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ABSTRACT 
Many countries and governments have laid down a national 

strategy for digitalization in schools with the intent to 

strengthen both pupils' and teachers’ digital competences. 

Computational Thinking (CT) can be regarded as a central 

ingredient of teaching and learning in the XXI century and 
should be part of these competences. The Swedish 

government has recently launched a national strategy for 

digitalization in schools stating that CT and programming 

should be integrated in many school subjects. Thus, one 

particular challenge that needs to be addressed is the one 

related to teachers' competencies and skills related to 

programming. Since 2016, The National Agency of 

Education has been working together with several 

Swedish universities on developing academic courses in 

the field of CT and programming for in-service teachers. 

One challenge we are exploring in this paper is the one 

related to teachers' perceptions and competencies related 

to programming. As part of our on-going efforts in the 

course “Introduction to Programming for Elementary 

Teachers” offered to in-service teachers we have analyzed 

data we collected representing teachers  ́perceptions on CT 

and programming before the start of the course. We applied 

sentiment mining and word counting on 127 texts generated 

by the teachers. We examine their perceptions and cluster 

them accordingly in order to understand how teachers 

perceived different aspects related to CT education. By 

doing so, we lay down the foundations on how to tailor 

competence development efforts in this field so that they fit 

teachers  ́ need. We expect these efforts will lead to the 

development of a model enabling to identify teachers  ́

current perceptions in order to plan future actions that can 

increase their Technological Pedagogical Content 

Knowledge. 

KEYWORDS 
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1. INTRODUCTION 
Many countries and governments have laid down a national 

strategy for digitalization in schools with the intent to 

strengthen both pupils' and teachers’ digital competences 

and skills. Computational Thinking (CT) can be regarded as 

a central ingredient of teaching and learning in the XXI 

century and should be part of these skills and competences 

(Voogt et al., 2015; García-Peñalvo et al., 2016).   

Even though the concept of CT has gained a lot of attention 

in the context of education and schools in the last decade, 

the core ideas and concepts behind it are not new (Yadav et 

al., 2017). Actually, Denning (2017) claims that the idea of 

CT exists since the 1960s and can be referred also as 

algorithmic thinking or Traditional CT. The current 

understanding of CT can be defined as higher order thinking 

processes and skills involved in formulating a problem and 

expressing its solution(s) in such a way that a computer – 

human or machine – can effectively carry out (Wing, 2006). 

According to Denning (2017), there are some differences 

between the traditional CT and the newer and more recent 

CT, as elaborated by Wing (2006). These two views on CT 

are not the same. One of the distinct differences is that in the 

traditional CT view programming ability may produce CT, 

while in the new CT perspective learning and exploring 

certain concepts in a variety of subjects may lead to 

programming ability. As quoted by Denning (2017), “The 

direction of causality is reversed”. 

As implied from the discussion above, these shifts in the 

interpretation of CT have major implications for the 

introduction of different aspects of computational thinking 

in the educational system at various levels and subjects. 

These among others include; design of proper curriculum, 

pedagogical strategies involved in its implementation, 

competence development actions for in service teachers, as 

well as practical issues related to the implementation of 

these actions (Bean et al., 2015). Novel pedagogical 

approaches for introducing CT into the classroom bring 

teachers to design complex and open learning activities that 

offer students challenging educational opportunities for 

fostering reasoning and creative problem solving (Chang, 

2016; Malizia et al., 2017; Wing, 2014). The implementation 

of such efforts aims to prepare students for their future civic 

lives while emphasizing on understanding how 

digitalization affects the individual and society's 

development (Grover & Pea, 2018). 

These trends in modern education awakes a myriad of 

challenges and questions related to the integration of 

computational thinking in school teaching concerning a 

wide variety of subjects and levels. Traditionally, STEM 

(Science, Technology, Engineering and Math) related 

subjects tend to be “naturally” and frequently selected by 

educators as topics to be associated and integrated with 

programming lessons (Grover & Pea, 2018). In recent years, 

governmental agencies and educational institutions are 

demanding to integrate different CT related aspects also in 

the humanities, social sciences and the arts. Subject domains 

that are taken into consideration include language, literature, 

history, music and arts to mention some of them.  In such 

cases, new challenges arise as the integration of CT and 
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programming into these subjects seems to be less intuitive if 

compared to STEM related topics (Yadav et al., 2017).  

The Swedish government has recently launched a national 

strategy (https://bit.ly/2QoHjbq) for digitalization in 

schools. The basic idea is that the Swedish society, oriented 

towards building a sustainable future supported by 

Information and Communication Technologies (ICT), 

should build on cultivating innovative competences for all 

citizens (Bocconi et al., 2018). The application of this 

strategy has brought changes to the national school 

curriculum for primary and secondary levels, starting July 

1st, 2018. One important action point as part of this strategy 

deals with the fact that computational thinking and 

programming should be now integrated in many school 

subjects (not just mathematics and technology) and not be 

only taught as a subject by its own (Malyn-Smith et al., 

2018). However, the Swedish strategy does not provide a 

prescribed plan on how to approach these changes.  

Thus, one particular challenge that needs to be addressed 

is the one related to teachers' competencies and skills 

related to computational thinking and programming. Since 

2016, The National Agency of Education (Skolverket) has 

been working together with a number of Swedish 

universities on the development of academic courses in the 

field of computational thinking and programming for in-

service teachers. Since the fall 2016, the authors of this 

paper have been systematically working in different 

activities (seminars, hands-on workshops, academic 

courses) to support knowledge building and competence 

development for teachers. In this paper, we present the 

results of our efforts related to the development, and 

implementation of a six months long academic course on CT 

and programming for elementary school teachers. Our view 

on programming is that it is not just about writing code. It 

is also about creative problem solving, logical thinking 

and structured working methods. We understand 

programming as a technique, a medium for self-expression 

and an entry point for developing new ways of thinking 

(Grover & Pea, 2018). One particular challenge we are 

exploring in this paper is the one related to teachers' 

perceptions, competencies and skills related to 

programming. Thus, the main research question that 

guided our efforts has been formulated as following: What 

are the initial teacher ś perceptions and understanding in 

relation to the introduction of programming and 

computational thinking in the classroom?   

The remaining of the paper is organized as follows. In the 

next section, we present the educational context and research 

settings that served as a ground for the exploration of our 

research question. We then proceed by presenting the 

elaboration of our results followed by a discussion section 

together with a brief description about the directions of our 

future work.  

2. EDUCATIONAL CONTEXT & 

RESEARCH SETTINGS 
In this section, we present detailed information about the 

course we have developed, its content and teaching and 

learning approach. We briefly explain which data we 

collected (to be further elaborated in section 3) from the 

participants followed by some background information 

about the participants of the course.  

2.1. Content of the course, structure & forms of delivery 
This course is called “Introduction to Programming for 

Elementary Teachers” and is offered to in-service teachers 

across the entire country. The department of Computer 

Science and Media Technology at Linnaeus university 

(LNU), Sweden has been responsible for this course. In 

terms of content, the course gives students the fundamentals 

of programming combined with techniques and approaches 

on how to integrate those in the classroom.  

Upon completion students, should be able to know how 

programming can be used as a powerful tool for different 

forms of expression in elementary schools. Moreover, they 

should be able to master different programming techniques 

to break down, analyze and interpret subject maters in novel 

ways. Visual programming was used as the programming 

metaphor combined also with physical computing devices 

and sensors.  

The course has been offer during the period November 

2017- June 2018 and has been given in a blended form 

including mostly on-line meetings, video-recordings 

combined with 3 compulsory meetings on site. Previous to 

the start of the course, students were asked to complete an 

on-line survey where they were asked a number of questions 

about their professional experience, areas of expertise, 

previous knowledge and perceptions about programming 

and expectations about the course.  In terms of content and 

efforts required from the students, 100 hours of the course 

have been used to teach, exercise and test the fundamentals 

of programming while 100 hours were used to validate these 

ideas in the classroom. The students were required to 

complete five different assignments related to fundamental 

of programming and CT concepts. Additional, teachers were 

asked to conduct a pilot project related to programming in 

their classrooms. This activity included design, test, 

validation and assessment of learning activities related to the 

introduction of programming in the classroom. A written 

scientific report (10 pages long) and a 3-5 minutes short 

video film about their pilot projects were part of the expected 

outcomes.  

2.2. Participants  

In terms of participants attending the course, we had 127 

teachers representing 51 local municipalities from all 290 

existing in Sweden. Based on the demographic and 

professional data we collected we could gain some 

information about the years of teaching experience they have 

and the areas in which they teach. The teachers had an 

overall average of 14.33 years of experiences as 

practitioners. Many of them (N=79) were teachers in 

subjects such as mathematics and/or technology. 

Approximately 25% of them (N=31) were teachers in 

combined areas such social sciences, mathematics and 

technology. Nine of those teachers specialized in ICT while 

other four were language teachers. The remaining four 

teachers were active in other domains. Participants teachers 

did represent different grades including the following 

distribution: 31% of teach in 1st to 3rd grade. About 27% 

teach in 4th to 6th grade and another 34% of them teach in 7th 

https://bit.ly/2QoHjbq
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to 9th grade. The remaining 11% of the teachers teach at 

other levels (secondary school/special education).  

3. METHODOLOGICAL APPROACH 

AND RESULTS  
In this section, we discuss how we analyzed the different set 

of data we have collected and the approaches and techniques 

used to interpret them. In the rest of the section we elaborate 

on those aspects and present our results. 

3.1. Methodological Approach 

In section 1 of this paper we stated one question that guides 

the core of this research and focuses on examining the initial 

teachers’ perceptions related to the topics of programming 

and CT before the start of the course. One of our lines of 

reasoning for exploring this particular aspect is the fact that 

it may be a gap between what the National Agency of 

Education and the new revised curriculum expects and what 

Swedish teachers understand about those changes. Research 

has been scarce showing how teachers  ́ perceptions and 

understanding of core concepts of CT and programming 

should be taken into consideration when implementing these 

new changes in the classroom. This particular perspective 

has not be addressed neither discussed in recent research 

exploring different issues in connection to teachers 

‘education (Grover & Pea, 2018; Voogt et el., 2015 & Yadav 

et al., 2017). Moreover, these authors have identified the 

need for more research exploring the integration of CT in 

education and in particular how CT can be developed in 

students and in disciplines beyond Computer Science. 

Specifically, we intend to examine and understand teachers  ́

perceptions in order to adapt and develop competence 

development efforts and strategies so that they are carefully 

implemented. In order to explore teachers  ́ perceptions 

regarding aspects of CT and programming we apply 

sentiment mining (Leong et al., 2012) for analyzing the 

pieces of text (200 words) generated by the teachers based 

on the data we collected before starting the course (as 

described in section 2). We wrote a piece of software and 

used TextBlob, a Python library for processing textual data, 

in order to perform the sentiment mining (Vijayarani & 

Janani, 2016). Additionally, we also processed teachers’ 

texts while using a tag-cloud generator (Roe, 2018) that 

allowed us also to identify the frequency of words used in 

these texts. We used this tool in order to identify prominent 

and less prominent terms, ideas and concepts as perceived 

by the teachers. In the next subsection, we continue and 

present results. 

3.2. Sentiment Analysis of Teachers  ́Perceptions on CT 

As mentioned previously, we applied sentiment mining on 

127 pieces of texts generated by the teachers describing their 

thoughts and attitudes towards CT and programming in the 

classroom. We examine teachers’ ideas and perceptions and 

cluster them according to the years of experience they have 

as in service teachers. We then checked for the polarity of 

all texts as it can be on the range of -1 (for negative 

sentiment) and +1 (for positive sentiment). Thus, we aim on 

checking whether the series of examined sentences reflect 

positive, negative or neutral standpoints. The overall 

computed polarity resulted on a kind of neutral with a slight 

tendency for positivity. We divided the entire class into 7 

groups classified by years of teaching experience. We found 

the highest mark of polarity among the group of the teachers 

having 16 to 20 years of experience (N=18; p=0.304). 

Additionally, we checked the correlation between the years 

of experience and the polarity. We spotted such correlation 

only in the group corresponded to teachers having between 

12 to 16 years of experience. In this one, we found moderate, 

positive and meaningful correlation (r=0.399, n=28, 

p=0.028).  The analysis of these results point out to a kind 

of neutral attitude and perceptions towards topics related to 

programing and CT. We did complement these efforts by 

examining also the most frequent words (terms and 

concepts) used by the teachers in their texts. Table 1 depicts 

the most 3 frequent words that have been identified in their 

texts and present them in relation to the years of experience 

for each group of teachers.  

Table 1. Frequencies of words within the different groups 

Years of 

experience  

1st 2nd 3rd 

0 - 4 programming (6) foundations (3) class (3) 

4 - 8 programming (43) advice (15) knowledge (11) 

8 - 12 programming (26) school (7) knowledge (6) 

12 - 16 programming (24) learn (10) students (9) 

16 - 20 programming (17) students (13) class (8) 

20 - 24 programming (37) school (15) learn (11) 

above  24 programming (12) students (5) subjects (4) 

The most frequent word for all groups has been 

“programming” and it has been mentioned 165 times. The 

words “students”, “school” as well as “class” were 

mentioned 60 times. In addition, those words connected to 

teaching and learning (“learn”, “knowledge” and “advice”) 

were cited 53 times. We notice in this analysis that teachers 

addressed the tool (programming) and various 

organizational aspects related to education and learning but 

refers less to issues and processes connecting to subject 

matter and its relation to programming. Furthermore, 

teachers did not address directly to CT or related terms in 

their texts.   

4. DISCUSSIONS AND CONCLUDING 

REMARKS 
Integrating computational thinking education concepts and 

ideas into in-service elementary teacher practices is a very 

challenging task. In the light of paradigms shifts and changes 

in the national curriculum teachers are required to gain new 

knowledge and skills related to how content, pedagogical 

strategies and ICT tools need to be combined to introduce 

CT into their educational practices in meaningful ways. The 

ultimate objective of those actions is to allow learners to 

apply these ideas to solve domain-specific and 

interdisciplinary challenges and problems.  In the previous 

section, we presented and analyzed the ideas and perceptions 

coming from more than 100 Swedish elementary teachers at 

the beginning of the course. We have analyzed these data as 

we consider their perceptions crucial for creating and 

developing a framework for teachers  ́ competence 

development in this field. The framework proposed by 
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Darling-Hammond and Bransford (2005) could be modified 

and adapted in order  to prepare teachers to gain new 

knowledge and skills related to  different aspects of CT as 

well as methods and tools that teachers should acquire for 

integrating these ideas into subject matter and curriculum 

goals. By doing so, we have collected some data that can 

give some answers to the RQ presented in section I. Our 

initial analysis points out to the fact that teachers may have 

different perceptions regarding issues related to 

programming and computational thinking in the classroom 

depending on their years of experience and pedagogical 

knowledge. One salient point is the fact that most of the 

teachers have problems to see how CTE and its relation to 

teaching and learning about a specific subject matter can be 

pedagogically and instrumentally integrated in the 

classroom. We also acknowledge that policies and 

curriculum changes (including their practical 

implementation) in the field of CTE, like those underway in 

Sweden (and even in other countries), are very complex 

processes. First, there are many different stakeholders 

(ministries, schools, universities, politicians and even the 

industrial sector) involved. Secondly, these changes 

generate new challenges as preserving a balance between 

legislation and the implementation of these changes in 

becomes a real challenge as teachers and students need new 

knowledge and skills to cope with those on a daily basis. 

Consequently, teachers seem to be caught between, top-

down political decisions and the realities of everyday 

classroom practices. It is important also to recognize that the 

current lack of an agreed-upon, exclusive definition of the 

elements of computational thinking education makes it a 

challenge to develop clear pathways for in-service teachers 

to be computationally thinking educated. The analysis and 

elaboration of the results we have presented in section III, 

combined with the knowledge and experience we gained 

during this course have helped us to identify a kind of 

categorization describing teachers’ perceptions and actions 

addressing the incorporation of CT concepts and 

programming tools into the curricula and across domains 

and levels (Kjällander et al, 2018).  

In our coming efforts we will further elaborate on the ideas 

presented in this paper in order to develop a model that could 

help researchers, policy makers and educators to identify 

teachers  ́ current perceptions and previous knowledge in 

order to plan and implement future actions and competence 

development activities and how their Technological 

Pedagogical Content Knowledge (TPACK) (Mishra & 

Koehler, 2006) should progress accordingly. In this way, the 

TPACK framework could be used as a model for integrating 

CT education where core ideas are closely weave within the 

subject matter and pedagogical approaches that will assist 

in-service teachers that need to introduce them into their 

classrooms and everyday practices.  
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