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Abstract: This paper focuses on first-year pre-service teachers’ readiness to use 

Information and Communication Technology (ICT) in education. Readiness to use ICT in 

education is studied as part of 21st century skills, where the role of ICT is emphasised. 

This study re-visits parts of three previously published articles providing a wider 

perspective on the topic by examining the results from the different papers together. The 

main theoretical frameworks used are Technological Pedagogical Content Knowledge 

(TPACK) and the Theory of Planned Behavior (TPB). The target group consists of 267 
pre-service teachers from three Finnish universities. The results indicate variation among 

pre-service teachers’ readiness to use ICT in education. Overall, technological knowledge 

was found in an assessment to be low compared to pedagogical or content knowledge. In 

addition, as a group, the pre-service teachers are more unified in relation to their 

pedagogical knowledge and content knowledge than they are in relation to technological 

knowledge. Despite these differences and the low assessments related to technological 

knowledge, respondents were well aware of the expectations related to the use of ICT in 

education. Results also show that the use of ICT in education is a rather separate area 

from other 21st century skills, in this case learning skills.        
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Introduction 
  

The role of information and communication technologies (ICT) is emphasised in today’s educational systems. ICT is 

a central element of 21st century skills. According to Voogt and Roblin (2012), ICT can be seen as a hub of the 21st 
century’s skills. In the context of Finland, the role of ICT is emphasised in the National Core Curriculum (NCC), 

where it is described from three different perspectives. First, ICT is described as a part of the learning environments, 

according to NCC ICT is a key part of versatile learning environments. Second, ICT is seen as a subject-specific tool 

used for supporting the learning of subjects, such as mathematics, history and languages. Third, ICT is one of the 

seven transversal competences, that is, an entity consisting of knowledge, skills, values, attitudes and will that need 

to be embedded in all teaching (Finnish National Agency for Education, 2014). Expectations related to the use of 

ICT in education are high and based on yearly Horizon reports. The development of ICT in education along with 

new pedagogical practices in K-12 education is fast (Freeman, Adams Becker, Cummins, Davis, & Hall Giesinger, 

2017). The Horizon reports emphasise ICT within makerspaces, robotics and learning analytics. Currently, there are 

several novel areas of development in the field of ICT in education. This provides new possibilities for schools, 

teachers and students. However, despite the possibilities, these expectations pose demands especially for teacher 
education to provide new teachers with the readiness and skills to respond to these expectations. The task seems to 

be challenging.  

In this paper, we focus on pre-service teachers’ readiness to use ICT in education. Elementary-class-teacher 

education in Finland emphasises practical and research orientation in order to provide new teachers with readiness 

for continuous professional development. The role of ICT in teacher education is emphasised, however the use of 



ICT varies between different universities and courses. Universities in this study provide pre-service teachers with 

Internet access within their respective campuses as well as cloud services (e.g., Office 365, GAFE, PedaNET). The 

context of this paper is based on a four-year research project called Preparing teacher students for the 21st century 

learning practices, ways of thinking and learning (PREP21). PREP21 was funded by the Academy of Finland 2014–

2017. The aim of the PREP21 was to study the development of pre-service teachers’ 21st century skills during the 
first three years in teacher education. While PREP21 had two other areas of research (strategic learning skills, 

collaboration/teamwork), the focus of this paper is on areas related to ICT in education. These areas are studied 

using two theoretical frameworks, the Theory of Planned Behavior (TPB; Aijzen, 1991) and Technological 

Pedagogical Content Knowledge (TPACK; Mishra & Koehler, 2006). These two theoretical frameworks were seen 

as complementing each other in the research of the PREP21 project. The TPB framework focuses on attitudes, other 

people’s expectations, self-efficacy and behavioural intentions (see. Aijzen, 1991) related to a certain behaviour, in 

this case the use of ICT in education. TPACK framework focuses on (pre-service) teachers’ thinking from the 

following perspectives: Pedagogical Knowledge (PK), Technological Knowledge (TK), Content Knowledge (CK), 

Technological Pedagogical Knowledge (TPK), Pedagogical Content Knowledge (PCK) and Technological Content 

Knowledge (TCK) (Koehler, Mishra, & Cain, 2013). Altogether, these areas combine as technological pedagogical 

content knowledge (TPACK), i.e., an understanding that emerges from interactions among content, pedagogy, and 

technology knowledge […] knowledge underlying truly meaningful and deeply skilled teaching with technology” 
(Koehler et al., 2013). 

Both frameworks have been actively used for studying (pre-service) teachers’ ICT integration using both 

qualitative and quantitative methods. The studies are usually conducted separately, still we assume that together 

these two frameworks provide a more comprehensive picture of pre-service teachers’ readiness to use ICT in 

education. In this paper, we present findings from a PRPE21 project combining the TPB and TPACK frameworks. 

This paper combines the findings of previous studies in order to provide a new, more holistic picture of early-stage 

pre-service teachers’ readiness to use ICT in education.  

 

 

Methodology 
 

Participants 

 

The target group consist of 267 first-year pre-service teachers from three Finnish universities (Nfemale = 202; 76.8 %; 

Nmale = 61; 23.3 %). The target group of pre-service teachers is meant to graduate within four to five years with a 

master’s degree in education, providing them with a qualification to teach basic education pupils in grades 1 to 6. 

Data were collected at teacher education courses at the end of year 2014, the research was explained to each pre-

service teacher and informed consent was obtained. Participation in the study was voluntary. Additionally, 
institutional permissions to conduct the studies were obtained from each participating university.  

Two main questionnaires were used for this paper, Technological Pedagogical Content Knowledge for 21st 

century skills (TPACK-21) and the Theory of Planned Behavior in ICT education (TPB-ICT). TPACK‐21 

instrument was initially tested and validated using exploratory factor analysis and confirmatory factor analysis 

(Valtonen, Sointu, Mäkitalo-Siegl & Kukkonen, 2015; Valtonen, Sointu, Kukkonen, Kontkanen, Lambert, & 

Mäkitalo-Siegl, 2017). To answer the TPACK-21, respondents used a six-point Likert-type scale (1 = I need a lot of 

information about the measured area; 6 = I have strong knowledge of the measured area). The questionnaire 

focusing on TPB‐ICT areas had been designed using previously validated instruments by Teo and Lee (2010) and 

Valtonen, Kukkonen, Kontkanen, Sormunen, Dillon and Sointu (2015). A six-point Likert-type scale (1 = strongly 

disagree, 6 = strongly agree) was used when answering the questionnaire.  

In addition to these two main questionnaires, learning skills were researched with two other questionnaires. 
First, to study self-regulated learning, we used the Motivated Strategies for Learning Questionnaire (MSLQ) by 

Pintrich, Smith, Garcia, & McKeachie, (1993). With MSLQ, areas used for the purposes of this study were 

elaboration (ELA), critical thinking (CRI) and metacognitive self-regulation (SRL). Second, to study 

collaboration/teamwork perspectives, we used parts of the questionnaire by Wang, MacCann, Zhuang, Lydia and 

Roberts (2009). Areas used in this questionnaire were negotiation (NEGO), cooperation (COOP), and guidance 

(GUID). Respondents answered these questionnaires with a seven-point Likert-type scale (1 = not at all true of me 

to 7 = very true of me). 

This paper consists of three cases, providing three perspectives for pre-service teachers’ readiness to use 

ICT in education. Within these cases, the following methods were used. First, descriptive statistics (mean value and 

standard deviation) were utilised to outline results from pre-service teachers’ self-assessments on areas of TPACK 



and TPB. Second, the Pearson’s product moment correlation was used to study the relations of learning skills and 

ICT in education related areas. Third, the K-means cluster analysis was used in order to study the subgroups of pre-

service teachers based on their TPACK self-assessments. 

 

 

Results 
 

Case 1 

 

The first case outlines pre-service teachers’ self-assessments of their TPACK and TPB areas. The results are 

presented in Table 1. Based on previous studies done on pre-service teachers' TPACK, the PK and pedagogical 

related areas (PCK, TPK) have been found to be high based on assessments (see. Koh, Chai, & Tsai, 2010). From 
the perspective of TPB, the attitudes concerning ICT in education have gained high scores (Teo, 2012). The TPACK 

results of this study support earlier studies, i.e., the pedagogical knowledge is the most confident area of TPACK. 

The lowest ratings were for technological content knowledge. In total, the values were rather low in each area, only 

the PK was rated over 3.0 (mean 3.21) indicating the need for more knowledge in these areas. One notable result 

was the high standard deviation of TK indicating more differences between respondents based on their technological 

knowledge than other TPACK areas. The results from TPB provided higher evaluations. The highest ratings with the 

lowest deviation were for subjective norms, indicating that respondents are aware of the expectations related to the 

use of ICT in education. The lowest values were found from the self-efficacy category indicating that respondents 

were not very confident in their skills of using ICT in education. This area, along with the TK, contained the highest 

standard deviation values, indicating the biggest differences among respondents. For more detailed results, see: 

Valtonen, Sointu, Kukkonen, Kontkanen, Lambert, & Mäkitalo-Siegl, 2017; Valtonen, Kukkonen, Kontkanen, 
Mäkitalo‐Siegl, & Sointu, 2018. 

 

 

Table 1. Means and standard deviations of TPACK and TPB   

Measured area  M (SD) 

Technological Pedagogical Content Knowledge (TPACK)   

Pedagogical Knowledge (PK) 3.21 (1.03) 

Technological Knowledge (TK) 2.85 (1.23) 

Content Knowledge (CK), science 2.98 (1.09) 

Technological Pedagogical Knowledge (TPK) 2.94 (1.12) 

Pedagogical Content Knowledge (PCK), science 2.96 (1.04) 

Technological content knowledge (TCK), science   2.23 (1.05) 

TPACK 2.70 (1.05) 
   

Theory of Planned Behavior (TPB) in ICT Education   

Attitude 4.09 (0.85) 

Self-efficacy 3.57 (1.07) 

Subjective norms 4.28 (0.78) 

Behavioural intentions 4.07 (0.87) 

  

 

 

  



Case 2 

 

The second case focuses on pre-service teacher 21st century skills. There are several definitions for these skills. 

Based on the review study by Voogt and Roblin (2012), the key competences are collaboration, communication, 

social and/or cultural competencies, ICT literacy, creativity, critical thinking and problem solving. ICT is seen as a 
target for learning, but also as a means of support for other 21st century skills, i.e., the understanding of how 

different 21st century skills can be supported with ICT. This case aims to study the relations between areas of 21st 

century skills from three wider perspectives. First, from pre-service teachers' skills for self-regulated learning using 

three factors: elaboration (ELA), critical thinking (CRI) and metacognitive self-regulation (SRL). According to 

Dignath and Büttner (2008), todays' students are expected to have skills for self-regulated learning during and after 

their education and throughout their entire working life. Second, from pre-service teachers’ preference and readiness 

for collaboration and teamwork. These are skills, which are increasingly important in today’s global economy 

(Scardamalia, Bransford, Kozma, & Quellmalz, 2012). This area was measured from the perspectives of negotiation 

(NEGO), cooperation (COOP), and guidance (GUID). The third perspective used was that of pre-service teachers' 

readiness to take advantage of ICT in education. This was measured using the TPK factor from the TPACK 

framework and attitudes from the TPB framework. 

Results, presented in Table 2, indicate that correlations between different elements of learning skills vary 
from non-significant to moderate and strong. There were clear correlations between ELA, CRI, SRL, NEGO and 

GUID (Table 2). When considering the correlation between TPK and the attitudes towards areas measuring learning 

skills, the correlations are much weaker, varying from non-significant to weak. The strongest correlation was found 

between TPK and areas related to collaborative learning (Nego, Guid and Coop). These results indicate that amongst 

the first-year pre-service teachers, the ICT related areas are seen as separate from the learning skill areas. For more 

detailed, results see: Valtonen, Sointu, Kukkonen, Häkkinen, Järvelä, Ahonen, Näykki, Pöysä, & Mäkitalo-Siegl, 

2017. 

 

 

Table 2. Correlation between learning skills and ICT in education 

   1 2 3 4 5 6 7 

1 Elaboration (ELA)         

2 Critical thinking (CRI)  .50**       

3 metacognitive self-regulation (SRL)  .60** .45**      

4 Negotiation (NEGO)  .36** .27* .38**     

5 guidance (GUID)  .29** .36** .33** .46**    

6 Cooperation (COOP)  .09 .06 .23** .38** .42**   

7 Technological Pedagogical Knowledge (TPK)  .08 .14* .13* .21** .21** .21**  

8 Attitudes for ICT in Education (ATT)  .08 -.05 .10 .17** .14* .20** .34** 

Note Correlation significant at ** p < .01, * p < .05 

 

 

Case 3 

 

The third case outlines the differences among pre-service teachers TPACK self-assessments. The TPACK 
framework has been used in over 1,200 studies (see Harris, Phillips, Koehler & Rosenberg, 2017) and the target 

groups are typically seen as one homogenous group. TPACK is typically described as a Venn-diagram with equal 

size areas for all TPACK contents (Koehler et al., 2013). In a study by Koh and Chai (2014), pre-service teachers 

were divided into two subgroups based on their TPACK self-assessments; one with high assessments and one with 

low assessments. However, more studies are needed to outline the variation between pre-service teachers’ TPACK. 



In case 3, the respondents were divided into four subgroups (Table 3). The results provided four “meaningful” 

groups, i.e., the differences between groups indicated differences in pre-service teachers’ TPACK profiles, instead 

of mere high and low assessments. Results based on the four-cluster model provide important insights especially 

into the differences between Technological Knowledge (TK) and TK-related areas (i.e., TCK, TPK, TPACK). In 

cluster 2, the areas related to TK, i.e., TPK and TCK come out low in assessments, even though other TPACK areas 
such as Pedagogical Knowledge (PK) is assessed as higher than in clusters 1 and 3. On the contrary, in cluster one, 

the TK gains the highest assessments of all other TPACK areas, indicating that respondents within this cluster find 

the TK as the most confident area for them. In total, these results show that there are major differences among pre-

service teachers and how they assess their TPACK areas. For more detailed results, see: Valtonen, Kukkonen, 

Kontkanen, Mäkitalo‐Siegl, & Sointu, 2018. 

 

 

 

Table 3. Clustering pre-service teachers based on TPACK assessments 

  Cluster 1  Cluster 2  Cluster 3  Cluster 4  

 
 

n = 75 
 

n = 46  
n = 103  

n = 43  

Pedagogical Knowledge (PK)  2.25  3.48  3.46  4.02  

Technological Knowledge (TK)  2.33  1.61  3.28  4.03  

Content Knowledge (CK), science  2.04  3.33  3.03  4.12  

Technological Pedagogical Knowledge (TPK)  1.97  2.09  3.40  4.46  

Pedagogical Content Knowledge (PCK), science  1.78  3.37  3.14  4.17  

Technological content knowledge (TCK), science    1.49  1.66  2.36  3.84  

TPACK science  1.73  2.01  3.00  4.04  

 

 

Conclusions 
 

These results provide an overview of the first-year pre-service teachers’ readiness to take advantage of ICT in 

education. From the perspective of TPACK, the results show that pre-service teachers start their studies with the 

strongest confidence in their pedagogical knowledge. From the perspective of TPB, the subjective norms gained 
highest results i.e. they are aware of the expectations related to the use of ICT in education. When considering the 

results of TPACK as a whole, it seems that the results are rather modest, respondents evaluate themselves as needing 

more knowledge in all TPACK areas. Similar results were found with self-efficacy related to the use of ICT in 

education. 

Use of ICT in education needs to be built on proper pedagogical practices (Koehler et al., 2013). Currently 

pedagogical practices related to collaboration and students’ active and self-regulated role is emphasised (Häkkinen 

& Hämäläinen, 2012). However, the results show that areas related to learning skills are separate from areas related 

to readiness to take advantage of ICT in education. Results also identify the special role of the technological 

knowledge and self-efficacy related to the use of ICT in education. Furthermore, the results indicate that these areas 

are assessed as low when compared to the other TPACK and TPB areas. This study suggests that the biggest 

differences among respondents are within these areas. Compared to areas related to, for example, pedagogical 
knowledge, the deviation among respondents is smaller, i.e., the respondents are a more unified group. 

These results provide perspectives for developing teacher education. Especially the unique role of 

technological knowledge and the differences among pre-service teachers need to be taken into account in teacher 

education. Aligning with the suggestion by Roblyer and Doering (2010), we assume that TPACK-framework should 



be considered as a reflective tool. Results from this paper provide perspectives on the nature of pre-service teachers’ 

readiness to use ICT in education. In the future, we assume that pre-service teachers themselves need to be 

supported to acknowledge these perspectives. To reflect on their own stronger and weaker areas related to the use of 

ICT in education. Furthermore, what needs to be considered is how these acknowledged strong and weak areas can 

be taken in to account in different courses during teacher education. Can the results of self-assessments, for 
example, be used during courses to help pre-service teachers focus more on certain topics, such as technology or 

ways to combine technology and pedagogical practices? This area needs more development and research. Still, we 

believe that it is important to provide pre-service teachers with the tools and support to help better acknowledge 

their stronger and weaker areas related to usage of ICT in education. To acknowledge the differences among their 

personal TPACK and TPB areas and the differences and similarities they have when compared to their peers and 

possible differences and similarities among their peers in other Finnish universities.     

  

Limitations of the study and possibilities for future research 

 

This study focused only on first-year pre-service teachers using statistical methods. This target group and 

methods provide an overview of the beginning level pre-service teachers. In the future, these results need to be 

further examined in two ways. First, qualitative methods need to be used in order to provide more insights into the 
topic. This would be achieved by letting the respondents answer more freely in their own words. Second, it will be 

important to outline how pre-service teachers’ readiness to take advantage of ICT in education develops during their 

teacher education. The role of ICT in teacher education is emphasised in the Finnish teacher education, providing us 

with positive expectations related to these results. There is a need for longitudinal studies covering longer periods of 

teacher education. The special role of TPACK areas related to technological knowledge are of special interest. Do 

the low assessments given by the respondents change during their teacher education? Another area of interest is the 

relation between ICT in education and the other areas of 21st century skills. 

In addition to measuring the possible development, an important research area will be the effects of 

separate teacher education courses. Especially the content that pre-service teachers focus on during courses. Finnish 

teacher education consists of courses providing pre-service teachers with well-designed pedagogical solutions 

supported by ICT. However, it may be that pre-service teachers do not necessarily notice the areas related to the use 
of ICT. They may instead focus on individual subject content in fields such as mathematics, arts, biology etc. As is, 

this area needs to be studied further before making conclusions. What are, for example the TPACK areas pre-service 

teachers focus on during courses? Is it possible to focus their attention on different areas during the courses? This 

could help them see the benefits of different ways of combining technology, pedagogy and subject content. In this 

paper, we used the TPACK and TPB frameworks together. These frameworks provide partly overlapping and 

aligning results. Furthermore, the results from the two frameworks complement each other. Especially the results of 

self-efficacy and TPACK areas related to technological knowledge were similar. We assume that combining 

different theoretical frameworks will be important in the future to gain a more comprehensive picture of pre-service 

teachers’ readiness to use ICT in education.  
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