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Abstract

Computational thinking is accepted today as a collection of cognitive and social skills
required for functioning in the 21st century. The paper presents a conceptual view at com-
putational thinking that encompass concepts, problem-solving skills, application skills, and
social skills. To impart those perceptions and skills the paper proposes the Four Pedago-
gies for Developing Computational Thinking (4P4CT) framework, which relies on active
learning, project-based learning, product-based learning, and context-based learning, and
advocates implementing computational thinking across all the education system in all sub-
ject matters at all ages by all teachers. The framework is presented and its implementation
in an academic course for preservice K-12 teachers, taught so far in 16 classes attended by
409 preservice K-12 teachers, is described in detail. To support the effective development
of the expected competences among preservice teachers, two types of empirical qualitative
evidence, related to student outcomes, are presented: (a) simulations of computational pro-
cesses, and (b) reflections that indicate a change in preservice teachers’ perceptions and the
application of computational thinking in their future teaching work.
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Introduction

While the educational community is engaged in the development of a computational think-
ing (CT) curriculum and its assimilation among students, the importance of teacher train-
ing as a key agent in the implementation of CT in the education system has also been raised
(Hodhod et al., 2016; Yadav et al., 2017). Although the origins of CT are usually associated
with the field of computer science (CS), it is widely acknowledged that CT skills are rel-
evant for all (Lye & Koh, 2014; Wing, 2006, 2011, 2014). CT enables the development of
cognitive and social skills required to function in the 21st century (Araujo et al., 2019; Barr
et al., 2011; DeSchryver & Yadav, 2015; Giinbatar, 2019) and can enhance the learning
and teaching of all disciplines (Lee et al., 2020; Pollock et al., 2019; Seegerer & Romeike,
2018). This perspective is reflected in the growing number of countries that incorporate
CT in a variety of forms, including elementary and middle schools and even kindergartens
(Bocconi et al., 2016a, 2016b, 2022; CSTA, 2017; ISTE & CSTA, 2011; K-12 Computer
Science Framework Steering Committee, 2016; Sabitzer et al., 2014). Nevertheless, despite
the increasing acknowledgment that CT requires adequate teacher preparation programs,
the literature on teacher training is limited, particularly with respect to academic preservice
teacher preparation programs (Tang et al., 2020).

This paper presents the Four Pedagogies for Developing Computational Think-
ing (4P4CT) framework—a holistic approach for teaching CT that can be implemented
in teacher preparation programs as well as in schools. Our working assumption is that,
although scholars have not yet agreed upon an exact definition of CT, it is commonly
agreed that all citizens should acquire CT skills. Accordingly, we suggest 4P4CT, which
is geared towards implementing CT across the education system in all disciplines, for all
ages, and by all teachers, thus promoting this message.

4PACT is based on constructivism and constructionism learning theories, and it imple-
ments four pedagogies: active learning, project-based learning, product-based learning, and
context-based learning. This paper describes how the 4PACT framework is implemented in
a course in an academic preservice teacher preparation program, in which it is expressed
mainly, but not only, in the main course assignment, when teams of students develop a
computerized simulation of a computational process taken from any discipline. In general,
we suggest that when learners of any age implement, in a coding environment, a computer-
ized simulation of a computational process taken from any topic they are studying, in any
subject matter, they (a) improve their understanding of the specific simulated topic and (b)
develop a variety of CT skills—cognitive, programming, and social (Ragonis, 2018; Hazzan
et al., 2020).

As educators play a crucial role in developing students’ CT skills, they should develop
their own CT skills by experiencing this learning process—the development of a com-
puterized simulation of a computational process taken from any discipline. Based on this
working assumption, this paper presents an academic course focused on CT. The course
aims to equip pre-service teachers, across all school subjects and age groups, with CT
skills. Additionally, preliminary research findings are included to demonstrate the course’s
success in meeting its objectives. The course is offered to preservice K-12 teachers that
is already being taught by the first author in different tracks of teacher preparation pro-
grams. The course develops preservice teachers in three areas: CT knowledge, CT skills,
and technological pedagogy content knowledge (TPACK) (Koehler & Mishra, 2009), all
of which contribute to their pedagogical studies and perspectives. The course described
in this paper attempts to partially close the gap in relation to the integration of CT into
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teacher preparation programs for non-CS teachers by its unique combination of (a) aca-
demic framework—an academic course that is part of a degree curriculum; (b) target audi-
ence—preservice teachers of all disciplines who are training to teach all ages; and (c) con-
tent—Ilearning CT in the context of any field of knowledge.

Background
Computational thinking: an essential 21st century skill

In the last 15 years, since Wing (2006) initiated the discussion of the concept of CT, the
CS education community has been widely involved in its assimilation into a variety of
educational frameworks. It is now well agreed upon that students who are growing up in
today’s education system will live their adult lives in multi-tasking, multi-faceted, tech-
nology-driven, and highly diverse environments. Therefore, they must acquire the skills
needed in this era, many of which are included in CT. In addition, several theoretical and
practical foundations of CS are recognized today as essential knowledge for functioning
in all domains of life (Boholano, 2017; Harper, 2018; Li et al., 2020a, 2020b), not neces-
sarily in connection to CS or programming (Wing, 2006, 2011, 2014). In this light, CT is
recognized nowadays as a set of useful skills, borrowed mainly but not exclusively, from
CS, that can be applied in all disciplines (Barr et al., 2011; Cuny et al., 2010). CT is even
interpreted as computational literacy, which leverages students’ existing literacy skills to
improve computational outcomes and conversely fosters students’ literacy development
through the practice of computing (Jacob & Warschauer, 2018a, 2018b). From this per-
spective, extending the teaching and learning of CT to literacy instruction increases the
types and amounts of exposure to CT that students receive, which in turn better prepares
them for success in the new economy.

CT focuses on problem solving but does not have a single definition; rather, a variety
of perspectives and interpretations of CT exist. Some approaches connect CT with algo-
rithms and computers (Barr et al., 2011; CSTA, 2017; Denning, 2009; Lye & Koh, 2014;
Sabitzer et al., 2014), whereas others highlight the need to detach CT from technology and
computers (Hu, 2011; Yadav et al., 2017). CT is also associated with creative thinking (De
Schryver & Yadav 2015) and critical thinking (Korkmaz et al., 2017). The approach in
which CT is rooted in various subject matter domains is illustrated, among other frame-
works, as well as in academia. For example, the University of Delaware, Newark, decided
to integrate CT into all areas of knowledge, and a pilot was carried out in three different
disciplines: Sociology, Mathematics, and Music (Pollock et al., 2019).

Similar to several conceptual analyses of CT carried out in recent years, we see CT as
an important mode of thinking not only in computer science but also in other STEM dis-
ciplines (Li et al., 2020a, 2020b). We further conceive of CT from a broader perspective
as a set of thinking skills that can and should be applied in any discipline, including the
humanities and social sciences. This aspect of CT was also addressed recently by Denning
and Tedre (2022), who noted that basic CT does not teach us how professional computer
scientists see the world; rather, it consists of a set of basic and fundamental ideas for learn-
ing central concepts in computing, as well as in other fields. Our emphasis on the applica-
tion of CT skills in problem-solving processes in all fields of knowledge is also reflected
in our discussion of data thinking, which encompasses data thinking in all fields of knowl-
edge (Mike et al., 2022).
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Although different views and opinions have been expressed with respect to CT since
Papert (1980) planted the seeds into the concept, there seems to be consensus regarding
several of its characteristics, with or without computers:

(1) CT s atype of problem-solving skill that involves the ability to design solutions to be
implemented by either a person or computer.

(2) CT includes a set of cognitive skills, such as the decomposition of a problem into
sub-problems, organization and logical analysis of data, and its representation using
abstraction, design, and assessment of several solutions to a given problem, and the
examination, implementation, and generalization of the chosen solution (Shute et al.,
2017);

(3) Learning and developing CT enable the acquisition of a set of social skills, such as col-
laborative teamwork and time management, which can be applied in various contexts
(Google, 2019; Giinbatar, 2019; Hu, 2011; Wing, 2014).

The importance attributed to CT and the need to develop CT in the education system
were highlighted by the OECD’s inclusion of code-based CT skills in the PISA 2021 math-
ematics test (OECD, 2019). The importance of integrating CT across the board, and the
important role of teachers in those processes were emphasized: “computer science and
computational thinking, when taught well, can prepare students to apply problem-solving,
creativity, and collaboration in all sorts of domains” (OECD, 2019, p. 1).

Acquiring computational thinking skills in education systems worldwide

The necessity of CT skills for effective citizenship today and certainly in the future is
widely agreed upon in education systems worldwide. Furthermore, acquiring CT skills
benefits students with low socioeconomic backgrounds, which may help close social gaps
and promote social mobility (Bocconi et al., ). In this spirit, considerable work is being
done to promote the acquisition of CT skills by learners of all ages, from kindergarten,
through elementary, middle, and high schools, to academia.

Many countries incorporate CT into their school curricula, and differences can be seen
in its place in the overall curriculum and its status as a mandatory or elective study subject.
Two main approaches are typically applied to the implementation of CT in the curriculum.
The first is more prevalent and involves introducing CT as a separate subject matter, usu-
ally as part of a CS/informatics/information and communication technologies (ICT) cur-
riculum (e.g. US: CSTA, 2017; ISTE & CSTA, 2011; K-12 Computer Science Framework
Steering Committee, 2016; in the EU: Bocconi et al., (2016a), (2016b), (2022) in the UK:
The Royal Society, (2012); in Japan: Kanemune et al., (2017); and in New Zealand: Kel-
low, (2018). The second approach is to include CT in the context of STEM subjects, such
as mathematics or biology lessons (e.g., Bocconi 2016a, 2016b, 2022; Lee et al., 2020;
Peel et al., 2020; Sabitzer et al., 2014).

Some extracurricular programs and competitions are also based on the development
and application of CT skills, such as Bebras, an international initiative aimed at promoting
Informatics (CS) and CT among school students of all ages (Araujo et al., 2019); Code-
Monkey, an educational game-based environment in which children learn to code without
any prior programming experience (Israel-Fishelson & Hershkovitz, 2020); and Code.org,
an educational nonprofit initiative dedicated to the vision that every student in every school
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should have the opportunity to learn computer science as part of his or her core K-12 edu-
cation (Lambic¢ et al., 2021).

The assimilation of computational thinking in educational systems depends on vari-
ous factors, including the adoption of new technologies and development of new ways of
thinking. It was found that too few innovators and early adopters actually used new tech-
nology to enhance existing learning behaviors (Ebner et al., 2007). Respectively, new
approaches for the Technology Acceptance Model (TAM) exist, and future directions are
offered (Maranguni¢ & Granié, 2015). The adaptation of advanced thinking skills, such as
computational thinking, can be interpreted in the context of innovative thinking competen-
cies, which refers to four personal and interpersonal skills (observing, questioning, idea
networking, and experimenting) that influence the adoption and/or development of new
approaches and technologies in educational settings (Morad et al., 2021a, 2021b).

Teacher training for teaching CT

The role of teachers in teaching CT is of great interest to the education community, and
extensive work has been done, especially in the last five years (Armoni, 2019; Bocconi
et al., 2016a, 2016b, 2022; DeSchryver & Yadav, 2015; Ragonis, 2018; Yadav et al.,
2014a, 2014b; Yadav et al., 2017; Yasar & Veronesi, 2015). Since teachers are recognized
as key agents for imparting CT skills (Hughes et al., 2017; Lamprou & Repenning, 2018;
Seegerer & Romeike, 2018), the attention given to the development of teachers’ CT skills
has increased as well. This challenge has been addressed, for example, in Korea, where pri-
mary teachers’ training is perceived as critical to the success of a new reform introduced to
integrate CT, since elementary school teachers teach all subjects and IT/computer teachers
are not part of the elementary school staff (Park, 2016).

As part of this effort, the perceptions and knowledge of preservice teachers and in-ser-
vice teachers regarding CT were studied with the objective of improving the professional
development programs offered (Cabrera, 2019; Chang & Peterson, 2018; Ung et al., 2022;
Yang et al., 2018a, 2018b; Yilmaz et al., 2018). Specifically, it was found that teachers
acknowledge their need to develop their own CT skills to be able to apply them in their
classrooms and implement an interdisciplinary approach in their teaching (ibid.).

Different professional development courses for in-service teachers of CT are offered
worldwide. The following four cases aim to develop teachers’ CT knowledge and skills
based on using computerized environments: (a) Hestness et al., (2018) facilitated a profes-
sional development workshop series on CT for elementary-level mentor teachers to sup-
port preservice teachers in integrating CT into their science classroom practice in early
grades; (b) Peel et al. (2020) presented a case study of a science teacher whose secondary
school student implemented design-based research projects focusing on integrating CT in
computationally enriched biology units; and (c) Kong et al., (2020) presented the design,
implementation, and evaluation of a professional development program for primary school
teachers that focuses on the essential programming knowledge needed to develop CT,
emphasizing the development of teachers’ TPACK skills (Mouza et al., 2017). They used
general programming assignments (e.g., a dancing cat or a wishing tree), and not problems
from any specific subject domain; and (d) Cakir et al. (2021) used basic robotic coding to
develop in-service teachers’ acceptance of technology, self-development, and CT skills in
technology use.

As can be seen, (a) teacher training for CT is introduced mainly in in-service teachers’
professional development programs; (b) the integration of CT into many of the programs
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is associated with programming-based applications; and (c) increasing attention is given
to the integration of CT into the learning of specific subject matters. Our work, presented
in the next two sections, contributes to this body of knowledge by focusing on preservice
teachers’ development of CT knowledge and skills in all subject matters, using computa-
tional environments, within a holistic pedagogical framework—the 4P4CT.

The 4P4CT framework

In this section, we present 4P4CT, which forms the theoretical and pedagogical basis of the
CT course described in this paper, for preservice teachers trained to teach all disciplines to
school children of all ages.

Theoretical and pedagogical infrastructure

The 4PACT — Four Pedagogies for Developing Computational Thinking Skills — framework
relies on the well-recognized learning theories of constructivism and constructionism and
on some of their related pedagogical approaches. Constructivism emphasizes the building
of learners’ knowledge through active learning processes that promote their involvement
in and responsibility for constructing new knowledge based on their previous knowledge
(Fosnot, 2013; Piaget, 1973; Vygotsky, 1980). Constructionism expands the constructivist
approach, emphasizing that learners’ understanding is more meaningful when they create
physical or computational products that represent learned concepts (Harel & Papert, 1991;
Papert, 1980). The centrality of the constructionist approach in CT is expressed, for exam-
ple, in the special issue of Constructivist Foundations Journal, which situates construction-
ism in the context of CT (Dagiené & Futschek, 2019).

From the variety of pedagogies developed based on these two theories, 4PACT empha-
sizes the following:

Active learning is an instructional approach that engages students with the
learned material through discussions, problem-solving, case
study analysis, role-play, and other methods. In active learning,
learners are responsible for their own learning process and gain
opportunities to promote higher-order cognitive skills such as
knowledge application, analysis, and synthesis (Drew & Mackie,
2011).

Project-based learning (PjBL) is a pedagogical approach in which learners actively
develop their knowledge in a teamwork-based process that
includes the presentation of an authentic issue/question/problem,
search for possible solutions for solving it, selection of criteria
for choosing among alternative solutions, and development of a
solution that solves the problem and meets the problem require-
ments and constraints (Reinholz et al., 2018). In addition, learn-
ers are guided to apply critical and reflective thinking in relation
to the problem-solving process in general and solutions in par-
ticular (Capraro & Slough, 2013a, 2013b).

Product-based learning  suggests one possible implementation of the PjBL approach
that stems from constructionist theory, emphasizing that people
construct new knowledge when they are engaged in constructing
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meaningful physical products for themselves or for others around
them (Ackermann, 1996).

Context-based learning  emphasizes that knowledge and skills must be learned and built
up in a relevant context or domain of life, not just as a theory
(Bennett et al., 2007a, 2007b; Holbrook, 2014; Prins et al., 2018;
Stanisavljevic et al., 2016). Moreover, it centers on the belief that
both the social context of the learning environment and its con-
crete context are pivotal to knowledge acquisition and processing
(Rose, 2012).

These pedagogies are applied in different ways in teachers’ professional development
programs and in programs for educators in academia (e.g., PjBl: Rahardjanto, 2019a,
2019b; Roessingh & Chambers, 2011; Product-based learning: Buteau et al., 2019; Con-
text-based learning: Avargil et al., 2012).

Developing simulations of computational process for learning

Papert’s constructionist vision (1980) lays out the rationale for using computers in general,
and programming, particularly for learning in all disciplines. This vision yields the design
of the Logo programming language and NetLogo programming environment for learning
and implementing an agent-based modeling approach for science simulations, as well as
simulations in many other areas (Tisue & Wilensky, 2004). Papert’s approach was contin-
ued by his former student, Resnick, who developed Scratch, a block-based visual program-
ming language, to create interactive projects that facilitate the learning of all disciplines
and share them worldwide (Resnick et al., 2009). Resnick (2012) emphasizes the role of
coding and states, “When you learn to read, you can then read to learn. And it’s the same
thing with coding. If you learn to code, you can code to learn.”

We adopt this approach and take the stand that even though CT is meaningful and can
be interpreted and implemented without computers, one of the basic working assumptions
of the 4PACT framework is that it is implemented by learners’ by developing, in a com-
puterized learning environment, a context-based product that is a simulation of a compu-
tational process taken from a domain they are studying. This implements active learning
through PjBL, while developing a product in the context of learning a subject domain.

Research questions

To demonstrate the realization of the course objectives and pedagogical approach applied
in the course, a preliminary examination was conducted to answer the following research
questions:

RQI1: How do preservice teachers perceive the importance of computational thinking
and its application in schools?

RQ2: How do teachers comprehend computational thinking skills as revealed in
the development of simulations of a computational process in their field of
knowledge?
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Methods
The course design

The Computational Thinking (CT) academic course was designed for preservice K-12
teachers to implement the 4P4CT conceptual framework, enabling them to teach CT to
students across all subjects and age groups. The course was developed over five years
through an iterative process, and is based on three core foundations: (1) the course content
focuses on CT; (2) the pedagogy follows the 4P4CT framework; and (3) the target audience
includes all teachers, regardless of subject or age group. See Fig. 1.

Course rationale, objectives, and learning outcomes

Rationale The course rationale is to develop the preservice teachers’ CT alongside the
development of their understanding and confidence regarding its implementation in their
future classes. Since preservice teachers should recognize the importance of all school pupils
acquiring CT and be able to integrate it into their future teaching, they should experience
CT in a supportive environment that encourages them to think about its implementation in
schools. Accordingly, the course had two main interwoven principles. The first focuses on
CT as an object of thought and includes exposure to and learning about CT skills, familiar-
ity with CT curricula, and reflection on CT and its learning process. The second principle
focuses on the implementation of CT in schools, and consists of simulation development
in a computerized development environment of a computational process, including project
development and peer assessment.

Objectives The main objectives of the course are:

(1) To expose preservice teachers to the concept of CT, increase their awareness of its
various definitions and enable them to develop their own interpretation of CT.

(2) To develop preservice teachers’ CT skills so that they can identify, define, and develop
a computational process in their subject matter.

(3) To prepare preservice teachers to integrate CT into their future teaching of their subject
matter.

Learning outcomes At the end of the course, the preservice teachers will be able to:

Fig.1 The three foundations of

the course desi gn Computational Thinking Course for Preservice Teachers
Content: Pedagogy: Population:
CT 4P4CT All teachers
All subjects
Knowledge 1. Active learning All ages
& 2. PjBL
Skills 3. Product-base learning
4. In context
Constructivism
& Constructionism
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(1) Identify their own interpretation of CT;

(2) Define a computational process in the discipline they will be teaching;

(3) Develop a script that simulates the computational process in the discipline they will be
teaching.

(4) Analyze the given scenarios, determine whether the scenarios express a computational
process, and explain their evaluation.

(5) Realize the importance of developing the CT skills of learners of all ages.

Course structure

The course comprises six units that build on each other and evolve throughout the course.
A simulation of a computational process is developed in Unit D, while the preceding units
establish the conceptual foundations and knowledge required to develop the simulation that
implements the computational process. The units that follow the simulation development
foster a holistic perspective of CT and present additional expressions of CT. The course
structure is shown in Table 1.

We chose Scratch as the development environment for the course because it is a well-
established and community-based environment (Brennan & Resnick, 2012), that enables
the achievement of course objectives. This environment is widely known and used by stu-
dents of all ages (https://scratch.mit.edu/).

Since the course is included in the curriculum of various academic degrees, it focuses
not only on practical issues but also on theoretical issues and the investigation of research
studies.

Course assignments

The students were assigned five types of assignments in the course. In what follows, we
emphasize their pedagogical goals and how they are used to develop preservice teach-
ers’ conceptions of CT and their CT skills. Some assignments were given to the students
several times during the course in different units and in different contexts, according to
their current stage of CT acquisition. After describing the course assignments, we map the
assignment types according to the pedagogies that form the basis for the 4P4CT framework
and CT dimensions (Sect. Mapping the course assignments).

Assignment |: reverse engineering Reverse engineering processes were originally used
in the context of engineering tasks to create a copy or change an existing artifact. The main
thinking skill applied in reverse engineering is the analysis to deduce design principles from
a given product (Bertoni, 2019a, 2019b). Similarly, a software reverse engineering process
investigates a given source code and the underlying thinking processes that guide developers
in the software development process.

In the course described in this paper, students are presented with a simulation that they
can execute and play in the computational environment, test and explore object behavior,
and examine the code that executes it. Students are asked to note, document, and describe
every aspect of the given simulation that they discover, such as entity behaviors and
dependencies among the behaviors of different characters. Students summarize their con-
clusions either verbally or graphically. They were also asked to list their thinking skills,
assuming that the simulation developer(s) applied during the simulation development pro-
cess, and to document the strategies they employed in this investigation process.
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At the beginning of the course, the students worked on this type of assignment in a given
simulation (Unit A). Thus, from the onset of the course, students are exposed to both the
applied and conceptual dimensions of CT. Similarly, reverse engineering is implemented
in Unit E, towards the end of the course, after students have completed the team project in
which they implemented various dimensions of CT. At this late stage of the course, their
investigation was based on the knowledge and skills they learned and experienced through-
out the course.

Assignment |I: writing a position paper This type of assignment was given to the students
twice during the course, emphasizing two different dimensions of CT. Both assignments
were based on reading materials and critical thinking.

The first assignment, carried out in Unit B, instructs students to write a position paper
that reflects their knowledge, attitudes, and position with respect to CT based on what they
have learned and have been exposed to so far in the course (up to Lesson 3). The position
paper should be based on reading papers, exploring web sources, and watching video clips
chosen previously by students. The position paper was limited to 1-2 pages. The students
were asked to write about their current interpretation of the concept of CT and to present
and elaborate on their opinions with respect to the question “Can CT skills be learned in
the context of your teaching subject? If yes—how? if not—why not?”.

The second assignment was given to students at the end of the course in Unit F. The
main goal of this assignment is to allow students to conceptualize and express the knowl-
edge, insights, and skills that they acquired throughout the entire course, including the
completion of the simulation development (presented in Sect. Course assignments). At this
stage, the position paper focuses on the implementation of CT in schools. Students are
directed to a variety of resources related to CT, including research papers, position papers,
school curricula, and extra-curriculum initiatives. Based on their research, they are asked
to write a reasoned and justified 2-3-page long position paper that describes their vision of
the application of CT in their future classrooms. The guidelines explicitly state and encour-
age students to express independent, supportive, and/or critical positions.

Assignment lll: individual perception description Students were asked to write their own
interpretation and understanding of the concept of CT three times during the course: at
the beginning of the course in Unit A, after Unit C, and at the end of the course in Unit F.
The assignments were given through a questionnaire, and students were asked to complete.
These assignments invite students to reflect on the challenges they face in entering the cur-
rent learning stage, to elaborate on what they find interesting, surprising, or confusing, or
that aroused their curiosity about CT. They also encourage students to recognize their diffi-
culties, as well as their motivation with respect to learning and implementing CT. The main
objective of this task was to foster students’ reflective skills in general, and specifically with
respect to their own CT skills (Larrivee, 2008; Schon, 1987). Two additional reflection tasks
were submitted by the students together with their projects, as described next.

Assignment 1V: development of a computerized simulation of a computational pro-
cess in any subject (PjBL) This assignment was at the heart of the course. Students
develop a computerized simulation of a computational process that integrates the con-
cepts and skills the course aims to impart. After students have experienced, read, learned,
and acquired hands-on practice in the computerized development environment, the goal
of this assignment, implemented in Unit D, is to deepen their CT skills in the context of
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their future teaching discipline. Specifically, the product of this assignment is a script
in Scratch that simulates a computational process relevant to the discipline the preser-
vice teachers intend to teach. The assignment was carried out in groups of to 2-3 stu-
dents, preferably from different disciplines. Any subject matter can serve this purpose,
for example, the Trojan War as part of their history studies, the water cycle in geography,
or the movement of elements in the solar system in astronomy. The students were given
the following guidelines.

(a) Find and define a computational process in your teaching discipline;

(b) Consider a possible visual implementation of the computational process you chose;
(c) Write an outline of a script that describes the computational process;

(d) Develop a simulation of the computational process.

In addition to the project code, two complementary reflective documents were also
submitted. The first, submitted by the team, required students to reflect on the simu-
lation development process. Students should address the limitations of the simulation
in describing the real computational process, what they wished to achieve and did not
succeed, and why. The second, submitted by each student individually, presents the stu-
dent’s reflection on his or her understanding of the various CT dimensions and skills—
cognitive, social, and implementation—as expressed in the computational process
development. Since most preservice teachers who study the course are not CS majors
(see Table 2), their projects are not evaluated by CS standards (such as coding style and
simulation structuring); rather, they are evaluated by the level of their analysis of the
different CT dimensions of the project.

This learning setup demonstrates the application of 4P4CT theories and pedagogies,
as follows: constructivism theory is exhibited because students are active and involved
in the learning process and are responsible for the construction of their new knowledge.
From the constructionism perspective, the PjBL and context-based learning theories are
exhibited when students create a concrete product—a script that implements the simu-
lation. The implementation of 4P4CT fosters students’ various learning processes and
developed skills.

(1) Understanding the learned topic is refined because the constructed simulation must be
accurate to correctly describe the computational process in the learned topic.

(2) Computational skills are developed and enhanced while designing the scenario, select-
ing its entities, developing the entities’ behavior, and scheduling their appearances and
roles in the simulation (Ragonis, 2018). In particular, algorithmic and programming
skills in computerized development environments have been strengthened.

(3) Cognitive skills, including logical reasoning and real-life problem solving skills, have
been developed (Giinbatar, 2019). Furthermore, modeling skills that require a higher
level of abstraction, such as design, are enhanced.

(4) Social skills, which include working habits and practices such as teamwork, coopera-
tion, time management and task scheduling, planning, role distribution, and conflict
management—all of which are soft skills that are required in the twenty-first century—
are promoted during the simulation development in teams.

In the Preliminary Findings section, we present examples of student products, spe-
cifically simulations of computational processes in various learning subjects.
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Assignment V: simulation evaluation This assignment, which takes place in Unit F, is
based on a collection of simulations developed by the students in the course but can also be
based on any collection of simulations that represent a variety of computational processes.
Students are asked to evaluate the simulations and, specifically, to address the following two
questions: (1) To what extent, in your opinion, does each simulation reflect CT principles?
(2) In what way are each principle [mentioned in (1)] reflected in each simulation? In addi-
tion, for each simulation, students were asked to select one of five descriptive evaluation
levels and justify their selection: insufficient CT application, limited CT application, reason-
able CT application, good CT application, and excellent CT application. This assignment
increases students’ analytical skills by asking them to present a holistic assessment to justify
their position based on the knowledge they acquired in the course. The student assignments
were evaluated based on the justifications provided by the students.

Mapping the course assignments

In this section, we map course assignments according to the 4P4CT framework and the five
dimensions of CT.

Mapping the course assignments according to the 4P4CT framework Table 3 maps
course assignments according to the pedagogies on which the 4P4CT framework is based.
Since students are preservice teachers, two aspects are emphasized with respect to context-
based learning: the subject matter context and the teaching context.

As can be seen in Table 3, the constructivist pedagogical approach is expressed in all
course assignments because they are all based on active learning, which provides students
with opportunities to build their knowledge and skills. In a similar manner, since all course
assignments are rooted in the context of the preservice teachers’ future teaching, the con-
text-based learning approach is also exhibited by all course assignments in relation to both
the subject matter and teaching processes. Constructionism is reflected in the PjBL peda-
gogy implemented by the simulation development assignment that is anchored in the prob-
lem students solve: the identification of a computational process in a field of knowledge,
for which students create a computerized product. Product-based learning pedagogy is also
exhibited in the position paper-writing assignments.

Mapping the course assignments by five dimensions of CT Although CT has no uni-

fied or single acceptable definition, as presented in the introduction and background of this
paper, we suggest five dimensions of CT skills that encompass concepts, problem-solving

Table 3 Mapping the course assignments by the four pedagogies

Type of assignment Active PjBL Product based  Context-based learning
learning learning - -
In relation to In relation
subject matter to teaching
Reverse engineering v v v
Writing a position paper v v v v
Interpreting CT—reflection v v v
Implementing a simulation v v v v v
Evaluating simulations v v v
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skills, application skills, and social skills. Following the presentation of these five dimen-
sions, we mapped the course assignments according to these dimensions. The five dimen-
sions are as follows:

(a) Cognitive CT skills, which are problem-solving competencies, such as problem decom-
position, abstraction, and generalization.

(b) Algorithmic CT skills, which refer to the implementation of the computational process
in a programming language and involve computational concepts, such as conditions,
iterations, events, and parallelism.

(¢c) Programming CT skills, which include thinking and behavior practices exhibited during
code development, such as algorithm/script formulation, debugging, integration, and
coordination between simulation components.

(d) Modeling CT skills, which address processes such as design, reverse engineering, and
connections to real-world problems.

(e) Social CT skills, which are behaviors that allow people to function in teams, such as
collaboration, communication, and presentation.

Table 4 shows how these CT dimensions are expressed in the course assignments.

Population

The course was taught to diverse populations in two higher education institutions in Israel.
The first institution is Institutionl (anonymized), a multidisciplinary academic college
focused on training educators of all ages and disciplines. The second institution is Insti-
tution2 (anonymized), a leading science and technology research university. This faculty
only trains STEM teachers. So far, 409 preservice teachers in 16 classes have attended the
course. Table 2 presents these classes and their respective populations.

Tools and procedure

To answer the research questions, we performed the inductive qualitative document analy-
sis (Azungah, 2018) on students’ outcomes from two assignments. Among all outcomes,
collected from 406 students completed the course (see Table 2), we selected a sample con-
sisted of.

(a) 50 summary guided reflections—the second position paper (Assignment II, "Course
assignments" Section), to answer RQ1;

(b) 25 simulations out of 153, developed personally or in teams (Assignment IV, "Course
assignments" Section), to answer RQ2.

The sample was selected so as to reflect student demographics: the two educational
institutions, the different courses, the different fields of teaching, and the different target
age groups. The qualitative analysis of students’ outcomes involved identifying central
themes that reflected the discourse and provided answers to the research questions (Thorn-
berg & Charmaz, 2014).

To answer RQ1, the outcomes of the second position paper were analyzed in three
phases: (1) Each text was divided into sections, each highlighting a different aspect of
teaching and learning CT; (2) All excerpts reflecting similar aspects were grouped together,
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and characteristic category titles were identified for each group. This process revealed five
main categories: and (3) the texts were scanned again to select illustrative quotations.

Phases (1) and (2) were first done by each of the three researchers independently, and
then a continued discussion was conducted on several disagreements until an agreement
was reached by the three researchers.

To answer RQ2, the development of a computerized simulation of a computational
process in any subject (see "Course assignments" Section) was analyzed. A sample of
simulations was examined at this stage according to two key aspects: a. the definition of
a computational process in the preservice teacher’s field of knowledge; and b. the use of
computational tools in the development of the simulation.

Findings

In what follows, the preliminary findings obtained from analyzing selected student out-
comes are presented and discussed.

Preservice teachers’ perceptions of the importance of computational thinking
and its application in schools

The content analysis of the second position paper assignment revealed five categories. For
each category we present its category and interpretation, and illustrate it with representa-
tive quote(s) for students’ attitudes. The students’ initials and subject of teaching are pre-
sented in parentheses after each quote; in the case of the MOOC, all quotes are anonymous.

Computational thinking is suitable not only for the sciences

Students testify that based on their own course experience they realized that CT can be
applied and is relevant for all fields of knowledge, which is one of the main messages of the
course.

"From the beginning, the task of developing a simulation seemed to me to be more
suitable for teachers who teach scientific subjects. In my discipline, which is civil
sciences and sociology, the answers to the problems and conflicts that arise are much
more diverse and rely on different considerations and comparisons, and I did not see
how computational thinking could advance the students’ understanding of the sub-
jects within the discipline [...]. But later, in the context of applying laws, I found
myself saying: "It’s very simple, there are clear rules about who is and who is not,
and you don’t need to invest too much thought here, it’s either yes or no" and then
I was able to see in my mind how he broke down the problem into small problems
whose answers are yes or no and build from that ... a flow chart for questions that
arise in relation to the law." [Y.G. Civil Sciences].

"I was afraid of the project, and I was afraid of choosing the topic ... but now that I
have finished, I think of how much the simulation can help the students, especially if
they develop this type of simulation themselves. There is no doubt that this will make
them understand the concepts better because everything is more tangible". [Anony-
mous]
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Applying computational thinking in simulation development promotes understanding
of concepts

Students reflected on their insights regarding the importance of the simulation develop-
ment as a tool that promotes the acquisition of CT concepts and skills.

"The work we did developing a simulation to demonstrate a process in physics
enlightened me to the possibility of attaining a deeper understanding of the scientific
process by applying computational thinking." [M.V. Physics].

“In a software development platform such as Scratch... students build and assemble
models according to their wishes and experience a creative experience that teaches
them many things such as controlling objects, viewing the result, working and refer-
ring to data, weighing parameters, fine tuning, adaptation, and more, thus enabling
them to deepen their understanding of the concepts for which the simulation is devel-
oped." [E.S. Mathematics]

Computational thinking concepts are an important part of a teacher’s toolbox

Students valued the CT skills they gained in the course, considering them a valuable addi-
tion to their instructional and pedagogical resources (toolbox).

"Studying the subject, and understanding it, gave me another tool, in my "toolbox"
as a teacher, for transferring and learning some of the content that I will teach within
the framework of my disciplines both professionally (assimilation of study material
among the students) and from the student’s personal point of view (developing the
students’ personal skills)." [Z.C.B. History]

"During the simulation development, I learned that every step and order is impor-
tant in the process, and it is impossible to forego some instruction or place it in the
wrong place in the script, as in other processes that happen every day in my work as
a teacher and educator. The order of action and planning is significant when I want to
achieve a goal." [G.O., Social Sciences].

Concerns regarding the implementation of CT

Beyond the personal insights with respect to the benefits of integration CT in their future
classes, the students raised their concerns related to its broad implementation in the educa-
tion system.

"After completing the course assignments, my understanding of what computational
thinking is and how I can apply it in the discipline of civil sciences sharpened, how-
ever, | am not sure that the general student population can apply it, but rather mainly
students who are curious, who have high learning skills and analytical skills, as this
is a process that requires the students to think independently, ask questions, and
research.” [O.L. Civil and Social Sciences]

"To enhance computational thinking, many people need to be involved. This is a
message to students worldwide and in all fields of knowledge. Computational think-
ing and communicating with computers through code are necessary, just as students
can now read and write. However, we were at the beginning. I look forward to seeing
progress in the coming years." [M.H. Mathematics]
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Challenges in developing teachers’ computational thinking skills

As part of the mission of a broad implementation of CT in the education system, stu-
dents addressed the challenges involved in teachers’ professional development.

"Looking today at the subject of computational thinking, I understand more
deeply how important it is to develop this ability among the younger generations.
In my opinion, this ability is a critical skill for life today and in the future. I will
continue to say that the gap and reluctance I saw among my classmates amazed
me and emphasized the great challenge and difficulty, which is actually instilling
computational thinking among the generation of teachers. In my opinion, it is not
just an age gap but also a gap in understanding and the fact that even young teach-
ers who come to teach do not have any realistic or programming background. All
of this leads to a great reluctance to enter the field, thus actually harming another
generation of students who will not grow up with this ability of computational
thinking." [S.M. Civil and Social Sciences].

Teachers’ comprehension of computational thinking skills as revealed
in the simulations development

We expected that the simulation development will reflect not only prospective teachers’
understanding of one of the main concepts emphasized in the course, namely, compu-
tational process in the field of knowledge, but also, the development of a simulation
that reflects it. The examination of a sample of simulations (according to the criteria
presented in "Tools and procedure" Section), it was found that they represent computa-
tional processes in a wide range of fields of knowledge: Bible, Civil Studies, Computer
Science, Environmental Studies; History; Language; Life Sciences; Mathematics; and
Physics.

The realization of the computational process in the field of knowledge is demon-
strated using four simulations taken from different school subjects learned in various
school grades. Figure 2 presents screen snapshots of the simulations in Scratch, fol-
lowed by a brief description. Additional examples of simulations can be found in Rag-
onis (2018) and Hazzan et al. (2020, Chapter 4).

Example (a): air pollution, environment studies for high school

One objective of environmental education is to increase students’ awareness of environ-
mental factors that affect air pollution. In this example, students simulated a real-world
situation that included several factors affecting air pollution (cars, buses, and factories)
and several different molecules in the atmosphere. The simulation is dynamic and ena-
bles users to add and replace elements (e.g., they can replace several cars with one bus)
and observe how each change affects air pollution in the environment. In addition, the
background changes its color from red to green, and vice versa, according to the level of
pollution (see Fig. 2a).
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(a) Air pollution simulation (b) Motion word problem simulation

02

Fig.2 Screen snapshots of four simulations

Example (b): mathematical word problems, mathematics for middle school

Many learners experience difficulties when trying to solve mathematical word problems.
The development of a simulation that reflects the process described in the problem may
improve learners’ understanding of the behaviors of the entities described in the prob-
lem, as well as the mutual relationships among them. In this example, students simu-
lated a story, described as a word problem, about a taxi that drives from City A to City
B and picks up a passenger, and a truck that drives from City B to City A. Vehicle
speeds are controlled by the users by means of sliders, and the question they are asked
is: How many times will the taxi and truck pass each other on their way back and forth
within a certain time limit? (see Fig. 2b).

Example (c): the wolf, goat, and cabbage riddle, logic for elementary school

This simulation enabled the students to have a dynamic experience in solving the
famous “Wolf, goat, and cabbage” riddle. The riddle conditions were as follows: a
farmer wishes to cross a river with a wolf, goat, and cabbage. Each time the boat crosses
the river, it can carry the farmer, wolf, goat, or cabbage. If the wolf and goat are left
alone on one shore, the wolf will devour the goat; if the goat (or wolf) and cabbage
are left alone on the shore, the goat (or wolf) will eat the cabbage. The riddle is: “How
can the farmer cross the river so that the wolf, the goat, and the cabbage all get to the
other side intact and alive?” The students chose to change the characters but retained the
rules. The simulation is dynamic: the user can choose the character who will board the
boat with the farmer by clicking on it, then the boat moves from one side of the river to
the other side, and the simulation checks the correctness of the new state (see Fig. 2c¢).
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Example (d): the rise of modern nationalism in Europe, history for high school

The simulation shows the national changes in Europe throughout history. The European
nation-states were created as a result of several factors that brought man to a new under-
standing of the place of the individual in society. The departure from the framework of sov-
ereigns and vassals to the new world resulted from processes such as urbanization, secu-
larization, industrialization, education, and romance. The simulation demonstrated changes
according to various factors (see Fig. 2d).

Discussion and conclusions

In this paper, we present a computational thinking course designed to be integrated into
preservice K-12 teacher preparation programs for all ages (K-12) and disciplines. The
course implements 4PACT-Four Pedagogies for Developing Computational Thinking—
a framework that builds on constructivism and constructionism, implementing four main
pedagogies: active learning, project-based learning, product-based learning, and context-
based learning.

In this section, we first answer and discuss the research questions and then present the
main conclusions and contributions of our research initiative.

With respect to RQ1: How do preservice teachers perceive the importance of compu-
tational thinking and its application in schools? We presented five categories of teachers’
conceptions, reflecting the three foundations of the course design (see Fig. 1): (1) con-
tent (category b: “Applying computational thinking in simulation development promotes
understanding of concepts” and category e: “The challenge of developing teachers’ knowl-
edge”), (2) pedagogy (category ¢ “Computational thinking concepts are an important part
of a teacher’s toolbox” and category d: “Pedagogical aspects in thinking about the future
of the application of CT”) and (3) population (category a: “Computational thinking is suit-
able not only for the sciences”).

Specifically, an analysis of students’ reflections in their position paper revealed that the
main course objectives were fulfilled. They understand that CT is important for all teachers
(category c), they understand the contribution to any discipline and not only to the sciences
(category a), and they appreciate the active experience of CT as a promoter of the under-
standing of concepts in any field of knowledge (category b). Additionally, they considered
methods of implementation in schools (category d). Nevertheless, the learning path is not
easy, and prospective teachers raise concerns regarding implementation at schools (catego-
ries d, e). This means that their attitudes regarding school students’ skills and teachers’
skills must be further encouraged.

With respect to RQ2: How are teachers’ computational thinking skills reflected in the
development of simulations of a computational process in their field of knowledge? We
presented four simulations from four different subjects (environment studies, mathematics,
logic, and history), that are suitable for all K-12 grades: elementary school, middle school,
and high school. This also reflects the wide application of the pedagogical approach pre-
sented in this paper, which targeted all subject matter and all students. In other words, the
preliminary analysis of the simulations shows that the concepts that the course sought to
impart were achieved: computational thinking skills were applied in the context of the field
of knowledge and in the context of computer simulation development. This is evident in
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the simulations and also in the second category that emerged from the reflection analysis,
where students assert that simulation development promotes understanding of concepts in
the subject matter. We can add that this also fulfills our 4P4CT pedagogical model vision,
since students actively construct their knowledge while developing an outcome in the con-
text of their teaching field of knowledge.

Further to our literature review, we suggest that our main contribution is to provide a
holistic approach to teaching computational thinking skills that enriches students’ learning
with respect to both content and skill. This is achieved largely by increasing the learners’
intrinsic motivation, since according to the self-determination theory (Ryan & Deci, 2000),
their needs for competence, autonomy, and relatedness are fulfilled. This observation is
especially important for the case described in this paper—prospective teachers of all ages
and all subjects—since the proposed approach has the potential to be applied to the entire
education system.

Furthermore, our data were collected in the context of project development while apply-
ing active learning pedagogy, rather than in the context of a theoretical discussion about
the essence of CT and its teaching, as presented, for example, in Yadav et al., (2017) or
in the context of lesson plans that preservice teachers submitted and analyzed in the case
described by Yang et al., (2018a, 2018b). Our approach further highlights the potential
contribution of the 4P4CT framework to the preservice teachers’ perception of CT in a
way that addresses Yang et al.’s claim that teachers had “difficulties conceptualizing and
integrating CT in conjunction with content and pedagogy, particularly during authentic vis-
a-vis hypothetical lesson designs” (p. 368).

Project development pedagogy is one method used to improve preservice teachers’” CT
(Dong et al., 2023). Nevertheless, based on our proposed 4P4CT framework, which builds
on constructivism and constructionism, we apply a pedagogy that integrates learning CT
skills and disciplinary knowledge in a meaningful context for preservice teachers by devel-
oping a computational process related to teachers’ discipline. Butler and Leahy (2021)
and Bal et al. (2022) applied a similar approach, but while these two works applied con-
structivism perspectives in either a digital learning specialism program or asynchronous
micro—credential courses, respectively, our approach is implemented by one course taught
in a variety of study programs to prospective teachers of all ages and all subject matters,
and therefore can be suitable to many study programs, by a large community of teacher
educators.

The vision we impart to the preservice teachers in the course implies that:

(a) CT skills should be imparted as early as possible so that students can assimilate and
use them throughout their years of schooling and beyond.

(b) CT skills should be applied across all disciplines, because they have the potential to
promote learning in all areas. Furthermore, such applications will enable students to
deepen their understanding of subject matter as well as foster their CT skills.

(c) CT skills should be implemented and developed in relevant contexts of problem-solv-
ing.

Although CT does not necessarily involve programming and can be manifested through
other forms of problem solving (Bell, 2009; Bell et al., 2009; Taub et al., 2009), we do
see a great advantage in implementing CT using computerized programming environ-
ments. Furthermore, since the implementation of computerized simulation engages teach-
ers with technology, we propose that 4P4ACT be conceived as part of teacher technological
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pedagogy content knowledge (TPACK) (Giir & Karamete, 2015; Koehler & Mishra,
2009; Mouza et al., 2017). Many students did not understand what code meant and did
not believe that they could develop it. Their success in developing simulations builds their
confidence in the use of technology from a broader perspective. Specifically, preservice
teachers are taught and trained in the course in a manner that enables them to implement
4PACT with their school students in their discipline of expertise. This pedagogical method
is in line with teacher training approaches that emphasize that teacher training programs
should not focus only on theory and academic research but should also use the same peda-
gogical methods that preservice teachers will actually be using in the future with their stu-
dents (Canaleta et al., 2014). The analysis of the selected students’ outcomes, as reflected
in the answers to the research questions presented at the beginning of this section, showed
that the central concepts of the course were learned and reflected the success of the 4PACT
pedagogical model.

While we suggest that the foundations of CT and its practical principles of programming
be taught at schools by CS teachers, we also believe that CT skills should be used when
learning all disciplines. Accordingly, we envision the development of teachers’ CT skills
through a mandatory course for preservice teachers of all ages and disciplines and propose
that the course presented in this paper can leverage the integration of CT throughout the
educational system. This course is also suitable for professional development programs for
in-service teachers. This extensive course description enables educators to implement simi-
lar courses.

As this study is only one step in our investigation of the 4P4CT pedagogical frame-
work, we present only qualitative data, and neither measure students’ learning nor attitudes
by, for example, pre and post tests, nor used a control group. Our ongoing research of the
course, examines other course assignments outcomes, including evaluating the simulations
development using dedicated research tools to examine how the five CT dimensions are
reflected in the simulation development. Moreover, further investigations can address how
the course graduates apply what they have acquired in the course in their classes.

Data availability Data is available from the first author upon request.
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