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Abstract

The recent popularity of computational thinking (CT) and the desire to apply CT in our
daily lives have prompted the need for a successful pedagogical technique for learning CT
in K-12 education. The application of co-design pedagogical techniques has the potential
to improve students’ CT learning through knowledge sharing and the creation of ideas
to solve problems and develop an artifact. However, there is a limited understanding of
how co-design pedagogical techniques have been explored to foster CT learning, which
could hamper the successful use of co-design as a pragmatic teaching approach. This study
examined the ways in which co-design pedagogical techniques have been applied in CT
education by implementing a systematic literature review (PRISMA protocol) to document
the review analysis. A total of 26 articles that met the inclusion criteria for this study were
reviewed. Findings in this study revealed that workshops are the most utilized co-design
learning setting and, as expected, the collaborative technique is the co-design pedagogical
technique most frequently adopted for implementing CT in K-12 education. NetLogo is
the most frequently used co-design tool for teaching and learning CT in K-12 education,
and an interdependence exists between NetLogo and the Common Online Data Analysis
Platform. Co-design also helps teachers develop the ability to use co-design pedagogical
techniques to learn, create content, and integrate CT into their various subjects. This study
contributes to practical knowledge by unraveling and advocating the use of dialogical,
prompting, framing, and game-based techniques as co-design pedagogical techniques for
K-12 teachers and also helps teachers identify useful co-design tools for learning CT.
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1 Introduction

Following Wing’s (2006) introduction of computational thinking (CT) concepts. There is
a growing body of literature focusing on different ways of integrating CT into formal and
informal education. For instance, many researchers (Kong, 2016; Yadav et al., 2016) have
identified the benefits of teaching CT to young children and report the positive results of
teaching CT in the classroom. Similarly, in higher institutions, CT has proven to be ben-
eficial for preparing computer science students for programming courses (Agbo et al.,
2019; Kin et al., 2021; Piedade et al., 2020). Recently, there has been renewed interest in
the integration of CT into the primary and secondary curricula (Kelly et al., 2019; Water-
man et al., 2020; Yang et al., 2021). K-12 teacher training programs, usually referred to as
professional development programs or teacher development programs, have been organ-
ized to instruct teachers on ways they can use to introduce the CT concept, develop CT
materials, create a CT curriculum, and integrate CT into their various classrooms (Ketel-
hut et al., 2020; Kong et al., 2020; Monjelat & Lantz-Andersson, 2020). Furthermore, a
teachers’ training model called PRADA has been built for the purpose of training teachers.
PRADA stands for “Pattern Recognition, Abstraction, Decomposition, and Algorithms.”
The PRADA model has been developed to train non-computing teachers to comprehend
CT core concepts and aid teachers’ practical understanding of CT concepts. PRADA also
improves teachers’ capabilities to integrate CT into their existing teaching materials and
enhances their self-confidence (Dong et al., 2019; Sunday, 2023).

The term “co-design” has been defined as the facilitation of a team-oriented process in
which researchers, teachers, and developers collaboratively work hand-in-hand to define
roles for building educative inventions, conceptualize a design, build a prototype, ana-
lyze the prototype, and re-design the prototype to meet the required educational needs
(Roschelle et al., 2006; Sunday, 2023). This definition highlights the stakeholders and
processes involved in using co-design for educational innovation creation. Equally, co-
design is considered to be an important facet of the educational innovation-making pro-
cess (Riikonen et al., 2018). Nonetheless, co-design as a pedagogical technique depends
largely on the teacher’s participation in the process of designing pedagogical inventions
that involve technology as a major aid for practice, which results in the creation of curricu-
lum materials in schools (Penuel et al., 2007; Roschelle et al., 2006).

Different pedagogical techniques have been adopted for teaching CT at various educa-
tional levels, including game-based techniques (Agbo et al., 2021a, 2021b; Kin et al., 2021)
and programming (Lye & Koh, 2014; Tikva & Tambouris, 2021). However, the literature
provides no clear understanding of how co-design pedagogy has been applied as a peda-
gogical approach to facilitate the teaching and learning of CT in K-12 education. Thus,
this study aims to address this research gap. To our knowledge, this study is one of the first
(SLR) studies to investigate co-design pedagogical techniques in CT education and reveal
the state of the art of co-design pedagogy in CT K-12 education. The aim of this study is to
investigate the literature to identify and understand how co-design pedagogical techniques
have been applied in teaching and learning CT. Therefore, the objectives of this study
include (1) identifying different co-design pedagogical techniques, learning activities, and
learning settings used in teaching and learning CT in K-12 education; (2) classifying the
different co-design tools and technologies based on their features and identifying the co-
design CT learning and teaching mode in K-12 education; and (3) clarifying how studies
that use co-design pedagogical techniques have contributed to CT education at the K-12
levels. Specifically, this study adds to existing knowledge and promotes the application
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of co-design pedagogical techniques to foster the learning of CT by revealing the imple-
mentation of co-design pedagogical approaches, the associated learning activities, and the
tools or resources used in co-designing for teaching and learning CT. In addition, this study
reveals the impacts of co-design pedagogical approaches in the literature in terms of tools
or resource development, curriculum design, building innovation or creativity, building
ideas or concepts, and applying programming to learning CT through co-design pedagogy.
The following research questions were formulated to achieve the research aims.

RQ1: How has the co-design pedagogy been implemented for computational think-
ing education at K-12 levels?

RQ2: What tools and technologies have been used for co-design pedagogy in compu-
tational thinking education at K-12 levels?

RQ3: How have studies on co-design pedagogy contributed to computational think-
ing education at K-12 levels?

2 Theoretical Background
2.1 Computational Thinking Education
2.1.1 Definition of Computational Thinking

Recently, CT has been a major topic of discussion among researchers in K-12 education
and higher institutions of learning (Angeli & Giannakos., 2020; Agbo et al., 2022). Various
attempts have been made to define CT; however, no specific definition has been universally
accepted. Wing (2006) defined CT by connecting its fundamental concepts to knowledge
in computer science and a process that entails providing a solution to problems, developing
a system, and comprehending human behavior. Agbo et al.,(2019) describe CT features as
(a) expressing problems in a way that a computer or other tools can be used to solve the
problems; (b) logically systematizing and analyzing the data; (c) formulating data through
abstractions in simulation and model form; (d) using algorithmic ideas to automate a prob-
lem’s solution; (e) discovering, evaluating, and applying potential solutions with the aim of
obtaining the most efficient blend of phases and resources; and (f) organizing and apply-
ing the problem-solving steps to problems in other fields. In addition, CT is considered to
be the fundamental background of computer science, which means it represents the main
scientific thinking of the digital age (Agbo et al., (2019); Shute et al., 2017;. Therefore, CT
can be assumed to be a required skill for providing an efficient solution to real-world prob-
lems. In addition, several CT concepts have been identified including algorithmic thinking,
recursive thinking, abstraction, pattern recognition, decomposition, and problem-solving.
Apiola & Sutinen presented CT in terms of three forms of thinking in engineering edu-
cation: engineering thinking, scientific thinking, and mathematical thinking. The main tar-
get of engineering thinking is innovative production, with a focus on changing the world
through building and implementing inventive artifacts that solve a particular problem and
consider reliability, utility, and usability (Apiola & Sutinen, 2021). Scientific thinking
focuses on discoveries about the world that involve working with programs, numeric tech-
niques, and models to create theoretical and abstract applications, such as computational
model phenomena and artificial intelligence, to understand the world’s complexity and
solve global problems such as climate. Mathematical thinking uses algorithms and theoret-
ical structures to redefine, extend, and solve complex problems through data structures and
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algorithms and create a concrete, theoretical structure with accuracy and coherency (Api-
ola & Sutinen, 2021). Additionally, CT has demonstrated strengths in providing solutions
to diverse problems faced by humans (Li, 2016). CT has shown its potential in advanc-
ing human—computer interaction and association perceptions (Li, 2016; Shute et al., 2017).
Further, CT is not limited to programming or coding capabilities but rather involves the
ability to think in various ways for problem-solving (Wing, 2006). Several studies have
provided different models for CT, for example, Denning and Tedre (2021) presented the
old or beginner CT model, which focused on stimulating and arousing students’ interest
in computing. The beginner’s CT problem-solving definition involves problem abstraction,
decompositions, or recursion, which could be the first techniques utilized in solving a prob-
lem. These techniques can be followed by creating a step-by-step algorithm design for the
problem-solving, which may lead to programming or another form of design depending on
the kind of problem to be solved, and finally obtaining the real solution.

However, CT is evolving and moving towards new dimensions by embracing problem-
solving concepts for professional circles to proffer solutions to different real-world prob-
lems (Denning & Tedre, 2021). Shin et al. (2021) recently presented five new steps for
a CT problem-solving model. These include problem decomposition for a computational
solution (CT1); using algorithmic thinking to create computational artifacts (CT2); data
generation, organization, and interpretation (CT3); evaluation, testing, and debugging
(CT4); and creating iteration and refinements (CT5). Nevertheless, this study considers the
combination of the beginner CT model (Denning & Tedre, 2021) and CT simulation model
(Shin et al., 2021) to provide a renewed CT framework for efficient problem-solving across
the board. This framework includes solving the problem by first applying either decompo-
sition, abstraction, or recursive thinking depending on the problem at hand; followed by
applying recursive thinking where necessary and algorithmic thinking; then data genera-
tion, organization, or interpretation; followed by evaluation, testing, and debugging; which
are finally followed by iterating and refining to provide an efficient solution (See Fig. 1).

As presented in Fig. 1, CT is gradually moving towards data-driven and machine learn-
ing (ML) approaches, as several ML and data-driven concepts have gradually been incorpo-
rated into CT (Tedre et al., 2021). The application of CT has revealed its diverse enhanced
dimensions (Agbo et al., 2021a, b; Garcia-Pefalvo et al., 2016; Jormanainen & Tukiainen,
2020). Similarly, the professional cycle are specialization fields, which include the field
of sciences, mathematics, design, and engineering, where concepts such as automation
and machine controls, software development and design thinking, and systemic thinking
have also been proposed as vital concepts for CT (Apiola & Sutinen, 2021; Denning &
Tedre, 2021). These new concepts incorporated into CT have primarily been applied for
problem-solving in their respective professional fields. Moreover, these concepts have also
been seen as relevant as part of the CT framework due to their proficiency and applicability
in solving different complex problems. In addition, these concepts can help students rec-
ognize the crucial paths to follow to become a computing professional (Denning & Tedre,
2021; Tedre et al., 2021).

Several literature reviews on CT have been conducted to identify and provide the reader
with an understanding of state-of-the-art CT in relation to the respective research topic
(Palmatier et al., 2018). Bati (2022) conducted a systematic review of the literature on
CT and programming in early childhood education. In his study, Bati identified that one
of the most important factors for early childhood learning and CT is age; the application
of unplugged activities was more efficient in improving children’s programming and CT
skills, thus, highlighting the power of tangible experiences for the students. The study
also found no evidence of gender performance differences in CT (Bati, 2022). Similarly,
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Hsu et al. (2018) conducted a literature review to understand the application and devel-
opment of CT in education that spanned ages, subjects, learning strategies, programming
languages, and groups. The results show that the major CT learning strategies adopted, as
identified in the study, were problem- and project-based strategies. A formal course setting
was the most frequently adopted type of setting for learning CT. The study also revealed
that the researchers and educators employed different learning strategies to aid and enhance
student learning abilities and performance through diverse CT activities. Further, program-
ming subjects were identified as the subjects that most frequently applied CT, followed by
computer science subjects and mathematics. Teaching instruments for CT activities were
frequently used in programming design courses. Scratch was the most frequently used
programming language application adopted for learning CT (Hsu et al., 2018). Further,
Papadakis also carried out an SLR to investigate the educational value of using coding
applications for building young children’s CT and computational fluency. The outcome
of the study revealed that the evaluated applications supported and positively affected
children’s CT skill development, while none of the applications conclusively aided stu-
dents’ computational fluency. However, the Scratchlr application, which uses a “sandbox”
approach (is an approach that provides a better structured programming space and style in
Scratch) aided children in expressing themselves (Papadakis, 2021).

However, the implementation of CT into STEM education has encountered several bar-
riers (Peel et al., 2023). These barriers include computing and CT not being included in
pre-service teacher courses, teachers lacking adequate backgrounds in computer science,
and limited resources for integrating CT, which result in a low sense of confidence in
teaching and integrating CT in STEM education (Aljowaed & Alebaikan, 2018; Peel et al.,
2023; Penuel et al., 2011; Sands et al., 2018; Yadav et al., 2016; Yoon et al., 2020). A
recent study on practicing teachers of K-12 STEM subjects revealed teachers’ perceptions
of the difficulties facing CT and its implementation in K-12. These difficulties included
assertions by teachers such as “I don’t know how to align CT to my subject,” “I don’t have
much understanding of CT,” “my students are not academically ready for CT-infused sub-
jects,” “I have no access to the relevant technology,” and “administrators do not support
CT” (Yoon et al., 2020). Having identified teachers’ distress and impediments in imple-
menting CT in K-12 education (Yoon et al., 2020), it is important to develop approaches
for integrating CT that will attract the support of teachers and aid their confidence in teach-
ing and integrating CT in their STEM classes (Peel et al., 2023).

2.1.2 Tools, Pedagogies, and Technologies for Computational Thinking Education

Several studies have adopted different tools for teaching and learning CT, including Code
Master, Dr. Scratch, and LOGO (Nombela et al., 2018; Weng, et al., 2024; Kong et al.,
2020). Nombela et al. (2018) presented Code Master as a tool that can be used by students
to assess their learning performance in a project and receive instant feedback. Equally,
Code Master can be used by teachers to evaluate and grade all their student’s class pro-
jects at the same time in a comprehensive examination (Nombela al., 2018). Kong et al.
(2020) used CT tools (Scratch) with the TPACK framework to train K-12 in-service teach-
ers on programming basics for building CT skills. The results show that the participants’
capacities for CT and its concepts were enhanced by these tools. Studies have revealed that
LEGO can be used to advance student technology skills through CT (Weng et al., 2024).
In addition, Weng et al. (2024) demonstrated how university students can use robotics kits
(LEGO) to build their CT skills. Vallance and Towndrow (2016) also developed students’
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CT skills by training students to develop a 3D virtual space (LEGO). Their study dem-
onstrates how Japanese undergraduate students studied the feasibility and practicalities of
using programmable robots to react to the ongoing Fukushima Daiichi nuclear power plant
breakdown (in 2011) with CT. The results revealed that the students successfully identified
problem areas for themselves and were also able to proffer solutions using IT, both in real-
time and locally through collaboration with other students located in the United Kingdom.

The development and implementation of CT requires the application of different peda-
gogies. One form of pedagogy used for CT is unplugged pedagogies. Several studies have
adopted unplugged pedagogies to implement the teaching and learning of CT. Bell and
Vahrenhold (2018) revealed how unplugged pedagogy supports CT, which includes aid-
ing and complementing computer programming in CT skill development; aiding teachers
in learning CT; and evaluating CT in the form of Bebras puzzles. Huang and Looi (2021)
stated that unplugged pedagogies can successfully deliver CT to K-12 students in outreach
settings. The unplugged approaches can potentially provide the same instruction as for-
mal education. Huang and Looi (2021) also conducted a literature review study, which
revealed that unplugged pedagogies can support CT development by providing an easy way
to implement teaching, learning, open exploration, and inquiry-based learning. Similarly,
Kotsopoulos et al. (2017) revealed four pedagogies that can be used for learning CT, which
include tinkering, making, and unplugged.

2.2 The Co-design Pedagogy in Computing Education
2.2.1 Definition of Co-design Pedagogy

Co-design pedagogy in computing education refers to the application of collaborative
design processes and practices in the field of computing education. Schmidt et al. (2016)
and Seitamaa et al. (2012) adopted co-design pedagogies to inspire students’ engagement
with problem-solving activities that relate closely to expert communities’ activities. The
activities were focused on students sharing ideas and discussion. Students were assigned
to teams and subgroups with roles in order to provide solutions to a given task by sharing
ideas from their knowledge, engaging in discussion, making necessary decisions together,
and bearing responsibility for those decisions (Vartiainen et al., 2020; Seitamaa et al.,
2010; Toivonen et al., 2020). Students were also encouraged to work with professionals to
experience professional practices (Radu et al., 2023; Sanusi et al., 2023a, 2023b; Park &
Schallert, 2019; Seitamaa et al., 2012). This kind of collaboration, which involves guidance
or cognitive apprenticeship, is extremely vital. In such collaborations, professionals offer
metacognitive help for students to provide solutions to problems or complete a task that
they do not independently have the skills to solve (Collins et al., 2018; Matsuo & Tsukube,
2020).

Co-design is a design string in which the main activities are founded on the power of the
collaborative innovation of the designers with others not experienced in design and collab-
oration in the design structure processes, which range from the pre-design stage (problem
scoping) to the post-design stage (after using the design object: Olesen et al., 2022; Sand-
ers & Stappers, 2008, 2014). Similarly, co-design learning tools and technology represent
platforms, applications, or software adopted in facilitating collaborative design procedures,
which permit several stakeholders to participate in the design process (Olesen et al., 2022).
In conducting a co-design study, several tools or technologies are adopted in co-designing
to learn or teach several topics in different fields applicable to diverse researchers. Scratch,
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NetLogo, NetTango, and CODAP are examples of tools or technology used in co-designing
for learning programming, algorithms, and chemistry (Giner Sanz et al., 2019; Real et al.,
2020; Sathasivam & Fen, 2013; WaiShiang et al., 2017).

The term “design-oriented pedagogy” has been used to refer to co-design pedagogy
(Vartiainen et al., 2012). Co-design pedagogy techniques serve an important role in facili-
tating collaboration and learning (Seitamaa et al., 2012; Vartiainen, 2022). Co-design ped-
agogy is an idea-creation process that elicits students’ creative abilities by playing with
different materials and interacting with one another through external and conceptual rep-
resentation (Papert, 1980; Resnick, 2017). Through co-design pedagogy, the students gain
more understanding of abstracted and complicated content by refining their ideas in associ-
ation with the external representation (Kelter et al., 2021; Sanusi et al., 2023a, b). Similarly,
Calvo and Sclater (2021) have emphasized that the co-design pedagogical process stresses
the need for the authenticity of ideas and idea-focused activities. According to Sanders and
Stappers (2008), co-design is a new landscape that promotes participatory design, while
the co-design pedagogical process encourages collaboration between groups, teams, and
peers. These are ideally heterogeneous and multi-age learner groups with diverse experi-
ences who are faced with idea-focused activities in order to achieve a unique output. These
processes create an avenue that allows students to learn from each other through participa-
tion. In addition, the co-design pedagogical solution empowers students to become crea-
tors, innovators, designers, and developers of artifacts and knowledge. Additionally, other
techniques can be applied in conducting a co-design study, such as reflective (Wu et al.,
2020), participatory (Alhumaidan, 2017; Ssozi-Mugarura et al., 2016; Wu et al., 2022),
constructionist (Bain et al., 2020; Kelter et al., 2021), and game-based techniques (Turchi
et al., 2019; Weintrop et al., 2016).

Furthermore, the co-design pedagogy relates to one of the CT framings termed “situ-
ated CT,” as described by Kafai et al. (2020), in terms of collaboration to build knowledge
through design. Kafai et al. (2020) present “situated CT” as a CT framing that involves
building computational fluency in students via developing the programming of distribut-
able digital artifacts. This idea is derived from connected learning and constructionist theo-
ries. Connected learning is a learning framework that involves support from peers through
the social sharing of ideas and knowledge with feedback to empower an interest in gain-
ing knowledge through academic design (Ito et al., 2013). The constructionist approach
involves students learning by constructing knowledge or learning by creating (Papert &
Harel, 1991). This implies that the situated computational thinking approach involves the
development or the creation of knowledge through the sharing of ideas between peers
to fuel personal interest in achieving educational goals and the development of artifacts.
The situated approach can be achieved in a digital space or over social media. In situated
CT, CT is referred to as a vehicle for interpersonal connection and expressions of interest,
knowledge, and ideas that could lead to the creation of knowledge and the development of
an artifact for academic and learning attainment.

Co-design learning entails involvement and collaboration between various educational
stakeholders, including students, tutors, administrators, researchers, and other educational
stakeholders, during the development, design, and implementation of a learning experi-
ence (Bovill, 2020; Durall, et al., 2019). In co-design learning, the collaboration that exists
during the learning experience is an engagement that can occur in the form of partnership,
mentorship, or apprenticeship (Bovill et al., 2016; Bovill, 2020; Sanusi, & Oyelere, 2020).
The co-design pedagogical framework, as illustrated in Fig. 2, is divided into four pillars,
which include the learning context, participatory learning, technology, and design. The
major emphasis is on the learning context and design (which is why they are larger in size
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Fig.2 Co-design pedagogical .
framework (Adapted from Varti- CO-dGSlgn
ainen et al., 2012) ‘
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in Fig. 2); however, the remaining two pedestals are also relevant and significant contribu-
tors to the achievement of the result. The design represents the outcome or result of all the
activities accomplished by the collaboration that takes place within the three pedestals. In
other words, design is the function of all the activities that take place within the co-design
pedagogical framework. Participatory learning is an important learning concept that aids
student learning through active participation and collaboration. Technology refers to the
internet, which serves as the technological infrastructure that aids the learning process. The
learning context refers to the situation surrounding the learning in which the student learn-
ing output is built, with the tutor supporting the students in improving their knowledge
to achieve the learning goal (Collentine et al., 2004). The learning goal in this context is
building knowledge through design.

Participatory learning involves students taking part in a learning process, research,
and community development that highlights the need for personal learning. The technol-
ogy represents the internet, which provides a technological platform to aid collaborative
learning and serves as a foundation for personal learning. Students’ own technologies such
as mobile phones, tablets, and laptops provide tools or resources that aid learning across
diverse contexts and support the collection of diverse empirical data. Social media offers
platforms to enable student development, organization, knowledge sharing, and collabo-
ration within and outside academic communities (Vartiainen, 2014). Moreover, co-design
can be used as a pedagogical foundation for learning in academic institutions (Vartiainen
et al., 2012). It represents the power behind the social initiatives of designed software and
products (for example, the Linux phenomenon and Open Source; Vartiainen, 2014). Co-
design promotes participation in community activities that encourages the implementation
of members’ practices in municipal development (Moser & Korstjens, 2022). Co-design
stresses the need for socialized learning and promotes participants’ successful participa-
tion in the activities (Schaper & Pares, 2021; Sunday, 2023). Students can be referred to as
designers, developers, creators, architects, scientists, and makers based on the context of
the co-design pedagogical technique. The context of the study is one of the major determi-
nants in the co-design pedagogy (Kyza & Agesilaou, 2022; Sanusi & Oyelere, 2020).
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2.2.2 Co-design Pedagogy Solutions

The co-design pedagogy has been used to provide solutions to diverse educational chal-
lenges. Studies have revealed that there are a handful of challenges to be solved in sci-
ence education (Aksela, 2019). These challenges have led to the application of a co-design
approach in science education to provide solutions to the numerous challenges existing in
this field. The study shows how co-design pedagogy was applied with many stakeholders,
consisting of students, teachers, scientists, industry specialists, and teacher educators, to
address the 21st-century challenges of the science education LUMA2020 program, which
occurred in Finland. A co-design approach was also applied with design-based research to
facilitate the study of inventive pedagogy through a digital learning platform and a face-
to-face communication workshop for social interaction and inventive thinking. The co-
design approach was used to develop a framework through the Edelson models. The results
revealed that the co-design approach helped in making decisions, advancing teachers’
professional development, and providing a well-organized ecosystem for science educa-
tion, including the development and improvement of the school curriculum (Aksela, 2019).
Similarly, a co-design pedagogical approach was adopted in a participatory design project
in the UK to ascertain how student-focused study can aid the implementation of a tech-
nology-aided classroom plan (Nicholson et al., 2022). The study presented co-teaching as
a unique form of co-design practice used for developing educational technologies. In this
co-design process, teachers and researchers engage in a study from the beginning (ideation
level) to the end (evaluation level), during the study they co-teach in the classroom with the
designed tool for total integration into classroom practice. The results of the study demon-
strated how educational technology-centered design researchers aid the development and
implementation of technologies in the K-12 classroom. The result also include how the co-
design pedagogy provides support for long-term implementation, thereby creating experi-
mentation, pedagogical alignment with technology design, and highlighting the value of
co-teaching for researchers (Nicholson et al., 2022).

Furthermore, a co-design pedagogy was used to develop an embedded framework for
introducing hardware and software courses to university students (Biswas & Johnson,
2015). The study used a co-design pedagogy with project-based learning for teaching
and learning hardware and software in 21st-century computer engineering undergraduate
courses (Biswas & Johnson, 2015). Co-design also promotes profound learning achieve-
ment and enhances student competence in programming and digital systems through the
active participation of students that the co-design pedagogy encourages (Matutino et al.,
2020). Consequently, the study results revealed that the students were able to consolidate
their hardware and software skills and aggregate both perspectives (Matutino et al., 2020).
Moser (2016) revealed that co-design can serve as an agent of transformation that can be
used to transform a variety of systems. Additionally, Vazquez et al. (2021) presented a
study on the application of co-design for teaching high-level programming to reduce the
complexity of robot programming for novice learners. The co-design process and function-
ality were integrated into the robot to aid users in the automatic design and implementa-
tion of robots and their controllers in the Robot Operating System. The co-designed robot
contains the programming framework of an intelligent system. The co-design program-
ming framework was converted into visual programming blocks to permit inexpert users to
easily learn programming through a visual programming language. Bravo-Palacios (2020)
also presented a study that used co-design to develop a versatile framework for solving
problems in the face of uncertainty using stochastic programming. The results of the study
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revealed that the system was improved in terms of versatility, energy cost, and task com-
pletion times throughout multiple scenarios. Severance et al. (2016) adopted co-design for
developing curriculum materials for science education. In another study, students engaged
in a co-design study to develop curricula for public administration programs (Elliott et al.,
2021). Van Brummelen and Lin (2020) also adopted co-design in developing an Al K-12
curriculum.

2.3 Relevance of Co-design Pedagogy for Computational Thinking Education

The co-design pedagogy has been relevant for different fields of study and has been suc-
cessfully used to facilitate teaching and learning with diverse methods and tools. In addi-
tion, co-design has been explored as a pedagogical method and recently adopted to teach
and learn different topics, subjects, and ideas, and promote the development of tools or
resources for teaching and learning (Dickes et al., 2020; Peel et al., 2020; Zeregal et al.,
2021). The co-design process has also been adopted to develop and evaluate materials to
aid students’ progress (Higgins et al., 2019; Penuel et al., 2007). However, the co-design
process depends on teachers’ active participation in the development of educational inven-
tions for enhancing teaching practices (Higgins et al., 2019; Penuel et al., 2007). Several
co-design studies have been conducted to train or advance teachers’ knowledge to facilitate
effective knowledge transfer in the classroom (Wu et al., 2020). In this regard, workshops
have been one of the major ways of facilitating co-design studies to train teachers. The
co-design workshops concentrate on either the pedagogy, materials, or tool development
to allow teachers to gain more learning experience in implementing the new ideas in the
classrooms (Bain et al., 2020; Higgins et al., 2019; Wu et al., 2020). In addition, a recent
study has shown that co-design can also be conducted through an online environment.
According to the Agbo et al., (2021a, 2021b), an online co-design process was conducted
with computer science students at a Nigerian university to teach CT concepts. The results
indicated that this process could potentially enhance students’ learning experiences. Simi-
larly, co-design has been applied as a pedagogical technique in teaching and learning CT
(Wu et al., 2020) in an attempt to integrate CT into K-12 STEM education.

Further, Moser (2016) listed the benefits of co-design, which reveal the importance of
its application to solving both educational and non-educational problems. These include
improving understandings of topics and advancements in knowledge, collaborative
research, communication, and interpersonal relationships, grounding in local realities, and
improved researcher reflectiveness. The output produced cut across various audiences,
thus, producing practical results. These benefits further revealed the capacity, functionality,
and usefulness of co-design in profiling solutions for every sector including CT education.

3 Methodology

This literature review aims to identify how the co-design pedagogy has been applied in
CT education. Therefore, an SLR was designed to obtain studies that adopted a co-design
pedagogy in teaching CT in K-12 education, following the guiding principles of Kitchen-
ham and Charters (2007). This review study encompasses three major phases, as presented
in Fig. 3, and the articles for the SLR were retrieved from five different databases.

Five different databases were selected for this study (See Table 1). The rationale for
selecting these five databases was that they are popular and index a large number of
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Table 1 Search structure

Academic databases Search design

Scopus Title, abstract, and
keywords (TITLE-
ABS-KEY)

‘Web of Science (WOS) All fields

IEEE Xplore All fields

Springer Link All fields

ACM All fields

Google scholar

publications focused on the fields of design-oriented computing education with a high
number of citations. The outcomes of the searches from the five databases were down-
loaded and an Excel worksheet was used for computing, manually sorting the duplicate
articles, and organizing the collected data. The study followed the Preferred Reporting
Items for Systematic Literature Review and Meta-Analysis (PRISMA), which is a widely
used framework for systematic reviews in the social, education, and health sciences
(Elmoazen et al., 2022). The selected papers include K-12 teachers training programs and
teachers’ professional development programs. The literature revealed that teacher train-
ing is one of the major means of preparing and improving K-12 teachers’ knowledge of
pedagogical skills, curriculum development and implementation, integration of technol-
ogy, and classroom management (Coimbra 2020; Zhao & Liu, 2022). Teacher training pro-
vides K-12 teachers with comprehensive content knowledge and improves their expertise
in teaching, application of new technology, and management of their classrooms (Green &
Anid, 2013; Greenberg & Walsh, 2012). Hence, without studying the teacher training lit-
erature, we cannot successfully answer all the research questions in this study. This shows
that the K-12 teacher training programs are very important to the implementation of K-12
education, as revealed in the articles we reviewed.

3.1 Planning the Review
3.1.1 Identifying the Need for a Review

As presented in phase 1 of Fig. 3, the first step was to strategically examine and identify
articles that meet the review criteria as planned. The review plan begins with recognizing
the major articles connected to CT and co-design pedagogical techniques relevant to K-12
education. This literature review is relevant to the research community and K-12 education
stakeholders, as it sheds more light on the application and implementation of co-design
pedagogical techniques for CT learning in K-12 education, the kind of tools used in apply-
ing those techniques to CT learning in K-12 education, and the contribution of the ped-
agogical techniques to teaching and learning CT in K-12 education. These identification
processes preceded the other processes involved in the PRISMA protocol for SLR. This
process promotes the proper identification of articles and facilitates the selection process.
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3.1.2 Specification of the Research Questions

This study searched five databases without any specific time range for previous research
articles. The research questions above were framed to classify the articles for data extrac-
tion and evaluation:

e The first research question investigates the selected literature by concentrating on iden-
tifying co-design approaches and how they have been implemented in teaching and
learning CT in the literature. The first research question focuses on three aspects: peda-
gogy, learning settings, and activities.

e The second research question identifies and examines different kinds of tools and
resources used in the selected literature. The second research question addresses three
areas: tools or resources, tool features, and study mode (learning and teaching mode).

e The third research question identifies and analyzes the impacts of each selected study.
The third research question is used to measure the use or contribution of the co-design
approaches and tools utilized in the selected articles.

3.1.3 Development of the Review Protocol

The foundation for conducting a systematic review is provided by the review protocol
(Oyelere et al., 2020). Specifying and divulging the approaches deployed in this study helps
limit unintentional errors. To this end, this study adopted a review approach founded on the
review protocol presented by Kitchenham and Charters (2007). In the course of planning
this review, informal and formal searches were utilized to identify literature and gather per-
tinent information to address the research questions. The informal search involved identi-
fying articles through sources other than those specified by the SLR protocols, while the
formal search involves articles identified through those same protocols (Niazi, 2015).

3.2 Conducting the Review

This phase elucidates the procedures followed in conducting the review, as presented by
Kitchenham and Charters (2007), which includes the search strategy, the literature selec-
tion criteria, the quality assessment of the study, the plan for extracting the data, and the
analysis of the data.

3.2.1 The Search Keywords and Strategies

This study formulated the research strategy based on expounding the research questions.
To minimize the number of irrelevant articles, the keywords were selected based on the
research topic, study objective, and research questions.

The search keywords were formulated to gather literature about co-design and CT with-
out any restrictions on the search criteria. The keyword search was focused on all meta-
data or fields of the articles in each of the databases. Vital information is contained in the
metadata of an article, for instance, the keywords, abstract, and article title Agbo et al.,
(2019). Table 1 shows the structure of the search, and Table 2 presents the executed pro-
tocol for each respective database. The search keywords include “computational thinking”
and “co-design.”
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Table 2 The executed protocol

Database Search string Results
ACM [All: computational thinking] AND [All: co-design™] 386
IEEE Xplore (“All Metadata”: computational thinking) AND (“All Metadata”: co-design®) 5

Web of science ~ ALL =(computational thinking AND co-design*) 16
SpringerLink ‘Computational thinking AND co-design*’ 2654
Scopus (TITLE-ABS-KEY (computational AND thinking) AND TITLE 33

ABS-KEY (co-design*))

Table 1 presents the search design and academic databases in which each database
search was carried out. In four of the databases, ACM, Web of Science, SpringerLink,
and IEEE Xplore, all fields were searched without any restrictions to obtain all the rel-
evant articles from the databases. However, the search in Scopus was not performed using
“ALL” but rather on the abstract, title, and keywords because searching “ALL” in this data-
base usually results in having more irrelevant results (Sanusi 2022). Meanwhile, Table 2
contains detailed records of the organized structure adopted in the literature search for
each database. As presented, a single Boolean operator “AND” was utilized to link the
search terms, which identify the alternatives and synonyms of the words. The results of
the retrieved data from the five electronic resources were reduced using the exclusion and
inclusion criteria that were formulated to meet the research objectives. The Web of Science
and Scopus electronic databases provide relevant literature (Sanusi et al., 2021) as well as a
functional robust search platform. In addition, relevant article reference lists were searched
manually to retrieve more articles.

3.2.2 The Article Selection Criteria

Figure 4 shows the process involved in selecting the appropriate articles for this research,
which includes the exclusion and inclusion criteria. The whole text of the selected papers
was read to ascertain whether they successfully met the inclusion and exclusion criteria.

3.2.2.1 Inclusion Criteria The inclusion criteria included the following:

Articles published in the English language.

Articles focused on CT including poster papers.

Articles published in peer reviewed journals or conferences.

Papers that concentrate on co-design for teaching CT.

Papers aimed at teaching and learning CT via co-design.

Academic literature that discusses co-design tools, resources, and methods used for
learning and teaching CT.

3.2.2.2 Exclusion Criteria The exclusion criteria consisted of the following:
e Literature not written in the English language was removed.

e Non-peer reviewed literature (books, audio, files, PPT, etc.) was not included.
e Articles that did not address CT were excluded.
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Fig.4 Flow diagram of the review process (Adapted from Oyelere et al., 2020)

Articles that did not include the keywords (in the metadata) were not included.
Articles that did not address teaching and learning CT were not included.
Articles that did not discuss different co-design tools, resources, and methods used for

learning and teaching CT were excluded.

The inclusion and exclusion criteria determined the selection of the articles. In this
study, a total of 26 articles met the inclusion criteria and were evaluated and analyzed. The
26 articles utilized in this study, which are listed in Appendix 1, were labeled S1 to S26,
where S stands for “serial number.”
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3.3 The Data Extraction and Analysis

This study adopted an inductive analysis approach to derive the concepts from the data
(Elo & Kyngis, 2008; Sanusi et al., 2023a, 2023b). A coding scheme was built to guide
the process of extracting the appropriate data from the literature with more relevance to the
research question (Elo & Kyngés, 2008; Sanusi et al., 2023a, 2023b). The coding scheme
involved the following: titles of the articles, authors, pedagogical activities, methods, tools
or resources, tool features, the impacts of the studies, and the modes. Figure 4 presents
the PRISMA diagram showing the inclusion and exclusion process for data extraction. In
the identification process in Fig. 4, there are articles identified through alternative sources,
including searching through Google Scholar and references from other articles. The
method of finding articles through article references is referred to as snowballing (Niazi,
2015; Ogyelere et al., 2020). Snowballing refers to the process of using the reference list
of an identified article or the citations of the paper to identify and select additional papers
(Greenhalgh & Peacock, 2005). This was performed to mitigate the omission of relevant
articles. Of the 3,099 articles retrieved, only 26 met the inclusion criteria for review. This
represents a substantial proportion of excluded articles because most of the identified arti-
cles did not address CT and co-design at the same time and thus did not meet the inclusion
requirement.

4 Results

This section presents the results of the SLR. The first sub-section shows the various imple-
mentations of the co-design pedagogy for CT. The second sub-section presents the identi-
fied co-design tools and resources. The third sub-section shows the categorizations relat-
ing to how co-design pedagogy has contributed to CT education at the K-12 levels (see
Table 4). The selected studies are listed in Appendix 1.

4.1 Implementation of Co-design Pedagogy

This study identified how co-design pedagogical techniques were implemented for learning
CT in K-12 education in a number of papers. This literature review revealed the learning
settings involved in conducting a co-design study, the application of co-design pedagogical
techniques, the implementation modes involved in applying these techniques, and various
activities involved in the implementation of the techniques in teaching and learning CT.

4.1.1 Co-design Pedagogical Learning Settings

Different co-design pedagogical learning settings were identified in this study, as presented
in Fig. 5. Bates (2015) refers to a learning setting as a location, context, and environment
where learning takes place. In the context of this study, co-design pedagogical learning
settings are the location, context, or environment that is used to accomplish or support
teaching and learning using a co-design pedagogy. The identified co-design pedagogical
learning settings include workshops, professional development (PD) programs, online,
classrooms, and weekly clubs.

Figure 5 shows that the workshop is the most adopted learning setting for teaching and
learning CT. The workshop was referred to as a structured event that enhanced learning via
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the gathering of people with a clear objective to achieve a particular goal through collabo-
ration. The event is facilitated by the workshop leader(s), who organizes and shares roles
with each participant (Hamilton, 2016). From the analysis, 13 articles [S1, S3, S4, S7, S9,
S13, S18, S19, S21, S22, S23, S24, S26] adopted workshops as a learning setting for co-
design pedagogy for teaching and learning CT. For example, Kelter et al. (2021) conducted
a four-week summer workshop with K-12 teachers, using five hours per day of physical
attendance for three days a week. An online session was conducted on the remaining two
days of each week. Bain et al. (2020) also conducted a four-week summer workshop for
five hours a day. The teachers who participated worked in a school for 14 days and from
home for the remaining six days by communicating online via email. Similarly, Biddy et al.
(2021) conducted a three-day co-design workshop during the summer (see Appendix 1).

The classroom was also identified as a learning setting for a co-design pedagogy for
CT (see Fig. 5). A classroom learning setting is described as an organized learning envi-
ronment that involves individuals (the teacher and the students) in a room, whereby the
teacher acts as the instructor or facilitator while the students participate as the learners. The
participants interact to achieve socially determined goals (i.e., instructional goals or cur-
riculum goals; Collins & Green, 1992). Eight research studies [S2, S5, S10, S11, S14, S15,
S17, S20] adopted classroom learning settings to implement co-design pedagogies for CT.
For example, Dickes et al. (2020) used classroom learning settings to enhance teachers’
co-design pedagogical abilities to integrate CT into their various school curricula. This was
conducted through a seven-month co-design lesson development program (a partnership
between researcher and teachers), in which teachers served as learners and researchers as
facilitators. The implementation of the study was further investigated with the teachers as
they applied the ideas and knowledge gained in their various K-12 classrooms.

Further, an online environment was adopted in three [S6, S8, S16] different studies as
a co-design pedagogical learning setting for CT (see Fig. 5). These studies involved using
online platforms to coordinate teaching and learning. Online learning settings provide an
avenue for facilitators or instructors and learners to meet online for collaboration and learn-
ing interactions. For example, Phuan et al. (2020) used online learning settings to learn CT
through co-design to create storytelling with the Python programming concept. One article
also used a weekly club as a learning setting for CT [S12] (see Fig. 5). The weekly club
learning setting is a learning setting organized for students outside normal classroom hours
in a high school, which is referred to as students’ extracurricular activities hour (Cho et al.,
2022; Lipscomb, 2007). This club hour is usually used for debates, arts, sports, and other
extracurricular activities. It promotes student collaboration and allows like-minded stu-
dents to relate and gain knowledge of new skills in preparation for a future outside the nor-
mal classroom (Cho et al., 2022; Lipscomb, 2007). Laato and Pope (2019) adopted weekly
club learning settings to develop lightweight software with primary school students.

4.1.2 Application of Co-design Pedagogical Techniques and the Implementation
Mode

This section presents identified studies that applied and implemented co-design as a peda-
gogical technique for learning and teaching CT and the type of learning activities adopted
in the implementations. Pedagogical techniques are the set of techniques, methods, and
instructions that permit successful teaching and learning, and create opportunities for gain-
ing knowledge to build and improve competencies and attitudes within specific material
or social contexts (Chartier & Geneix, 2007). This definition implies that pedagogical
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techniques are the approaches and practices aimed at imparting knowledge to learners and
encouraging learners to obtain knowledge. Each technique determines the materials or
instruments to be used for learning and can be student- or teacher-centered. Several peda-
gogical techniques exist such as inclusive, constructivist, problem-based, flipped, and co-
design techniques. Moreover, the co-design pedagogical technique is a student-centered
teaching technique that involves teamwork, which is facilitated (by teachers or researchers)
based on the role assigned to each participant, with the main goal of building educational
artifacts (Sunday, 2023). This section also presents the analysis of implementation modes.
The implementation mode is relevant as it reveals the kinds of activities adopted for learn-
ing CT in the identified studies. The types of activities include plugged, unplugged, and
hybrid activities. Unplugged activities refer to activities used in learning CT that do not
involve the use of digital devices (such as computers, smartphones, and tablets). For exam-
ple, cards, logic games, flipcharts, cardboard handling, or physical movements are used to
represent and understand different concepts in computer science (Brackmann et al., 2017;
Zeregal et al., 2021). Conversely, plugged activities refer to activities conducted with the
use of digital devices; for example, Bee-Bot, Codequit, and micro:bit (Saxena et al., 2020;
Morales et al., 2022). Hybrid activities involve the combination or application of both
plugged and unplugged activities in a particular study.

This study identified several co-design pedagogical techniques adopted in CT K-12 edu-
cation in the literature. Figure 6 shows that 18 articles [S1, S2, S4, S5, S6, S7, S8, S9,
S11, S12, S13, S14, S16, S17, S18, S19, S21, S22] applied collaborative techniques as
a pedagogical method for CT, which implies that a co-design study cannot be successful
without some form of collaboration. However, there are collaborative studies that do not
lead to design, which indicates the importance of this finding regarding collaborative tech-
niques (Karumbaiah et al., 2019; Phuan et al., 2020). Within the 18 articles, 14 [S1, S4, S5,
S6, S7, S8, S9, S11, S12, S17, S18, S19, S21, S22] adopted hybrid activities, five articles
[S2, S6, S13, S14, S16] adopted only plugged activities, while only one article adopted
[S8] unplugged activities. Collaborative techniques have been referred to as an instruc-
tional approach that involves a group of students learning through activating, sustaining,
and regulating their thoughts, behaviors, emotions, and motivation to achieve their collec-
tive objectives through the social sharing of ideas and knowledge in the learning process
(Jarveld et al., 2020; Lahann & Lambdin, 2020). These collaborative techniques motivate
and enhance students’ learning abilities through ideas and knowledge sharing between and
within groups. Examples of how collaborative techniques were applied in plugged activi-
ties include social media and intelligent resources (storytelling system; Phuan et al., 2020)
and a synchronous online forum for collaboration (Karumbaiah et al., 2019). In unplugged
activities, collaborative techniques are applied by using non-digital device activities for
collaboration in learning. They involve students sitting and working together on a non-dig-
ital task to brainstorm and share knowledge and ideas when solving the problem. Students
use pens, papers, and sticky notes to share ideas and collaborate. For example, Apostolellis
et al. (2014) developed a board game named RaBit EscApe that encapsulates CT for col-
laborative play and learning.

Reflective techniques were used in 14 articles [S1, S3, S4, S7, S9, S13, S14, S19, S20,
S21, S23, S24, S25, S26] Ten [S1, S3, S4, S7, S9, S19, S21, S23, S24, S25] of the 14 arti-
cles adopted hybrid activities, while two [S13, S14] articles adopted only plugged activities,
and two [S20, S26] utilized unplugged activities. Reflective techniques are instructional tech-
niques engaged in by students concerning their experiences during or after learning, which
enhance self-assessment, critical thinking, and introspection (Alt & Raichel, 2020; Guo
2022). This approach helps in fostering students’ metacognitive self-consciousness and the
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ability to interconnect new and existing knowledge (Alt & Raichel, 2020; Guo 2022). This
technique also helps students to critically think about the new knowledge gained, evaluate
themselves, and introspect on their learning experiences. In a co-design pedagogy, the reflec-
tive approach can also be implemented by seeking facilitators’ reflections on the workshop
design through interviews to ascertain the challenges faced and how to improve the effec-
tiveness of the approach (Voigt et al., 2019). For example, Addone et al. (2021) applied
the reflective approach by gathering feedback from the educators and users of the designed
prototype based on their experience of using the prototype to rebuild, revise, and restruc-
ture the features of the tool. Plugged activities using the reflective approach involve reflec-
tion on activities performed during a study or class that utilizes digital devices, which can
also be completed through online or digital devices. Unplugged activities using the reflective
approach involve reflecting on activities conducted during a study or class that does not use
digital devices. Rich et al. (2020) applied the unplugged reflective approach in the classroom
by posing a question to students on the topic discussed in the classroom and requiring a ver-
bal and/or demonstrative response. Similarly, unplugged activity reflection can be conducted
via an audio discussion, interview, writing, and drawing (Van Mechelen et al., 2018; Morales
et al., 2022). Examples of plugged activities for the reflective approach are reflective online
essays, reflective online artifacts, online Google forms, and reflective online forms shared via
email (Moudgalya et al., 2021; Van Mechelen et al., 2019; Voon et al., 2023).

Participatory techniques were adopted by four [S8, S12, S23, S25] articles. Three [S12,
S23, S25] of the four articles employed hybrid activities, and only one [S8] article employed
unplugged activities. The participatory technique is an instructional technique that involves col-
laboration, critical thinking, and the participation of learners in a teaching and learning process
that emphasizes student-centered learning (Priya et al., 2020; Glenn, 2003; Reynolds-Cuéllar
& Delgado 2020). This implies that participatory techniques encourage students’ active par-
ticipation in the learning process through collaboration and critical thinking to contribute to
the learning process. For example, Karumbaiah et al. (2019) applied the co-design pedagogy to
learn CT in an intensive 30-week participatory study for in-service teachers with researchers,
which allowed teachers to introduce their classroom experience and collaboratively share ideas,
with the common goal of teacher development and the creation of CT tools. Furthermore, one
article [S16] adopted a game-based technique with only plugged activities. The game-based
technique is an innovative, instructional approach that focuses on teaching through combin-
ing education and entertainment to enhance learning and relying on students’ emotional and
motivational engagement in the learning process (Hartt et al., 2020; Oyelere et al., 2023). This
implies that students can learn when they are having fun. For instance, a co-design pedagogical
approach was adopted by Breien and Wasson (2022) and Turchi et al. (2019). Similarly, Agbo
et al., (2021a, 2021b) adopted a co-design pedagogical approach to teach CT through an online
mini game design that empowered students to learn CT by collaboratively designing an educa-
tional mini game and peer reviewing each other’s game prototype concepts.

Furthermore, framing, prompting, and dialogical techniques were adopted in a single
article with unplugged activities, and one article does not specify which design-oriented
pedagogical techniques were adopted. Dialogical techniques refer to how ideas are co-
created by connecting different people’s statements, utterances, and voices, and consider-
ing their various styles of speaking (Beeler & Lecomte, 2017). For instance, Dickes et al.
(2020) implemented dialogue as a design-oriented pedagogy for teaching and learning CT
through paying attention to different ideas and thoughts to formulate an effective CT cur-
riculum for learning science. Framing is a way of presenting information to the public to
influence people’s perceptions (Scheufele & Tewksbury, 2007). For example, framing was
applied as a design-oriented pedagogy for learning CT through teachers framing a particular
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idea that they wanted to teach the student and requiring a response from the student through
reflection (Rich et al., 2020). Prompting is the act of stimulating, encouraging, promoting,
or influencing another’s action or reaction (Baxter et al., 2000). For instance, prompting was
applied as a co-design pedagogy for learning CT through teachers prompting students to
collaboratively work and respond to a particular concept, idea, or question that they wanted
the students to learn and consider through the reflective method (Rich et al., 2020).

4.2 Co-design Tools and Resources

The identified tools and resources used in implementing a co-design pedagogy are pre-
sented in this section as tools and resources applied to support co-design pedagogies in CT
education. The environment and mode of co-design pedagogy are also detailed.

4.2.1 Tools and Resources Applied to Support Co-design Pedagogies in Computational
Thinking Education

The identification of tools and resources used in supporting co-design pedagogical tech-
niques was inspired by Sanusi et al., (2021) and Garcia-Pefialvo et al. (2016). The learning
platforms and tools identified in this study were sorted into the four categories shown in
Table 3. The table is structured into categories in conjunction with the corresponding refer-
ences, as presented in Appendix 1. In this study, the tools and resources have been com-
plementarily classified based on the type of activities, tools, and computer language used
(Garcia-Pefialvo et al., 2016; Sanusi et al., 2021). Some of the tools or resources fall under
more than one category. For instance, NetLogo, VIMAP, and NetTango fall under both col-
laborative and programming tools. In the collaborative tools and resources, six different arti-
cles used NetLogo, followed by five articles using NetTango. Other collaborative tools and
resources such as the CT Pathways Toolkit, ExposAR, a maglev train storyline, TAPASPIlay,
and Novelette were each used by one article. The collaborative tools category represents
tools or resources used for collaboration during the co-design study for learning CT.

Similarly, the programming tools category includes tools and resources used in learning
CT through programming with co-designing. Examples of programming tools include Net-
Logo, which was used by six articles, followed by NetTango, which was used by five arti-
cles, while micro:bit and Scratch were each used by two articles. Other programming tools
including FunPlay Code, Construit, VIMAP, KEIRO software, and Codequit were each
used by one article. Only two analysis tools were identified in this study. The analysis tools
are tools and resources used for analyzing data during co-design study for learning CT in
K-12 education. The identified tools were spreadsheet software, which was used by only one
article, and CODAP, which was used by six different articles. Furthermore, the unplugged
activity tools category includes the tools or resources used for learning CT through co-
design without the use of electronic devices such as tablets, mobile phones, computers, or
others (Kirgali & Ozdener, 2023). Five unplugged activity tools were identified in this study.
Sticky notes and paper were used by two articles, while other tools including pens, card-
board handling, and the ERP robot’s physical buttons were each used by one article.

4.2.2 Environment and Study Mode Adopted for Co-design Pedagogy

Figure 7 presents the study mode and environment adopted for the co-design pedagogy
in the research articles selected for this study. This study classified the study mode into
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Table 3 Categorization of tools

Categories Tools and resources
and resources

Collaborative tools CT Pathways Toolkit [S10]

ExposAR [S11]

Harmony Hippo [S12]

Unity 3D platform [S12]

CT-Integration Cycle [S13]

Fablab@School project [S25]

TAPASPIlay [S16]

NetLogo [S1, S3, S4, S7, S22, S23]

NetTango [S1, S3, S4, S7, S22]

CT Screener and Enhancer tools
(lesson plans) [S26]

VIMAP [S15]

Novelette [S14]

Bebras challenge [S9]

The maglev train storyline [S13]

ctdedu.org/resources [S26]

The Engino Robotics Platform
(ERP) [S18]

Analysis/visualization Spreadsheet software [S13]
CODAP [S1, S3, S4, S7, S22, S23]
Programming FunPlay Code [S6]
Construit (Javescript) [S12]
VIMAP [S15]

KEIRO software [S18]

https://calliope.cc/en [S19]

Codequit [S21]

micro:bit [S13, S24]

Scratch [S21, S24]

Makecode [S24]

NetLogo [S1, S3, S4, S7, S22, S23]

NetTango [S1, S3, S4, S7, S22]
Unplugged activity Pen [S12]

Paper [S18, S12]

Cardboard handling [S19]

Sticky notes [S21, S24]

ERP robot’s physical buttons [S18]

Note: See Appendix 1 for studies (S)

synchronous, asynchronous, and hybrid. Synchronous mode refers to simultaneous inter-
action across devices during studies (Lunding et al., 2022). Synchronous mode promotes
real-time interaction on a device, learning or teaching platform, or environment during
studies. Unfortunately, none of the reviewed articles adopted only the synchronous mode.
Most of the studies adopted an asynchronous mode, which represents sequential interac-
tions across devices during studies (Lunding et al., 2022). The asynchronous mode does
not permit real-time interaction on a device, platform, or in a learning environment dur-
ing studies. For example, Phuan et al. (2020) adopted an asynchronous mode for a CT-
based collaborative storytelling platform for learning CT with Python, which permits col-
laboration in an asynchronous mode, whereby participants enter their contributions, and
they appear sequentially. The hybrid mode refers to the amalgamation of both synchronous
and asynchronous modes for teaching and learning CT. Lunding et al.’s (2022) study is an
example that used the hybrid mode; the study combined synchronous and asynchronous
modes for teaching and learning CT. The tool developed by Lunding et al. (2022) provides
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Not Specified
11%

u Asynchronous
u Hybrid
u Not Specified

Asynchronous
82%

Fig. 7 Environment and mode of co-design

a sandbox environment that enables collaboration in real-time and the creation of the appli-
cation. The tool permits collaboration based on the goal of the interaction and facilitates
either close communication (synchronous interaction) or loose interaction (asynchronous
interaction). The overall results show that 82% of the articles used asynchronous mode,
while only 7% used hybrid mode. However, 11% of the articles did not specify the mode
adopted.

4.3 Impact of Co-designing on Teaching and Learning CT

The categorization of how co-design pedagogy has impacted CT education at the K-12
levels is presented in Table 4. This study defined impact based on the contributions of each
article to motivating, promoting, and enhancing the successful and efficient teaching and
learning of CT through a co-design pedagogy. These contributions could be in terms of the
design and implementation of co-design CT artifacts, tools, or resources; the unraveling of
innovative pedagogies for CT; the co-design of CT curriculum, development of co-design
CT materials, and integration of co-design CT; the use of co-design concepts or ideas; co-
designing to build CT innovation and creativity; and the application of co-design in coding
and programming to teach and learn CT. The impacts identified in the reviewed articles are
presented in Table 4.

Table 4 reveals that the impacts of the studies were interrelated. In other words, some
of the articles’ contributions cover more than one category. For example, S1 contributes in
terms of CT tool development concepts and skill learning development. Article S22 contrib-
utes in terms of designing tools, the application of co-design pedagogy, and CT concepts and
skill development. Article S15 contributes by using programming, a co-design pedagogy,
and building CT integration skills. Table 4 indicates that 12 of the 26 papers fall under cat-
egory 4, “CT design implementation and integration skills,” which implies that most of the
articles concentrate on using the co-design approach to teach CT integration skills, develop
a curriculum for integrating CT, develop curriculum materials to teach CT, or other related
CT integration implementations. The first category (Tool or resource articles) encompasses
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seven articles, which means that eight of the 26 papers address development or designing
CT tools or resources for teaching and learning CT, including AR, web-based platforms,
and game-based tools. In addition, the third (CT concepts, ideas, perspectives, and skills)
and fifth (CT innovation and creativity development via co-design) rows in Table 4 contain
six of the 26 articles each. The third (CT concepts, ideas, perspectives, and skills) row incor-
porates articles that present different CT concepts, ideas, perspectives, and skills. The fifth
row (CT innovation and creativity development via co-design) includes scientific papers that
contain creativity and innovation building through co-design for teaching and learning CT.
The second row encompasses studies with innovative pedagogies for learning and teaching
CT. In addition, the sixth (learning programming via co-design CT) row addresses papers
that include a co-design approach for teaching and learning CT through programming or
articles that teach CT concepts via co-design programming lessons.

5 Discussion

This research work investigated the existing literature to discover how co-design pedagogi-
cal techniques have been used in CT education at K-12 levels; what tools and technologies
have been used for co-design pedagogical techniques in CT education; and how studies on
co-design pedagogy have contributed to CT education. This section discusses the study
findings and offers reflections to provide answers to the research questions.

RQI How has the co-design pedagogy been implemented for computational thinking
education at K-12 levels?

Our study revealed that workshops are the most utilized learning setting in the co-design
pedagogy for CT. This finding is in line with Wu et al. (2020), who demonstrated that teach-
ers are able to understand CT through workshops. Similarly, Curzon et al. (2014) attested
to the fact that a workshop is one of the best methods of teaching CT, as demonstrated in
their study. Moreover, this study, as expected, identified that the collaborative technique
is the most frequently used co-design pedagogical technique for teaching or learning CT.
This finding is consistent with the study conducted by Echeverria et al. (2019), who found
that collaborative techniques are used in education to enhance teaching and learning from a
variety of fields. Echeverria et al. (2019) further stated that collaborative techniques influ-
ence learners’ positive skill development and confidence building. Whereas CT is referred
to as a skill required for solving problems (Agbo et al., (2019); Shute et al., 2017;, col-
laborative techniques are needed for learning CT. Similarly, Wu et al. (2019) also support
our finding by referring to collaborative techniques as an efficient technique for learning
and helping to build skill competence. Similarly, reflective learning techniques were also
identified as one of the strong co-design pedagogical techniques for teaching and learn-
ing CT. Thus, this study’s finding is also supported by Wu et al.’s (2020) findings, which
demonstrated that teachers learned computational practices and tools through participatory
reflective meetings. The reflective approach also helps learners appreciate the skills learned
and increase their confidence, as argued by Daniels et al. (2020). However, in several stud-
ies, reflective techniques were combined with other techniques.

Our analysis also identified dialogical, prompting, and framing techniques as the least
used co-design pedagogies in CT education. Dialogical techniques refer to the ways
in which ideas are co-developed by connecting diverse people’s speech, utterances, and
voices, and considering their varied styles of speaking (Beeler & Lecomte, 2017). This
implies dialogical techniques are heterogeneous statements or contributions by study par-
ticipants that are gathered to form meaningful ideas in the learning process. Similarly,
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framing is a way of presenting information to the public to influence people’s percep-
tions. Framing involves selecting a message and emphasizing a particular point to shape
and obtain people’s reactions. Framing as a co-design pedagogy was used by choosing and
communicating a topic to the students and emphasizing a particular point of the topic in
different forms to shape and improve the students’ understanding of the topic and obtain
their responses. Framing is mostly used in media, public relations, advertising, and poli-
tics (Chong & Druckman, 2007; Scheufele & Tewksbury, 2007) but has been adopted in
co-design for learning CT. Prompting is the act of stimulating, encouraging, promoting, or
influencing someone’s action or reaction (Baxter et al., 2000). Prompting offers a means of
gathering pragmatic data on values and theoretical viewpoints in the collaborative design
process (Yoo et al., 2013). Prompting as a co-design pedagogy was used to stimulate stu-
dents’ reactions to a particular topic to trigger further discussion on the topic. The prompt-
ing and framing identified as co-design pedagogies in this study cannot be used alone
without a means of receiving a reply. Thus, reflective techniques can be used as a means
of feedback from participants. Furthermore, this study identified the hybrid mode (hybrid
activities) as the most frequently adopted implementation mode in the co-design pedagogy
for CT K-12 education. This finding corresponds to Caeli and Yadav’s (2020) study, which
asserts that CT skills should be taught to students using both plugged and unplugged activ-
ities to allow them to gain a better understanding of the CT concepts. Similarly, Saxena
et al. (2020) support our finding by stating that unplugged activities can be used to comple-
ment plugged activities to improve students’ understanding of CT skills and concepts.

RQ2 What tools and technologies have been used for co-design pedagogy in computa-
tional thinking education at K-12 levels?

This study classified the identified tools and resources into four main categories. The
identified tools and resources were categorized into collaborative tools, analysis/visuali-
zation, programming, and unplugged activity. Some of the tools or resources identified
occupy more than one category, for example, NetLogo, NetTango, and VIMAP. Notably,
NetLogo was conspicuous among all the tools or resources utilized in the literature because
it appears in six of the research papers. This tool is a free online programming modeling
platform used by many (Wu et al., 2020). It is also referred to as a modeling platform
utilized by teachers, students, and researchers. Netl.ogo can be used to teach and model
different subjects such as biology, art, chemistry, computer science, and many others.
Within those subjects, NetLogo can also be used to teach and learn different topics. For
example, in biology, NetLogo can be used to teach students about blood sugar regulation,
autumn, muscles, moths, and membrane. In chemistry, NetLogo can be used to learn about
chemical equilibrium and simple kinetics. In physics, NetLogo can be used to learn about
diprotic acid and Gaslab Adiabatic Pistons. In computer science, NetLogo can be used to
learn about k-means clustering, Robotic Factory, Turing Machine 2D, and particle system
fountains. In the analysis and visualization tool category, Common Online Data Analysis
Platform (CODAP) was found to be an excellent analysis tool with features that can be
used to view data in maps, slides, graphs, tables, and many others (Kelter et al., 2021; Peel
et al., 2020). In CODAP, data are stored in tables with additional columns available for
other entries such as formulas or results, as demonstrated by Bain et al. (2020). An inter-
dependency between NetLogo and CODAP may exist, as all the articles that used NetLogo
also used CODAP for analysis.

Furthermore, an asynchronous study mode was applied in most of the studies, which is
in line with Malkin et al. (2018), who identified the asynchronous teaching mode as an effi-
cient means of teaching in an online class discussion and expressed satisfaction with the stu-
dents’ performance. Similarly, Lytvyn et al. (2021) identified and enumerated the benefits of
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the asynchronous learning mode for making learning flexible, encouraging personal work-
ing pace, making learning accessible anytime and anywhere, and promoting individual time
management and self-regulation. The hybrid mode identified in this study is the application
of both synchronous and asynchronous modes in one study. The synchronous mode of learn-
ing was utilized in conjunction with the asynchronous mode to promote successful learning.

RQ3 How have studies on co-design pedagogy contributed to computational thinking
education at K-12 levels?

Reflecting on the impact of co-design as a pedagogy on learning CT in this study,
most of the reviewed articles focused on the teachers’ development. Hence, this section
discusses the effect of the categorized impact as presented in the results starting with the
teacher and followed by the students.

The evaluation and assessment of the impact of co-design on learning CT revealed that
teachers could use co-design as a pedagogical technique to learn, think, and re-think the
creation of teaching content for learning CT. The teachers gained content creation abilities
mostly during workshops and teacher training programs, which were adopted as methods
and learning settings to enlighten teachers on developing CT materials. This was in line
with Kelter et al. (2021), who identified PD programs as a means of equipping teachers
with skills, knowledge, and ideas. Similarly, Kennedy (2016) confirms that knowledge and
content creation abilities were mostly gained in PD programs, while Curzon et al. (2014)
presented workshops as one of the best means of introducing teachers to CT (Curzon et al.,
2014; Kelter et al., 2021; Kennedy, 2016). Similarly, this study shows that the teaching mate-
rials created by teachers were able to be integrated and implemented in the teachers’ class-
rooms (Biddy et al., 2021; Rich et al., 2020). Additionally, this study shows that through the
CT integration process, teachers were able to identify the challenges tutors generally faced
while teaching CT, such as understanding how to connect the current pedagogy to the tech-
nical aspects of computer science such as algorithmic thinking (Mills et al., 2020).

Furthermore, the use of playful environments such as game-based environments and
virtual reality could help in attracting, occupying, engaging, and improving student learn-
ing (Oyelere et al., (2023); Turchi et al., 2019;. The use of appealing visual displays in CT
teaching and learning resources or tools empowers students to learn physical content (Bain
et al., 2020). In addition, creating captivating contexts and content could attract and engage
students to develop iteration and problem-solving skills (Voigt et al., 2019). The compari-
son of notes and ideas in collaborative learning can also awaken, improve, and shape stu-
dents’ creativity and innovation skills (Agbo et al., (2021a, 2021b; Peel et al., 2020). Col-
laborative learning motivates and influences students’ participation in the learning process
and develops CT skills (Zhang et al., 2019).

6 Study Limitations

This study is subject to the limitations common to review articles. This research is limited,
firstly, by the number of databases explored. The search was restricted to only five data-
bases (IEEE Xplore, Web of Science, ACM, SpringerLink, and Scopus), which may not
include all the relevant literature. Furthermore, the search string in the study was limited
by using two search terms, “co-design” AND “computational thinking,” in all fields (meta-
data). In addition, the review did not include cross-cultural articles, such as articles not
published in the English language and non-peer-reviewed literature. Non-CT articles were
also excluded, along with articles that did not address teaching and learning CT.
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Notably, this study found 26 relevant articles based on the defined search protocol and
inclusion criteria. Previous research has reviewed articles by utilizing a smaller number of
papers such as the work by Barreto and Benitti (2012), who conducted a review with 10 arti-
cles to identify the effectiveness and benefits of adopting robotics as a tool in education, and
Su and Yang (2022), who carried out a review with 17 articles to identify the Al-related activi-
ties and tools used in early childhood education and the concepts embedded in the tools. Using
other strategies, criteria, and expanding the search databases may have generated more arti-
cles. Thus, this article should be regarded as an attempt to probe into the learning and teaching
of CT through co-design as a pedagogical technique, rather than an exhaustive overview.

7 Conclusion

Interest in the teaching and learning of CT has been mounting since its identification as a
fundamental technique for developing problem-solving skills. Equally, the use of co-design
has been identified as a pedagogical tool for improving the learning efficiency of students
in developing CT skills. These factors have attracted researchers and educators to further
use co-design as a pedagogy to introduce CT concepts, ideas, and practice; develop a cur-
riculum for learning CT; integrate CT into STEM education; and develop materials for
learning CT. Research has also presented co-design as a way to train teachers how to inte-
grate and develop materials and curricula and teach CT in the classroom. Accordingly, this
study found that workshops represent the most frequently adopted co-design pedagogical
learning setting for learning CT in K-12 education. Prompting, framing, and dialogue were
identified as unique and infrequent co-design pedagogical techniques for learning CT. The
combination of plugged and unplugged activities is seen as a viable co-design activity for
learning CT. The study also revealed that CODAP is the most frequently used visualization
and analysis tool, while NetLogo is the collaborative tool most utilized for learning CT.
This study contributes to practical knowledge by unraveling the uniqueness of dialogi-
cal, prompting, and framing techniques as part of the co-design pedagogy. Our study also
helps teachers to identify tools that could be used to co-design in CT K-12 education.
These techniques could further be promoted and explored as a pedagogical technique in
K-12 education. The study also revealed that game-based techniques were one of the most
frequently used pedagogical techniques for CT education in K-12 levels. This study recom-
mends that game-based techniques could further be used as a co-design pedagogical tech-
nique by teachers in K-12 education. Game-based techniques have been proven to be suc-
cessful and efficient in stimulating learners’ interest, sustaining their learning progress, and
helping them achieve success in their learning pursuits (Hartt et al., 2020; Oyelere et al.,
2023). This study forms a part of doctoral research aimed at designing and implementing
co-design pedagogical scenarios for learning CT. This review has unraveled the co-design
pedagogical techniques adopted for learning CT in K-12 and how the co-design process has
been implemented to foster CT learning in K-12 education. Future studies will be directed
at testing and evaluating existing co-design pedagogical tools, processes, resources, or
methods with K-12 students and identifying their usability, impacts, and user requirements.
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