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Abstract 

The initial technological pedagogical and content knowledge (TPACK) model was theorised on seven clearly 

identified factors. However, many studies have failed to empirically identify these seven factors, and elements 

influencing TPACK level, such as national context, gender, and age, remain unclear. The study is focused on 

teacher educators’ TPACK as one of the most important elements in schoolteacher training. The main goals 

were to test the validity of the initial TPACK seven-factor model in a cross-national analysis context and to 

identify factors influencing the TPACK perception. The sample was composed of 574 teacher educators coming 

from a total of eight schools of educational institutions from six countries. A 26-item questionnaire, based on a 

four-point Likert scale, investigated the seven factors of the TPACK model as independent scales. It was 

administered online and anonymously. A confirmatory factor analysis using the robust maximum likelihood 

method and Kruskal–Wallis chi-squared tests were performed. The study showed four major results: 1) a 

relative stability of the seven-factor model structure across countries; 2) the relative differences of university 

teachers’ TPACK perceptions across six countries in Europe and Asia; 3) the dependence of age and TPACK 

factors; and 4) an independence of gender/academic level and TPACK. 
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1. Introduction 

Recent literature highlighted the importance of developing teachers’ technological pedagogical and content 

knowledge (TPACK) for technology integration in teacher training programmes (Byker et al. 2018; Joo et al. 

2018; Chen and Jang 2018; etc.). Indeed, in the 21st century, an effective teacher needs to know how to 

integrate technology into teaching (Niess 2011; Benton-Borghi 2013). The TPACK model proposed by Mishra 

and Koehler (2006) can be used to investigate teachers’ knowledge for improving teacher training. The study is 

focused on teacher educators’ TPACK as one of the most important elements in schoolteacher training. It has 

been shown that most educators believed that the successful integration of technology into classrooms is an easy 

task requiring merely technology skills (Benson and Ward 2013; Schmidt and Gurbo 2008). However, 

developing TPACK is fundamental for teachers and educators to implement technology in courses not merely 

focused on technology skills. Voogt and McKenney (2017), stated that ‘it enables teachers to select and use 

hardware and software, identify the affordances (or lack thereof) of specific features and use the tools in 

pedagogically appropriate and effective ways. In this study, the seven-factor model based on Mishra and 

Koehler (2006) was used to analyse 574 teacher educators across six countries. A preliminary analysis indicated 

the results were consistent with this theoretical model. Thus, the objective was to investigate the possible links 

between educators’ TPACK perception and demographic factors, such as gender, age, level of academic degree 

and country (“demographic factors” is used in its widely accepted definition, e.g. Baturay and Toker 2015; 

Griffiths et al. 2004...). 

2. Theoretical background 

2.1. TPACK model 

Mishra and Koehler (2006) theorised the TPACK model by adding a third dimension related to technological 

knowledge (TK) to Shulman’s model (Shulman 1987), which was based on two dimensions related to 

pedagogical knowledge (PK) and content knowledge (CK). Consequently, the three overlapping dimensions 

were formed logically into a seven-factor model, taking into account these three basic dimensions (TK, PK, and 

CK) and the interactions among them: technological content knowledge (TCK), technological pedagogical 

knowledge (TPK), pedagogical content knowledge (PCK), and technological pedagogical content knowledge 

(TPCK). This theoretical framework emerged from many empirical works and practical applications (Koehler 

and Mishra 2005; Koehler et al. 2004; Koehler et al. 2007). However, other empirical studies failed to support 

these seven initial factors. Luik et al. (2018) reported that the model measured three main factors within a pre-

service teacher sample: technology (T-factors, grouping all the factors linked to technology: TK, TPK, TCK, 

and TPACK), pedagogy (PK and PCK), and content (CK). Similarly, Cubeles and Riu (2018) validated a three-

factor model with a sample of 113 university teachers: TK as the first factor, PK/PCK as the second, and 

TCK/TPK/TPCK as the third. They concluded that the number and the type of TPACK factors depended on the 

investigated population. This work is fully compliant with the study of Schmidt et al. (2009), who found that T-

factors were merged in only one T-factor except TK, which was still an independent factor in their study. 

Furthermore, Koh et al. (2010) described another type of construct: a five-dimension model consisting of TK, 

CK, knowledge of pedagogy, knowledge of teaching with technology, and knowledge from critical reflection for 

a Singaporean preservice-teacher sample. The main pitfall of the seven-factor model is the construct validity 

dependence regarding the tool used (generally a questionnaire) and the population sampled (which is context 

dependent). Archambault and Barnett (2010) highlighted the challenge of creating an instrument which can be 

generalizable to every context and every subject-matter to be taught. Considering teaching as a complex and ill-

structured domain (Koehler and Mishra 2009), the Mishra and Koehler’s ideal model can be adapted to each 

learning context minimizing risk of misinterpretation of the results through of a non-adequate model. This 

precaution is usually taken by researchers in order to provide an adequate response to the learning situation 

investigated in terms of training remediation for instance. Therefore, clarifying the structure of the model is 

greatly recommended for any new population and context investigated, especially when a cross-national sample 

is investigated.  
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There are alternative or complementary models to TPACK that can be used to analyse technology integration in 

pedagogical contexts. The SAMR model describes technology integration in pedagogical context as a four-

level-framework starting from the lowest efficiency (substitution) to highest (redefinition) of integration 

(Puentedura 2013). Another framework, probably even more interesting in terms of research potentialities, is the 

TPR & A (Technological Pedagogical Reasoning and Action: Harris and Phillips 2018). This framework is 

based on the Shulman’s model (Shulman 1987) of Pedagogical Reasoning and Action (PR & A) which argues 

that any educational decision and action is related to knowledge-based PR & A. The knowledge dimensions of 

PR & R are comprehension, transformation (including preparation, representation, selection, and 

adaptation/tailoring to student characteristics), reflection, and new comprehension (Harris and Phillips 2018). 

Harris and Hofer (2010) demonstrated the high potentiality of this idea by reaching the challenge of developing 

in-service and pre-service teachers’ TPACK through that they called Learning Activity Types (LAT) which is 

based on the TPR & A model. However, the TPACK model was chosen as the framework guiding this particular 

study to ensure the best fitting with the purpose of the research goals. 

 

2.2. Demographic factors influencing individual TPACK 

Koh et al. (2010) revealed the importance of the gender factor in the TPACK perceptions of pre-service 

students. This study is consistent with other studies like that of Markauskaite (2006), who showed that male 

teachers are more confident in using computers than their female colleagues; Lin et al. (2013), who found higher 

PK for female teachers but lower TK; and Scherer et al. (2017), who found that for all the T-factors, males 

report higher competency than females. However, thinking gender as predictor of TPACK can be interpreted as 

an essentialist view of the knowledge determinants. Obviously, there is no biological reason to explain the 

observed knowledge differences between males and females. The differences are rooted in social context where 

males and females are placed in. Generally, studies report gender differences without giving any explanation 

giving more room for essentialist interpretation. One goal of this study was to see if males and females are 

different in their self-reporting TPACK and if it is possible to relate the differences to other dependent 

demographic factors. 

Knowledge dimensions, including technology, are dependent on demographic factors, such as age and teaching 

experience. A negative correlation between age and dimensions including technology has been confirmed (Koh 

et al. 2010; Lin et al. 2013; Lee and Tsai 2010). Nevertheless, Guo et al. (2008) reported that there was no 

statistically significant difference with respect to technology competence among different age-groups of pre-

service teachers. Nevertheless, Hofer and Harris (2017) highlighted the need of differentiating preservice 

TPACK-based training module for more experimented teachers. This is in complete agreement with the work of 

Lee and Tsai (2010) or Yaghi (2001) who showed empirically that more teachers have experience, lower they 

are confident with their TPACK. Age and teaching experience are two strongly dependant factors which are 

difficult to clearly separate: the very large majority of experienced teachers are at the same time the oldest. 

Notwithstanding, a factor generally not tested in TPACK studies is how the level of academic degree of 

teachers/educators can influence TPACK perceptions. Considering this lack of information, another goal of this 

study was to make this possible relationship clearer. Moreover, the targeted samples usually included mainly 

pre-service and in-service teachers (e.g., Bueno-Alastuey et al. 2018; Cengiz 2015; Koh et al. 2010; Lee and 

Tsai 2010; Luik et al. 2018; Lin et al. 2013), and very few studies have investigated university teachers (e.g., 

Cubeles and Riu 2018). Therefore, this study aims to clarify the structure of the TPACK model based on an 

international university teacher sample and to report the elements influencing TPACK, such as national context, 

gender, level of academic degree and age. 

  

As suggested by Khine et al. (2017), many studies have been carried out in different national contexts, but very 

few of them investigated the national and cultural context as a possible element influencing TPACK. For 

instance, Chang et al. (2015) explored the TPACK perceptions of two physics instructors from China and 

Taiwan. They found TPACK differences attributed to the national teaching context, but this case study is not 

generalisable. Chai et al. (2013) reported that the TPACK results of pre-service teachers from China, Hong 

Kong, Singapore, and Taiwan were dependent on the national context, but without specifying the findings. 

Overall, many researchers have investigated TPACK in separate national contexts and rarely from a cross-
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national perspective, meaning that comparatively little is known about the significance of the model in cross-

national research contexts. This lack of data is probably rooted into the interpretation issues of cross-national 

studies. Given some relevant elements of countries’ contexts is necessary in order to formulate explaining 

hypotheses and results’ interpretation. Thus, the French tradition of “didactique”, which is based on a 

framework very similar to the PCK model of Shulman, has been very present into the teacher training since 

decades reflecting (the work of Chevallard 1985). More generally, in Europe, research in education is quite old, 

for instance The European Association for Research on Learning and Instruction (EARLI) was born in 1985. 

Concerning the Asian countries, the context is much more different: in Bhutan (VanBalkom and Sherman 2010) 

and in Pakistan (Khatoon Malik and Tanzeela 2012) researchers noticed major problems such as the low quality 

of teacher training programs, lack of research and innovations. Nonetheless, Malaysia is very active considering 

educational innovations, for instance the Universiti Teknologi MARA has embarked on i-Learn Center since 

2005 to encourage Blended learning in the educational system. In addition, since 2018, the programme ‘Week 

without Walls @ UiTM Sarawak’ provides option to lecturers to implement 100% online studies with experts 

from industries or other universities. Furthermore, all the institutions involved in this study are part of an 

international blended learning project since 2016 (BLTeae: Blended Learning for teacher Educators in Asia and 

Europe) indicating an increasing will of developing teacher educators’ skills in Asia and Europe. 

Another element which can be very informative is the “use sub-index” of the IDI (ICT development index) that 

gives information about the population level about how they are able to use ICT. The ranking separate clearly 

European countries from Asian countries of this sample: Denmark (1
st
) Estonia (15

th
), France (17

th
), Malaysia 

(48
th

), Bhutan (114
th

) and Pakistan (152
nd

) 
1
 . This indicator is not specifically related to teachers, but it gives an 

opportunity to appreciate a general trend. 

3. Rationale and research questions 

The original TPACK seven-factor model of Mishra and Koehler (2006) has recently been called into question 

by empirical studies. It seems that the number of factors is linked to some specific contexts of studies. In this 

respect, this study investigated the robustness of the seven-factor model in the context of international 

comparison. The constancy of the seven-factor model in a cross-national perspective would give some support 

for using this model in further cross-national investigation. Moreover, despite the profusion of studies was based 

on primary and secondary school teachers, there is a lack of knowledge about factors influencing university 

teachers’ TPACK. 

Hence, this study aims to explore this field by attempting to answer the following questions: 

1. Are university teachers’ perceptions of technological, pedagogical, and content knowledge in six 

countries compatible with the seven-factor TPACK model? 

2. To what extent are the seven TPACK factors related to university teachers’ demographic factors? 

The hypotheses were that demographic factors, often reported at local level (gender, age and level of academic 

degree), would affect TPACK perception of an international teacher educators’ sample. However, it was 

assumed that the national context would contribute globally more than the other factors to their TPACK 

perception. 

Methodology 

3.1. Instrument 

The survey tool is based on the work of Lin et al. (2013), who developed a questionnaire for assessing pre- and 

in-service Singaporean science teachers’ perceptions of technological pedagogical content knowledge. The 

questionnaire composed of different sections aiming to measure various constructs developed into the original 

seven-factor model (Mishra and Koehler 2006): TK, PK, CK, TPK, TCK, PCK, and TPCK (Table 1). The 

questionnaire was originally developed to assess science teachers’ TPACK perception. Thus, a few changes 

were made in order to extend the sample to non-science teacher educators. For instance, in the original tool, the 

                                                
1
 https://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017rank-tab  

https://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017rank-tab
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first item was: I have sufficient knowledge of science. In the newly extended questionnaire, this item has been 

modified: I have sufficient knowledge of the subject matter I teach.  

A section of the questionnaire was devoted to collecting demographic factors: age (20–29, 30–39, 40–49, 50–59, 

60–69, or 70+), gender, and highest academic level (high school, bachelor, master, or PhD). 

After the first modifications, the questionnaire was piloted in all the countries on a small sample of teacher 

educators to verify its comprehension. It was followed by short interviews with the piloted respondents to 

identify possible issues. However, no change was made to items during this phase, since the respondents 

estimated the item comprehension as satisfactory. The online questionnaire was administered in English by 

email in all the institutions involved, except in France, where it was translated and thereafter validated with 

back-translation before the final sampling. The translation was made in France in order to ensure a high 

response rate in an institution where English is rarely used to disseminate information. 

3.2. Participants 

The sample consisted of 574 university teachers providing courses for students trained to be primary or 

secondary school teachers from eight institutions across six countries. The institutions were the Royal 

University of Bhutan (Bhutan), Alborg University (Denmark), Tallinn University (Estonia), the Université 

d'Aix-Marseille (France), the Universiti Teknologi MARA (Malaysia), the Institut Pendidikan Guru (Malaysia), 

the National University of Modern Languages (Pakistan), and the International Islamic University (Pakistan). 

All the institutions had been selected because they were all involved in different initiatives using educational 

technology (such MOOC, Blended-learning, etc.). Moreover, all these institutions formed the consortium 

participating in the BLTeae project (Blended Learning for Teacher Educators in Asia and Europe) funded by the 

European Commission. As anticipated and due to the noticeable attention taken to select the participating 

institutions, more than 98% of the sample reported the use of technologies at least once a day.  

The institutions were very similar in terms of trained student profiles. The Royal University of Bhutan offers a 

four-year Bachelor of Education and one-year postgraduate programmes. Post-graduate programmes to train 

teachers are as well offered in France and in Estonia (Master level) whereas, in Pakistan, the institutions offer 

four-year bachelor programmes for the students like in Denmark and Malaysia. In addition, in Malaysia, it is 

possible to apply for an additional one-year postgraduate programme. 

 

3.3. Sampling scheme and data collection 

The questionnaire was administered following the same protocol in all institutions. The university teachers were 

invited through emails to respond to an online survey. All the data were collected anonymously between June 

2017 and December 2017. 

To address the research questions, the TPACK section, aiming to measure respondents’ perceptions about 

TPACK, and the personal data section (e.g., age, gender, and academic background) were analysed and 

interpreted. The TPACK section had already been validated, since it was adapted from the work of Lin et al. 

(2013) to be in ad equation with a large range of university teachers’ profiles, with only one question excluded 

from the original questionnaire. The 26 items were based on a four-point Likert scale (from strongly disagree to 

strongly agree) and investigated seven factors of the TPACK model as independent scales, as initially defined 

by Mishra and Koehler (2006). Table 1 shows items and their factors’ contributions. The raw Cronbach alphas 

were calculated for each factor and showed good internal consistency (> 0.8), except for the PCK factor 

(between 0.6 and 0.7), which was, however, acceptable (Manerikar and Manerikar 2015). Specifically, these 

results support the seven-factor model with an acceptable reliability for each scale. 

 

Table 1: Item contributions to the seven-factor TPACK model and Cronbach alphas 

Item TPACK factor 

scale 

Cronbach alpha 
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I have sufficient knowledge of the subject matter I teach. CK1 0.88 

I can think about the content of what I teach like a subject 

matter expert. 

CK2 

I am able to develop a deeper understanding of the content of 

the subject matter I teach. 

CK3 

I am able to stretch my students’ thinking by creating 

challenging tasks for them. 

PK4 0.91 

I am able to guide my students to adopt appropriate learning 

strategies. 

PK5 

I am able to help my students to monitor their own learning. PK6 

I am able to help my students to reflect on their learning 

strategies. 

PK7 

I am able to plan group activities for my students. PK8 

I am able to guide my students to discuss effectively during 

group work. 

PK9 

Without using technology, I can address the common 

misconceptions my students have about the taught subject 

matter. 

PCK10 0.68 

Without using technology, I can help my students to 

understand the content knowledge in various ways. 

PCK11 

I have the technical skills to use computers effectively. TK12 0.87 

I can learn technology easily. TK13 

I know how to solve my own technical problems when using 

technology. 

TK14 

I keep up with important new technologies. TK15 
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I am able to use technology to introduce my students to real-

world scenarios. 

TPK16 0.91 

I am able to facilitate my students to use technology to plan 

and monitor their own learning. 

TPK17 

I am able to facilitate my students to use technology to 

construct different forms of knowledge representation. 

TPK18 

I am able to facilitate my students to collaborate with each 

other using technology. 

TPK19 

I can use the software that is created specifically for the 

subject matter I teach (e.g., data loggers for science). 

TCK20 0.81 

I know about the technologies that I have to use for research 

on the content of the subject matter I teach. 

TCK21 

I can use appropriate technologies (e.g., multimedia 

resources, simulation) to represent the content of the subject 

matter I teach. 

TCK22 

I can teach lessons that appropriately combine knowledge of 

the subject matter, technologies, and teaching approaches. 

TPC23 0.87 

I can select technologies to use in my classroom that enhance 

what I teach, how I teach, and what students learn. 

TPC24 

I can use strategies that combine knowledge of the subject 

matter, technologies, and teaching approaches that I learned 

about in my coursework in my classroom. 

TPC25 

I can provide leadership in helping others to coordinate the 

use of knowledge of the subject matter, technologies, and 

teaching approaches in my university. 

TPC26 

 

3.4. Statistical analysis 

Based on the theoretical framework of TPACK (Mishra and Koehler 2006), the hypothesis of the perception of 

TPACK was structured according to the seven factors of the model. The goal was to test whether the collected 

data were consistent with the nature of the theoretical model. Accordingly, the fitting of the model was 

measured with confirmatory factor analysis (CFA) using the robust maximum likelihood method. The classic 

indicators were used to evaluate the model’s goodness of fit: the relative chi-square, since the sample was 

greater than 200 (χ2/df < 5; Wheaton et al. 1977); the root mean square error of approximation (RMSEA <0.08; 
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Browne and Cudeck 1993); the adjusted goodness of fit index (AGFI > 0.9; Tanaka and Huba 1985); the 

standardised root mean square residual (SRMR <0.05; Cangur and Ercan 2015); and the comparative fit index 

(CFI >0.9; Bentler 1990). To address the objectives of the second research question, Kruskal-Wallis chi-squared 

tests were performed, since the measurements failed to meet the normality assumption. This was completed by 

post-hoc Wilcoxon signed rank tests to compare with adjusted p-values (Holm 1979), taking into account the 

problem of multiple comparisons. In addition, an ANOVA was performed to investigate the relative impact of 

the national context comparatively to the other factors tested (level of academic degree, gender, age and 

interactions between them). All the statistical analyses were computed through the use of the R software. 

4. Results 

4.1. CFA confirming the seven-factor model 

CFA using the robust maximum likelihood method was performed on the TPACK variables in order to measure 

the seven-factor model’s fitness. The CFA indicators are reported in Table 2. The chi-square value was 

significant; however, the sensitivity of the chi-square test to the large sample size (> 200) made this result no 

longer relevant (Schermelleh-Engel et al. 2003), and the relative chi-square value was acceptable (χ2/df=4.2; 

less than 5). The other indicators indicated good fit: RMSEA <0.08 (Browne and Cudeck 1993); AGFI >0.9 

(Tanaka and Huba 1985); SRMR <0.05 (Cangur and Ercan 2015); CFI >0.9 (Bentler 1990). 

 

Table 2: Goodness of fit indices 

χ2 df p value RMSEA AGFI SRMR   CFI 

1163.981 278.000 .000 0.075 0.965 0.048   0.917 

4.2. TPACK perceptions 

4.2.1. Country differences 

The findings supported a relatively similar trend among countries. In each country the lower scores were 

generally related to T-factors (Table 3). 
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Table 3: Seven factors’ means among countries (all the factors have been rescaled to be out of 100). The 

significance is based on Kruskal–Wallis chi-squared tests, completed by post-hoc Wilcoxon signed rank tests. 

 

However, there were strong differences between countries (Table 3) related to five factors: PCK (χ
2
(5) = 28.74); 

TK (χ
2
(5) = 34.40); TPK (χ

2
(5) = 48.97); TCK (χ

2
(5) = 46.16); TPC (χ

2
(5) = 33.38). The differences were 

mainly related to the scores of the Bhutanese sample, which were lower than many of the other countries. More 

specifically and concerning the PCK factor, the post-hoc Wilcoxon signed rank test indicated that the sample 

from Bhutan had significantly lower results regarding PCK than Denmark (p =0.026), France (p = 0.000), and 

Malaysia (p = 0.022), whereas the French sample had significantly higher results than Estonia (p = 0.047) and 

Pakistan (p = 0.003). The same trend was observed considering the TK, TPK, TCK, and TPC factors: Bhutan 

had lower scores than the majority of countries. As shown in Table 3, the Bhutanese sample showed 

significantly lower results regarding TK factors compared to Estonia (p = 0.000), Malaysia (p = 0.007), and 

Pakistan (p = 0.000). It was also observed that on the TPK scale, the French sample (M = 67.69) had the second 

lowest score after Bhutan, which was significantly lower than Pakistan’s score (p = 0.038). 

4.2.2. Age differences 

Age, among the demographic factors, was hypothesised to be related to TPACK perceptions. Table 4 illustrates 

a positive and gradual evolution of mean scores of factors CK, PK, and PCK from the youngest age group to the 

oldest age group. There were score differences of 8% (CK), 5% (PK), and 7% (PCK) between the youngest 

group and the oldest group. The Kruskal-Wallis chi-squared tests showed significant variations between age 

groups for CK (p = 0.025) and PCK (p = 0.018). Nevertheless, the post-hoc test did not show any significant 

difference between groups. 

Conversely, it was indicated that factors including technology (TK, TPK, TCK, and TPC) gradually decreased 

from the youngest group to the oldest (significant Kruskal-Wallis tests). The difference between groups was 

especially important for the TK scores, in which the two youngest groups’ scores were significantly higher 

(post-hoc tests). Other post-hoc multiple comparisons showed a significantly lower score for the oldest group 

(compared to 1, 2, and 4) and lower TCK score of Group 4 compared to Group 2. There was no difference 

between age groups concerning the TPC scores. 

 

Table 4: Seven factors’ means among age groups (all the factors have been rescaled to be out of 100). The 

significance is based on Kruskal–Wallis chi-squared tests, completed by post-hoc Wilcoxon signed rank tests. 

  N Mean 

  

CK PK PCK TK TPK TCK TPC 

Bhutan (Bh) 80 84.88 808 69.38 64.69 61.25 59.31 64.94 

Denmark (De) 23 84.38 81.17 79.88 76.63 74.19 75.30 75.25 

Estonia (Es) 39 86.05 75.75 72.75 76.63 70.69 75.80 71.31 

France (Fr) 72 85.63 80.67 81.63 70.50 67.69 72.05 69.88 

Malaysia (Ma) 164 82.47 81.71 76.25 71.31 72.88 70.56 74.06 

Pakistan (Pa) 196 81.88 80.83 73.00 74.94 74.13 71.80 74.63 

p-value 

Kruskal–

Wallis 

  0.202 0.128 0.000 0.000 0.000 0.000 0.000 

Post-hoc 

Wilcoxon 

signed rank 

      Bh < De, p = 

0.026 

Bh < Fr, p = 0.000 

Bh < Ma, p = 

0.022 

Fr > Es, p = 0.047 

Fr > Pa, p = 0.003 

Bh < Es, p = 0.000 

Bh < Ma, p = 0.007 

Bh < Pa, p = 0.000 

Bh < De, p = 0.015 

Bh < Es, p = 0.024 

Bh < Ma, p = 

0.000 

Bh < Pa, p = 0.000 

Pa > Fr p = 0.038 

Bh < De, p = 

0.000 

Bh < Es, p = 0.000 

Bh < Fr, p = 0.000 

Bh < Ma, p = 

0.000 

Bh < Pa, p = 0.000 

Bh < Ma, p = 

0.000 

Bh < Pa, p = 

0.000 



10 
 

  N Mean             

    CK PK PCK TK TPK TCK TPC 

20–29 (1) 41 78.39 76.83 72.25 77.13 73.31 71.89 71.94 

30–39 (2) 181 82.47 79.79 73.38 75.25 72.44 72.30 74.63 

40–49 (3) 189 83.30 80.63 73.63 70.50 69.75 69.22 71.75 

50–59 (4) 130 85.13 82.96 78.13 70.19 71.75 68.22 70.88 

60+ (5) 33 86.80 81.58 79.13 64.94 63.25 68.64 68.75 

p-value 

Kruskal–

Wallis 

 0.025 0.089 0.018 0.000 0.011 0.019 0.031 

Post-hoc 

Wilcoxon 

signed 

rank 

        1>3, p = 

0.039 

1>4, p = 

0.039 

1>5, p = 

0.008 

2>3, p = 

0.005 

2>4, p = 

0.008 

2>5, p = 

0.002 

1>5, p = 

0.031 

2>5, p = 

0.024 

4>5, p = 

0.043 

2>4, p = 

0.016 

  

4.2.3. Other demographic factors and the global influence of countries’ contexts 

Two other demographic variables were tested according to the seven factors of the TPACK model: level of 

academic degree and gender. None of these comparisons revealed significant differences between tested groups. 
Moreover, a normalized TPACK score was computed and an ANOVA was performed on the four factors 

investigated in this study: age, level of academic degree, gender and country. The use of ANOVA was permitted 

since the conditions of this test were verified (normality, homoscedasticity and independence of residuals). For 

the normality a Shapiro test obtained W=0.99 with the p-value=0.78, for the homoscedasticity the Breusch-

Pagan test obtained BP=19.05 and p-value=0.09 and for the independence Durbin Watson Test obtained 

DW=1.84 with p-value=0.052. The ANOVA showed that the country context has a significant effect on the 

TPACK score (p-value<0.001). None of the other factors or interactions between factors revealed significant 

differences. 

 

5. Discussion 

5.1. Findings 

1. The first major result regards the substantial validation of the seven-factor TPACK model across a six-

country sample (research question 1). 

The seven-factor model elaborated by Mishra and Koehler (2006) was supported by the results of the CFA. 

Other works were similar (Lin et al. 2013; Schmidt et al. 2009), showing consistency with the original seven-
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factor model in measuring perceptions of TPACK. The relative stability of the model structure across 

countries supports the relevance of using the seven-factor model when analysing cross-national surveys. 

 

2. The second major result is the relative differences of university teachers’ TPACK perceptions across six 

countries of Europe and Asia (research question 2). 

The score differences for the seven TPACK factors were mainly related to the Bhutanese sample. If it was 

excluded, there were only a few differences in PCK, where France had a significantly higher score compared 

to Estonia and Pakistan, and in TPK, where Pakistan had a significantly higher score than France. There were 

no significant differences for the other factors. The score of the French university teachers regarding PCK can 

be attributed to the long tradition of the French didactique in teacher training. However, the low TPK score of 

the French sample which was significant compared to Pakistan, revealed a lagging technology integration in 

the French educational system, which has been admitted by the government (Karayan 2016). In the case of 

Bhutan, teacher education is faced with many issues, such as teachers’ low professional esteem (VanBalkom 

and Sherman 2010), and there has already been a call for revamping the teacher preparation programmes to 

provide more pedagogical and content-related knowledge as well as more ICT facilities (Ministry of Education 

2014; Sherab et al. 2017). Many years later, this trend is still relevant through TPACK perception which 

showed significantly lowest scores in PCK, TK, TPK, TCK, and TPC. However, in every country it is possible 

to notice a similar trend: T-factors were usually less rated. This result clearly highlights the training need of 

teacher educators not only on using technology (TK) but also on how to use it to support content and/or 

pedagogical knowledge (TCK, TPK, and TPC). The ranking based on the “use sub-index” of the IDI (ICT 

development index) fits well for the Denmark and Estonia which had generally better scores on dimensions 

including technologies.  However, for the other countries, it is not clear. In the case of Pakistan and Malaysian, 

teacher educators had comparable or even sometimes the best scores on dimension including technologies. 

This difference with the IDI is probably rooted into the important gap in Pakistan and Malaysia between the 

level of teacher educators and the public and probably a less important gap in Europe. 

 

3. The third major result is the dependence of age on TPACK factors (research question 2). 

The global comparisons of age-groups were almost all significant (except for PK scores), showing a clear 

relationship between age and perceptions of TPACK. However, the multiple pairwise comparisons failed to 

attain the statistical significance level. This a priori contradiction can be explained by the limit of the statistic 

and methodological approach. Indeed, the small sizes of Group 1 (the youngest) and Group 5 (the oldest) 

introduced a lack of statistical power less likely to detect significant differences. Another issue was the use of 

the Holm p-value adjustment to counteract the problem of multiple comparisons. Without any adjustment, it 

appeared that the level of significance was reached in many cases; for instance, the group of 30–39-year-old 

teachers had a higher significant TPC score compared to the three older groups. This adjustment came at the 

cost of increasing the type II error risk (not detecting the difference). However, much evidence converged in the 

sense that age and TPACK perceptions were strongly related, as suggested by Koh et al. (2010), Lee and Tsai 

(2010), and Lin et al. (2013). The recommendations that it can be formulated for the institutions involved into 

the research is to differentiate some teacher educators’ training modules based on the specific lacks identified in 

each national context. Moreover, since age is another important factor influencing technology knowledge and 

how to integrate it into instruction, Learning Activity Types approach (Hofer and Harris 2010) for building 

TPACK and differentiating experimented and unexperimented teacher educators would be an interesting 

framework for developing teacher educators’ TPACK. Nevertheless, the ANOVA based on the TPACK global 

scores (not on the different seven sub-scales), showed that the “country context” is the only significant factor. 

This result supports that compared to other factors (especially age which is significant for some specific TPACK 

dimensions) the country context is the most important factors explaining differences on the TPACK . 

 

4. The fourth major result is the independence of gender and level of training from the TPACK factors 

(research question 2). 

The results of the study also supported that there was no gender difference in the TPACK perception, in contrast 

with other works in which women demonstrated more difficulties with knowledge related to technology (Koh et 

al. 2010; Lin et al. 2013; Markauskaite 2006). In gender comparisons, context matters (Yoder and Kahn 2003): 
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in previous studies were conducted in Singapore and in Australia, whereas this study sample was from Europe, 

Pakistan, Malaysia, and Bhutan. In the last few years policymakers and researchers have made efforts to bridge 

the gender gap (e.g.; Krämer et al. 2016; Reilly et al. 2017; Wang and Degol 2017). The question therefore 

relates to whether the first effects of these new teaching strategies can be observed in this study? 

The absence of differences between the educators’ initial level of training can be explained by the presence, in 

all the institutions, of skills development programmes contributing to the development of teaching capacities of 

the university staff. Thus, the lifelong training and skills development programmes allowed by universities 

contribute to reduce the professional skill differences among teacher educators. 

5.2. Study limitations 

The data collection was performed while trying to respect a sampling protocol. However, in some groups the 

number of participants was lower than expected. Since the sample size was low, it was difficult to detect 

significant differences in some instances; for example, detecting differences between the Estonian and Danish 

groups could be a limiting factor. Nevertheless, some differences were detected between the other countries, 

illustrating the context dependence of the TPACK levels of teacher educators. The current comparison study 

was limited using two versions of the questionnaire, one in French and one in English. Hence, a risk of concept 

mistranslation had been introduced decreasing the validly of comparisons. However, reasonable translation 

precautions (translation and backtranslation process) have been taken in order to limit this bias. Since all the 

Asian countries of this study adopt English as an official language, the choice of using the English version even 

in Estonia and in Denmark where English is not an official national language was made. However, the good 

level in English of those sampled populations, the habit of having English information disseminated by their 

institutions and the “easy-answer” questionnaire provided confidence in the validity of the results obtained. 
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