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The Technological Pedagogical Content Knowledge (TPACK) 

framework provides a theoretical perspective of showing whether a 

teacher can effectively design and conduct technology-enhanced 

instruction. In addition, social cognitive variables like self-efficacy, 

outcome expectations, interest and intentions play a vital role in whether 

teachers choose to integrate technology into their instructional practices. 

Therefore, this study aimed to investigate the relationships between 

TPACK dimensions and these social cognitive variables to understand 

teachers’ behaviors in technology integration. For this purpose, a 

hypothetical model was designed and tested through structural equation 

modeling to investigate the relationships among these variables. The 

research sample consisted of 850 teachers from Turkey. The study 

findings demonstrate that especially teachers' technological knowledge 

(TK), technological content knowledge (TCK), technological pedagogical 

knowledge (TPK), and TPACK-core (different interactions of CK and PK 

with TK) together with their self-efficacy, outcome expectations, and 

interest have impacts on their intentions to use educational technologies. 

In this context, teachers with a high level of technological pedagogical 

content knowledge are more interested in educational technologies, their 

expectations regarding the outcomes of using instructional technologies 

increase and they develop behavioral intentions of using educational 

technologies; as a result, they see/evaluate themselves as more qualified 

in technology integration. Consequently, the study results are expected to 

contribute to a better understanding of teachers' behaviors and beliefs 

toward technology integration in education. 
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Introduction 

Teacher qualifications, competencies, and experiences play an important role in the 

planning and implementation of educational activities in classrooms (Demir & Bozkurt, 

2011), and the way teachers use technology has the potential to innovate in education (Carr, 
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Jonassen, Litzinger, & Marra, 1998; Karatas, Tunc, Yilmaz, & Karaci, 2017; Koehler & 

Mishra, 2005). In this regard, many studies demonstrate the importance of teachers’ 

technology adoption (Raygan, & Moradkhani, 2020). Shulman (1986, 1987) states that 

teachers’ competencies should involve content knowledge, pedagogical knowledge, 

pedagogical content knowledge, curriculum knowledge, knowledge of learners’ 

characteristics, educational context knowledge, educational outcomes, objectives, values, and 

philosophical and historical foundations. Koehler and Mishra (2005) integrated technological 

knowledge into Shulman’s (1986, 1987) pedagogical content knowledge (PCK) and 

conceptualized the framework of technological pedagogical content knowledge (TPACK). 

The TPACK framework is shown in Figure 1.  

 

Figure 1. Technological pedagogical content knowledge (Reproduced by permission of the 

publisher, © 2012 by tpack.org) 

As with Shulman’s (1986, 1987) theory of pedagogical content knowledge (PCK), the 

TPACK framework expresses content knowledge (CK) and pedagogical knowledge (PK) as 

primary areas of teacher knowledge. Mishra and Koehler (2006) state that CK is information 

about what is learned or taught about the subject area. PK describes the structure, 

organization, management, and teaching strategies about how to teach a particular subject 

area (Wetzel, Foulger, & Williams, 2008). PCK is used by teachers in subjects that they 

regularly teach in lessons; it contains information on the presentation of ideas, drawings, 

examples, explanations and demonstrations. In addition, PCK also requires understanding 

what makes it difficult or easy to learn in a particular subject area (Shulman, 1986). By 

extending the PCK model to include technological knowledge (TK) as a third main area of 

knowledge, Mishra and Koehler’s (2006) TPACK framework demonstrates three additional 

interactions among these knowledge areas: technological content knowledge (TCK; which is 

combination of technological knowledge, and content knowledge); technological pedagogical 

knowledge (TPK; which is combination of technological knowledge, and pedagogical 

knowledge); and technological pedagogical content knowledge (TPACK-core; which is 

combination of technological knowledge, content knowledge, and pedagogical knowledge). 

TCK is the knowledge of applying emerging technologies to represent specific subject-matter 

knowledge, but independent from pedagogical purpose (Saudelli & Ciampa, 2016). It 
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provides information to teachers on the subjects such as providing the transformation of the 

subject with technological tools, presenting the subject with the designs appropriate to the 

student qualifications. TPK is the knowledge of applying emerging technologies in pedagogy 

of all subject domains rather than being restrictively aimed at specific content knowledge 

(Saudelli & Ciampa, 2016). In this respect, TPK explains the unique pedagogical approaches 

developed by the teachers according to the different dynamics of the teaching environment 

and the degree of intelligibility of the subject (Kereluik, Mishra, & Koehler, 2011; Koehler & 

Mishra, 2009). TPACK-core is the knowledge of applying emerging technologies to support 

specific pedagogical strategies or goals in the classroom as well as to enhance students’ 

learning in specific subject-matter knowledge (Saudelli & Ciampa, 2016). TPACK framework 

is vital for creating and maintaining effective and innovative classroom environments through 

recommending the integration of technology, pedagogy, and content knowledge (Sen, 2020). 

For quality teaching, teachers need to develop themselves about the complex interactions 

between technology, pedagogy, and content knowledge (Alemdag, Cevikbas, & Baran, 2020; 

Kereluik et al., 2011). 

Since teachers have an important role in the implementation of technology in classrooms, they 

need to know how to use digital technologies to create better learning environments that 

promote students’ active construction of knowledge (Niess, 2011; Roussinos, & Jimoyiannis, 

2019). Teachers’ owning higher degrees of technology literacy, high TPACK levels and 

positive attitudes contribute significantly to higher technology integration (Raygan, & 

Moradkhani, 2020). Therefore, TPACK framework helps understand the knowledge that 

teachers must adopt for effective technology integration in education (Baran, Chuang, & 

Thompson, 2011; Mishra & Koehler, 2006). It is particularly important to understand the 

process of development and interactions among these knowledge areas, and how lack of 

knowledge in one domain can negatively impact an overall technology integration effort 

(Saudelli & Ciampa, 2016). In addition to TPACK, studies are investigating the relationships 

between different variables related to the technology integration in education. Much of these 

studies are based on the Social-Cognitive Theory (Bandura, 1986) and they show that 

cognitive or affective responses of individuals affect their behaviors towards using 

educational technology (Sahin, 2008; Smith, 2002; Wang, Ertmer, & Newby, 2004). These 

studies show that teachers’ self-efficacy beliefs regarding technology have an influence on 

their technology integration (Compeau & Higgins, 1995; Holden & Rada, 2011; Morales, 

Knezek, & Christensen, 2011; Paraskeva, Bouta, & Papagianni, 2008; Teo, 2009; Watson, 

2006). In addition, Niederhauser and Perkmen (2008) emphasized that social cognitive factors 

like self-efficacy, outcome expectations, and interest play a vital role in whether teachers 

choose to integrate technology into their instructional practices. As an application of the 

Social-Cognitive Theory, the Social-Cognitive Career Theory argues that self-efficacy and 

expectations shape interests and affect intentions, and intentions give rise to successful 

behaviors in line with goals (Lent, Brown, & Hackett, 1994, 2002; Lent, Ireland, Penn, 

Morris, & Sappington, 2017). Self-efficacy expresses the beliefs about abilities that an 

individual has in order to realize an action (Bandura, 1986; Bong & Skaalvik, 2003; Skaalvik 

& Skaalvik, 2017). Outcome expectations show the expectations about the results of an action 

(Shealy et al., 2015). Interest demonstrates whether the individual likes or dislikes something, 

and it also influences the intentions or decisions to achieve a behavior (Sahin, 2008). In this 

context, Sahin (2008) examined the effect of instructors’ self-efficacy, outcome expectations, 

and interest in educational technology on their intentions to use the technology. According to 

his study, technology integration self-efficacy influences instructors’ intentions to use 

educational technologies indirectly, through its impact on instructional technology outcome 

expectations and interest in educational technologies. According to Albion (2001), social 
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cognitive variables such as self-efficacy tend to be mediators for many other external and 

social factors in terms of technology integration. Based on such a rationale, this study aimed 

to investigate the relationships between TPACK dimensions and these social cognitive 

variables to understand teachers’ behaviors in technology integration. TPACK significantly 

predicts teachers’ use of technology at school: teachers’ beliefs about how to use technology 

to support content-specific pedagogical strategies influence the way their integrate technology 

in their teaching activities (Fanni, 2014). Nathan’s (2009) research on pre-service teachers’ 

TPACK and technology integration self-efficacy shows that there is a moderate, and positive 

relationship between these variables. In addition, some studies show that TPACK is positively 

related to technology integration self-efficacy (Abbitt, 2011; Karatas, 2014; Raygan, & 

Moradkhani, 2020; Semiz, & Ince, 2012; Stewart, Antonenko, Robinson, & Mwavita, 2013) 

and instructional technology outcome expectations (Semiz & Ince, 2012; Stewart et al., 2013). 

Also, Spazak (2013) suggests that TPACK and high technology self-efficacy are important 

indicators in ensuring efficient technology integration. In fact, the related literature 

investigates the relationships between TPACK and different social cognitive variables such as 

technology integration self-efficacy separately. In the current study, it is aimed to show the 

relationships between these variables with the effect of TPACK in a holistic manner. 

Consequently, it is thought that teachers’ TPACK dimensions affects their technology 

integration self-efficacy (TISE), instructional technology outcome expectations (ITOE), 

interest in educational technologies (IET), and intentions to use educational technologies 

(IUET). These interactions might affect teachers' technology integration behaviors. Therefore, 

a hypothetical model was designed and tested through structural equation modeling to 

investigate the relationships among these variables (Figure 2). The research hypotheses are 

given below. 

 

Figure 2. Hypothetical model for explaining teachers’ behaviors in technology integration 
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H1a-b-c-d. TK positively influences TISE, ITOE, IET, and IUET. 

H2a-b-c-d. PK positively influences TISE, ITOE, IET, and IUET. 

H3a-b-c-d. CK positively influences TISE, ITOE, IET, and IUET. 

H4a-b-c-d. TPK positively influences TISE, ITOE, IET, and IUET. 

H5a-b-c-d. TCK positively influences TISE, ITOE, IET, and IUET.  

H6a-b-c-d. PCK positively influences TISE, ITOE, IET, and IUET. 

H7a-b-c-d. TPACK-core positively influences TISE, ITOE, IET, and IUET. 

H8a-b-c. TISE positively influences ITOE, IET, and IUET. 

H9a-b. ITOE positively influences IET and IUET. 

H10. IET positively influences IUET. 

Method 

Participants 

The convenience sampling technique was used in this study to obtain participants. The 

participants were teachers working at primary, secondary, and high schools in four different 

cities (Afyonkarahisar, Burdur, Denizli, and Isparta) in the Lakes Region of Turkey. 

Necessary permissions were obtained from the Ministry of National Education (MoNE) in 

order to apply the questionnaire form to the teachers. The researcher visited schools and 

explained the purpose of the research to collect the data of the study in the spring semester of 

2014-2015 academic year. In order to achieve greater statistical power in the study, 1000 

teachers were asked to participate in the research, and 944 of them responded voluntarily. It 

was approximately 15 minutes to complete the questionnaire. The data of 850 teachers were 

involved in the study after excluding incorrect or missing data and univariate and multivariate 

outliers. The ages of the participants ranged from 21 to 62 (Mean=37.9, SD=8.73). 

Demographic statistics concerning teachers’ gender, educational status, and school are given 

in Table 1. 

Table 1. Demographic variables 
 Frequency (f) Percentage (%) 

Gender Female 337 39.6 

 Male 513 60.4 

Educational Status Undergraduate 727 85.5 

 Graduate 123 14.5 

School Primary 211 24.8 

 Secondary 275 32.4 

 High School 364 42.8 

 Total 850 100 

In the study, the participants were asked about their conditions related to the technological 

infrastructure of their schools, in-service training on ICT, technology ownership, and the use 

of ICT in their courses. The results are shown in Table 2. 
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Table 2. Teachers’ access and use of technologies 
 Frequency (f) Percentage (%) 

Technological infrastructure of the school   

 Sufficient 475 55.9 

 Insufficient 375 44.1 

In-service training on ICT   

 Yes 526 61.9 

 No 324 38.1 

Technology ownership   

 Desktop PC 471 55.4 

 Laptop 711 83.6 

 Tablet 398 46.8 

 Smart phone 636 74.8 

ICT use in the course   

 Never 45 5.3 

 Rarely 107 12.6 

 Sometimes 239 28.1 

 Often 238 28.0 

 Always 221 26.0 

Data collection instruments 

Technological pedagogical content knowledge scale 

The scale developed by Sahin (2011) was used to measure teachers’ technological 

pedagogical content knowledge. This scale consists of a total of seven dimensions and 47 

items including TK (15 items), PK (six items), CK (six items), TPK (four items), TCK (four 

items), PCK (seven items), and TPACK-core (five items). The scale is a Likert-type with five 

options (1=not at all, 2=little, 3=moderate, 4=quite, and 5=complete). Some sample items of 

the TPACK survey are shown in Table 3. 

Table 3. Sample items of TPACK survey 
Subscale Sample items (I have knowledge in …) 

TK - Using a presentation program (ex., MS Powerpoint) 

- Using digital camera 

PK - Eliminating individual differences 

- Managing class 

CK - Knowing about key subjects in my area 

- Following recent developments and applications in my content area 

TPK - Choosing technologies appropriate for my teaching/learning approaches and strategies 

- Evaluating appropriateness of a new technology for teaching and learning 

PCK - Selecting appropriate and effective teaching strategies for my content area 

- Preparing a lesson plan including class/school-wide activities 

TCK - Using area-specific computer applications 

- Preparing a lesson plan requiring use of instructional technologies 

TPACK-

core 

- Integrating appropriate instructional methods and technologies into my content area 

- Teaching successfully by combining my content, pedagogy, and technology knowledge 

Higher scores taken in each of the sub-dimensions show that the participant has a better 

perspective regarding the practice of relevant knowledge. Cronbach's alpha internal 

consistency coefficients of TK, PK, CK, TPK, TCK, PCK, and TPACK-core dimensions 

were calculated respectively 0.95, 0.91, 0.89, 0.90, 0.91, 0.94, and 0.91. Because each 

dimension was defined as a variable, a separate confirmatory factor analysis was conducted 

for each dimension to confirm their construct validities. Based on the results, the variables of 

TK (RMSEA=0.06, SRMR=0.03, GFI=0.96, CFI=0.98, TLI=0.97), PK (RMSEA=0.00, 
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SRMR=0.01, GFI=1.00, CFI=1.00, TLI=1.00), CK (RMSEA=0.05, SRMR=0.01, GFI=0.99, 

CFI=1.00, TLI=0.99), TPK (RMSEA=0.05, SRMR=0.01, GFI=1.00, CFI=1.00, TLI=0.99), 

TCK (RMSEA=0.00, SRMR=0.00, GFI=1.00, CFI=1.00, TLI=1.00), PCK (RMSEA=0.04, 

SRMR=0.01, GFI=0.99, CFI=1.00, TLI=0.99), and TPACK-core (RMSEA=0.05, 

SRMR=0.01, GFI=1.00, CFI= 1.00, TLI=0.99) were found to have acceptable construct 

validity. 

Instructional technology outcome expectations scale 

The scale developed by Perkmen, Niederhauser, and Charania (2006) adapted to 

Turkish by Sahin (2008) was used to measure teachers’ expectation levels regarding 

technology integration. It is a Likert-type scale consisting of nine items, such as “Using 

educational technology in my career will likely allow me to increase my sense of 

accomplishment”, “Using educational technology in my career will likely allow me to teach 

effectively”, and “Using educational technology in my career will likely allow me to increase 

the quality of my work”, each with four options (“strongly disagree” to “strongly agree”). 

Cronbach's alpha internal consistency coefficient was found to be 0.93. In addition, the 

confirmatory factor analysis was done to examine the construct validity of the scale 

(RMSEA=0.07, SRMR=0.03, GFI=0.98, CFI=0.99, TLI=0.98). The results indicated that this 

scale had acceptable construct validity. 

Technology integration self-efficacy scale 

The scale developed by Wang, Ertmer, and Newby (2004) adapted to Turkish by 

Sahin (2008) was used to measure teachers’ self-efficacy levels in using educational 

technology regarding technology integration. It is a Likert-type scale consisting of eight 

items, such as “I feel confident that I can demonstrate necessary skills to use educational 

technology in the classroom”, “I feel confident that I can help students when they have 

difficulty with educational technology”, and “I feel confident that I can use educational 

technology that will aid in meeting curriculum standards”, each with five options (“not 

confident” to “strongly confident”). Cronbach's alpha internal consistency coefficient was 

found to be 0.96. In addition, the confirmatory factor analysis was done to examine the 

construct validity of the scale (RMSEA=0.04, SRMR=0.01, GFI=0.99, CFI=1.00, TLI=1.00). 

The results showed that this scale had acceptable construct validity. 

Interest in educational technologies scale 

The scale developed by Fouad and Smith (1996) adapted to Turkish by Sahin (2008) 

was used to measure teachers’ interest levels related to educational technologies. It is a 

Likert-type scale consisting of six items, such as “How much interest do you have in reading 

books or articles about educational technology?”, “How much interest do you have in learning 

about new educational software?”, and “How much interest do you have in working on a 

project involving educational technology concepts?”, each with five options (“not interested” 

to “strongly interested”). Cronbach's alpha internal consistency coefficient was found to be 

0.93. Additionally, the confirmatory factor analysis was done to examine the construct 

validity of the scale (RMSEA=0.05, SRMR=0.01, GFI=0.99, CFI=1.00, TLI=0.99). The 

results demonstrated that this scale had acceptable construct validity. 
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Intentions to use educational technologies scale 

The scale developed by Sahin (2008) was used to measure teachers’ intentions levels 

in using educational technologies. It is a Likert-type scale consisting of four items, such as “I 

intend to gain more skills on educational technology”, “I intend to prepare classroom 

activities and student projects involving educational technology”, and “I intend to attend to 

training programs on educational technology”, each with five options (“strongly disagree” to 

“strongly agree”). Cronbach's alpha internal consistency coefficient was found to be 0.87. 

Additionally, the confirmatory factor analysis was done to examine the construct validity of 

the scale (RMSEA=0.05, SRMR=0.01, CFI=1.00, TLI=0.99). The results indicated that this 

scale had acceptable construct validity. 

Data verification 

Descriptive statistics such as frequencies, percentages, and means were used in the 

study. Furthermore, a correlation analysis was conducted to determine the relationships 

between variables. Lastly, the model was tested by structural equation modeling (SEM), and 

path analysis was done in order to identify the significance of the model and to show the 

direct and indirect effects of variables. SEM is a sophisticated method to show relationships 

among observed variables or quantitatively test a structural model hypothesized by the 

researcher (Schumacker & Lomax, 2012). The data were analyzed with IBM SPSS Amos 19. 

Before data analysis, the assumptions were checked. Standard z-score values were calculated 

to ensure normality by removing univariate outliers, and therefore the values outside of the ±3 

were removed. The skewness and kurtosis coefficients of variables were observed between 

±1, and the univariate normal distribution assumption was met (George & Mallery, 2003). For 

multivariate normality assumption, Mahalanobis distance values were examined, and those 

that were higher than the critical value were identified as multivariate outliers, and they were 

not involved in the analysis. Also, the multivariate normality and linearity of each variable 

were assured via scatterplot matrix (Kline, 2005; Tabachnick & Fidell, 2007).  

In order to test the assumption of multicollinearity, Pearson correlation coefficients between 

variables, the variance inflation factor (VIF) and tolerance values (TV) were calculated. The 

correlation values between variables were not higher than 0.90. The VIF values ranging from 

1.48 to 4.95 are below the suggested value of 10, and tolerance values (TV) ranging from 0.20 

and 0.67 are above the suggested value of 0.10. Therefore, the assumption of multicollinearity 

was met. 

In the SEM literature, the sample size of less than 100 is unacceptable, between 100 and 200 

is moderately acceptable, and more than 200 is acceptable for SEM analysis (Bentler & Chou, 

1987; Jayaram, Kannan, & Tan, 2004; Kline, 2005). After removing univariate and 

multivariate outliers, the number of participants involved in the analysis was 850 teachers. In 

this context, the sample size required for the SEM analysis was met.  
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Results 

The descriptive statistics and the relationships between the variables are shown in 

Table 4. 

Table 4. Descriptive statistics 

Variables Range Mean SD 1 2 3 4 5 6 7 8 9 10 11 

1. TK 21-75 53.21 12.01 -           

2. PK 12-30 23.18 3.84 0.54* -          

3. CK 12-30 23.40 3.82 0.44* 0.71* -         
4. TPK 8-20 15.52 2.64 0.65* 0.74* 0.73* -        

5. TCK 7-20 15.03 2.89 0.67* 0.70* 0.67* 0.85* -       

6. PCK 14-35 27.56 4.50 0.51* 0.75* 0.70* 0.76* 0.77* -      
7. TPACK 9-25 19.27 3.36 0.59* 0.72* 0.69* 0.79* 0.80* 0.84* -     

8. TISE 12-40 28.87 6.37 0.66* 0.55* 0.51* 0.67* 0.69* 0.59* 0.67* -    

9. ITOE 20-45 37.58 5.60 0.35* 0.34* 0.35* 0.43* 0.44* 0.42* 0.48* 0.53* -   
10. IET 6-30 19.21 5.16 0.58* 0.41* 0.41* 0.52* 0.53* 0.44* 0.53* 0.68* 0.44* -  

11. IUET 9-20 16.20 2.40 0.40* 0.38* 0.38* 0.44* 0.44* 0.42* 0.49* 0.54* 0.53* 0.62* - 

*p < 0.01 

In Table 4, considering range scores, teachers’ TK, PK, CK, TPK, TCK, PCK TPACK-core, 

TISE, ITOE, IET, and IUET mean scores are above the midpoint of their respective scales. 

These results indicate that teachers had sufficient knowledge and skills in terms of technology 

integration, although nearly half of the teachers (see in Table 2) do not frequently use ICT in 

their courses because of insufficient technological infrastructure in their schools. 

Additionally, it was found that there are positive and significant relationships at a moderate or 

strong level between the variables (p<0.01).  

As a result of the first path analysis, the paths between PK, CK, PCK and TISE, ITOE, IET, 

and IUET were not statistically significant (p>0.05). The paths between TK and ITOE and 

IUET; TPK and ITOE, IET and IUET; TCK and ITOE, IET and IUET; and TPACK-core and 

IET variables were also not statistically significant. In addition, the path between TISE and 

IUET was non-significant (p>0.05). These findings suggest that PK, CK, and PCK have no 

effect on TISE, ITOE, and IUET. Moreover, the finding that there were non-significant paths 

between TK and ITOE and IUET; TPK and ITOE, IET, IUET; TCK and ITOE, IET and 

IUET, TPACK-core and IET, and TISE and IUET demonstrates that although these variables 

have indirect effects on the above-mentioned variables, they have no direct effect on them. 

The final version of the model was created by removing the non-significant paths. The result 

of the final path analysis is shown in Figure 3. 
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Figure 3. The path diagram of the structural model 

After removing the non-significant paths, the Chi-square (χ2=9.30, p=0.50) value of the 

model was found to be statistically not significant. This result demonstrates that the model is 

fit (Kline, 2005). Because of the possibility that the Chi-square statistic can be affected by 

sample size, the ratio of the Chi-square value to the degree of freedom (χ2/df) was also 

checked. As the χ2/df value was found as 0.93, the model is in good fit according to Kline 

(2005) (χ2/df<3). Given the other fit indices of the improved structural model (RMSEA= 

0.00, SRMR=0.01, GFI= 1, CFI=1, TLI=1, NFI=1, AGFI= 0.99), the model can be described 

as acceptable and in good fit. When the total variance amounts explained on the internal 

variables are considered, this value appears as 58% on TISE, 50% on IET, 31% on ITOE, and 

41% on IUET. The direct and indirect effects of the variables in the structural model are 

shown in Table 5. 

Table 5. Direct, indirect, and total effect sizes among the variables 
  TK TPK TCK TPACK-core IET TISE ITOE 

Direct Effect IET 0.23 0.00 0.00 0.00 0.00 0.46 0.11 
TISE 0.32 0.14 0.15 0.26 0.00 0.00 0.00 
ITOE 0.00 0.00 0.00 0.23 0.00 0.38 0.00 
IUET 0.00 0.00 0.00 0.12 0.43 0.00 0.29 

Indirect Effect IET 0.16 0.07 0.07 0.16 0.00 0.04 0.00 
TISE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
ITOE 0.12 0.05 0.06 0.10 0.00 0.00 0.00 
IUET 0.21 0.05 0.05 0.16 0.00 0.33 0.05 

Total Effecta IET 0.39 0.07 0.07 0.16 0.00 0.50 0.11 

TISE 0.32 0.14 0.15 0.26 0.00 0.00 0.00 

ITOE 0.12 0.05 0.06 0.33 0.00 0.38 0.00 

IUET 0.21 0.05 0.05 0.28 0.43 0.33 0.34 
a: Total Effect = Direct Effect + Indirect Effect 

When the direct, indirect, and total effects on the model are examined together, it can be 

inferred that IET and ITOE are significant in that they both directly affect IUET and mediate 

TK, TPK, TCK, TPACK-core, TISE, and ITOE to affect IUET. In addition, it was found that 
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teachers’ TPACK-core, ITOE, and IET have a direct effect on their intentions to use 

educational technologies. 

Discussion 

In this study, a hypothesized structural model was designed to explain the 

relationships between teachers' TPACK dimensions, technology integration self-efficacy, 

instructional technology outcome expectations, interest in educational technologies, and 

intentions to use educational technologies, and to understand the structure in their technology 

integration behaviors. The results of the study showed that teachers’ TK, PK, CK, TPK, TCK, 

PCK, TPACK-core, TISE, ITOE, IET, and IUET mean scores were above the midpoint of 

their respective scales. In addition, teachers’ TPACK dimensions were positively related to 

their technology integration self-efficacy, instructional technology outcome expectations, 

interest in educational technologies, and lastly intentions to use educational technologies. 

Since intentions give rise to successful behaviors (Lent et al., 2002; Sahin, 2008), if teachers 

have sufficient technological infrastructure in their schools, they can effectively use 

technology in education and shows technology integration behaviors. There are studies 

supporting this finding in the relevant literature (Abbitt, 2011; Karatas, 2014; Nathan, 2009; 

Semiz & Ince, 2012). However, as a result of testing our research hypotheses, teachers’ 

pedagogical knowledge, content knowledge, and pedagogical content knowledge separately 

did not significantly affect their technology integration self-efficacy, instructional technology 

outcome expectations, interest in educational technologies, and intentions to use educational 

technologies. Similarly, the studies in the literature show that pedagogical knowledge, content 

knowledge or pedagogical content knowledge have no effect on teachers’ technology usage 

and self-efficacy beliefs with regard to technology integration (Abbitt, 2011; Ozgen, Narli, & 

Alkan, 2013). In this context, it is said that teachers’ pedagogical knowledge or content 

knowledge alone cannot make sense in the integration of technology, but it helps to ensure 

technology integration when blended with technological knowledge.  

The study showed that teachers’ TK directly affected IET and TISE. Furthermore, we 

observed that teachers' TK had the most direct effect on TISE, and it had the highest effect on 

IET. In this context, teachers' technological knowledge influences their intentions to use 

educational technologies through their self-efficacy, interest, and outcome expectations. 

Teachers who have higher levels of technological knowledge consider themselves more 

capable in the use of technology and have positive attitudes about technology integration 

(Abbitt, 2011; Ozturk, 2013; Tokmak, 2013). Although teachers’ technological knowledge 

helps to explain their interest in educational technologies and technology integration self-

efficacy, it may not be enough by itself to explain outcome expectations and their intention to 

use educational technologies. 

Teachers’ TPK and TCK had a direct effect on their TISE. Similarly, prior studies show that 

teachers’ TPK and TCK have a significant effect on their technology integration self-efficacy, 

thus enabling them to perceive themselves as competent with regard to the use of technology 

in education (Abbitt, 2011; Chieng, & Tan, 2021; Ozturk, 2013). However, teachers’ 

technological pedagogical knowledge and technological content knowledge had a limited 

indirect effect on their interest, outcome expectations, and intentions to use educational 

technologies through their technology integration self-efficacy. At this point, the study also 

exposed that the core component of technological pedagogical content knowledge (TPACK-

core) directly affected teachers’ intention to use educational technologies, even though other 

components (TK, PK, CK, TPK, TCK, and PCK) had no direct effect. Additionally, teachers’ 

TPACK-core identifies their interest in educational technologies with relation to technology 
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integration self-efficacy and instructional technology outcome expectations. Similarly, some 

studies showed strong relationships between TPACK and TISE (e.g., Bakar, Maat, & Rosli, 

2000; Yildiz Durak, 2019), while others found a moderate relationship between TPACK 

dimensions, TISE, and ITOE (Semiz & Ince, 2012). Koehler et al. (2014) emphasized that 

TPACK is necessary for teachers to be informed about effective technology integration. In 

this context, teachers’ TPACK-core is an important factor for effective technology integration 

and decisions about technology use in education (Sobel & Grotti, 2013; Spazak, 2013; Uslu, 

2018; Tosuntas, Cubukcu, & Beauchamp, 2021). 

The study revealed that teachers’ TISE affects their IUET through their IET and ITOE. This 

result suggests that TISE influences teachers’ IUET indirectly, and this finding is similar to 

Sahin’s (2008) study. The literature also shows similar relations between these variables 

(Antoine, 2011; Baker-Eveleth & Stone, 2008; Chang & Tung, 2008; Niederhauser & 

Perkmen, 2008; Pauli, Gilson, & May, 2007). Besides, some studies demonstrate that 

teachers’ technology integration self-efficacies play a key role in the development of their 

intentions to use educational technologies (Anderson, Groulx, & Maninger, 2011; Anderson 

& Maninger, 2007; Banas & York, 2014; Spazak, 2013; Teo, 2009). In this regard, teachers’ 

perceptions of their competence about technology integration contribute positively to their 

ability to manage problems in the technology integration process and their efforts to integrate 

technology into their classrooms (Ajzen, 1991). Although self-efficacy is a strong and 

significant predictor of outcome expectations and interest (Sahin, 2008), it is not enough to 

ensure technology integration on its own. Besides, instructional technology outcome 

expectations and interest in educational technologies are also important indicators of teachers’ 

intentions to use educational technologies (Niederhauser & Perkmen, 2008; Sahin, 2008). 

According to literature, teachers’ outcome expectations and interests in educational 

technologies in the instructional process shape their technology integration behaviors in the 

classrooms (Stewart, 2012; Tokmak, 2013). In summary, besides TK, TCK, TPK, and 

TPACK-core, teachers’ self-efficacy, outcome expectations, and interests contribute to 

explaining their intentions to use educational technology. Since intentions increase the 

possibility of engaging in an action (Lent et al., 2002; Sahin, 2008), especially teachers’ TK, 

TCK, TPK, and TPACK-core (different interactions of CK and PK with TK) together with 

their self-efficacy, outcome expectations, interest and intentions affect their technology 

integration behaviors and will likely lead to the successful integration of educational 

technologies into instructional processes. 

Conclusions, limitations and implications 

The main merit of the study is lies in the fact that it brings new evidence and a finer 

grained understanding of the complex phenomenon of technology integration in schools, 

rather than finding out something unexpected or completely new. However, the method 

(SEM) used in the study, allowed to test a structural model combining TPACK dimensions 

and some social cognitive variables; thus, it provided obtaining a more detailed vision of the 

relationships between the considered variables. In this way, we can see the causal 

relationships to understand the structure of teachers' technology integration behaviors from a 

different perspective. 

This study presents some limitations and implications. The sample targeted teachers and 

collected data in Turkey. This may restrict the generalizability of our findings. Future studies 

may benefit sampling from a wider or different population. Furthermore, it is necessary to test 

the model in different samples in order to assure whether or not it is specific to a certain 
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group. Also, this structural model can be further developed by adding different variables, such 

as personal or environmental variables, to reflect other factors that might influence teachers’ 

technology integration behaviors.  

Technological knowledge alone should not be regarded as adequate knowledge for teachers’ 

technology integration, and the interactions between TPACK dimensions are important to 

integrate technology in education effectively. For this purpose, in-service training should be 

organized and more practical training should be given to teachers in schools, especially those 

who have relatively less experience in the profession. Also, as Kapici and Akcay (2020) 

suggested, pre-service teachers should be provided with opportunities to design technology-

enhanced curriculum materials for developing their self-efficacy beliefs about technology 

integration. Considering the relationships between TPACK dimensions and other variables in 

this study, teacher trainings should also focus on the development of the knowledge and 

cognitive skills as well as other factors that may affect technology integration in education. In 

addition, it may be useful to show practical examples and good implementations for effective 

technology integration that may be a role model for teachers to increase their expectations and 

interests in using educational technologies.  
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