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Abstract. Computational thinking abilities development is a recent popular research topic. Teach-
ers need support and examples of suiTable STEAM activities that focuses on CT implementation.
For this purpose, possible class activities were presented for CT abilities development purpose.
Teachers from different disciplines identified possible interconnections between presented activi-
ties and CT abilities. The case study results showed that primary assumptions were quite different
from teachers believes as assumptions weakly correlate with five teachers opinions. The implica-
tion of these results is that it provides a better understanding of CT integration in education and is
particularly useful for researchers interested in CT and its applications in different subjects.
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1. Introduction

In order to guarantee modern learner employability and comply with the new digital soci-
ety requirements, such as, basic, psychological, self-fulfillment, societal needs', students
should develop skills in accordance with digital age issues. Skills like, critical think-
ing, problem-solving, collaboration, communication and creativity (WEF, 2016). Thus
changes in learning approaches are needed. Such as, computational thinking (CT) — an
approach for solving problems that draws on concepts fundamental to computing (Wing,
2008) that has to offer numerous benefits within different education level, for teaching
and learning process across different subjects (Zaki ef al., 2019). However, there is no
commonly accepted definition of CT (Fessakis, Prantsoudi, 2019). Furthermore, com-
putational thinking fosters digital age skills, helps learners to understand the technology

" https://www.oxfordeconomics.com/recent-releases/digital-society-index-2019-human-
needs-in-a-digital-world
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they use every day (Lye and Koh, 2014). However, it is important not only to have the
ability to appropriately use what others have developed before, but also to be capable of
creating new tools, debugging and solving errors, sharing ideas with the others — abili-
ties STEAM professionals aspire (Guenara ef al., 2017). Researchers argue, that despite
the obvious relevance of CT to informatics, CT needs to be taught in disciplines outside
of this discipline (Psycharis, 2018). Computational thinking skills could be acquired
by integrating STEAM disciplines and real life into education programs because an
interdisciplinary approach supports meaningful learning (Conde et al. 2019, Bati et al.,
2018). STEAM can be considered as an educational approach that consist of STEM
(Science, Technology, Engineering and Mathematics) disciplines with Art and enhances
students‘ inquiry skills, problem solving skills and creative thinking (Psycharis, 2018)
that encourages hands-on experience and gives students the chance to gain and apply
relevant, “real world” knowledge in the classroom.

The previous research on CT abilities development presented the most relevant class
activities in the informatics and crafts lessons (Juskeviciené, 2019). However, it fails to
answer if CT could be developed in other subjects in order to seek integration.

Also, as there is no accepted definition of CT, researchers often focus on the core
components of CT. The framework of CT component groups was proposed based on
literature review (Juskeviciene, Dagiené, 2018), however there is still an ample debate
among scholars and educators about what it really means (Moreno-Ledn ef al., 2018)
and it does not address the challenge to purify the core CT approach components.

The purpose of this research is the contribution to the integration of CT in education.
The focus of this paper — to identify teachers’ perceptions and believes of CT abilities
implementation in the classroom. Toward this direction the case study at computing in-
fused science workshop was conducted. The main discussed aspects fall into categories
of teachers’ perspectives on computational thinking abilities interconnections with class
activities, and beliefs on the most important CT abilities.

The paper is structured as follows: Section 2 introduces the concept of computational
thinking, main components of CT and learning activities. Section 3 covers the results
of case study on teachers’ perspectives and believes about suiTable class activities for
particular CT abilities development. The paper ends up with conclusions.

2. Computational Thinking in Classroom

2.1. Computational Thinking

Computational thinking has a lot of definitions and some of them define it as ability to
solve problems with algorithmic thinking or diverse human skills to do with problem
solving, such as creativity, critical thinking and team work (Curzom, McOwan, 2017, p.
3; Krauss, Prottsman, 2017, p.47, CSTA&ISTE, 2011; Grover & Pea, 2013). However,
neither unified definition nor set of CT components is still not accepted as researchers
propose different definitions for CT based on their research context (Pdlldnen, Pollanen,
2019; Weigend et al., 2018).
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Computational thinking is often related to algorithmic thinking, programming,
problem solving and STEAM. There are many tools and techniques for CT teaching
application: in computerized or unplugged problem-solving process. Two main strate-
gies are used for CT implementation (Moreno-Ledn et al., 2018): unplugged activi-
ties (Weigend ef al., 2018) (activities that involve logic games, cards, puzzles, strings
or physical movements to get in touch with computer science concepts such as algo-
rithms, data transmission or data representation) and computerized activities (such as,
programming (Guenara et al., 2017): in arrow-based visual environments, in block-
based visual environments, using textual languages, connected with the physical world
(Conte et al., 2019)).

In the book by Williams (Williams, 2017) stated that CT can be incorporated into
any subject. The case studies with Bee-Bots, Code.org, Scratch and ARIS and how CT
concepts can be applied to these tools are presented in detail. Furthermore, CT is being
infused into curricula in a variety of STEAM subjects (Lytle et al., 2019).

The literature review was done by (Psycharis, 2018) in order to outline research
studies in the different forms of STEAM integration and how CT can be used in this in-
tegration and what can support this approach. Such researches highlight the importance
for teachers support as they meet variety of challenges, such as subject knowledge,
differentiation (skills in), lack of time and support, approaches to teaching topics (peda-
gogy), students’ understanding, and ability to problem solving (Sentance, Csizmadia,
2017). Support for teachers could be by providing appropriate content, methods, tools
and curriculum for teaching and CT assessment in order to reach the positive learning
outcomes. Usually educators assess elements, such as learners’ abilities that are listed
in the curriculum, as well as learners’ interest or satisfaction (Mislevy, 2012). The suiT-
able CT abilities for this research are listed in Table 1. The list was developed based on
the literature review on CT main components made by (Ju kevi¢iené, Dagiené, 2018).
CT abilities were slightly changed, some were made of few combination (such as, abili-
ties 4, 10) and some were divided (such as, into 11 and 14, into 18 and 19) in order to
apply to study. These abilities are sorted into eight dimensions:

e Data analysis & representation that involves processes of data collection, analy-
sis and representation;

e Computing Artefacts that involves process of designing and developing com-
putational artefacts as well as applying computing techniques to creatively solve
problems; Decomposition that involves process of breaking down the task into
smaller manageable parts;

e Abstraction that involves process of the solution for a more general problem by
ignoring certain details;

e Algorithms that involves process of algorithm design.

e Communication and collaboration that involves process of communication and
work with others to achieve a common goal or solution;

e Computing & Society that involves the process related to the influence of com-
puting and its implications on individuals and society;

e Evaluation that involves the process of ensuring that a solution, whether an algo-
rithm, system, or process, fit for the purpose.



36

A. Juskeviciené

Most of these dimensions’ abilities are common in other approaches, such as prob-
lem solving, programming, or constructionism.

Table 1
The list of CT abilities
CT abilities Abilities
dimensions
Data analysis & 1. To gather appropriate information and making sense of data
representation 2. To depict and organize data in appropriate graphs, charts, words, or images
3. To identify the patterns and commonality between artefacts, processes or systems
4. To expand an existing solution for a given problem to cover more cases and to find
similarities between items as a way of gaining extra information
Artefact 5. Create an artefact with a practical, personal, or societal intent
6. Select appropriate techniques to develop a computational artefact
7. Use appropriate algorithmic and information-management principles
Decomposition 8. To break down a problem (data, processes) into parts that are easier to manage or
into constituent parts to make them easier to work with
Abstraction 9. Explain data, information, or knowledge represented for computational use
10. Explain abstractions used in computation or modelling, identify abstractions and
describe modelling in a computational context and filtering information when
developing solutions
Algorithms 11. Identify the processes and sequence of events

Communication &
collaboration

Computing & Society

Evaluation

12. Plug pieces into an algorithm to help with a result

13. Control a process by automatic means in order to reduce human intervention to a
minimum

14. Control a process by automatic means

15. Explain the meaning of a result in context

16. Describe computation with accurate and precise language, notations, or
visualizations

17. Summarize the purpose of a computational artefact

18. Help to another student in solving a computational problem, producing an artefact

19. 19 Ask for help from another student in solving a computational problem, producing
an artefact

20. Share the workload by providing individual contributions to overall collaborative
effort

21. Foster a constructive collaborative climate by resolving conflicts and facilitating
the contributions

22. Exchange knowledge and feedback

23.Review and revise their work as needed to create a high-quality artefact

24.1dentify impacts of computing, describe connections between people and
computing
25. Explain connections between computing concepts

26. Evaluate a proposed solution to a problem
27. Locate and correct errors

28. Explain how an artefact functions

29. Justify appropriateness and correctness
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2.2. Class Activities

Based on previous researches (Juskeviciene, 2020; Juskeviciene, 2019) the appropriate
class activities for CT development were chosen:

1. Theoretical introduction and class demonstration.
2. Lessons and tasks.

. Modelling the Idea.

. Poster.

. Spreadsheet.

. Presentation.

. Artefact.

The theoretical introduction includes description of devices used, electric circuits,
define main programming concepts definitions, introduce related CS concepts and inter-
connections between the scope and problems, examples of implementation, the impacts
on society of computing. Class demonstrations includes projects examples of prototyp-
ing with Arduino in order to explain connections between computing concepts.

Each such lesson has eight parts: Title, Schema parts, Code, Explanation, Summary,
Implementation in real world, It'’s informatics, Tasks. The purpose of tasks of each les-
son is to determine what needs to be known. The aim of tasks is to explain connections
between computing concepts. Such as, change the name of variable. Thus learner will
be introduced with variable definition how to declaring variable rules: types, values.
For evaluation implementation, tasks are also suiTable. Working with code in IDE Ar-
duino coding environment debugging is possible as it gives the list of errors and identify
the line of error made. Additionally, in order to gain ability to explain how an artefact
functions, learner should understand the code used: what each line do, what should be
changed in code order to perform the task.

Modelling the Idea — class activity is suiTable for investigation plan formulation.
The task is to present the idea in one page by using images, schemas and any other
suiTable visuals explaining what an artefact will be constructed, what materials will be
used, what it will do. In order to model the idea, learners should be able to depict and
organize data in appropriate visuals (e.g. image), also to identify the patterns and com-
monality between artefacts.

In order to present the investigation plan activity Poster could be used. Poster should
help to identify the problem and strategies as well as refine the investigation plan. In the
posters, groups should present the sequence of proposed product functioning process.
Likewise, data flow diagram or algorithm, explaining data inputs and outputs, the pro-
cess that changes the output.

On purpose to carry out the investigation plan learners should be able to decompose
the problem into easier to manage parts and collect preliminary data. Thus, activity —
listing parts of artefact in Spreadsheet Table was proposed.

Project presentation is a group activity that involves presentation development in
slides and making 15 minutes’ oral presentation of whole group work with implemented
project (tangible object) demonstration. The content of presentation is based on crafts sub-
ject school matura exam task. It should describe the purpose and usefulness of the product/

~N N R W
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object, properties and selection criteria of materials used for product development, prod-
uct technological solutions and safety of work. The main aims of presentation is to analyze
and interpret the findings, draw conclusions, suggest solutions and recommendations.

Final projects (Artefact development) is based on class topics and any other re-
lated prototypes seen in class demonstrations or found online. The aim of such activ-
ity is to encourage group evaluation and reflection on process and product. Artefact
development involves spreadsheet of artefact parts development, prototyping, testing
and implementation.

All those activities were successfully implemented during teaching experiment at
spring semester (February-May). The experiment took place at basic school, with eighth
grades pupils both boys and girls. It took eleven lessons on informatics and crafts sub-
jects. During the lessons learners were working with Arduino and were engaged in these
activities for CT abilities development as well as informatics and crafts subjects’ cur-
riculum goals and objectives achievement. An in-depth discussion of the experiment,
with learners, results is beyond the scope of this paper.

3. Research Study

Theory triangulation was used in quantitative (validation) and qualitative (inquiry) case
study. In this case study thirteen teachers from different disciplines (national language,
informatics, dance, crafts, physic, mathematics) and levels (pre-primary, primary, higher
and vocational schools) were participating. They all are interested in and had experience
on STEAM disciplines integration, and convinced that it could help improve learning
thus they registered to one-day workshop on CT development by the hands-on experi-
ence (i.e. prototyping with Arduino) and participated in this case study as experts (con-
venient or purposeful sampling). It is believed that professionals from different disci-
plines bring different perspectives. And if each interprets the same information in the
same way — then validity is established.

In order to identify teachers’ perceptions and believes on CT abilities implementation
in the classroom the case study at computing infused science workshop was conducted.
The main discussed aspects fall into two categories: teachers’ perspectives on compu-
tational thinking abilities interconnections with class activities, and beliefs on the most
important CT abilities. The data was collected by using questionnaires after some activi-
ties implementation. The results were obtained after using quantitative and qualitative
data analysis: correlation, mean and Kendall’s W calculation.

3.1. Teachers Evaluation on Interconnections between
CT Abilities and Class Activities

The teachers were divided into six groups. They were given identical tasks that simu-
late the activities of the experiment made at basic school on spring semester of 2019
(February-May). First of all, the presentation was made. The content of presentation in-
cluded computational thinking definition and abilities presentation, the list of classroom
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activities for CT development. Next, the worksheets on one lesson example with tasks
were distributed to teachers. In Fig. 1, teachers are performing (Fig. 1b) one of the tasks
that was to construct the prototype of security alarm system based on printed schema
(Fig. 1a). Additionally, each teacher got some basic information on Arduino prototyp-
ing kit objects, electrical circuits. After prototyping a security alarm system, the task
was to model their own idea. Each group prepared the visualization of their idea how
PIR (a passive infrared) motion detection sensor or any other sensors could be used in
their projects. Some teachers propose projects with parts they worked with, and others
included some extra modules, like RFID card and reader, sound detector (Fig. 2). Also,

Judesio nustatymas

Arduino Uno

Raudonas LED —
100 ohm varzos (ruda, juoda, ruda) L
Piezo Buzzer skambutis
PIR jutiklis
Malictavimo plokite
Sujungimo laidai

o

fritzina
() (b)
Fig. 1. Prototyping task: (a) schema and parts, (b) teachers performing the tasks.

Fig. 2. Group projects ideas visualization.
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Fig. 3. Group projects worksheets.

they listed the necessary parts for their pretended projects and specified the purpose and
usefulness of the artefact, properties and selection criteria of materials used for product
development, product technological solutions and safety of work in worksheets (Fig. 3).
At the final, each group presented their ideas and discussed the similarities and limita-
tions of proposed ideas. The aim of all those tasks were to consolidate knowledge of
presented possible class activities.

3.1.1. Teachers’ Perspectives on Computational Thinking
Abilities Interconnections with Class Activities

After all those activities presented above, teachers were asked to evaluate whether
there are interconnections with each presented CT abilities or not using questionnaire.
All twenty-nine CT abilities were listed, and not grouped. Also no prior interconnec-
tions were suggested.

Summary of all teachers’ opinions is presented in Table 2. The given numbers in
Table 2 are percentages of teachers agreeing on interconnections. Agreements that are
more than a half are presented in bold. Colored boxes shows interconnections that match
with this paper authors opinion. The authors’ predicted links that were made in the infor-
matics and crafts subjects context, are presented in (Juskeviciené, 2019).

Abilities from communication and collaboration dimension were prescribed as hav-
ing the most links to the activities (four links at most), abilities from data analysis and
representation, algorithms, computing and society, and evaluation dimensions each have
two interconnections. Agreements between more than a half of teachers showed that
there are no interconnections in abstraction dimension.
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Table 2

The mean in percent of teachers’ opinion on CT abilities and class activities interconnections

Class activities

é =1 S =]
O ¢ E & =3 £ & & <
Data analysis & 46.2 53.8 46.2 38.5 30.8 69.2 46.2
representation 23.1 38.5 7.7 46.2 53.8 61.5 7.7
7.7 15.4 38.5 23.1 0 15.4 38.5
7.7 30.8 46.2 23.1 7.7 15.4 46.2
Computing Artefacts 7.7 23.1 61.5 15.4 7.7 15.4 46.2
0 23.1 61.5 15.4 0 38.5 30.8
15.4 46.2 76.9 30.8 15.4 15.4 23.1
Decomposition 0 61.5 38.5 15.4 23.1 30.8 38.5
Abstraction 30.8 46.2 30.8 15.4 46.2 30.8 38.5
30.8 38.5 46.2 15.4 15.4 46.2 38.5
Algorithms 23.1 46.2 86.4 23.1 23.1 23.1 61.5
15.4 38.5 69.2 15.4 0 15.4 61.5
23.1 30.8 61.5 23.1 38.5 7.7 46.2
23.1 61.5 69.2 7.7 23.1 23.1 46.2
Communication & 23.1 46.2 61.5 23.1 23.1 46.2 46.2
collaboration 38.5 46.2 38.5 23.1 23.1 38.5 30.8
30.8 46.2 38.5 0 30.8 46.2 23.1
53.8 76.9 69.2 38.5 38.5 38.5 46.2
38.5 53.8 53.8 30.8 23.1 38.5 53.8
15.4 30.8 30.8 53.8 30.8 46.2 61.5
53.8 53.8 61.5 38.5 38.5 38.5 53.8
15.4 30.8 46.2 23.1 15.4 23.1 46.2
23.1 30.8 38.5 15.4 15.4 30.8 84.6
Computing & Society 30.8 23.1 23.1 0 7.7 15.4 46.2
38.5 53.8 53.8 23.1 30.8 30.8 46.2
Evaluation 23.1 46.2 53.8 15.4 7.7 15.4 38.5
15.4 46.2 69.2 15.4 30.8 23.1 38.5
30.8 46.2 30.8 7.7 0 23.1 69.2
30.8 23.1 53.8 23.1 7.7 30.8 69.2

There were also eight interconnections that no one teacher at all has indicated. Work-
shop participants think that spreadsheet activity is not suiTable for abilities 3, 6, 12 and
28 developments. Introduction has no connection to 6 and 8 abilities. 17 and 24 abilities
could not be developed in the poster activity.

It is interesting to note, that more than 21 percent of interconnections (colored in green
in Table 2 cells) indicated by teachers (the mean of total answers) overlapped with authors
predicted links (number of total possible links: 203, number of predicted links: 66).
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Additionally, the statistical technique — correlation was used in order to show how
strongly variables are related to each other. All correlations are presented in Table 3.

First, the correlation between this paper authors opinion and each teacher’s opin-
ion was calculated. The results show that at 1% level of significance the magnitude of
the association is very weak or negligible with two teachers (correlation coefficients:
0.181 (informatics teacher), 0.185 (national language teacher)), and weak with also two
teachers (correlation coefficients: 0.223 (informatics and mathematics teacher), 0.276
(informatics teacher)) and at 5% level of significance the magnitude of the association is
very weak with one teacher (correlation coefficient: 0.139 (dance teacher)). Those five
correlations are highlighted in blue in Table 3. It is not surprise, that three of them were
informatics teachers with some prior knowledge on CT and algorithmic thinking. Such
result leads to the assumption that absence of correlation with others teachers is due to

Table 3

Correlation of teachers’ opinions

G

Professio
m n m 1) Piysics | Maths+T | Dance | Primary M| Crams+T | Authors
12237 ,159] 125 038 -049] 123 A 002 REGH ~0z0 185
A83 ora 72 008|
64
365

001 022| Lirg) 585 150 681 ,00g|

31 191 | 2137 191 | 64 103 220 072 077
002

g%

661 006| 002 006| 365 M2 307 Zn
13 020 g2 KE | o oz 053 077 063|025  -oa3
106 780 009 063 AT 20 ASD 2n 373 T4 234

72| T4 -4 88 89 79 109 86| 043 276 |

215

* Correlation is significant at the 0.05 level (2-tailed).
“Correlation is significant at the 0.01 level (2-tailed).
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the lack of explanation on CT and abilities, or low understanding of CT relevance to
other subjects than informatics.

Next, the correlation was explored between each participant. Results showed that the
degree of association between teachers’ opinions at 1% level of significance is strong
positive (highlighted in green and by bold in Table 3) between profession and informat-
ics subjects’ teachers (r = 0.471) and moderate positive relationship between informatics
and informatics & mathematics teachers (r = 0.341). Close enough meaning to moderate
degree of association at 1% level of significance is between five pairs (highlighted in
green in Table 3): informatics and primary (r = 0.289); informatics & mathematics and
dance (r = 0.275); dance and informatics (r = 0.272); informatics & mathematics and
informatics (r = 0.268); profession and primary (r = 0.259). Weak positive relationship
was identified in seven pairs (highlighted in orange in Table 3): language and informat-
ics (r = 0.223); primary and primary (r = 0.220); profession and informatics (r = 0.217);
primary and informatics (r = 0.213); profession and informatics & mathematics, as well
as, between informatics and informatics subjects’ teachers (r = 0.211); informatics and
informatics (r = 0.207). In yellow

Moreover, in order to quantify how much these teachers, agree with each other the
Kendall’s Concordance Coefficient W was calculated. Kendall’s W is 0.169. Thus teach-
ers have a poor agreement with each other. Friedman chi-squared = 511,861, df = 202,
p-value = 0.0001. Friedman chi-squared is higher than chi-squared distribution critical
value 251.677 with 202 degrees of freedom, a = 0.01. Thus the null hypothesis can be
rejected, the is agreement between teachers.

3.1.2. Beliefs on the Most Important CT Abilities

Ten participants of the workshop identified the abilities they are using at their classes
(USED) and eight participants — the most relevant CT abilities (RELEVANT) (Ta-
ble 4).

Table 4

Used in classes and the most relevant CT abilities

CT abilities Abilities ‘g’
dimensions -03 g % ’—g\
DE KE
Data analysis &  To gather appropriate information and making sense of data 10 6
representation To depict and organize data in appropriate graphs, charts, words, or images 8 4
To identify the patterns and commonality between artefacts, processes or 7 2
systems
To expand an existing solution for a given problem to cover more cases and 8 2

to find similarities between items as a way of gaining extra information
Mean 825 35
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CT abilities Abilities ‘%‘
dimensions -q:) fé % g
DE KE

Computing Create an artefact with a practical, personal, or societal intent 2 1
Artefacts Select appropriate techniques to develop a computational artefact 1 1

Use appropriate algorithmic and information-management principles 6 6
Mean 3 2.66
Decomposition To break down a problem (data, processes) into parts that are easier to 4 4

manage or into constituent parts to make them easier to work with
Mean 4 4
Abstraction Explain data, information, or knowledge represented for computational use 3 5

Explain abstractions used in computation or modelling, identify abstractions 1 2

and describe modelling in a computational context and filtering information

when developing solutions
Mean 2 3.5
Algorithms Identify the processes and sequence of events 7 5

Plug pieces into an algorithm to help with a result 5 5

Control a process by automatic means in order to reduce human 2 4

intervention to a minimum

Control a process by automatic means 5 5
Mean 4.75 4.75
Communication  Explain the meaning of a result in context 8 5
& collaboration  Describe computation with accurate and precise language, notations, or 4 5

visualizations

Summarize the purpose of a computational artefact 5 4

Help to another student in solving a computational problem, producing an 8 2

artefact

Ask for help from another student in solving a computational problem, 8 2

producing an artefact

Share the workload by providing individual contributions to overall 4 0

collaborative effort

Foster a constructive collaborative climate by resolving conflicts and 4 0

facilitating the contributions

Exchange knowledge and feedback 3 0

Review and revise their work as needed to create a high-quality artefact 5 3
Mean 5.44 3.5
Computing & Identify impacts of computing, describe connections between people and 3 3
Society computing

Explain connections between computing concepts 2 4
Mean 25 35
Evaluation Evaluate a proposed solution to a problem 2

Locate and correct errors 5 3

Explain how an artefact functions 4 6

Justify appropriateness and correctness 2 5
Mean 375 4
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As the CT abilities examined overlapping with abilities from other commonly used
pedagogical approaches it was not surprise that the most selected abilities that are often
used in classes were from data analysis and representation dimension (mean X = 8.25)
and, communication and collaboration dimension (X = 5.44). Ability on gathering ap-
propriate information and making sense of data was marked by all respondents. The
less selected abilities are from abstraction (X = 2) and, computing and society (X = 2.5)
dimensions. Ability on filtering information when modelling was selected only by one
respondent. Furthermore, correlation between respondents’ answers showed that at 1%
level of significance the strong positive relationship is in four pairs: dances subject and
primary teacher, informatics (as /7 in Table 5) and informatics, language and primary,
informatics and informatics & mathematics (as /7 + Maths in Table 5) (colored in yel-
low in Table 5). At 5% level of significance the magnitude of the association is also
strong positive between four pairs: primary and dances, language and primary, primary
and informatics, and moderate positive between primary and primary teachers’ answers
(colored in orange in Table 5).

Moreover, in order to quantify how much these teachers, agree with each other the
Kendall’s Concordance Coefficient W was calculated. Kendall’s W is 0.265. Thus teach-
ers have a poor agreement with each other. And the mostly rated ability was 1 (mean
rank 19.88), the less rated — 6 and 10 (mean rank 9.45). Friedman chi-squared = 74.183,
df = 28, p-value = 0.0001. Friedman chi-squared is higher than chi-squared distribution
with 28 degrees of freedom critical value at 99 % significance level: 48.278, a = 0.01.
Thus we can reject the null hypothesis and thus conclude that there is the agreement
between experts.

Table 5

Correlations on teachers indicated abilities they are using in classes

primary m m Physics | T=Malhs | Dances | Primary m
305 219 -7 1 05

108 253 52 213 A7 54

442 Lz 29 L 461

A6 am A S Mz

247

196

* Correlation is significant at the 0.05 level (2-tailed).

*Correlation is significant at the 0.01 level (2-tailed).
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Teachers indicated that the most relevant CT abilities are from algorithms (X = 4.75)
dimension. However, the most chosen abilities were from other dimensions: to gather
appropriate information (Data analysis & representation), use appropriate algorithmic
principles (Computing Artefacts) and, explain how an artefact functions (Evaluation).
Three abilities were not selected at all: share the workload by providing individual con-
tributions to overall collaborative effort; foster a constructive collaborative climate by
resolving conflicts and facilitating the contributions; exchange knowledge and feedback.
All of them are from communication and collaboration dimension. Such abilities are
common in group learning approaches.

Moreover, in order to quantify how much these teachers, agree with each other
the Kendall’s Concordance Coefficient W was calculated. Kendall’s W is 0.264. Thus
teachers have a poor agreement with each other. And the mostly rated abilities were
1, 7, 28 (mean rank 22.5), the less rated — 20, 21 and 22 (mean rank 9.00). Friedman
chi-squared = 59.070, df = 28, p-value = 0.001. As the chi-squared statistic exceeds
critical value with 28 degrees of freedom 48.278 at 99 % (a = 0.01) significance level,
we reject the null hypothesis and conclude that there is the agreement between respon-
dents. Correlations between respondents’ answers (in Table 6 colored in yellow) showed
that at 1% level of significance the strong positive relationship is in the following pairs:
language and dances subject, pre-primary and informatics (as /7 in Table 6), and lan-
guage and informatics. At 5% level of significance the magnitude of the association
is moderate positive between the following subjects’ pairs: primary and pre-primary,
informatics and informatics, dances and informatics, informatics & mathematics and
informatics, informatics and informatics (colored in orange in Table 6).

Table 6

Correlations teachers indicated as the most relevant for CT

* Correlation is significant at the 0.05 level (2-tailed).
*Correlation is significant at the 0.01 level (2-tailed).
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Table 7

Correlations of abilities teachers indicated as most relevant for CT and they are using in classes in total

Cormesations (Using and relevant)

Pre-
primary mw Physics

135 A

an 367 | 29
Au7

" Correlation is significant at the 0.05 level (2-tailed).
*Correlation is significant at the 0.01 level (2-tailed).

In total, respondent opinions on CT abilities they are using and what are the most
relevant CT abilities (Table 7), strong positive correlation at 1% level (colored in yel-
low in Table 7) was indicated between two pairs: daces and primary, language and
primary. One of informatics teacher’s answers had moderate positive association with
four teachers’ answers: informatics, other informatics, dances and informatics & math-
ematics, Primary and pre-primary subjects’ teachers’ opinions had the similar associa-
tion with the same informatics teacher, and in pairs of language and dances teachers, as
well as, between two informatics teachers. At 5% level (colored in orange in Table 7)
of significance the magnitude of the association is weak and moderate positive between
the following subjects’ pairs respectively: primary and primary, informatics and infor-
matics & mathematics.

4. Conclusions and Discussion

CT approach is mostly related to informatics and many researchers defined CT in a way
of drawing from programming and computing concepts (Tang et al., 2020). Three of
respondents (out of thirteen) who had significant relationship with author’s opinion were
informatics teachers. Informatics teachers have some prior knowledge on CT and algo-
rithmic thinking. Such result leads to the assumption that absence of correlation with
others teachers is due to the lack of explanation on CT and abilities, or low relevance of
CT to other subjects.
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Due to the most of CT dimensions’ abilities are common in other pedagogical ap-
proaches (such as problem-solving), the results on teachers’ used abilities at teaching
their subject confirmed that guess. As the CT abilities examined overlapping with abili-
ties from other commonly used pedagogical approaches such as regarded CT as a set of
competences requiring students to develop both domain-specific knowledge and prob-
lem-solving skills (Tang et al., 2020), it was not surprise that the most selected abilities
that are often used in classes are from data analysis and representation, as well as, com-
munication and collaboration dimensions.

Teachers from different disciplines had a poor agreement with each other on CT abil-
ities relationship with class activities, however some had strong or moderate agreements
between each other. Teachers’ perceptions and believes of CT abilities implementation
in the classroom differ in subject they teach. However, the difference is not so big. Even
different subject teachers have a lot of in common, such as dance and informatics, or
informatics and primary school teacher. Future work includes the analysis and extension
of the identified CT components regarding different subjects in order to determine what
components are common in particular subjects.

The results showed that CT could be integrated by proposed class activities in dif-
ferent subjects however deeper efforts should be invested for CT integration research in
different subjects as well as analysis of how to encourage learners to apply CT skills into
learning other disciplines needs further investigation and is positioned as future work.

The limitation of this paper is that there was no focus on teacher’s school levels or
position, only, on subjects. This is a small study with little amount of participants. How-
ever, it is believed that the participants were quite representative as they all were inter-
ested and had some experience in STEAM disciplines integration, and know or believe
that it could help improve learning.

Also, the opinions of teachers are biased by the course they visited. So the results
evaluate also the course. And it is questionable how relevant the opinions of teachers are
after just one-day training.
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