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ABSTRACT

There is growing attention for integrating Computational Thinking
(CT) into various subjects across the K-12 curriculum with a con-
comitant increase of interest in investigating teachers’ pedagogical
content knowledge (PCK) regarding CT. This study is part of a
bigger project focusing on defining the learning trajectories for
CT integration into the K-12 curriculum. In particular, the present
study focused on eliciting the pedagogical content knowledge and
attitude of teachers with respect to the integration of CT in various
disciplines. To this end, we implemented six different case studies by
integrating CT into six different subjects: science, traffic, language,
biology, geography, and physics. Two primary and four secondary
school teachers were involved in the study. After the lesson series
was completed in schools, we conducted interviews with teachers
to understand their PCK on CT integration, attitudes toward CT
integrated lessons, and the barriers teachers faced during CT in-
tegrated lessons. Our results indicate that compared to standard
instructional activities, students can go deeper and understand the
subject content better in CT integrated lessons, also students can
use the power of digital technologies to solve subject-related prob-
lems. On the other hand, teachers pointed out that students and
teachers need to be more capable of technical knowledge and skills
to accomplish tasks.
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1 INTRODUCTION

There is an increasing interest in integrating CT into all courses
throughout the K-12 curriculum. The skills, knowledge, and abili-
ties required for success in modern society have evolved with the
developing technological developments. The term CT started from
a way of how computer scientists think, but in today’s society, it
has evolved into a broad application spectrum for everyone who
try to find their way in the technological world and solve prob-
lems effectively. Jeannette Wing [29] coined the CT term in this
context, and stated that besides the standard types of literacy, such
as mathematical, engineering and reading literacy. Even children
that will not become programmers are expected to acquire some
CT competencies such as the ability to solve problems in daily life,
break down complex problems into components, and generalize
solutions.

2 BACKGROUND AND RELATED WORK

2.1 Integrating CT Skills into Different
Contexts

Papert suggested a goal of introducing computational thinking by
using a computer to solve problems in a way that allows people bet-
ter to analyze and explain the problems, solutions and connections
between them [17]. Wing [29], who promoted and popularized
the notion of CT, defined it as “... the thought processes involved
in formulating problems and their solutions so that the solutions
are represented in a form that can be effectively carried out by
an information-processing agent [...]. These solutions can be car-
ried out by any processing agent, whether human, computer, or a
combination of both” (Cuny et al., cited in [28], p.11). Following
Wing’s seminal paper [29], several definitions of CT were developed
emphasizing various aspects of CT [6][19][26].

To date, a number of efforts have focused on integrating CT
in K-12 classrooms. Voogt et al. [25] explain that CT originated
within the field of computer science but programming is only one of
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many instantiations of CT. In fact, CT can be developed in multiple
contexts and within subject areas beyond computer science (e.g.,
science, mathematics, music, humanity, etc.). There are already
numerous examples of CT playing a role in the learning of the
subject matter in various disciplines outside of the computer science
(CS) education [9] [18] [20] [27].

While learning CT concepts in the context of stand-alone com-
puter science courses is valuable, nevertheless much like technology
integration, CT is an interdisciplinary initiative that can help sup-
port existing standards and subjects in the curriculum [16]. Given
the cross-curricular focus of CT, all teachers at the K-8 level should
be responsible for introducing and reinforcing CT skills, recognizing
and highlighting CT skills already integrated in their teaching, and
using CT-related computing tools and vocabulary where appropri-
ate to describe problems and solutions [4]. Thereby, it is important
to discuss teachers’ PCK on CT integrated various disciplines in
K-12 curriculum, which helps to understand how teachers integrate
CT-related concepts, tools, and practices into specific subject re-
lated content and pedagogy to address CT integrated curricular
standards.

2.2 PCK Framework

The PCK concept has been introduced by Shulman [21] and refers
to “the ways of representing and formulating the subject that make
it comprehensible to others” (p. 9). Magnusson et al. [14] adds addi-
tional components to Shulman’s definition of the construct of PCK.
Four of the Magnusson’s components correspond to the following
elements of content-specific pedagogy [14]: (M1) goals and objec-
tives for teaching a specific topic in the curriculum, (M2) students’
understanding of this topic, (M3) instructional strategies concern-
ing this topic, and (M4) ways to assess students’ understanding
of this topic [14]. Because of their pedagogical completeness and
simplicity, Barendsen and Henze used Magnusson et al’s compo-
nents to characterize elements of content-specific pedagogy and the
corresponding PCK elements [3]. The framework of PCK has pro-
vided a unifying lens for researchers aiming to understand teacher
knowledge for effective use of instructional materials, strategies
and practices throughout the curriculum. According to van Driel
and Berry [24], having a good PCK means that teachers have sev-
eral representations of the most commonly taught topics within a
certain subject.

Some research studies have already attempted to define the PCK
needed to teach CS concepts in computer science curricula. For
instance, Hubwieser et al. [12] aimed to figure out what skills are
needed to teach stand-alone computer science courses. The focus
was on subject matter content knowledge related to computer sci-
ence and PCK. However, this study was not situated within the
subject-related context. Ioannou and Angeli [13] described the de-
sign of technology-enhanced lessons for teaching computer science
concepts. The purpose of this work was to illustrate examples
where the TPACK framework could be used to guide the design and
delivery of lessons focusing on fundamental computer science con-
cepts. This set of studies is useful in thinking about the knowledge
and skills required to teach CS concepts in stand-alone computer
science curricula. Yet, they focus on CS teachers with strong disci-
plinary background in computer science. Further, although CT and
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computer science are intertwined, they are not equivalent. Further,
CT concepts can be applied in a variety of content areas beyond
computer science. So far studies examining PCK in relation to CT
integration into specific subject-related context have been absent.

2.3 PCK of CT Integration to K-12

Promoting CT in K-12 settings is challenging because few teachers
have the knowledge and skills to integrate CT in school curricula
[4]. Helping teachers develop an understanding of CT and how
it relates to their curricular context is a key step in successfully
incorporating CT into K-12 education [31]. Many schools around
the world have started incorporating CT in their curriculum, mean-
while struggling with the question how to do so in a systematic and
effective manner, as well as how to support their teachers. As Gal-
Ezer and Stephenson [8] pointed out, having a curriculum is crucial,
but preparing teachers to teach the curriculum is also critical. PCK
provides a useful framework for studying teacher knowledge in
relation to CT, because computational tools play a central role in
CT- related concepts and practices; they are frequently used as a
means for solving a problem or teaching a CT-related practice [1].

With respect to CT knowledge of pre-service teachers, Bower
and Falkner [5] found that most participants were unaware of the
term CT and mistakenly considered CT as the basic use of tech-
nology. When asked to identify pedagogical strategies for helping
students develop CT, participants did not have specific or clear
ideas and simply noted the need to have students use technology.
Further, many participants provided general pedagogical strategies
that were not specific to CT such as group work and direct instruc-
tion. When asked to identify computing tools that can support
the learning of CT, most participants suggested tools that had no
specific relation to CT while some focused-on programming tools
and robotics alone. Finally, the majority of the participants were
not confident that they could integrate CT in their teaching [5].

The PCK framework could serve as a useful model for integrating
CT where the related ideas are connected within the subject matter
and pedagogical approaches teachers will teach in their future class-
rooms [30]. Angeli et al. [1] provided a conceptualization of TPACK
for the construct of CT in CS context. However, this conceptual-
ization focuses on what teachers need to know and be able to do
in order to teach stand-alone CT-courses aligned with a CT frame-
work proposed by the authors. As such, in the conceptualization
provided by Angeli and colleagues, content knowledge (CK) focuses
on knowledge of distinct CT constructs. The result of this study is
useful for teachers who teach complete curricula focusing on com-
puter science concepts and CT specifically. Our study focuses on all
disciplines not only CS course. Because integrating CT knowledge
and skills across the curriculum is essential for helping students
understand how to use computing tools to represent knowledge,
solve problems, create and discover new questions within specific
disciplines [10].

Mouza et al. [16] and Yang et al.[32] explicated the construct
of TPACK in relation to CT, focusing on what all teachers need to
know and be able to do in order to use CT as a means for exploring
disciplinary content. Towards this end they focused on pre-service
teachers’ ability to understand how CT-related concepts, computing
tools, and practices can be combined with disciplinary content and
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pedagogical strategies to promote meaningful student outcomes in
specific contexts. Unlike this study, our study focuses on ‘in-service’
teachers’ CT integration into various disciplines and ‘their PCK
and perceptions regarding CT integration’.

These studies provide a good starting point for understanding
teachers’ knowledge and skills of CT but they are not situated for
in-service teachers and the CT integrated subject related context.
In this study, researchers conducted an explorative study aimed
at discovering teachers’ PCK, perceptions, beliefs and hindrances
around Computational Thinking integration into various disciplines
of K-12 curriculum. We implemented six different case studies with
teachers for integrating CT into their own disciplines in primary
and secondary school level. We analyzed the interviews of teachers
after they accomplished their CT integrated lessons to understand
current state and problems of teachers integrating CT in different
contexts. The following research questions formed the basis of
this study:(1) How can teachers’ PCK for teaching CT integrated
subjects be described? (2) What are the attitudes of teachers toward
CT integrated lessons? (3) What are the challenges faced by teachers
during CT integrated lessons?

3 METHODOLOGY

This study is part of a bigger project [2] focusing on defining the
learning trajectories for CT integration into K-12 curriculum. In
particular, this study focused on eliciting the pedagogical content
knowledge and attitude of teachers with respect to the integration
of CT in various disciplines of the K-12 curriculum. To this end, we
carried out case studies in several primary and secondary schools
and we interviewed with teachers. The following paragraphs de-
scribe the research design, participants, data collection, and data
analysis process.

3.1 Research Design

This study was designed as a case study. Six different cases were
implemented in six different schools, two of them are primary and
four of them are secondary schools. The participating teachers, one
from each school, attended a workshop where they were shown CT
concepts and examples of lessons that CT integrated with several
disciplines across the curriculum, such as science, humanities, and
languages. Then, each teacher worked with the researchers indi-
vidually and developed a lesson series about a topic they planned
to teach anyway, as well as with the level and type of CT they felt
comfortable with (Table 1).

Case 1: In this case, the students learned about the cell divi-
sion in the primary school. During the two introductory lessons,
they learned about the theory of cell division, watched subject re-
lated videos and observed cells under a digital microscope. In the
subsequent two lessons, students worked in pairs on a practical
assignment: they wrote down all they knew about cell division,
they described the corresponding algorithm and developed compu-
tational models of cell division in Scratch. During programming,
their class teacher and their programming teacher were helping
them when necessary. At the end of the last lesson, each pair of
students presented their program in front of the class.

Case 2: In this primary school, the students were learning about
self-driving cars and corresponding ethical questions. In the first
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lesson, the students drew a car with sensors needed to participate
in traffic safely, and were asked to write a short algorithm for each
sensor. Additionally, they were asked to program a m-Bot with an
ultrasonic distance sensor by arranging a set of given commands
in a correct order. In the second lesson, the students discussed the
advantages of self-driving cars and a number of ethical dilemma’s
arising from traffic situations. Additionally, they were asked to
extend their m-Bot program to have it follow a line and play a
sound — again by putting the given program blocks in the correct
order.

Case 3: In the English course, students studied to apply the
acquired grammar and vocabulary in their digital stories. In the
introduction lessons they learned to ask and answer questions in
the present simple tense about themselves. They learned specific
words related to clothing, hobbies, date, time, food and drink. In
the subsequent two lessons, students were asked to create their
own digital stories. In the story, they introduced themselves and de-
scribed their clothing style, school/city, hobbies, likes and dislikes.
Students are received an explanation about goals of the digital story
and they made planning. Students worked in pairs and created their
storyboards by writing out the scripts of the digital story. They
received feedback from teacher about the scripts. Then students cre-
ated their digital stories in Scratch. They recorded their voices and
added them to their digital stories in order to vocalize the dialogues
of the characters in the story. During the programming, their class
teacher, researcher and their friends experience in programming
helped students when necessary (Figure 1).
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Figure 3: Gas exchange (Biology)

Case 4:The students were learning about the Koppen climate
classification. During three lessons, they learned about the char-
acteristics of the main climate groups and how to determine the
climate type from temperature and precipitation data. They were
then asked to write down that climate determination process in the
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Table 1: CT integrated various disciplines in K-12 curricu-
lum

C  Subject Context Grade Location N
1 Science Cell division 7 Physical 20
2 Traffic Ethical dilemmas 7 Physical 25
3 English Introduce yourself 9 Physical 44
4 Geography Climates 9 Online 19
5 Physics Stop distance 9 Physical 17
6 Biology Gas exchange 9 Physical 36

form of a decision tree. Due to Corona measures, the lessons were
carried out as online lessons.

Case 5: The students were learning about the stopping distance
of a moving vehicle which depends on the road conditions and the
reaction speed of the driver. The first lesson was dedicated to theory.
In the subsequent two lessons, the students used a simple model
in Scratch provided by their teacher and researchers to explore
the influence of icy road, drinking and distraction on the stopping
distance. Additionally, the students were asked to adjust the model’s
program code (Figure 2).

Case 6: The students were learning about the human body, and
in particular, about gas exchange. The researchers provided a simple
gas exchange model in Scratch. During three lessons, the students
were using it to learn about the oxygen saturation of blood which
depends on the type and quantity of the gas being inhaled and the
exertion rate. Additionally, the students were asked to adjust the
model’s program code (Figure 3).

3.2 Data Collection and Analysis

After the lesson series were completed in schools, we conducted
six interviews individually with teachers. The interview followed a
semi-structured interview protocol. Each interview lasted around
half an hour. All interviews were recorded for further analysis. The
interview questions cover the four PCK elements of Magnusson
et al. [14] and some additional questions related to attitudes of
teachers and barriers which they faced during the lessons. They
were also asked to compare their experiences teaching the lessons
during the project to their standard manner of teaching the same
subject matter, i.e., without employing CT.

The data obtained from the interviews were analyzed by a qual-
itative inductive data analysis in order to discover the views of
teachers regarding to CT integration into various disciplines. We
used Atlas.ti software as qualitative data analysis tool for coding
our data. The analysis of the interviews was carried out in four
phases. The content of transcripts were categorized according to
research questions. Three main themes were defined based on the
research questions of the project, closely in line with the topics of
the interview protocol: (1) teachers’ PCK (2) teachers’ perceptions
about CT integration, (3) difficulties and improvement suggestions.
For the first theme (teachers’ PCK), we used the four PCK elements
as the analytical framework for coding the data [14].

The three phases of coding consisted of open coding, axial cod-
ing and selective coding [22]. The open coding phase was initially
conducted on two interviews to define a number of basic labels
within these three main themes. During this phase, the interview
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Table 2: Demographics of participants

Code Gender Age Grade Subject Exp*
T1 M 51 7 Primary 17
T2 M 38 6,7,8 Primary 13
T3 M 35 9 English 11
T4 M 66  9,10,12,13 Geography 32
T5 M 33 9,10,11 Science 13
T6 M 57 Al Biology 17

*Experience as years

transcripts were fully read and the labels were extracted from the
transcripts and linked to themes. Due to the inductive approach,
open coding per each theme resulted in a broad identification of
ideas and views. Then, in the axial coding phase, each label was
reviewed and the labels were grouped and related labels were com-
bined under new categories. Finally, in the selective coding phase,
related categories were selected and grouped as new sub-themes.

3.3 Participants

For our study, we aimed to include teachers who are willing to
integrate CT into their own lessons voluntarily. The participants of
the study are six teachers (Table 2). Two of them are primary school
teachers and four of them are secondary school teachers who teach
different subjects. Their age range is changing between 33 and 66,
average age is 47. All of them are male participants and experienced
in teaching more than 10 years. Two primary school teachers, T1
and T2 are sub-project leaders at digital literacy projects. One of
the teachers, T4 formerly worked as computer science (CS) teacher.

4 RESULTS
4.1 Knowledge about Goals and Objectives (M1)

We concluded that the teachers’ knowledge about learning ob-
jectives can be divided into two main categories: subject-related
learning objectives and CT-related learning objectives.

4.1.1 Subject related learning objectives. Six cases carried out in
this study have different learning objectives. This category em-
phasizes the objectives for learning or understanding the subject
related concepts. With respect to the subject related learning objec-
tives, the primary school teacher (T1) told that “The children learned
about the concept of cell division [... ], to name the parts of the cell,
in part, at group 7 level. And I think those were mainly the biggest
professional goals.” T2 explained the learning objectives like “The
lesson goal was to teach them that a programmer can sometimes also
have to deal with ethical dilemmas. Programmers don’t only type in
code, but they also have to think about these kinds of bigger problems.
And also have to come up with solutions for this. This was done on
the basis of those self-driving cars.” T3 focused on “Basically they
were able to act and answer questions in the present simple. They talk
about their hobbies, date, time, places and ask questions about them
and use the vocabulary that they learned within the grammar or the
stories” T4 summarized the learning objectives as “We talked about
the climate, and for climate you have a number of indicators to indi-
cate to what kind of climate something belongs: a certain temperature,



Exploring Teachers’ PCK for Computational Thinking in Context

precipitation, heat, cold.” T5 aimed for students “to be concerned
with the stopping distance, and to understand which factors actually
influence the stopping distance? This has to do with the responsiveness
and the braking distance.” T6 told the subject related learning goals
as “they were in biology; they could see that there was gas exchange”.

4.1.2  CT related learning objectives. This category emphasizes the
objectives for learning or understanding the CT related concepts,
practices and perspectives. It is noticeable that all teachers empha-
sized only CT concepts which include the technology activities as
learning goals. None of the teachers explained CT learning objec-
tives which based on CT practice (such as abstraction, algorithmic
thinking, etc.) or CT perspectives (understandings about the tech-
nological world around them). Teachers emphasized mainly these
CT related learning objectives: “We did CT integration through the
topic of cell division. Children have to depict that in an animation
or a movie or a game in Scratch. Most of the time it was animations
what I saw.” [T1] “The CT goal of lesson was for the children to learn
what sensors are and how to program sensors.” [T2] “Creating an
animation story and that based on the Scratch program, so using the
steps you need in scratch so basically creating the algorithm in scratch
to create a story” [T3] “We asked students to make a decision tree for
classifying climates” [T4] “We mainly asked if-then questions. Or if
you adjust this, what actually happens with the braking distance?
They have to adjust values themselves in Scratch.” [T5] “There was gas
exchange, so blood, air, that they could make that visible by means of
that computer animation, or what do you call that, that game. Some
saw it as a game, others as a programming assignment, others as
assignments.” [T6]

4.2 Knowledge about Students’ Understanding
and Performance (M2)

We categorized teachers’ knowledge about students’ understand-
ing and performance that influence teachers’ instruction into four
different categories as follows: Students’ conceptual understand-
ing, students’ difficulties, students’ reaction and perception and
students’ profiles.

4.2.1 Students’ conceptual understanding. It refers to teachers’ knowl-
edge and understanding on students’ conceptual knowledge and
knowledge gaps. Four teachers [T1, T4, T5, T6] reflect their knowl-
edge regarding the conceptual understanding of students. Teachers
discussed the subject related concepts and the CT related concepts
separately. Regarding the students’ understanding of the subject
related concepts, the common view of four teachers is that students
understood the subject more deeply in CT integrated lessons than
the previous learning method. “The fact that there are no failures,
that the average was slightly higher than usual, indicates that this
way of working with the decision tree, they really had to read the
book for it, otherwise they will not understand the facts yet, I was
able to find quite well that they understood more than enough of it.
The average was also quite high.” [T4], “If you look at the group 7
level [of the cell division], I think they have learned enough for this
year [...] I thought this [CT integration] might be a way to make
this indeed more understandable for the kids.” [T1], “The students
generally have quite a lot of trouble with that [to understand climate
related learning objectives] The penny does not drop quickly, and that
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often takes a lot of time. The learning objective was actually to do that
in a special way [CT integration], and we did to make it clear.” [T4]
With respect to students’ understanding of the CT-related concepts,
teachers explained that students have a clear understanding about
it even some of students live difficulties. “Everyone had programmed
something in Scratch, they could do that quite well. No matter how
basic it was. Programming in Scratch and making the connection
between the steps you have to take in Scratch, well I thought that went
pretty quickly.” [T1], “T think most of them, 80 to 90 percent knew
what they were doing [...] it was not only Scratch but also biology.”
[Te]

4.2.2  Students’ difficulties. According to teachers, students experi-
ence different sorts of problems during the lessons, including: un-
derstanding the programming concepts (conditions, design of algo-
rithm, decision tree) [T1, T2, T4], required a lot of skill/knowledge to
accomplish task (such as subject knowledge, programming knowl-
edge, collaboration skill, planning skills etc.) [T3], creating new
things [T5], understanding instruction [T6]. “They [students] found
it very difficult to get conditions for cell division to actually get there
[...] They did not progress beyond one condition to achieve cell di-
vision.” [T1], “They found the assignment more difficult to design a
short algorithm for the sensors. They just had to write that down. I
noticed that they found that very difficult actually. They had a lot of
trouble with that.” [T2], “There is a lot of required skill you need to
know besides the English stuff. You also need to make a plan, to be
able to work together and also then the whole Scratch such as how
you program those things. So, it required a lot of skills that have to
come together to create something. I guess that was the hardest part
for them”. [T3], “They really had some difficulty with the concept of
decision tree, because I had introduced it fairly quickly.” [T4]

4.2.3 Students’ profiles. It categorizes the teachers’ knowledge on
students’ profiles, including: different backgrounds of programming
[T4, T5, T6] and intelligence level of students [T4]. “Four groups
have made their own program, and they come from an elementary
school where computational thinking in the form of programming,
code.org and Scratch was used, so they got their material and ideas
from there [...] Those students did it all, that was very special.” [T4]
“Children have many different types of basic level [of programming].
Some had already worked quite a lot with Scratch, others not.” [T5]
“The type of students that I have are smart students, it is secondary
school plus, students who are very sensitive to this kind of thing
quickly. That is why it is extremely suitable for these students to also
make this as a lesson component.” [T4]

4.2.4 Students’ reaction and perception. It involves teachers’ knowl-
edge and awareness of students’ reactions and perceptions toward
CT integration lessons. All teachers stated that students’ percep-
tions were encouraging and positive, they told that with these key
words: like, enjoy, enthusiastic, exciting, interesting, fun, educa-
tional, voluntarily [T1, T2, T3, T4, T5, T6]. One teacher [T4] noticed
that two girls who went to the same primary school, and they in-
dicated that they didn’t like it. ‘T saw that they were working on it
with enthusiasm.” [T1] “They enjoy working with such a robot. It is
often new to them too. They often get excited about that anyway.”
[T2] “A lot of them said that they liked it a lot. They thought it was
hard but they said that was interesting in their opinions. I think they
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did enjoy.” [T3] “You can really see that they have a lot of work on it
but they also seemingly had a lot of fun doing it” [T4] “A whole group
actually got to work very fanatically to remix it.” [T5] “I do have the
feeling that it has been educational and fun.” [T6]

4.3 Knowledge about Instructional Strategies
(M3)

We identified the teachers’ knowledge about instructional strategies

(IS) associated with integrating CT to lessons into two different

categories: standard instructional strategy used to teach the relevant

subject by default, new instructional strategy used to teach the same

subject in a CT integrated lesson.

4.3.1 The standard and the CT integrated instructional strategies.
We categorized the standard instructional activities including: mix
of active learning methods, problem-based learning, direct instruc-
tion, explorative and experiential learning activities. We classified
the CT integrated instructional activities as follows: experiential
learning, problem-based learning, digital storytelling, explorative
learning. As seen the comments of teachers in the Table 3, direct
instruction or problem-based learning activities are emphasized
as the standard teaching method, while the experiential learning
activities are underlined mostly for the CT integrated lessons.

4.3.2  The overview of the standard and CT integrated instructional
activities. It considers the similarities and differentiations between
the standard instructional activities and the CT integrated instruc-
tional activities to teach the relevant subject.

(1) Go deeper in subject with CT integrated lessons: “This lesson
series with computational thinking was actually a reason for us to
go deeper into the subject content. I think we talked about that at a
much lower-level last year. I thought this [CT integration] might be
a way to make this indeed more understandable for the kids. They
haven’t had that before. [... ] The standard method does not get that
far” [T1]

(2) Better understanding of the subject-context: “The fact that
there are no failures in the test, that the average was slightly higher
than usual, indicates that this way of working with the decision
tree, they really had to read the book for it, otherwise they will not
understand the facts yet [...] The average was also quite high.” [T4]

(3) Using the power of digital technologies to show learning
outcomes: “Look earlier, you used to have fewer ways for processing.
Then it was often written or presenting or visual in the form of a
drawing or that the children had to make a work of art and nowadays
you have a lot of possibilities to show whether something has been
learned. It can also be in the form of a video, podcast or algorithm. Or
by designing something that can be printed out by a 3D printer. So,
you have many more processing options, but in the end, it depends of
course on what the teacher offers.” [T2]

(4) More skills are required: “The biggest difference is that more
skill is required. The standard one is isolated to the grammar and the
vocabulary but with this the whole planning and working together
becomes one so that makes it more challenging for the students.” [T3]
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Table 3: The overview of instructional activities

C Standard instructional activ- CT integrated instructional
ities activities

T1 Mix of active learning meth- Experiential learning and
ods and problem-based difficult in practice: “Children
learning: ‘T always make a mix  have to depict that in an anima-
of roughly what is in the method tion or a movie or a game. Most
and then usually I make my own of the time it was animations
lesson from it [...] I often try to  what I saw. [...] We tried that,
stimulate them; we had a lesson  but it was difficult in practice.
about air. And then I talked about ~ They did not progress beyond one
how much air is actually pressing  condition to achieve cell division.”
on their body.”

T2 Sorting digital tools/ re- Experiential and problem-
sources and problem-based based learning: “They deal
learning: “{While teaching eth- with ethical dilemmas about
ical dilemmas], I've also talked self-driving cars. There is an
about algorithms from YouTube. emergency; which situation
I think these kinds of ethical should the car choose? Is that
dilemmas are very important for the three older people who
to discuss with children. But it walk on the left or is it for the
can also go further than talking child who only walks on the
about philosophical questions. right. Which way should the
For example, can an algorithm be  car swerve? There are questions
racist?” that programmers also deal with

when dealing with self-driving
cars.”

T3 Direct instruction: “The stan- Experiential learning and
dard way that I used is direct in- digital storytelling: “This time
struction method so I do explicit we teach it with a digital story
teaching vocabulary and what we  you would need to plan and
do is we teach them grammar create the story based on creating
then we do a test at the end basi- an algorithm for that story to be
cally” complete basically.”

T4 Problem-based learning: “By Experiential and problem-
default, I actually treat each cli- based learning: “My idea
mate separately based on a pic- would be much more of how
ture, then I ask students if it would ~can you do things, because by
be warm here, [...] then they doing you can also learn, and
eventually come to the conclusion by saying, figuring out, drawing
that if it is warm or humid, [...] your own conclusions, I think
I try to get students to come to  that computational thinking is a
such a conclusion on the basis of ~ very nice way to ask questions in
questions.” a different way.”

T5 Explorative and experiential Experiential and explorative
learning: Toften did by running learning: “In this case I did it
around the schoolyard and cy- locally with a ruler, so reaction
cling. Draw a line with the bikes speed, and that’s actually the
and then see how hard you can  most practical thing you can do
break, and whether it matters how  with this. Very insightful in terms
fast you cycle. For example, to of people what they can influence
measure speed, or to watch cars themselves and not ...”
outside, what do you see happen-
ing here?”

T6 Direct instruction: “Normally Experiential and explorative

I do it fairly classically, usually
first a small movie or something,
two or three minutes, no longer,
and then I usually also give it on
the blackboard. What I always do
is I write it down but then I also
explain [...] That’s kind of my
standard.”

learning: ‘It’s different, more
discovering. [...] They had some
assignments, there was a pro-
gram, they got to work on that,
they performed assignments on it,
and in the end, they had to change
parameters themselves. It was the
intention that they could also add
certain add-ins there themselves.”
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4.4 Knowledge about Ways to Assess Students’
Learning and Performance (M4)

We described teachers’ knowledge about ways to assess students’
understanding and performance using these codes: the assessment
instruments (project, group discussions, rubric, presentation, test,
practical assignment) and difficulties for assessment (observation,
difficult nature of content). The assessment instruments and assess-
ment processes teachers use in CT integrated lessons are classified
as follows:

(1) Use formative (group discussions) and summative (projects)
evaluation approaches together: “It was a clear assignment to pro-
gram the remote sensor. You can see if the goal has been achieved
by looking at the end result. If the program works then you can say
that the end goal has been achieved. But also, in such a situation the
process is even more important than the end result. So, what you try
to do is walk around as much as possible and follow the conversations
that the children have with each other, because I think working in
collaboration at these kinds of assignments is important. [... ] If you
see that they are working so solution-oriented, you could say that the
goal has been achieved.” [T2]

(2) Rubrics for evaluating projects: “For the assessment part, I
made a rubric and see how well they accomplished project. The rubrics
include the content what you want to do: the grammar, speaking part
because that was the extra part. They had to do voice overs. When it
comes to creativity that’s when I check like how did they actually make
their stories. Are there any moving elements? How did the talking go?
I check the algorithm part like how did you do that.” [T3]

(3) Final presentation of the project and tests: “Students had to
make two films about weather and climate, as a final presentation.
One about the weather, how they predict the weather. Then they have
to look at charts and look at old weather reports, try to find out what
the weather is at next months. They had to present it. You could notice
at all. [...]1 listen to the message and it gives an indication of what
they understand, what terminology they use. Furthermore, there will
be a test, I will compile a grade from it.” [T4]

(4) Practical assignment: “In this case I gave them an assignment in
the booklet form that they had to fill in, that was a form of processing
for them.” [T5]

Teachers mentioned the difficulties principally in relation to the
assessment of CT as follows:

(1) Difficult to measure all projects: T find that very difficult
to measure. Then I would really have to take a good look at all the
projects as well. I had a little higher expectation about cell division, I
would have liked them more correct, more consistent with reality [... ]
I think they have learned enough for this year” [T1]

(2) Difficult to observe in crowded class: “The point is, you have
25 kids in the class. Ideally you would sit at the table with a group of
children to see how the communication between the children is going.
So that you can adjust a bit here or there. But that is difficult when
you have so many children in the classroom.” [T2]

(3) Difficulties with assessment of CT related-learning objectives:
Almost all teachers focused on evaluating subject- specific goals of
lessons, nobody described the ways or strategies of assessment for
CT-related goals.
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4.5 Teachers’ Perceptions about CT Integrated
Lessons

We categorized the teachers’ perception with respect to CT inte-
grated lessons into three different categories: benefits of CT integra-
tion for students, benefits for teachers and attitude toward future
usage of CT integration.

4.5.1 Benefits of CT integration for students. The focus of this cat-
egory is mainly on how CT promotes the students’ understanding
and the advantages of CT integration for students.

(1) Learning by doing/ applying: “If you have learning by answer-
ing questions, they just remember, etc. Then this is not the right way.
We work with “Remember — Understand —Integrate — Apply”. But if
you have to apply or integrate it, I think they will get further with
this. It seems to me that students can actually apply it, it is above re-
membering or understanding.” [T6] Similarly, T5 and T4 emphasized
the importance of experiential learning.

(2) Add value to students’ learning & teach problem solving steps:
“One of students said that it [cell division] also happens in my body
because I am still growing. I think that’s enough. I think it has added
value. You force children to think about how you should work towards
a certain goal. I think it is very valuable for children. Solving that
problem in steps, that you teach them that, regardless of the problem.”
[T1]

(3) CT integration is necessary for my subject: “If you want to
experience geography, you want to take it as a profession, then CT is
a part, about searching and evaluating them, and the complexity of
the whole, how can you do that better and then I think that digitally
literate students are absolutely necessary for my subject.” [T4]

4.5.2  Benefits of CT integration for teachers. This category empha-
sizes the points which are seen as advantages for teachers.

(1) Workload of teachers: “T did a lot less about it than before,
they really did it themselves while learning.” [T4] On the other hand,
another teacher told that “The students really enjoyed with it but it
was a lot of organizing [...] it costs a lot of energy.” [T3]

(2) Students are more skilled at programming than teacher’s
expectation: ‘T thought it was very useful, because it was an eye-
opener for me, actually there are already so many talents in students
that they have learned at PL, we can use so much there. It is good
to make everyone uniform, then you see what is happening in the
classroom and what children are able to make and are capable of,
they are much more skilled at things than my expectations.” [T5]

(3) Practical / simple way for teaching: “Like this model, I find it
very practical, because for something simple content, like distance,
this is very interesting. I would also like to see how you can achieve
the leverage content in Scratch.” [T5]

4.5.3 Attitude toward future usage. It includes that how this imple-
mentation process affects teachers’ perceptions about future plans
for CT integration.

(1) Continue to use: ‘T will always continue to use it because I
actually did it already, but not so clearly. I would almost say put
that in your book from now on, I would say to the publishing house
use these kinds of tricks because it is quite difficult content.” [T4], “T
found that adjusting the parameters and playing with them are very
interesting as a basic step. When children are skilled enough and have
enough brain capacity to use this form of abstraction, that you can
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continue to use.” [T5], “Tt is well intended. I will still do these lessons
more often” [T6].

(2) Share experience with colleagues: “T’'m going to share it with
my colleagues about what I've done. And whether they might have
ideas about it or whether they might want to try it.” [T1], “We have
coding in our school and the coding teacher was very enthusiastic see-
ing them work like that... He said for next year he wants to collaborate.”
[T3]

(3) Follow-up lessons: “If you really start looking at a continuous
learning line, then as a follow-up lesson I would treat those algorithms
in writing [...] because I have seen that they find that difficult”
[T2] “T do have an idea, a kind of sequel what you could do based
on the content of this part. [...] It would be nice to come up with
something, especially in the future, where the students can program
in any language or environment with very small steps and be able to
do it themselves. So that they can do this in very small steps” [T4]

(4) Alternative examples for integration: “You can also use com-
putational thinking, for example taking a tour of your own village”
[T4], “Twould also like to see how you can achieve the leverage context
in Scratch. These are actually very simple physical principles that
lend themselves extremely well to working with them in a very simple
way.” [T5]

4.6 Barriers & Suggestions for Implementation
of Lessons

For improving the CT integration process, we examined the imple-
mentation process of these case studies by analyzing the practical
difficulties and improvement suggestions of teachers.

4.6.1 Practical difficulties. 1t refers to lack of time, lack of techni-
cal knowledge, organization related problems and COVID related
difficulties.

(1) Lack of time: “We should have had a little more time. And I
didn’t really know the group well enough to deal with the situation”
[T1]

(2) Organizing technical equipment and classroom: Almost all
teachers [T1,T2,T3,T5,T6] mentioned the technical problems such as
computers, internet connection, etc. ] think it was mainly about the
organization, also arranging the laptops and the groups. If you need
computers, you have to arrange a lot and they have to be brought back
and it is not easy.” [T1] “Problems that’s always a bit cliché. When you
work with technology, you always run into something not working or
the batteries are empty. So, it takes a lot more time to prepare.” [12]

(3) Programming knowledge of teachers: Almost all teachers be-
lieve that they should be more knowledgeable about programming
[T1,T2,T3,T5]. ‘T guess that as a teacher I would be more knowl-
edgeable whatever program you are going to use in order to guide
the students better. At this time, I compensated that by using elder
students.” [T3]

(4) Organizing paper works: “That is what made it a bit difficult
in the beginning to get that organization done. That is also because
the research is, and not 100 percent lesson, normally I would have
such a lesson less paper shop, maximum one piece of paper and no
more.” [T6] “Tt was a lot of organizing; it costs a lot of energy.” [T3]

(5) COVID related issues: “You also have to deal with Corona,
because with no corona it is much easier to go outside with them,
which I often did with them” [T5]. Similarly T6 and T1 thought that
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students have the lack of motivation because of the COVID related
issues.

4.6.2 Improvement suggestions. (1) Need of more preparation: “There
is always room for more preparation [T1], ... the whole planning could
be better. I think I could have done better by giving them the tools
that they can actually plan everything better, I can give them more
detailed steps.” [T3]. And T5 stated that if he had put more time to
think about it, it might have reached a slightly higher level.

(2) Content related improvements: ‘I think that if I did it again, I
would choose something more for what children already understand
more, I think that if they know more about the subject, programming
will also be easier.” [T1], “I just said maybe give some more examples
of algorithms. I also find it difficult.” [T2], “You would also prefer
to appeal to the children’s own creativity. That you delineate the
assignment a little less and that you give the children a little more
opportunity to come up with different solutions. They had to work
reasonably towards a certain solution here.” [T2]

(3) Self-improvement of teachers: “T do think that in order to do it
well I need to up my level of computational thinking and programming
in general to be able to design good assignments for them.” [T3], ‘T
would like to know more about the didactic of CT” [T6], “T would
like to take programming course, because I sometimes notice that
the students are better.” [T6], “Teachers have a great need for the
translation into practice. Do not stay theoretical for too long, but
mainly go towards that practice.” [T2].

5 DISCUSSION

There has been a growing need to prepare teachers to acquire the
knowledge and skills required for integrating CT within the K-12
curriculum. A critical step in successful integration is assisting
teachers in developing a knowledge of CT and how it connects to
their curricular context. To this end, we conducted six different case
studies in primary and secondary schools, we design CT related con-
cepts and practices integrated to disciplinary content and pedagog-
ical strategies to promote meaningful student outcomes in specific
contexts. At the end of lesson series, we interviewed with teachers
to understand their PCK on CT integration into disciplinary con-
text, their perceptions and beliefs about CT, and difficulties they
encountered during the CT integrated lessons.

5.1 PCK on CT Integration into Context

With respect to the knowledge about goals and objectives, after
the lessons were carried out, teachers explained the subject-related
objectives of lessons properly. Regarding to CT-related objectives
of lessons, it is noticeable that all teachers emphasized only CT
concepts which include the technology activities as learning goals.
None of teachers explained CT learning objectives which based on
CT practice (such as abstraction, algorithmic thinking, decompo-
sition etc.) or CT perspectives (understandings about the techno-
logical world around them). Teachers did not indicate knowledge
of combining content, instructional strategies and computing tools
to foster students’ CT competencies or even when they did, par-
ticipants were unable to recognize and elaborate on those connec-
tions. Similarly, Mouza et al.[16] reported that the ability to weave
knowledge of CT concepts, computing tools and practices with
content and pedagogy varied among participants. While a number
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of pre-service teachers were able to design and enact lessons that
seamlessly integrated content, pedagogy and computing tools to
foster students’ CT knowledge and skills, others focused broadly on
uses of computing tools and problem-solving descriptions [16]. The
reason behind this problem might be associated with the courses
are typically disconnected from the teaching theories and meth-
ods pre-service teachers learn in other education courses, focusing
instead on technology [15]. To alleviate this problem, educational
technology courses or in-service trainings can be revised to give
teachers opportunities to think computationally and experience
computational thinking as a generic set of skills and competencies
that are not dependent on computers or other forms of educational
technology [30].

Regarding to knowledge about students’ understanding and per-
formance, we categorized them as students’ conceptual understand-
ing, students’ difficulties, students’ reaction and perception and
students’ profiles. The common view of teachers is that students
were able to dive more deeper in the subject-related context via CT
integrated lessons compared to their standard manner of teaching
the same subject matter, i.e., without employing CT. With respect
to students’ difficulties, they mainly emphasized that students have
lack of prior knowledge about programming concepts and apart
from technical skills other many different skills were required for
completing the tasks such as organization, planning, collaboration
etc. Students’ programming competencies are not required for the
integration of CT into school curricula, despite the fact that CT is
linked to programming. However, the present focus on helping kids
in transitioning from “consumers” to “creators” of computing tech-
nologies may benefit from the use of programming tools [16]. As
overall, all teachers stated that students’ reactions and perceptions
were encouraging and very positive.

In connection with knowledge about instructional strategies,
Teachers were asked to compare the standard and CT integrated in-
structional activities to teach the same school subject. They pointed
out that students can go deeper in the subject-context and under-
stand better in CT integrated lessons compared to standard way of
teaching. Students were able to use the power of digital technolo-
gies for processing the subject related content. Teachers mainly
emphasized the direct instruction or problem-based learning strate-
gies as the standard teaching method, while they underlined mostly
the experiential, explorative and problem-based learning strategies
for the CT integrated lessons. Similarly, Hsu et al. [11] reported
that problem-based learning and project-based learning are the
highest ranked instructional strategies in CT studies. There is lack
of knowledge about different instructional strategies which used
specifically to help students improve their subject-related and CT-
related performance through CT activities, e.g., use-modify-create
strategy.

In terms of knowledge about assessment strategies, teachers pre-
fer to use different instruments for evaluating the subject-specific
learning outcomes such as project, group discussions, rubric, pre-
sentation, test, practical assignments. They find difficult to evaluate
with projects or observation in the crowded class. None of teachers
described the ways or strategies of assessment for CT-related goals.
These findings are parallel with the researches in literature, be-
cause it is still challenging to reach a comprehensive understanding
of how to assess students’ CT and there is a lack of reliable and
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valid common CT assessment instruments that can be applicable
across all platforms and devices in order to compare students’ CT
performance under varied conditions [23].

5.2 Teachers’ Perceptions about CT Integrated
Lessons

Teachers discussed the benefits of CT integration and they shared
their intentions regarding the future usage. They believed that CT
integrated lessons add value to students’ learning and it’s important
for students to learn the steps of problem solving. They found
useful the constructivist approach that formed the basis of the all
lessons, particularly to deepen in the subject related content by
applying/using technical skills with hands-on activities. The degree
of autonomy that students have in making decisions about their
produced artefacts was seen as a significant factor to consider when
assessing learners’ ability to engage in constructionist learning in
computational thinking activities [7].

5.3 Barriers and Suggestions for CT Integrated
Lessons

The teachers explained the problems they faced during the CT inte-
grated lessons and their suggestions to solve these problems and
improve the lessons. They refer to lack of time, lack of technical
knowledge of teachers and students, difficulties with organization
of equipment and class. It is remarkable that teachers feel that they
do not have the qualities and abilities necessary for programming
and they desire to be more knowledgeable about programming
concepts and CT related pedagogical aspects. Integrating compu-
tational thinking in K-12 education requires teacher educators to
prepare teachers to provide teachers with the content, pedagogy,
and instructional strategies needed to incorporate computational
thinking into their curricula and practice in meaningful ways, en-
abling their students to use its core concepts and dispositions to
solve discipline-specific and interdisciplinary problems [30]. It is
important to take steps in this direction.

They explained the difficulties caused by COVID. Because the
experiments were carried out during the period when there were
many COVID restrictions at schools. There was an effort to main-
tain social distance especially between high school students. It was
also a period when school trips and out-of-school activities were
not possible. Because of COVID related issues, one teacher had to
do his lessons as online. So, teachers couldn’t design their lesson
plans as they wish, they said that it was a kind of difficulty for them.
It was also a limitation for the research.

6 CONCLUDING REMARKS

Empowering all grade and all disciplines teachers with valid in-
formation about CT provides an opportunity that could inspire
students to explore different disciplines with a computing perspec-
tive. This paper will be of benefit to researchers and all teachers
who desire to design and conduct their own CT integrated lessons
and to explore the ways for creating a new teacher education cur-
riculum including CT approaches. As we discussed before, this
study is a part of a larger project [2] which aims to generate a set
of empirically validated design principles for learning activities
fostering CT development within the curriculum. Future work will
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describe the students’ understanding with respect to subject related
and CT related objectives gained by in these CT integrated lessons.
Also, there will be the second development cycle of the lessons,
the activities will be improved according to teachers’ suggestions
and students’ feedback, then the updated learning activities will be
tested one year later. The teachers’ PCK development will continue
to be monitored and analyzed in terms of content and coherence
[16]. We will look for differentiating features of the teachers’ de-
velopment, with the purpose of typifying individual development
processes. In the light of the PCK framework, future research should
continue to investigate the ways for integrating CT knowledge and
skills into teacher education curricula, as well as extracting the
type of knowledge required to transform tools used in creating
computational artifacts into meaningful educational experiences
for K-12 learners.
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