Southcott, 2018). The partial credit model (Masters, 1982; Wright & Masters, 1982) 

is an extension of the dichotomous Rasch model and is suitable for use when items have polytomous categories. Rasch 

analysis allows for the construction of a scale which satisfies the requirements of objective measurement. It enables 

independent measurement of person ability and item difficulty. It allows for estimating the extent to which a person 
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possesses an ability, comparing the ability of a person with the difficulty of an item. This allows us to describe a 

person’s ability in relation to the probability of them being able to successfully complete an easier or more difficult 

item.  

The study used a modified version of the TTF TPACK Survey (Finger et al., 2013; Jamieson-Proctor et al., 2013) 

with a simplified demographics section and only the first two scales: teacher confidence to use ICT to support student 

learning (TPACK Confidence) and teacher perceptions of usefulness of ICT to support student learning (TPACK 

Usefulness) (see Appendix). It is important to note that like many instruments intended to measure TPACK, the TTF 

TPACK Survey tool is a self-report measure, specifically a self-report of teacher's confidence and perceptions of 

usefulness. As the survey is a self-report tool and an indirect measure of the construct, care must be taken not to 

overstate the generalisability of the findings in the absence of supporting evidence collected from other sources. For 

each of the items in the survey, respondents were asked to provide a response on a 7-point Likert scale (from 0= Not 

confident/useful to 6=Extremely confident/useful) or indicate that they were unable to judge. Overall, the respondents 

in the survey reported a high mean response on both the TPACK Confidence and TPACK Usefulness scales, 

confirming the relatively high levels of self-reported TPACK of pre-service and in-service teachers observed in other 

research (Alrwaished, Alkandari, & Alhashem, 2017; Farrell & Hamed, 2017; Finger et al., 2013; Handal, Campbell, 

Cavanagh, Petocz, & Kelly, 2013; Jaikaran-Doe, 2016). 

Given the high mean response rates, statistically significant skewness for each scale and the small number of 

responses in the bottom three Likert scale categories, it was assumed that the seven original response categories in the 

TTF TPACK Survey (0,1,2,3,4,5,6) could be collapsed into four groups for the analysis, ensuring that each category 

had qualitative meaning and a substantial number of responses for analysis:  

 Less than Moderately Confident/Useful (0,1,2);  

 Moderately Confident/Useful (3);  

 More than Moderately Confident/Useful BUT less than Extremely Confident/Useful (4,5);  

 Extremely Confident/Useful (6).  

The Rasch analysis provided strong evidence for the four substantive categories described above, with 

discernible differences when grouping the original rating scale for each item. When the Rasch analysis was performed 

with more than these four categories, the strong evidence of discernible differences between categories was not found. 

Person-item maps were constructed for each scale. (For the sake of brevity, only the person-item map for the 

first scale, TPACK Confidence, is discussed in this paper.)  Person-item maps show the population on the left of the 

scale, with each X representing one respondent, arranged along the latent variable scale according to their ‘ability’, in 

this case the ease with which they agree with the survey statements. Respondents with ‘more’ TPACK Confidence are 

shown higher on the scale. Item parameters boundaries for each item are arranged on the right of the scale, showing 

the difficulty of each item. The item parameter boundaries are category boundaries, the point on the scale at which the 

probability of being in one category and the next is equal. In the current analysis there are three item parameter 

boundaries representing the boundaries of the four analysed categories. For each item, the difficulty of the boundaries 

is marked as .01, .12 and .23. So for example, q1.01 is the boundary between Less than Moderately Confident and 

Moderately Confident for question 1 (see Figure 2). 

 

Results 
 

Reviewing the person-item map for TPACK Confidence (Figure 3), it is clear that the great majority of 

respondents are located on the scale between the first and third item category boundaries of most of the items although 

relatively few above the third item category boundary. In other words, the great majority of respondents were able to 

agree they were moderately to more than moderately confident for most items but only a relatively small group were 

able to agree that they were extremely confident for most items. Very few respondents agreed that they were less than 

moderately confident for the items. 

Another observation is that while most if not all of the items were fairly easy to agree with, there were differences 

in the location of the item parameter boundaries for the different items and the size of the gaps between the item 

parameter boundaries, providing an opportunity to analyse and interpret meaning of the scale in a qualitative sense.  
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Figure 2: Explaining the item parameter boundaries for each item 

 
 

Figure 3: TPACK Confidence Person-Item Map 

 

TPACK Confidence Scale 

 

 

 

 More likely to be Extremely Confident about item 1 
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Interpretation 
 

A construct map is an application of Rasch analysis which identifies items of increasing difficulty along the scale 

of the latent variable or construct (Masters, Adams, & Wilson, 1999; Wilson, 2003, 2004). A qualitative analysis of 

the construct map informs a better understanding of what it means to be more proficient in a particular construct:  

Analysis of the hierarchical difficulty of the items - the meaning of low, average or high 

scores with regards to ability that accumulates - allows for inference on how the construct 

is structured and represented by the items (Nakano & Primi, 2014, p. 2) 

 

Observing the order of the category boundaries of the item parameters along the scale is one way to describe 

what it means to have increasing proficiency in TPACK. In developing a qualitative description, a useful approach is 

to divide the scale into ‘bands’ of arbitrary but equal length and describe each band in terms of the item parameters 

that fall within that band. So, for example, the TPACK Confidence scale could be divided into interval bands each of 

two logits in length starting at -2.0 logits (Figure 4). (Logits are a unit of measure used in Rasch analysis. Each logit 

is an interval length along the scale.)  

Taking just a few items as examples and looking at just the top three bands, we could begin to construct a 

description of increasing proficiency along the scale (Figure 5). Item numbers have been included in parentheses in 

the descriptions for ease of reference. 

 

Figure 4: TPACK Confidence scale bands 
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Figure 5: TPACK Confidence Band Descriptors 
 

 
 

The development of a construct map provides an empirical description of TPACK and what it means to have 

more or less proficiency in TPACK. Interrogating this empirical description allows us to reflect on, interpret and 

develop the theoretical framing of the construct in a fine grained way.  For example, item 17 (use of ICT to critically 

evaluate their own and society’s values) is not only the most difficult item to agree with extremely but also has a very 

large gap between category boundaries ‘q17.12’ and ‘q17.23’. Item 12 (use of ICT to develop understanding of the 

world) is easier to agree with extremely but also has a large gap between category boundaries ‘q12.12’ and ‘q12.23’. 

Why would this be? Why do teachers need substantially more confidence in these areas than others to move from one 

category to another? At the other end of the scale, item 7 (use of ICT to demonstrate what they have learned) is very 

easy to agree with moderately but takes surprisingly large amount of additional confidence to become easy to agree 

with extremely. Does this fit with our theoretical understanding of the construct? What does it look like in practice? 

Finally, there are some interesting differences in items covering similar areas. For example, does it make sense that it 

is easier for respondents to moderately agree with item 4 (use ICT to actively construct their own knowledge in 

collaboration with their peers and others) than item 5 (use ICT to analyse their knowledge) but easier to more than 

moderately agree with item 5 than item 4? What could this mean in practice in terms of teachers’ developing TPACK? 

 

Conclusions 
 

The extent to which researchers have adopted TPACK as a framework speaks to both the importance attached to 

better understanding teachers’ knowledge of integrating technology in education and the perceived value of the 

framework in describing and delineating it. This paper has described an analysis of empirical data collected using an 

established TPACK survey tool to contribute to efforts to improve the clarity of the TPACK model, demonstrating 

how and why we might construct a map of what it means to have more or less TPACK. There are a number of 

limitations of the study. The analysis was undertaken on a relatively small set of self-report data without supporting 

evidence collected from other sources and so care must be taken not to overgeneralise the findings. Further, the TTF 

TPACK Survey tool used to collect the data is intended as a measure of teachers’ confidence in their capacity and 

perceptions of usefulness, and so represents a particular approach to understanding the TPACK construct. Further 

analyses of empirical data from studies in various settings and those which measure different aspects and components 

of the TPACK framework could be used to contribute to the development of a detailed TPACK construct map and 

construct maps for each of the seven TPACK components (Cavanagh & Koehler, 2013).  These empirical descriptions 

of increasing proficiency would provide an opportunity to address key questions about TPACK definitions, the 

stability of definitions across contexts, the relationships between TPACK components, dependencies between 

components and questions about the ‘stand alone’ or integrative nature of TPACK. Detailed and well-defined maps 

of the construct can also support researchers to develop more consistent, transparent and valid measurement tools, the 

evidence from which can, in turn, support further development of the construct definition. Finally, better descriptions 

Teachers in Band 5 of the TPACK Confidence Scale are extremely confident that they have the 

knowledge, skills and abilities to support students’ use of ICT to synthesise their knowledge (6), integrate 

different media to create appropriate products (9) and critically evaluate their own and society’s values (20). 

 

Teachers in Band 4 of the TPACK Confidence Scale are extremely confident that they have the 

knowledge, skills and abilities to support students’ use of ICT to demonstrate what they have learned (7), 

acquire the knowledge, skills, abilities and attitudes to deal with on-going technological change (8) and are 

beginning to be extremely confident they have the knowledge, skills and abilities to support students’ use of 

ICT to integrate different media to create appropriate products (9). 

 

Teachers in Band 3 of the TPACK Confidence Scale are more than moderately confident that they have 

the knowledge, skills and abilities to support students’ use of ICT to synthesise their knowledge (6), 

demonstrate what they have learned (7), acquire the knowledge, skills, abilities and attitudes to deal with on-

going technological change (8), integrate different media to create appropriate products (9) and critically 

evaluate their own and society’s values (20) 
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of increasing TPACK proficiency will provide valuable input for teacher educators in the evaluation of teacher 

professional learning needs and design and delivery of teacher pre- and in-service education. 

 

Appendix: Survey items 
 

Adapted from TTF TPACK Survey tool (Finger et al., 2013; Jamieson-Proctor et al., 2013) 

Confidence: How confident are you that you have the knowledge, skills and abilities to support students’ use of ICT 

to… 

Usefulness: How useful do you consider it will be for you, as a teacher, to ensure your students use ICT to… 

1. provide motivation for curriculum tasks  

2. develop functional competencies in a specified curriculum area 

3. actively construct knowledge that integrates curriculum areas 

4. actively construct their own knowledge in collaboration with their peers and others 

5. analyse their knowledge  

6. synthesise their knowledge 

7. demonstrate what they have learned 

8. acquire the knowledge, skills, abilities and attitudes to deal with on-going technological change 

9. integrate different media to create appropriate products 

10. develop deep understanding about a topic of interest relevant 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 curriculum activities 

15. undertake formative and/or summative assessment 

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

17. gain intercultural understanding  

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

19. understand and participate in the changing knowledge economy 

20. critically evaluate their own and society’s values  

21. facilitate the integration of curriculum areas to construct multidisciplinary knowledge 

22. critically interpret and evaluate the worth of ICT-based content for specific subjects 

23. gather information and communicate with a known audience 
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