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ABSTRACT 
Many education systems have recognized the importance of computational thinking and coding skills 
and are implementing curricular changes to introduce coding into formal school education. A necessary 
and critical success factor involves the preparation of and support for teachers to teach coding. Thus, 
understanding the perceptions of teachers towards coding is most important, together with knowing the 
kinds of support they received, and their readiness and challenges to teach. The purpose of the current 
study is to compare teachers’ attitudes towards the importance of Information and Communications 
Technologies (ICT) skills and coding skills in Finland, Mainland China, Singapore, Taiwan, and South 
Korea. The findings indicate that teachers in Finland, Singapore, Taiwan, and South Korea believe that 
coding is useful even if students will not work in ICT jobs while Mainland Chinese teachers are 
undecided. Mainland China, Singapore, Taiwan, and South Korea have more positive views towards how 
to prepare for future-ready learners.  

KEYWORDS 
coding skills; computational thinking; 21st century skills; primary school; comparative research; 
attitudes  
 

1. INTRODUCTION  
 
Education systems around world, such as Australia, New Zealand, United States, United Kingdom, South 
Korea, Finland, Mainland China and Singapore, have recognized the importance of coding. They are 
taking rapid measures to introduce it through all levels of the school curriculum. Finland, Mainland China 
and Singapore have to date revised national standards and curriculum to focus learning goals on higher-
order thinking, inquiry, and innovation, as well as the integration of technology to the curriculum. In 
these systems, the need for educating students in 21st century skills is commonly acknowledged, which 
have also been top performers in PISA rankings (such as Shanghai of China and Singapore). 
The purpose of the current study is to compare teachers’ attitudes towards the importance of 21st Century 
skills, especially in computational thinking (CT) and coding skills in Finland, Mainland China, 
Singapore, Taiwan, and South Korea in K-12 schools. These five countries were selected for the study 
as digital literacy, ICT and coding skills form a pivotal role in guiding the countries’ education policies 
and curriculum.  
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There may be differences between these countries in terms of their respective populations, languages, 
history, cultural roots, and educational systems. However, when discussing new ways to teach and learn, 
these education systems face similar opportunities and challenges. For them, ICT and new learning 
environments are perceived as tools for teaching and learning. They also emphasize that new digital tools 
and materials should be pedagogically relevant and that teachers need support and training to learn how 
to use them. As these five countries are fairly early adopters of introducing CT in formal education, it 
would be helpful for us to understand the current situation these teachers are facing; their perceptions 
and attitudes; their levels of competence, and how these factors may guide future policies in a systematic 
integration of CT in the curricula.   
Specifically, we aim to compare teacher’s attitudes towards the importance of teaching coding skills in 
basic education, the importance of 21st Century Skills in students’ future jobs, and preparing students 
for the digital century. The findings and results of comparative education studies are valuable resources 
also for the administration of education systems, and to provide the basis and understanding for continued 
research across national and cultural boundaries.  By analyzing these results, we could identify the 
possible conditions, inclinations, issues and mindsets that are needed for teachers to teach coding more 
effectively (Pang, Reinking, Hutchison, & Ramey (2015). Such data would also be beneficial for more 
focused probes through interviews and observations in future.  

 
1.1 The importance of  coding in basic education 
In this study, we establish from the literature that learning coding skills can lead to inculcation of 
problem solving, logical thinking, computational thinking, and design skills.  

Technology’s increasing pervasiveness in the 21st century calls for corresponding changes in ways 
students learn and are taught. As technology advances, there is a need to adapt learning according to the 
evolving nature of computer science (Grout & Houlden, 2014; Jones, 2013).  Concomitant to such 
advancements is the understanding that learners should be acquainted with not only the knowledge to 
operate technology, but a deeper mastery of how technology can be designed to harness the opportunities 
presented by innovation in technology (Ho & Ang, 2015). Coding is now considered a fundamental skill 
to have, especially in supporting STEM education. Furthermore, coding requires the knowledge of 
problem-solving skills, in logically breaking down problems into smaller, manageable pieces, identifying 
errors and creating new solutions when necessary.  
The mastery of these skills, known as CT, helps students solve problems in a way that can be done by a 
computer (Wing, 2006).  A key consideration in teaching coding is to build up and enrich students’ CT 
skills (Sentence & Csizmadia, 2016; Yang, Wong & Dawes, 2018).  Indeed, researchers have argued that 
the problem-solving skills, logical thinking, creativity that is cultivated as a result of coding and CT, is 
that which is most valuable, as these are transferable skills that can be applied to real life contexts (García-
Peñalvo, Reimann, Tuul, Rees, & Jormanainen, 2016).  
In the implementation of any new education policy or teaching approach, it is important to be cognizant 
of teachers’ perceptions, as their participation is integral for any successful change associated with their 
instructional practices (Kordaki, 2013). It has been suggested that teachers’ own educational views can 
be an accurate indicator of their teaching practices, how they execute their lessons and ultimately, what 
students are to learn (Kordaki, 2013).  Consistent with that view is how teachers conceptualize and use 
technology in their classroom practices (Hutchison & Reinking, 2010). Ertmer and Ottenbreit-Leftwich 
(2010) noted that teachers’ knowledge, beliefs and culture have an effect on the ways they approach ICT 
in their lessons. Teachers’ perceptions are commonly seen as a major influence in the extent to which 
they integrate ICTs in teaching, and if they adequately address the affordances of the ICT tool (Pang, 
Reinking, Hutchison, & Ramey, 2015). If teachers are not willing or are not equipped with the appropriate 
skills, then it would be challenging to sustain any ICT innovation (Kong & Wong, 2017).  For instance, 
teachers would probably find it challenging to integrate CT in their in instruction, in view of their lack 
of understanding of the concepts (Bower & Falkner, 2015). Similarly, it would be necessary to understand 

https://www.sciencedirect.com/science/article/pii/S0747563215004288#b0065
https://www.sciencedirect.com/science/article/pii/S0747563215004288#b0080
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the teachers’ own expectations, as their involvement in any implementation would likely shaped by the 
basis of their own beliefs (Kordaki, 2013).  Therefore, the teachers’ perspectives would serve to shed 
light on the current situation faced by teachers and how education administrators can make better 
decisions to improve the teaching of coding.  
 

2 ICT AND CODING POLICIES OF SCHOOLS IN THE 5 REGIONS 
 
In this section, we provide a background of policies regarding ICT use and teaching of coding in the five 
regions. 

Finland 
The teaching of ICT started in Finland in 1980s, first in high schools. Official reports and curriculum 
projects stated clearly that students should learn the basics of this new literacy. However, software 
support was weak and there was not much in-service teacher training in computing. In secondary schools, 
the actual subject of ICT was brought into the curriculum between 1987 and 1988, as an optional subject. 
A few years later, ICT was no longer taught as an individual subject, and ICT skills were integrated into 
other subjects (Vahtivuori-Hänninen & Kynäslahti 2012).  
Since fall 2016, coding is a mandatory, cross-curricular activity that starts from first year of school and 
spans both primary and lower secondary education. Finland has outlined that coding is one of the learning 
skills – just like reading, writing, counting and drawing. The Finnish Ministry of Education has outlined 
that ICT skills, and coding in particular, is a fundamental part of the Finnish National Core Curriculum 
(FNCC) from 2016 (FNBE, 2016). It is still not an independent subject, but it is integrated into other 
subjects. The FNCC defines several transversal skills that should be taught and learned in every subject. 
ICT competence is among these transversal competencies. The FNCC states that pupils should work with 
digital media and age-appropriate programming tasks. Key content areas related to the objectives of 
mathematics in grades 1 and 2 state that, “the pupils began familiarizing themselves with the basics of 
programming by formulating and testing step-by-step instructions” thus supporting the development of 
logical thinking and problem solving.  

Mainland China 
Computer technology has been utilized in the national education system since the 1980’s (Mok & Leung 
2012). According to Niemi and Jia (2016), the growing popularity of the Internet and communication 
technology from the 1990’s onwards brought a wider concept of ICT, which was then introduced into 
mainstream education (Niemi & Jia 2016, p. 9). In 2010, a national plan for educational reform and 
development was issued by the central government. It declared that ICT will have a revolutionary impact 
on education (Ministry of Education of China, 2010). Since that time, there has been a steady increase of 
government expenditure on education, and vast investment from central and provincial governments has 
gone to the application of ICT in education (Niemi & Jia, 2016, p. 9; Han & Ye, 2017). 
In 2016, the National People’s Congress approved the 13th five-year plan for national economic and 
social development which stressed to enhance the educational level of all people and to promote 
modernization of education. The concrete approaches detailed in this plan include the development of 
online education and distance learning, the integration of all kinds of digital resources and their service 
for society as a whole, and the deep integration of ICT with teaching and learning (National People’s 
Congress of China, 2016). According to Jia and Niemi (2016, p. 315), “The purpose of ICT integration 
into ordinary teaching and learning is to cultivate students’ basic knowledge, skills, and literacy in the 
information era, to foster their creativity, and to prepare them for the future workplace.” 
A new round of high school curriculum reform program has been announced in 2016 and enacted from 
2017, which takes CT as one of the four core elements of the discipline of information technology. The 
move indicates that CT has been be given more importance at the national curriculum level which will 
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influence the enactment of new curriculum standards, composition of new teaching materials and 
guidance of new college entrance examination.  

Singapore 
Singapore is a small city-state with key national focus on developing human capital, its ICT in Education 
policies are formulated with the goals of preparing its student citizenry for the knowledge-based 
economy, and to enhance the learning experiences of students in schools. Since 1997, the government 
has launched four Masterplans for ICT in Education to equip students with ICT-enhanced approaches to 
learning. 
In 2014, Singapore launched the Smart Nation Programme which is a nationwide effort to harness 
technology in the business, government and home sectors for improving urban living, building stronger 
communities, growing the economy and creating opportunities for all residents to address the ever-
changing global challenges (Smart Nation, 2014). One of the key enablers for the Smart Nation initiative 
is to develop computational capabilities. Programmes are implemented to introduce and develop CT 
skills and coding capabilities from pre-school children to adults. To develop CT capabilities and support 
the Smart Nation initiative, several programmes have been implemented to introduce and develop CT 
skills and coding capabilities in every Singaporean, from pre-school children to adults (Seow, Looi, 
Wadhwa, Wu & Liu, 2017).  
Singapore’ approach is to provide opportunities for students to develop their interests in coding and 
computing skills through touchpoint activities at various ages. Computing and CT skills are introduced 
to the children that are age-appropriate and engage them in learning. Children progressively develop 
interest and skills leading them to offer Computing as a subject for grade levels 9 and 10.  

Taiwan 
Taiwan’s Digital Archives Program was implemented from 2002 (Hong, Hwang, Hsu, Wong, & Chen, 
2011), and then in the second year, the Science and Technology Program for e-Learning was launched 
(Hung & Zhang, 2012). The two programs were official integrated from 2008 to form the "Taiwan e-
Learning and Digital Archives Program" (Chen, & Chen, 2010). Its aims were to creatively promote 
digital technology in education (Tsai, Chen, & Chen, 2010), to digitize various kinds of archives kept, to 
facilitate technology to the development of Taiwan’s culture, education, society, and smart lives. From 
2013, mobile learning has been carried out to K-12 schools widely (Hwang, Lai, Liang, Chu, & Tsai, 
2018). In 2014, Taiwan also announced the general outlines for new curriculum guidance in technology 
domain (Eickelmann, 2018). The term of CT is officially used in the course guidelines of the K-12 
compulsory education for the discipline of information technology in the following decades in Taiwan 
(Hsu, Chang, & Hung, 2018).  
The new curriculum standards and outline of the disciplines in the technology domain have been 
officially completed review process in 2018, which takes CT as one of the six core elements in the 
discipline of information technology. The curriculum will be carried out for all secondary schools in 
Taiwan from August, 2019.  

South Korea 
The ICT education in Korea started in 1974 with the introduction of the subject of technology in computer 
education for general high schools, as part of the 3rd national curriculum (KERIS, 2015). Since then, the 
scope of ICT education spread effectively all in elementary, middle and high schools until the 6th national 
curriculum in 1992. Pursuing to nurture self-directed and creative human resources in the globalization 
and information age of the 21st century, the mandatory computer education in Korea has started with the 
7th national curriculum announcement in 1997 (So, Choi, Lim, & Xiong, 2012). Subsequently, the 
national-level guidelines for ICT utilization in education from the 1st grade to the 10th grade were 
recommended for implementations. In 2007, the national guidelines were revised with focus on 
fundamental principles, problem solving, programming and cyber ethics. With the launch of the national 
school autonomy plan in 2009, however, the policies for mandatory ICT education has faded implicitly.  
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Recognizing the importance of CT skills in a software-oriented society, the Korean government 
determined to put stress on enhancing software education. The 2015 national curriculum revision 
changed the focus of ICT education to helping students become creative problem solvers with CT skills. 
A big change in the new curriculum is that informatics subject became a compulsory subject in middle 
schools, requiring students to take 34 hours or more of computing classes. For elementary schools, 
although it is not an independent subject, 5th and 6th graders are required to take 17 hours or more of 
software classes. This aims to engage students in understanding the impact of software on their lives, 
expressing their own ideas fluently in digital world, and applying basic level of CT skills. In addition, in 
high schools the Computing course became a general optional course from an advanced optional course, 
providing students with more opportunities for problem solving with computing (KOFAC, 2015).  
 
 

3 METHOD 
The survey is designed to address three major guiding questions:  
1) What are the perceptions of teachers on ICT use in schools?  
2) What are the readiness levels of teachers for teaching coding skills?   
3) What are the perceptions of teachers towards teaching coding skills?  
The design of the survey instrument has been based on existing instruments TPACK-W and TIA. The 
TPACK-W was developed by Lee and Tsai (2010) for assessing teachers’ level of technological and 
pedagogical content knowledge about the educational use of the Web. In the TPACK-W there are 
following factors: web general, web-communicative, web-pedagogical knowledge, web-content 
knowledge, web-pedagogical content knowledge, and attitude towards web-based instruction. The 
Technology and Internet Assessment (TIA) is designed for studying strengths and weaknesses related to 
computer literacy skills (Ealy, 2000). The core themes of TIA are the following: Use of Technology 
(UOT), Specific Computer Skills (SCS), Acquisition of Technical Knowledge (ATK), Basic Internet 
Knowledge (BIK), Internet Information Skills (IIS), Adapting to Technological Change (ATC), and the 
Impact of Technology (IOT). Thus, TRACK-W focuses on teachers’ attitudes and perspectives on how 
to use technology in teaching, and TIA is more concerned with teachers’ skills on computing literacy. 
We made adaptions on themes derived from these two instruments to address the three guiding questions, 
Our survey instrument comprises 74 questions in total, which can be summarized into four dimensions.  
The first dimension of 5 questions is on teacher profiles, including country/region, gender, age, 
experience and school level. The second dimension includes 14 questions on ICT use at school, to explore 
teachers’ perceptions on the ICT policy, school’s ICT direction and implementation, effectiveness of 
using ICT for teaching, perceived benefits of ICT for students and perceived ICT competencies. The 
third dimension includes 14 questions on teachers’ readiness to teach coding skills, such as their 
perceived coding competencies, teaching skills and pedagogical considerations, as a measure of their 
pedagogical content knowledge and computing literacy skills informed by both TPACK-W and TIA. The 
last dimension, which is more informed by TRACK-W, includes 41 questions on teachers’ perceptions 
and attitudes towards teaching coding skills, such as whom should be taught coding skills, where should 
be best venue or space to teach, which types of coding skills should be taught, how teacher professional 
development should be implemented to train teachers, and how teaching coding skills will affect 
students’ future development.  The survey questions on perceptions and readiness use a 5-Likert scale 
(1-Strongly disagree, 2-Disagree, 3-Undecided, 4-Agree, 5-Strongly agree). 
The assessment of the reliability of the survey items was accomplished in terms of the item loadings. 
Almost all the items exceeded the threshold of 0.7, which is considered acceptable since they were greater 
than 0.5 (Shepherd, Tesch & Hsu, 2006). Discriminant validity was checked using the Fornell and 
Larcker (1981) test. All the survey items satisfactorily passed this test and achieved discriminant validity. 
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The survey was administered using the convenience sampling and snowball sampling methods. In the 
five regions, the respective researchers (co-authors of this paper) contacted teachers that they knew in 
their networks of teaching or research and encouraged referrals to accomplish the snowball sampling. In 
total, there were 1197 respondents: 406 from Mainland China, 143 from Singapore, 153 from Finland, 
341 from Taiwan, and 154 from South Korea. The teachers from Mainland China are all from the 
Shanghai region. 
In Finland, Singapore, South Korea and Taiwan, the survey was implemented as a Google Docs survey 
and in Mainland China via SoJump online tool. There were four language versions of this survey: 
English, Finnish, Simplified Chinese and Traditional Chinese. The translations were done by native 
Finnish and Chinese speakers.  
 

4 RESULTS 

To gain insights into the multiple-regional data, we have employed multiple ways of analysis to showcase 
the differences among the respondents from the five regions, including Chi-Square test, ANOVA test 
and Kruskall-Wallis test.  
According to Chi-Square test, the gender distribution in the data is statistically different, X2(4) = 118.56, 
p < .001. The majority of the respondents (798 out of 1197) were female teachers (66.67%). In Mainland 
China, 84.2% of all respondents were female teachers. In Finland 78.9% of all respondents were female. 
In Singapore, 65.4% of all respondents were female. In Taiwan, 49.0% of all respondents were female. 
In South Korea, 55.8% of all respondents were female. 
According to Chi-Square test, there is a significant difference in the age distribution of the respondents, 
X2(36) = 368.24; p < .001. Respondents in Mainland China are younger compared to Singapore and 
Finland. From an one-way ANOVA test, the teaching experience in school years in Finland, Singapore, 
Mainland China, Taiwan, and South Korea is statistically different, F(6, 1186) = 4.26, p < .001. 
Respondents from Mainland China (M = 6.16, SD = 1.67), Finland (M = 6.26, SD = 1.63), and Taiwan 
(M = 6.12, SD = 1.71) have more years of teaching experience than those in Singapore (M = 5.75, SD = 
1.47). Respondents in South Korea (M = 5.25, SD = 2.00) have lower teaching experience than those in 
Singapore (M = 5.75, SD = 1.47). 
According to one-way ANOVA test of the school levels in Finland, Mainland China, Singapore, Taiwan, 
and South Korea, there is a significant difference, F(4, 1126) = 71.26, p < .001. From Finland, Singapore, 
and South Korea, there were no respondents from early childhood teaching, whereas from Mainland 
China 10.2%, and from Taiwan 0.01% of all respondents were in early childhood schools. In Finland, 
36.6% of all respondents were in upper primary schools. 0% of respondents were in upper primary 
schools in Mainland China. Almost all respondents from Singapore were from secondary schools 
(99.3%).  

 
Figure 1. School levels that the teachers work in 
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4.1. Coding skills for all or for some? 
The survey question posed is: Coding skills should be taught only to students who are aiming to work on 
the field of information technology (1 strongly disagree, 5 strongly agree). The result indicates that there 
were significant differences, F(4, 1189) = 25.33, p < .001, between Mainland China, Singapore, Finland, 
Taiwan, and South Korea. The majority of teachers within Finland (32.7%), Singapore (36.6%), Taiwan 
(32.8%), and South Korea (33.6%) indicate that coding skills are needed also for those who are not 
aiming to be professional programmers while the majority of teachers in Mainland China are undecided 
(33.3%).  

 
Figure 2. Responses to the survey question: Coding skills should be taught only to students who are 
aiming to work in the field of information technology  
According to one-way ANOVA, there were no significant differences between the teachers in different 
age groups, F(9, 1177) = 0.69, p = .718. The distribution of the age groups of the respondents is shown 
in Figure 3. 

 
Figure 3. Distribution of the age groups of respondents 
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There was also significant difference in the number of respondents in terms of gender, F(1, 1173) = 
114.82, p = .001, as there were 798 female teachers and 377 male teachers. Further, there were also 
differences between the teachers who had different amounts of school experience as a teacher, F(6, 1186) 
= 4.25, p = .001 (see Figure 4). 

 
Figure 4. Years of experience of the respondents 
 

4.2. Best method to learning coding skills 
On the question of what is the best method to learn coding skills as shown in Table 1, teachers in all 
education systems agree that coding is learned best by writing the code, with visual programming 
environments, building robots and outside school clubs. As presented in Figure 5, the majority of teachers 
in Mainland China strongly agree (52.1%) that coding is best learned at school with the teacher’s 
guidance, but the majority of teachers in Finland (35.3%) and Singapore (25.0%) disagree. The majority 
of teachers in Taiwan are undecided (33.8%), and the majority of teachers in South Korea strongly 
disagree (40.0%). The difference is statistically significant, F(4, 1171) = 39.08, p < .001.  

 
Figure 5. Results from respondents about whether coding is best learned in school with teachers’ 
guidance 
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Table 1. Comparison of best way to learn coding skills 

  M SD N F(4) Sig. 

At school, with 
the teacher's 
guidance  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

4.23 
3.34 
3.6 

3.93 
3.74 

.71 

.84 

.97 

.77 
1.04 

393 
153 
138 
341 
151 

39.08 .000 

From books and 
dedicated 
websites  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

4.00 
3.12 
3.39 
3.94 
3.67 

.78 

.85 

.83 

.68 

.90 

393 
152 
138 
341 
151 

47.22 .000 

By actually 
writing / 
rehearsing the 
code  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.99 
3.86 
4.13 
4.18 
4.23 

.82 

.91 

.88 

.69 

.83 

391 
153 
138 
341 
151 

6.72 .000 

Through visual 
and graphical 
coding languages 
like Scratch  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.98 
3.88 
3.81 
4.08 
4.15 

 

.82 

.75 

.78 

.74 

.88 

394 
152 
138 
341 
151 

5.24 .000 

Through building 
and programming 
robots  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.85 
3.95 
3.76 
3.69 
4.01 

.85 

.80 

.76 

.75 

.92 

396 
152 
138 
341 
151 

5.55 .000 

In informal 
activities such as 
coding clubs, and 
other outside of 
school events 

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.98 
4.11 
3.86 
3.85 
3.77 

.79 

.70 

.75 

.76 

.94 

394 
153 
138 
341 
151 

4.99 .001 

 
As presented in Figure 6, the majority of teachers in Mainland China strongly agree (55.2%), and the 
majority of teachers in Taiwan agree (37.0%) that coding is also best learned from books and dedicated 
websites, but the majority of teachers in Finland (39.7%), Singapore (20.5%) and South Korea (23.1%) 
disagree. The difference is statistically highly significant, F(4, 1171) = 47.22, p < .001. 
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Figure 6. Results from respondents about whether coding is best learned from books and dedicated 
websites 
 
When the gender is used as a factor in the one-way ANOVA, there is a statistical difference only in the 
item “by actually writing/rehearsing the code “, F(1) = 24.35, p < 0.001. Male teachers agree that coding 
should be learned by writing the code (M = 4.25, SD = .77) more compared to female teachers (M = 4.00, 
SD = .83). 
According to one-way ANOVA, there is a statistically significant difference in the item “at school, with 
the teacher's guidance”, in different age groups, F(9) = 4.09, p < .001. In general, teachers under 45 agree 
more that the coding should be learned at school, with the teacher's guidance than the teachers who are 
over 46. 
In addition, there is a statistically significant difference in the item “from books and dedicated websites”, 
in different age groups, F(9) = 4.57, p < .001. In general, teachers under 45 agree more that the coding 
should be from books and dedicated websites than the teachers who are over 46. When the teacher’s 
school experience is used as a factor in the one-way ANOVA, there are no statistically significant 
differences between the groups. 
 

4.3. ICT used by students in schools 
The question posed is: How often do your students use the following technologies in your classroom? A 
four-point scale was used, rated from 1 (not at all), 2 (once a month), 3 (once a week) to 4 (daily). The 
hypothesis we have is: The amounts of use of technologies in the classroom does not differ in Mainland 
China, Finland, Singapore, Taiwan, and South Korea. 
The result indicates that computers are used by students in schools the most in South Korea (M = 3.32, 
SD = 1.24), followed by Mainland China (M = 3.23, SD = 1.11), compared to less use of computers by 
students in schools in Finland (M = 2.74, SD = .92), Taiwan (M = 2.50, SD = 1.13) and Singapore (M = 
2.28, SD = 1.01). The difference is statistically highly significant, F(4) = 37.34, p < .001.  
Internet is used by students in schools the most in South Korea (M = 3.49, SD = .85), followed by 
Mainland China (M = 3.21, SD = 1.05), Finland (M = 3.14, SD = .85), Singapore (M = 2.69, SD = .95). 
Students in Taiwan use the Internet the least (M = 2.52, SD = 1.12). The difference is statistically highly 
significant, F(4) = 36.12, p < .001. 
Digital cameras and videos are also used most often in Mainland China (M = 2.66, SD = 1.09), followed 
by South Korea (M = 2.15, SD = 1.07), Singapore (M = 1.83, SD = .90), Finland (M = 1.81, SD = .83), 
and Taiwan (M = 1.70, SD = .93). The difference is statistically highly significant, F(4) = 50.21, p < 
.001. Educational applications and games are used the most in Mainland China (M = 2.71, SD = 1.12), 
followed by Finland (M = 2.54, SD = .89), South Korea (M = 2.12, SD = .95), Singapore (M = 1.96, SD 
= .89), and Taiwan (M = 1.92, SD = .89). The difference is statistically highly significant, F(4) = 37.39, 
p < .001. Notebooks and tablets, as well as mobile phones have similar usage amounts by students in 
classes across Mainland China, Finland, Singapore, Taiwan, and South Korea. 
 
Table 2. Comparison of ICT used by students in schools 

  M SD N F(4) Sig. 

Desktop/ 
laptop 
computers  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.23 
2.74 
2.28 
2.50 
3.32 

1.11 
.92 

1.01 
1.13 
1.24 

382 
152 
138 
341 
151 

37.34 .000 
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Notebooks/ 
tablets  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

2.19 
2.35 
1.95 
1.71 
2.26 

1.26 
1.04 
1.01 
.93 

1.18 

390 
152 
133 
341 
151 

13.90 .000 

Internet  Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

3.21 
3.14 
2.69 
2.52 
3.49 

1.05 
.85 
.95 

1.12 
.85 

385 
152 
138 
341 
151 

36.12 .000 

Educational 
applications
/games  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

2.71 
2.54 
1.96 
1.92 
2.12 

1.12 
.89 
.89 
.89 
.95 

393 
152 
134 
341 
151 

37.39 .000 

Digital 
cameras/ 
videos  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

2.66 
1.81 
1.83 
1.70 
2.15 

1.09 
.83 
.90 
.93 

1.07 

386 
149 
136 
341 
151 

50.21 .000 

Digital 
projectors/ 
interactive 
whiteboards
  

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

2.98 
2.74 
1.93 
2.20 
2.23 

1.16 
1.31 
1.20 
1.14 
1.27 

389 
153 
134 
341 
151 

32.62 .000 

Mobile 
phones 

Mainland China 
Finland 
Singapore 
Taiwan 
S. Korea 

2.35 
2.69 
2.43 
1.98 
2.43 

1.30 
1.08 
.97 

1.11 
1.18 

392 
151 
136 
341 
151 

12.00 .000 

 
When the teacher’s age is used as a factor in the one-way ANOVA, there is a statistically significant 
difference only in the use of digital cameras and digital videos in the classroom, F(9) = 2.13, p = 0.025. 
The teachers in the age groups 20 to 25 (M = 2.58) and 41 to 45 (M = 2.28) use digital cameras and 
videos the most, whereas the teachers from 61 to 65 use the least (M = 1.89). There are no such 
differences in the use of other technologies. 
 
4.4. Teachers’ levels of programming skills 
The subscale had 2 questions (Cronbach alpha = 0.868): How would you evaluate your own competence 
on the following skills? 

• Programming languages (e.g. Python)  
• Visual coding software (e.g. Scratch)  

The results suggested that there is significant difference in the programming skills of the teachers for 
Mainland China (M = 3.45, SD = 1.90), Singapore (M = 3.93, SD = 2.56), Finland (M = 3.65, SD= 1.87), 
Taiwan (M = 5.25, SD = 2.61), and South Korea (M = 4.75, SD = 2.31), F(4, 1177) = 34.40, p < .001. 
According to Kruskall-Wallis test, there is statistically significant difference between the male (M = 5.31, 
SD = 2.55) and female (M = 3.71, SD = 2.12) teachers in the programming skills, H(1) = 124.91, p < 
.001, N = 1163. Analysis using one-way ANOVA shows that there is a significant difference in the 
programming skills between the teachers in different age groups, F(9, 1162) = 2.81, p = .003. In general, 
in the scale from 2 to 10 (a sum of two 5-point Likert items), the programming competence of the teachers 
is low (M = 4.22, N = 1171, SD = 2.38). 
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4.5. Attitudes towards the importance of the future skills in students’ future jobs 
The subscale had 8 questions (Cronbach alpha = 0.942): The following skills have a great importance in 
your students' future jobs: logical thinking, problem solving, creativity, programming, social and 
collaboration skills, entrepreneurialism, language and communicational skills, analytical thinking. 
The results show that there is statistically highly significant difference in the attitudes towards the 
importance of future skills of the teachers for Mainland China (M = 37.18, SD = 4.03), Singapore (M = 
35.89, SD = 3.65), Finland (M = 35.04, SD = 3.96), Taiwan (M = 32.82, SD = 8.01), and South Korea 
(M = 35.68, SD = 3.30), F(4, 1161) = 30.45, p < .001. The Chinese teachers’ attitudes towards the 
importance of future skills are more positive compared to the teachers in Finland, Singapore, Taiwan, 
and South Korea. 
According to Kruskall-Wallis test, there is statistically significant difference between the attitudes 
towards the importance of futures skills between male (M = 35.30, SD = 3.98) and female (M = 35.28, 
SD = 6.34) teachers in the skills, H(1) = 9.75, p = .002, N = 1148. The female teachers’ attitudes towards 
the importance of futures skills are more positive than the male teachers’ attitudes. 
In addition, according to one-way ANOVA, there is a statistically significant difference in the attitudes 
towards the importance of futures skills in different age groups, F(9, 1147) = 4.17, p < .001. In general, 
teachers under 45 have a more positive attitude the importance of futures skills than the teachers who are 
over 45. 
 

4.6. Attitudes towards teaching future skills in basic education 
The subscale had 8 questions (Cronbach alpha = 0.884): The following skills should be taught to 
everyone in primary schools: logical thinking, problem solving, creativity, programming, social and 
collaboration skills, entrepreneurialism, language and communicational skills, analytical thinking. 
We found that there was statistically highly significant difference in the attitudes towards the teaching 
the futures skills already on basic education of the teachers for Mainland China (M = 36.19, SD = 5.37), 
Singapore (M = 33.98, SD = 4.01), Finland (M = 34.61, SD = 4.25), Taiwan (M = 32.03, SD = 8.09), 
South Korea (M =34.27, SD = 6.12), F(4, 1169) = 22.89, p < .001. The Chinese teachers’ attitudes 
towards the importance of teaching the future skills already in basic education are more positive 
compared to the teachers in Singapore, Finland, Taiwan, and South Korea. 
According to Kruskall-Wallis test, there is significant difference between the attitudes towards the 
teaching the future skills between the male (M = 34.13, SD = 4.75, N=371) and female (M = 35.35, SD 
= 6.70, N=785) teachers, H(1) = 11.14, p < .001, N = 1156. In addition, according to one-way ANOVA, 
there is a statistical difference in the attitudes towards the teaching the future skills in different age 
groups, F(9, 1154) = 4.205, p < .001. In general, teachers under 45 have a more positive attitude towards 
the teaching of the future skills than the teachers who are over 46. 
 

4.7. Attitudes towards the technological change 
The subscale had 4 questions (Cronbach alpha = 0.669): 
• I believe that almost all businesses will be computerized in the future 
• I have a good understanding of the effects of technology on the environment, society, and individuals. 
• I think most well-paying technology jobs will require workers who are highly-skilled. 
• I think that most jobs in the future that require the use of a computer will require strong thinking 
skills. 
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The results show that there was a statistically highly significant difference in the attitudes towards the 
technological change of the teachers for Mainland China (M = 17.45, SD = 2.58), Singapore (M = 16.46, 
SD = 1.95), Finland (M = 14.62, SD = 2.30), Taiwan (M = 16.83, SD = 2.46), South Korea (M = 16.66, 
SD = 2.11), F(4, 1186) = 39.66, p < .001. The Mainland Chinese teachers’ attitudes towards the 
technological change are more positive compared to the teachers in Singapore, Finland, Taiwan, and 
South Korea. 
According to Kruskall-Wallis test, there are no statistical differences between the genders in the attitudes 
towards the technological change, H(1) = 0.04, p = .842, N = 1169. 
In addition, according to one-way ANOVA, there is a statistically significant difference in the attitudes 
towards the technological change in different age groups, F(9, 1171) = 3.87, p < .001. In general, teachers 
under 45 have a more positive attitude towards the technological change than the teachers who are over 
46. 
 

5 DISCUSSION 
 
From the study, we have identified four major differences that could to be highlighted as shown in the 
data analyzed.  
  
5.1. Differences between education systems 
There was a significant difference in the programming skills of the teachers when we examined both the 
scripting languages and visual programming languages together. However, the level of programming 
skills with Python or similar scripting languages was quite low in Finland (M = 1.58, SD = 0.923) and 
Mainland China (M = 1.66, SD = 0.940). In South Korea, the programming skills with Python or similar 
languages level was slightly higher (M = 1.88, SD = 1.34), and in Singapore (M = 2.06, SD = 1.382). 
The highest level was in Taiwan (M = 2.34, SD = 1.33). In contrast, the skills for using visual 
programming environments were higher in Finland (M = 2.08, SD = 1.097) compared to Mainland China 
(M = 1.79, SD = 1.050) and Singapore (M = 1.87, SD = 1.260), however, the levels were higher in South 
Korea (M = 2.87, SD = 1.50) and highest in Taiwan (M = 2.91, SD = 1.46). In the open-ended question, 
several teachers from Finland and Mainland China said that coding is a totally unknown area to them. 
In general, the teachers’ perceptions of their ICT skills in Mainland China, Singapore, Taiwan, and South 
Korea are higher compared to the teachers in Finland. The Mainland Chinese teachers’ attitudes towards 
the importance of teaching the future skills in basic education and the importance of role the future skills 
in their students’ future jobs are higher (M = 37.18, SD = 4.03) compared to the teachers in Singapore 
(M = 35.89, SD = 3.65), Finland (M = 35.04, SD = 3.96), Taiwan (M = 32.82, SD = 8.01), and South 
Korea (M = 35.68, SD = 3.30). In addition, the Mainland Chinese teachers’ attitudes towards the 
technological change are higher (M = 17.45, SD = 2.58) compared to the teachers in Singapore (M = 
16.46, SD = 1.95), Finland (M = 14.62, SD = 2.30), Taiwan (M = 16.83, SD = 2.46), South Korea (M = 
16.66, SD = 2.11). 
Based on our study, in Mainland China, Singapore, Taiwan, and South Korea, the teachers’ perceptions 
towards the usefulness of ICT in the classroom and school ICT support are more positive compared to 
the Finnish teachers’ perceptions. There are differences in the ICT and programming skills of male and 
female teachers. In general, male teachers evaluate their ICT and programming skills higher than female 
teachers. In addition, there is statistically significant difference in the attitudes towards the importance 
of the future skills in students’ future jobs between male and female teachers. The female teachers’ 
attitudes are more positive. 
 

5.2. Differences between genders 
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Based on our data, there is no gender difference on teachers’ perceptions on to whom should be taught 
coding skills. However, when we asked what the best method to learn coding skills is, there was a 
difference between male and female teachers. Male teachers agree that coding should be learned by 
writing the code (M = 4.25, SD = .77) compared to female teachers (M = 4.00, SD = .83). 

5.3. Differences between age groups 
There were no significant differences between the age groups on the item “Coding skills should be taught 
only to students that are aiming to work on the field of information technology”. However, when asked 
about what is the best method to learn coding skills, teachers under 45 think that the coding should be 
learned at school, with the teacher's guidance compared to the teachers who are over 45. In general, 
teachers under 45 think that the coding should be learned from books and dedicated websites compared 
to the teachers who are over 46 who are less likely to think so. 
 

5.4. Differences between perceptions of computing for all or for some 
The majority of teachers within Finland (32.7%), Singapore (36.6%), Taiwan (32.8%), and South Korea 
(33.6%) think that coding skills are needed also for those who are not aiming to be professional 
programmers, while the majority of teachers in Mainland China are undecided (33.3%). 
 

6 IMPLICATIONS AND LIMITATIONS  
 
In Mainland China, Singapore, Taiwan, and South Korea, the teachers’ readiness to use ICT are high, 
compared to Finland. Teachers in Finland, Singapore, Taiwan, and South Korea believe that coding is 
useful even if it is not for ICT jobs; teachers in Mainland China are undecided. The Mainland Chinese 
teachers’ have more positive views towards the importance of future skills, compared to the teachers in 
Finland, Singapore, Taiwan, and South Korea. Their attitudes towards the importance of teaching the 
future skills already in basic education are more positive compared to the teachers in Singapore, Finland, 
Taiwan, and South Korea. Additionally, their attitudes towards the technological change are more 
positive compared to the teachers in the other regions. 
One of the most striking findings that concern all the education systems is the fact that the majority of 
the teachers are not yet competent in any coding language. While this result is to be expected, that teacher 
educators cannot expect teachers to effectively teach 21st-century information and media literacy skills 
that they themselves lack (Fry and Seely 2011, p. 217). This particular finding clearly suggests adding 
basic coding skills as a part of the teacher training and in-service, professional development, but also not 
forgetting the other aspects of teaching the 21st century skills as well. According to Lambert and Gong 
(2010), there “exists a critical need for suitable curriculum materials to train pre-service and in-service 
teachers in 21st century concepts related to pedagogy, content, and technology” (Lambert and Gong 
2010, 67).  
Teachers in all these regions agree that coding is learned best by writing the code, with visual 
programming environments, building robots, and through participation in outside school clubs. The 
majority of teachers in Mainland China strongly agree (52.1%) that coding is best learned at school with 
the teacher’s guidance, but the majority of teachers in Finland (35.3%) and Singapore (25.0%) disagree. 
The majority of teachers in Taiwan are undecided (33.8%), and the majority of teachers in South Korea 
strongly disagree (40.0%). The Mainland Chinese teachers consider all presented methods to have 
potential for learning coding. The results from this study suggests that Finnish teachers favour the active 
learning methods (writing the code in a programming environment, by building robots, and learning in 
informal learning environments). 
 
The limitations of this study include: the small sample size from each education system, the biasness of 
the convenience sampling and snowball sampling methods, and teachers are not from equivalent school 
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levels (early childhood, primary and secondary from each system). For future research, it is planned to 
address these limitations, collect new data as well include other Asian and European countries and 
regions such as Hong Kong, the Netherlands, and USA, in order to execute more comparisons and cross 
analysis between participating regions.  
 
 

7 CONCLUSION 
 
The lack of coding and computer education at K–12 level is increasingly recognized as a serious issue in 
many Western countries (Dagiene et al. 2014; Guerra et al. 2012). Dagiene et al. (2014) states that, 
“although informatics has been taught as a subject in many European countries as early as in the 1970’s, 
many of these efforts were dropped for various reasons” (Tuomi, Multisilta, Saarikoski, & Suominen 
2017, 13). As a result, students graduate from secondary school with a lot of experience using computers 
and software, but they do not have CT and coding skills, and do not understand the basic principles of 
how computers and networks operate (Dagiene et al. 2014). This is why it is important to obtain 
information relating to best practices of having coding as a subject in schools. The best practices could 
contribute to the modernisation of education and training systems. The results obtained in this study 
benefit the school principals, teachers, and educational policy-makers. In all, teaching CT and coding 
skills is the challenge that many education systems and schools are facing. New research that results in 
providing functional guidelines for teachers, as well as students, to teach and learn coding skills, 
contributes to the creation of high-quality schools of the future (Tuomi, Multisilta, Saarikoski, & 
Suominen 2017, 13).   
More specifically, teaching coding skills does not happen without the teacher. Understanding the 
perceptions of teachers towards coding is most important, together with knowing the kinds of support 
they received, and their readiness and challenges to teach, as this study has addressed. Many education 
systems are including 21st century skills, CT, and coding skills, as a part of the curricula, but they are 
lacking, at the whole system level, official and adequate education and training of the teachers on how 
to implement coding-based activity into their school work. Our cross-regional educational comparisons 
provide insights on the varied levels of teacher readiness and perceptions towards coding education. 
Within the limitations of scope being acknowledged (Adamson and Morris 2014, 328), this study 
contributes to and sheds light on how to educate, guide, and support teachers at a policy and 
implementation level to meet the requirements of the coding curriculum in different education systems 
across the globe.   
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