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ABSTRACT

Several professional development programs have been designed to train in-service teachers on a
computational thinking (CT) curriculum, but few researchers have examined how these affect primary
school teachers' self-efficacy and knowledge of CT in emerging economies. This study's objective was
to create a framework for the professional development of primary school in-service teachers for the
teaching of CT (referred to as professional development for primary computational thinking - PD4PCT)
to be integrated into teachers' professional development programs. An initial framework was refined
after implementing it at a Namibian school with a group of 14 teachers from five different disciplines
(social studies, English, natural science, mathematics, and Afrikaans). Literature reviews, pre- and post-
intervention questionnaires, semi-structured interviews, and self-reporting diaries were used to collect
data. The framework was evaluated by experts via an online questionnaire. The findings show that
teachers who participated in the professional development program improved their perceived CT
knowledge, beliefs, and confidence to teach CT.

Keywords: Computational thinking, professional development, primary school teachers, unplugged,
programming, participatory design, constructionism.

INTRODUCTION

Computational thinking (CT) is considered an important skill for every student in the 21st century
(Karakasis & Xinogalos, 2020; Li et al., 2020; Wing, 2006). It can be understood as an approach to
problem-solving that applies to many disciplines and draws on constructs fundamental to Computer
Science such as decomposition, abstraction, pattern matching, and algorithmic design (including logical
thinking) (Karakasis & Xinogalos, 2020). Some countries have included CT as a school subject, while
others have embedded it in existing subject choices such as mathematics and science. A key question is
how best to prepare and support teachers to include CT into their teaching practices (Bocconi et al.,
2016). Several professional development efforts have been conducted to help teachers implement CT
(see for example Gadanidis et al. (2018) and Weintrop et al. (2020)) and studies have confirmed that
there is a need to upskill teachers and give specific guidance. However, research on how in-service
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teachers understand and adapt CT in their teaching practice is limited especially in developing
economies’ contexts like Namibia.

Therefore, the issue of how to design learning and teaching processes gains importance in the
development of CT skills. For students to acquire this skill, teachers should improve their own
competencies in designing and applying learning and teaching processes. Unfortunately, it appears that
the competencies of in-service and pre-service teachers are not at the desired level. CT has the lowest
average competency score among Spanish pre-service teachers’ digital skills (Esteve-Mon et al., 2020).
Alfayez and Lambert (2019) found that of 55 information technology teachers most have a low
comprehension of CT and some have wrong ideas about the nature of CT. The pre-service teachers
stated that they had an interest in CT and they wanted to participate in professional development
programs related to CT, but they had negative attitudes towards integration of CT into lessons because
they had difficulty in understanding this skill (Fessakis & Prantsoudi, 2019). Many teachers lack
confidence in their abilities to teach CT (Sentance & Csizmadia, 2017), and many do not have a
background in computer science or they feel that teacher development resources are insufficient (Yadav
et al., 2016). Some teachers may think that CT is simply about the use of digital technology (Sands et
al., 2018). Also, integration of CT into the subject area is challenging, as teachers must not only know
the subject they teach but also understand Computer Science concepts (Kale et al., 2018).

Thus, providing effective professional development to teachers is essential if CT is to be implemented
successfully in K-12 education (Kong et al., 2020; Mason & Rich, 2019; Mouza et al., 2017). To
become a capable CT teacher, one needs to know what CT is, its educational goals, and how to teach it
(Saeli et al., 2011).

This study sets out to answer the following research question: What are the components of a framework
for the professional development of primary school in-service teachers for the teaching of CT? This
paper shows how this question was answered by describing the iterative development, implementation,
and validation of a framework for professional development for primary computational thinking
(PD4PCT). What follows is a review of the existing literature and the methodology employed in this
study. A detailed description of the development of the framework, the design of a teacher development
program, its implementation based on the proposed framework, and the validation of the framework
follow. Then, we present the evaluation results based on the feedback from the teachers and experts who
participated in the program and discuss the implications of the results.

LITERATURE REVIEW

Definition of CT

Wing (2006) described CT as, “Solving problems, designing systems, and understanding human
behavior, by drawing on the concepts fundamental of Computer Science” (Wing, 2006, p.33). Different
definitions of CT exist but the one of Selby and Woollard (2014) is particularly useful. They describe
CT as a problem-solving method that incorporates thinking processes and uses decomposition,
algorithms, abstractions, evaluation, and pattern recognition. The CT practices used in acquiring CT
skills have been identified as tinkering, creating, persevering and collaboration ( Csizmadia et al., 2015).

While there is no systematic description in the literature, researchers generally agree that CT skills
include algorithmic reasoning, exploring different levels of abstraction, breaking problems down into
small parts, and presenting knowledge through models (Barr & Stephenson, 2011; Grover & Pea, 2013).
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Preparing Teachers for Teaching CT

Some research exists which examines how to teach CT concepts to pre-service teachers (Algahtani et al.,
2021; Bower et al., 2017; Sands et al., 2018; Yadav et al., 2016). It is clear that in-service teacher
professional development plans must incorporate CT, while educators of teachers must find
opportunities to incorporate CT instruction into pre-service classes in order to best prepare pre-service
teachers (Angeli & Giannakos, 2020). To further improve CT teaching and learning, teachers must be
trained in far-reaching ways as to how to design CT learning exercises, how to teach CT, how to assess
CT, and how to use technology to teach CT concepts (Boulden et al., 2021).

Ausiku and Matthee (2021) conducted a systematic review and show that common teaching strategies
used to upskill teachers in CT, are unplugged activities, programming, robotics, game-based learning
and project-based learning.

The focus of this paper is to present a professional development (PD) framework for an emerging
economy context. Various PD frameworks exist which take context into account (see for example
Desimone (2009) and Koehler and Mishra (2009)). The one that will be discussed here is the framework
developed by Desimone (2009) (see Figure 1) According to this framework, to succeed, teacher PD
should exhibit the following essential characteristics: subject emphasis, active learning, coherence,
suitable duration, and collective involvement (Desimone, 2009). PD with a strong curriculum emphasis
has been shown to positively affect teacher performance compared to PD that lacks a strong subject
matter focus, while active learning is more effective than passive learning for teacher career
development (Desimone, 2009). Another critical feature is coherence and Desimone (2009) identified
two critical components of coherence: first, instruction must align with teachers' experience and beliefs;
and second, PD material must align with classroom, regional, and national policy. According to
research, intellectual and pedagogical reform requires PD programmes to be sufficiently lengthy, both in
terms of the time period covered by the practice and the number of hours expended on the activity
(Desimone, 2009). Collective participation is important because PD is successful when teachers from
the same school, grade, or department collaborate. Another feature is the importance of context and the
need for teacher educators to make PD compatible with the environments in which teachers work
(Desimone, 2009).
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Figure 1

Core Conceptual Framework for Studying the Effects of Professional Development of Teachers
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Note. Adapted from Desimone (2009)

Existing PD Frameworks for CT

Apart from general PD frameworks (as discussed above), a small number of PD frameworks exist with a
focus on the training of teachers in developed countries to integrate CT into their classrooms. Three
frameworks namely, activities, demonstrations, application, pre-activation, transparency, theory,
exemplification, and reflection (ADAPTTER), computational thinking teacher development (CTTD)
and code, connect, and create (3C) are discussed below.

ADAPTTER Framework

Kirwan et al. (2022) conducted research demonstrating the development of a framework for teaching CT
for training of teachers. Educational design research led to the creation of the ADAPTTER educational
framework. Educational design research is advised when topic knowledge is new, instructors’
knowledge or availability of instructional resources are limited, teaching and pedagogical expertise are
ambiguous, and complex societal issues are present (Kelly, 2013). These elements produced a course in
CT that is high-quality, practical, interesting, effective, and has a low threshold. Low threshold pertains
to prerequisite resources and knowledge. The course is meant to be taught using technical tools found in
a typical Irish secondary classroom, such as a projector and a teacher's computer. No prior
understanding of CS or programming is required for this course (Kirwan et al., 2022).

CTTD Framework

In another recent study, a framework for primary teacher development for CT was developed by Kong
and Lai (2021). This framework was created and tested in Hong Kong at primary schools and
emphasizes the four content-related aspects of Mishra and Koehler (2006)’s technological pedagogical
content knowledge model. Technological content knowledge focuses on learning to program using a
block-based programming environment. Knowledge of CT principles, practices, and views is the subject
of content knowledge. Pedagogical content knowledge focuses on CT pedagogies that do not depend on
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the use of programming environments. The technological pedagogical content knowledge model
emphasizes the integration of technology, pedagogy, and the content of CT in context. Based on these
factors, a seven-step lesson structure for learning to teach a unit of curricular material was suggested
(Kong & Lai, 2021).

3C PD Framework

Jocius et al. (2020) created the 3C PD framework to aid American middle (ages 11-13) and high (ages
14-18) school content-area teachers in introducing CT into their classes. Three main elements make up
the suggested 3C PD model: code (bootcamp), connect (tying discipline content and pedagogy to CT),
and create (the development of CT-infused learning segments). The 3C model is an integral part of a
three-year research project, Infusing Computing, which was intended to describe how middle and high
school teachers construct and deliver interdisciplinary, CT-infused curricula (Jocius et al., 2020). The
research and facilitation team, which comprised computer scientists, education faculty members who
have taught in the classroom, in-service computer science (CS) teachers, and in-service topic area
teachers, drew on their knowledge and expertise to establish the 3C design and development process
(Jocius et al., 2020).

Although PD frameworks for CT already exist, they have been tailored and implemented only in the
context of developed nations. Therefore, the research reported on here endeavors to address this by
creating a new framework specifically designed to suit the context of developing countries.

Learning Theories in the PD of Teachers for CT

The situated learning paradigm is based on cognitive theories and social psychology, which emphasize
the importance of context-specific social engagement, learning communities, and authentic learning
(Brown et al., 1989). According to the situated learning paradigm, learning occurs because of behavior
in social interactions within an engaging and shared environment (Brown et al., 1989; Lave & Wenger,
1991, Takahashi, 2011). Closely related is constructionism, which shares constructivism’s connotation
of learning as constructing information but emphasizes that learning is enabled by the creation of
observable artefacts or items that can then be exchanged and explored with others (Papert & Harel,
1991). Constructionism views learners as active constructors of their own experience and believes that
people learn more effectively while constructing individually significant artefacts, “whether it’s a
sandcastle on the beach or a theory of the universe” (Papert & Harel, 1991, p. 1). Both these learning
theories have been used with success in teacher CT training (see Ozturk et al. (2018) for an application
of situated learning paradigm, and the use of constructionism in teacher CT training by Cetin (2016) and
Marcelino et al. (2018)).

Participatory Design

The essence of participatory design is to empower users and foster communication and collaboration
between designers and users. It makes a concerted effort to involve all stakeholders actively in the
design process to ensure that the product/outcome satisfies all the stakeholders' needs and expectations.
It is more concerned with the design process and procedures than with the design’s appropriateness and
perfection (Schuler & Namioka, 1993). The participatory design approach in teacher development
recognizes teachers as critical agents of educational transformation, repositioning them from information
transmitters to creators of students’ learning (Mor et al., 2012). Participatory design enables teachers as
design partners to create instructional content that is compatible with their students’ and their own
teaching needs (Tuhkala, 2019).
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METHODOLOGY

This research followed a two-phased approach, first a case study to implement and refine the framework
and then a survey to validate it.

Phase 1

A case study is an empirical investigation that examines a contemporary phenomenon in its real-world
setting, particularly when the distinction between phenomenon and environment is not readily apparent
(Yin, 2009). One strength of case studies is their ability to investigate a phenomenon in its context;
hence, case studies are a helpful method for examining the world (Rowley, 2002).

The first phase of the case study was conducted during November 2021 and involved 14 teachers from
one primary school in Namibia who taught English, Afrikaans, mathematics, natural science and social
studies at senior primary phase (Grades 4-7). The researcher was aided in identifying potential
participants for the study by the school principal and heads of departments. In this study, the researcher
mainly used qualitative methods to collect primary data through self-reporting journals and semi-
structured interviews, but also used quantitative methods to collect some data through pre- and post-
intervention questionnaires. Secondary data was collected through a literature review to inform the
initial development of the framework.

Participatory design was used as a methodological approach for the intervention, which was the PD
program. For the participatory design workshop, teachers were divided into five groups based on the
subject taught. This resulted in a group for social studies, natural science, mathematics, English and
Afrikaans language. Some groups consisted of fewer teachers than others.

Qualitative data from interviews were voice-recorded and transcribed. The data collected for the
qualitative element’s analysis were entered into ATLAS.ti software, and then coded and analyzed
thematically. When attempting to comprehend a group of experiences, thoughts, or behaviors evident
across a collection of data, thematic analysis is a suitable and effective technique (Braun & Clarke,
2012).

The quantitative data of pre- and post-intervention questionnaires were analyzed using SPSS software.
Because the questionnaires’ response data did not fulfil the assumptions of normality of popular
parametric tests, such as a t-test, it was appropriate to employ non-parametric tests for hypothesis testing
(Field et al., 2012). The Wilcoxon signed-rank test is a dependent non-parametric test (Field et al.,
2012). For the quantitative analysis of questionnaires’ responses, a non-parametric test, the Wilcoxon
signed-rank test, was used to compare teachers' responses before and after participating in the training
workshop.

To acquire a more comprehensive understanding of the data, the findings from the quantitative and
qualitative analyses were combined.
Phase 2

The validation phase of the framework used the survey method to collect responses from expert
reviewers. Purposive sampling was used in the study's second phase to pick study participants for the
framework validation. Five experts were carefully chosen to obtain a variety of viewpoints and were
persons who work in the industry or education sector and have important roles in the concerned
organizations as recommended by Bogner et al. (2009).

Table 1 shows the details of the reviewers and the rationale behind choosing them.
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Table 1

Validation Expert Reviewers

No Position Rationale

1 Head of Department (Senior Primary Phase): To get views on applying CT concepts to existing
Mathematics subjects

2 Senior Education Officer (Senior Primary To get views on professional development
Phase): Humanities programmes for teachers using the framework

3 Primary School Principal To gain insight into school context and teacher

support at school

4 Chief Education Officer: Professional To understand how professional development for CT
Development & Advisory Services can be conducted at regional level
(Directorate of Education, Arts & Culture)

5 Retired Senior Education Officer: ICT (now To get views on training teachers on programming
Africa Code Week Trainer for teachers) and technology integration

Note. CT = computational thinking; ICT = information and communication technology.

The validation process for the framework involved presenting it to five experts from the education sector
and information and communication technology (ICT) industry for assessment. These reviewers were
not involved in the study's initial data gathering. An online questionnaire (with four open-ended
questions) was used to collect qualitative data from these experts using Google Forms. A PowerPoint
presentation was prepared for the reviewers to give them the background of the study, an overview of
CT, and to explain the framework, so they could answer the open-ended guestions in the questionnaire.
The collected data was thematically analyzed as per Braun and Clarke (2012), using ATLAS.ti. Findings
from these themes led to the refinement of the initial PD4PCT framework.

DEVELOPMENT OF THE PROPOSED FRAMEWORK

The proposed framework is mostly based on Desimone (2009)'s conceptual perspective. Desimone’s
focus is on measuring the impact of PD and she emphasizes the core features of effective PD, change in
classroom practice, and student outcomes. The proposed PD4PCT focuses only on a part of her
framework, namely content focus, active learning, collective participation, coherence, duration and
context. In addition, elements were adapted from the 3C, ADAPTTER and CTTD frameworks,
mentioned before.

This study assumes that understanding CT as a problem-solving skill will enhance teachers’ knowledge
of the CT teaching and learning repertoire irrespective of their teaching specializations. The next section
discusses the proposed framework’s components.

Pedagogical Content knowledge

Teachers should demonstrate an understanding of the CT definition, concepts and practices, as well as
have the ability to employ and modify instructional strategies that facilitate student learning and
application of CT across multiple subjects. These should all be based on feedback from PD programs
and classroom observations. Additionally, teachers should be able to utilize a variety of materials, from
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paper to digital devices (where available), to aid students in their understanding of CT and the topics
incorporated in it.

A suggested curriculum, based on the core CT concepts and existing curricula, is provided in the
Appendix. It is adapted from: the Computing At School curriculum used in the UK as suggested by
Angeli et al. (2016) and Selby and Woollard (2014), the proposed amendment to South Africa’s
Curriculum Assessment Policy Statements (Department of Basic Education of South Africa, 2021), and
the 2016 Massachusetts Digital Literacy and Computer Science Curriculum Framework (Massachusetts
Department of Elementary and Secondary Education, 2016).

Incorporate Active Learning

Constructionism underpins this study. Active learner participation is crucial in constructionist
instructional design, and task-based learning strategies are an excellent way to keep learners engaged
throughout the course (Loi, 2004). Active learning, as proposed in this framework, should involve
teachers in the process of designing and experimenting with instructional methods, allowing them to
make use of authentic artefacts, immersive experiences, and other techniques to provide profoundly
rooted and contextualized professional learning (Desimone, 2009). Professional development activities
should actively engage teachers in meaningful discussion with other teachers or training specialists
about the goal of a lesson, tasks, teaching strategies and practice. Teachers should apply a variety of CT
practices, such as tinkering with existing artefacts to make changes or creating new ones by
collaborating with each other.

The following sub-sections discuss the suggested teaching strategies for active learning that can be used
in teaching teachers about CT skills.

A List of Active Learning Strategies

Unplugged computing is one strategy that is suggested to be used for the development of teachers’ CT
skills without the use of computing devices. This will enable teachers to engage in CT activities
regardless of their school’s computing infrastructure. It is also an easy method to use for teachers who
do not have a computing background. Without the distraction of computer devices, the unplugged
method broadens the reach of CT in different contexts (Huang & Looi, 2020).

Programming or coding is the most frequently researched strategy used for training teachers on CT skills
(Ausiku & Matthee, 2021). Educating primary school teachers about CT principles, using block-based
programming tools such as Scratch, and hands-on programming activities enables them to produce
instructional materials for their classrooms. Computational pedagogy is an example of a constructionist
method for structuring the educational environment and is especially useful for primary level instruction.
With the use of modelling and simulation tools, such teaching helps students to “cycle back and forth
between the inductive and deductive approaches to learning” (Dolgopolovas et al., 2019, p.185).

Robotics is the second most often researched method for teaching CT skills to primary school teachers
(Ausiku & Matthee, 2021). Training teachers to integrate educational robotics into their classrooms
should increase their confidence and CT skills as it encourages them to construct and program robotic
kits such as LEGO. Hence, learning to teach CT concepts through robotics can be seen as a
constructionist endeavor and teachers should know how to design such learning environments to be able
to support learners.

Project-based learning is another teaching strategy in which teachers' mastery of CT skills is organized
around tasks. It requires teachers to engage in design, problem solving, decision making, or investigative
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activities in collaboration with others. As a form of situated learning (Lave & Wenger, 1991), project-
based learning is founded on the constructionist conclusion that students get a deeper knowledge of
content when they actively construct their understanding by working with and employing concepts in
real-world contexts. Engaging teachers in a design-centred approach can also help teachers improve
their CT content knowledge and pedagogical practices (Du & Igwe, 2018).

Game-based activities enable teachers to extend common ideas from their subjects to a variety of
dynamic activities using CT skills to generate models and representations using games. In
constructionist teaching approaches, technology, and games (which can range from digital cameras to
complex simulations) are used to assist students to complete projects. This helps them to recognise and
solve challenges, to grasp new phenomena, to create mental models of these phenomena, as well as
learning how to set objectives and to take control of their own learning.

Coherence

In designing for teachers’ development, coherence implies striving to promote a culture of learning
during PD events and encouraging teachers to understand their learning as being connected to a linked
set of ideas about schools, students, teaching, and learning. Coherence helps teachers to develop a
consistent set of thoughts regarding their teaching practice over time and influences the transformation
of instruction. Coherence also includes delivering PD in a way which is consistent with the teachers'
own skills and beliefs (Desimone, 2009).

An important outcome of the PD4PCT framework is that teachers should be convinced of the relevance
of the topic, have improved CT and programming abilities, be prepared to integrate CT into their
lessons, and have increased confidence to teach the topic. This is in line with Mason and Rich's (2019)
findings that, to prepare teachers to teach programming and CT, training programs must include coding
experience, increase self-efficacy, and address the teachers’ existing views about coding and CT.
Without an understanding of the value that CT adds to their classrooms in terms of technology usage,
teachers will be hesitant to teach it (Kale et al., 2018).

The framework builds on a constructionist approach to teacher learning, assuming that educational
experiences are most effective when they build on and exploit what teachers already know (Rich et al.,
2019).

The teachers’ skills and beliefs relating to CT should be considered and determined before and after the
PD workshops and this can be done through pre- and post-intervention questionnaires (Bean et al., 2015;
Korkmaz et al., 2017; Rich et al., 2020; Weese & Feldhausen, 2017). These skills and beliefs will have
an influence on the coherence of the PD program. For example, if the teachers’ skill and knowledge is
not considered and if the training is not aligned to their current subjects, then the PD workshop may not
succeed in improving their content knowledge of CT. Likewise if the teachers’ beliefs are unknown, it
will be difficult to change their attitudes towards CT, and hence will not improve their teaching practice
to incorporate CT, which is the objective of the workshop (Desimone, 2009).

Duration

According to research, intellectual and pedagogical reform require PD programmes to be sufficiently
lengthy, both in terms of the time covered by the practice (e.g., one day or one semester) and the number
of hours expended on the activity (Desimone, 2009). In anticipation of limited time available, the
workshops can be made up of blocks taking place as after-school sessions, each about 2 or 3 hours long,
for 2 or 3 days per week. These workshops should continue for at least 4 weeks. Another option is to
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conduct the workshops on Saturdays e.g., two Saturdays per month extending over a semester. Another
alternative is to train the teachers during school holidays through intensive sessions e.g., 5 days covering
at least 4 hours per day. At least 20 contact hours is ideal and training needs to be continuous, not just a
once off activity. Hence, it can be spread over an entire semester or school year.

Collective Participation

Desimone (2009) refers to collective participation and mentions that this can be best achieved by
including teachers from the same school, grade, or department in sessions. By collaborating, teachers
can build communities that have a positive impact on the culture and instruction of their entire grade
level, department, classroom, and area (Desimone, 2009).

We enhance Desimone’s framework by suggesting an explicit method to implement collective
participation, namely Participatory Design techniques. During the training workshops, teachers are
provided with opportunities to collaborate in grade-level or subject-specific groups and to integrate CT
skills while building new lesson plans and activities or enhancing existing ones. This allows them to
have control over their creative process and to develop authentic artefacts that they can use in their
classrooms. As Spinuzzi (2005) explained, participatory design enables teachers to redesign their
working tools. The participatory design process is in line with constructionism, which is predicated on
the notion that the most beneficial educational experiences involve the active construction of a variety of
different things. These are particularly those that are significant on a personal or social level, are
produced through interactions with other people as an audience, collaborators, and coaches, and
encourage reflection on one's own way of thinking (Brennan, 2015; Papert, 1980).

The design process for the workshop follows the participatory design methodology and stages described
by Agbo et al. (2021) and Spinuzzi (2005). The design methodology is the iterative construction of an
artefact, and the design stages are plan and engage, discover, design, evaluate and feedback.

To better present these stages, Figure 2 below shows the process flow and connects it to participatory
design.

Figure 2

Participatory Design Process Flow Diagram

DISCOVER
Participants DESIGN

Groupings
pInE Tools & Topics
Group Acivities

FEEDBACK

PRESENT

Iterative

Improvements
prov Peer-review &

Evaluate

Note. Adapted from Agbo et al. (2021) and Spinuzzi (2005).
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Throughout the collaboration period, facilitators, and researchers 'step down' into direct working
connections with teachers. This enables groups to ask facilitators questions throughout the preparation of
lesson plans and activities, thereby acquiring just-in-time CT knowledge. Additionally, unlike traditional
expert-to-novice PD approaches, participatory design presents teachers as knowledgeable collaborators
with the agency to share their experiences gained from interactions with children and in a classroom
environment. Hence, they make valuable contributions to the learning of others. At the conclusion of the
workshop, teachers share, discuss, and reflect on their lesson plans and activities (Agbo et al., 2021).

Different teams can develop their own techniques in accordance with the constructionist principle of
methodological and epistemological diversity, despite some characterizations of co-design as involving
strong facilitation and well-defined duties (Kelter et al., 2021). According to the constructionist
perspective, the sharing of a constructed artefact within a community is as critical as its construction, as
it impacts a learner's comprehension and generation of meaning (Kurt, 2021).

In addition to lesson plans and activities, different teaching strategies should be shared and discussed
amongst teachers. Teachers should choose the strategies that fit best with their school and classroom
context.

Context

The effectiveness of the PD program depends on the context of the school and includes the school
leadership and technological infrastructure.

Technological Infrastructure

Teachers' pedagogical competencies in CT can be increased if the necessary technology infrastructure is
supplied and supported (Bower et al. 2017). It has been reported that, while adopting coding and CT
classes, K-12 teachers face numerous challenges due to a lack of adequate instructional resources
(Bower et al., 2017; Kadirhan et al., 2018; Ketelhut et al., 2019; Rich et al., 2017).

CT integration can take a variety of forms, depending on the needs of the teacher and the school, and the
resources available. Integration may occur through a plugged activity (i.e., an activity that involves a
computational device, such as a computer or robotics) or an unplugged activity (i.e., an activity that is
completed using only paper and pencil, or other non-computational, hands-on materials), depending on
the precise learning goals being pursued (Sherwood et al., 2020).

Table 2 proposes a technology infrastructure and activities that can be done using programming,
robotics or game-based learning strategies (Esteve-Mon et al., 2019; Gleasman & Kim, 2020; Jaipal-
Jamani & Angeli, 2017; Leonard et al., 2016). It also shows how teachers can use the unplugged
teaching strategy at schools where there are no computer labs or power connections (Brackmann et al.,
2017; Rich et al., 2020).

Table 2

Technological Infrastructure Needs for Integrating CT into the Classroom

IT infrastructure Computational thinking activities

e power connection e Automate algorithms and create programmes using Scratch
. . . and applying the following fundamental programming

e functional and easily available computers concepts:

or tablets with the necessary software,
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IT infrastructure Computational thinking activities
e.g., Scratch o Sequencing
e Internet connectivity o Repetition
o Variables
e aschool-based IT team o Conditionals
e educational robotic Kits, e.g., mBots, e Create interactive stories, animations and games.
LEGO, etc. e Programme the robotic kits to perform tasks.
No computers nor Internet connectivity e Create algorithms (step-by-step instructions on paper).

e Playdough programming - one person (the programmer)
instructs the other (the human computer) to create a
playdough model based on verbal instructions alone.

e Computational word games - converse with your partner
without breaking the flow.

e Paint by pixels - create pixelated graphics using
a spreadsheet or piece of squared paper.

Note. Adapted from Brackmann et al. (2017), Jaipal-Jamani & Angeli (2017) and Rich et al. (2020).
IT = information technology; LEGO = leg godt.

School Leadership

The school culture and leadership play a vital role in ensuring that CT integration happens in the
classroom. School leadership is viewed as an element in the stakeholder’s relationships through the
dimension of context (Brandt et al., 2012). The leaders should be aware of and involved in the
integration plan, as a lack of cooperation from school management could impede CT integration (as
shown in the study by Rich et al. (2017)). School administrators assist in articulating and
communicating the school's vision and priorities, manage teaching and learning expectations, and create
and authorize the instructional schedules that allow for CT integration efforts, thereby actively
supporting their staff's PD (Sherwood et al., 2020; Boulden, 2021).

The Proposed PD4PCT Framework

Figure 3 and Table 3 provide a graphical presentation of the framework and the components and
instruments developed for implementing the framework.
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Figure 3

Initial Framework Graphical Presentation
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Table 3

Components and the Tools & Techniques Developed for the Implementation of the Framework.

Tools & techniques developed for the implementation of the
Framework Component

framework.
Content Focused CT Curriculum (Appendix)
Active Learning List of active learning strategies
Coherence Pre- and post- intervention questionnaires to measure teachers’

skills, beliefs, and attitudes

Collective Participation Participatory design stages (plan, discover, design, present,
feedback)

Duration Workshop sessions timetable spanning 4 weeks

Context Mapping between technological infrastructure and CT strategies

and strategies schools can follow to integrate CT

Note. CT = computational thinking.
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PHASE 1: IMPLEMENTATION OF THE FRAMEWORK

To ensure the effectiveness of PD, the framework was applied through a case study during a
participatory design training workshop for the teachers as discussed in the following sections.

School Context

The school which was the case is a primary school located in an informal settlement in Windhoek in
Namibia. The school leadership had a positive outlook towards CT and supported the idea of being part
of the study. The school principal and head of departments encouraged teachers to avail themselves to
be participants, and this made it relatively easy for teachers to be active in the study. The school does
not have a computer lab for learners currently but has few desktops and laptops for use by teachers.

Duration of the Participatory Training Workshop

A detailed workshop timetable was developed to guide the sessions. The workshop was 4 weeks long
(from 11 October 2021 to 3 November 2021). The training sessions were 2 hours long and conducted
after school for 3 days per week. Hence, the sessions allowed for a total of 24 hours of contact time.
Teachers had the option to choose suitable dates based on their availability and this established self-
motivation and control (Desimone, 2009).

Collective Participation Through Participatory Design

During the participatory design workshop, so as to encourage collective participation, teachers were
grouped according to subject taught while working collaboratively as planned in Stage 1 (Planning) of
the design process (Table 4). This resulted in five groups: Social studies, natural science, mathematics,
English and Afrikaans. The social studies and English groups consisted of three teachers each, the
natural science group had four teachers, while the mathematics and Afrikaans groups had two teachers
each. Each group was provided with pens, paper, a CT Poster, a computer with Scratch software
installed, the sessions timetable, etc.

Table 4

Summary of Participatory Design Process Implementation

Stage Activities

Plan e Group teachers in small teams per subject.
e Provide timetable and tools needed.
e CT poster, pens, paper, computers with Scratch program and lesson plan
templates.

Discover e Teachers select topics from the local/national syllabus that they feel are suitable
for training (Trade, Sequences, Ecosystem, Grammar, Action Words).
e Provide advice on a topic selection with CT linkage.

Design e Practical lesson development considering classroom context.
e Brainstorming on lesson plan components, paper and mock-up drawings, and
concept presentations
e Work with teachers to define key ideas of subject matter (CT).
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Stage

Activities

Present

Feedback

e Modelling and practicing activities and teaching methods.
e Groups present their artefacts and peer-review each other.

e Work through CT activities with teachers in the role of learners.
e Give other teams feedback on their artefacts - this leads to iterative improvements

of the lesson plans and activities.

Note. CT = computational thinking.

Figure 4 shows a lesson plan designed by English teachers during the participatory design workshop.

Figure 4
A CT-Infused Lesson Plan for English Prepared by Teachers
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Enhancing Teachers’ Content Knowledge

For the teachers to understand CT and its integration, the CT curriculum used in training focused on CT
definition, CT concepts and approaches. The first day of the training was devoted to CT knowledge;
teachers were introduced to the definition of CT, the CT concepts of algorithms, abstraction,
decomposition, pattern recognition and evaluation.

Active Learning through Constructionism

During the training, teachers were introduced to a variety of teaching strategies for CT such as
unplugged, programming, robotics, game-design and project-based. However, only unplugged and
programming strategies were used during the workshop. The first programming session introduced the
teachers to the concepts of sequences, loops, and conditionals ahead of the hands-on activities in the
following session. As the study is rooted in constructionism, teachers were active participants during the
sessions doing hands-on activities using both unplugged and programming strategies. For the unplugged
strategy, teachers used pen and paper to design and execute tasks without computing devices. For
example, in an activity called “Draw a crab,” a group of teachers was shown a simple picture of a crab
and had to write instructions for how to draw it. These instructions were then given to a different group
to follow. This activity tested the skills of abstraction, algorithms, rules, cause, and effect. Figure 5
presents an output from the activity carried out by teachers.

Figure 5
Unplugged Algorithm Activity to Draw a Crab Created by Teachers
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Meanwhile, for the programming strategy, the teachers used computers with Scratch software to create
programs. This session taught teachers how they could teach CT concepts through the programming
(coding) strategy using Scratch, a drag and drop visual programming language. During the hands-on
session with Scratch, teachers worked in the groups formed during the planning stage (Table 4) to
complete an activity called “Dancing cat.” In this activity, they needed to apply the loop concept to
make the cat talk and move. To complete the task successfully algorithmic thinking, collaboration and
debugging was needed. Figure 6 is a screenshot of the code from the teachers’ activity.

Figure 6
An Output from the “Dancing Cat” Activity Created in Scratch by the Teachers
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FINDINGS - PHASE 1

This section presents findings from the case study that were analyzed to test and refine the PDAPCT
framework. The section is divided into sub-sections according to the relevant components of the
framework, namely CT content knowledge, coherence, active learning, and collective participation.

CT Content Knowledge

This sub-section includes the analysis of items from the pre- and post-intervention questionnaires used
to assess the teachers’ perceived CT knowledge before and after the implementation of the framework
(Bean et al., 2015; Korkmaz et al., 2017; Rich et al., 2020; Weese & Feldhausen, 2017).

When comparing the responses received before and after the training, it could be seen that there were
substantial increases in the median values to all CT Knowledge statements, with large effect sizes.
Hence, the teachers who attended the training event had gained a deeper knowledge of CT.

This comparison’s statistical findings are summarised in Table 5. As described in the methodology
section, the data distribution was not normal; hence, the Wilcoxon signed-rank test was used to compute
the p value. The effect sizes (r) were determined using Rosenthal’s r formula.

Table 5
Summary of the CT Knowledge Items Responses (N=14)

Item Item Description Pre- Post- P r value
No Median Median value

1 I can define what computation thinking is. 2.00 4.00 0.002 -0.59

2 I can describe fundamental computational thinking concepts 2.00 4.50 0.002 -0.58

(e.g., algorithms, abstraction, decomposition, pattern recognition
& evaluation).

3 I can describe fundamental coding/programming concepts (e.g.,  0.00 4.00 0.001 -0.61
loops, variables, conditional logic).

4 I can look at a process and figure out how to make it more 2.00 4.00 0.009 -0.49
efficient.

5 I can suggest different solutions to solve problems. 2.50 4.00 0.003 -0.56

6 I can generalise solutions that can be applied to many problems.  2.50 4.00 0.002 -0.59

7 I am good at finding patterns in data. 4.00 5.00 <001 -0.67

8 I am good at solving puzzles. 4.00 5.00 0.012 -0.48

9 I can read a formula (e.g., algorithm, equation, input/output 2.50 4.00 0.003  -0.56
process) and explain what it should do.

10 When I’m presented with a problem, | can easily break it down 2.00 4.00 0.003  -0.57
into smaller steps.

11 When solving a problem, | work with others to solve different 4.00 4.50 0.002  -0.58
parts of the problem simultaneously.

12 When solving a problem, I look how information can be 2.00 4.00 0.002  -0.58

collected, stored, and analysed to help solve the problem.

13 When solving a problem, | create a solution where steps can be 2.00 4.50 0.003 -0.56
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Item Item Description Pre- Post- P r value
No Median Median value
repeated.
14 When solving a problem, | create a solution where some steps 2.00 4.00 0.001 -0.61
are done only in certain situations.
15 When solving a problem, 1 try to simplify the problem by 2.00 5.00 0.003  -0.56

ignoring details not needed.

Note. CT = computational thinking.

Coherence

This section includes the analysis of items from the pre- and post-intervention questionnaires conducted
to measure the teachers’ beliefs and attitudes towards CT (Bean et al., 2015; Korkmaz et al., 2017; Rich
et al., 2020; Weese & Feldhausen, 2017).

The results show that the teachers’ responses to the statements about their beliefs and attitudes towards
CT were generally low before the training. Overall, teachers who participated in the training program
had their views and attitudes towards CT altered for the better.

This comparison’s statistical findings are summarised in Table 6.

Table 6

Summary of Teachers’ Beliefs and Attitude Towards CT Responses

Item  Item Description Pre- Post- p value rvalue

No Median  Median

1 Computing should be taught in primary schools. 4.00 5.00 0.004 -0.54

2 Learning about computing can help primary school learners  4.00 5.00 0.005  -0.54
become more engaged in school.

3 Computing is like art, you are born with the ability to think  2.00 2.00 0.915 -0.02
that way or you are not.

4 Computing content and principles can be understood by 3.00 5.00 <001 -0.64
primary school children.

5 My current teaching situation does lend itself to teaching 2.50 4.00 <.001 -0.65
computing concepts to my learners.

6 Knowledge of computer programming is needed in most 1.00 4.00 0.001  -0.62
careers.

7 Providing more activities is necessary to enrich my 1.50 4.00 0.001 -0.61
learners' overall learning.

8 Computational thinking is an important 21st-century skill. ~ 4.50 5.00 0.017 -0.45
My current primary school learners will need to know how  3.50 5.00 0.005 -0.54

to apply computing concepts to remain competitive for jobs
by the time they are adults.

Note. CT = computational thinking.
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When comparing the median responses before and after the training, there were significant increases in
participants' replies to all CT teacher self-efficacy statements, with effect sizes greater than -0.47.
Therefore, the total self-efficacy of the teachers who attended the training session increased with regard
to CT. This comparison’s statistical findings are summarised in Table 7.

Table 7

Summary of Teachers’ Self-Efficacy on CT Responses

Item Item Description Pre- Post- p value r value

No Median  Median

1 | feel confident using computer technology. 4.00 5.00 0.013 -0.47

2 | feel confident writing simple instructions for another ~ 4.00 4.50 0.003 -0.56
person on paper.

3 I know how to teach computing concepts effectively 2.00 4.00 <.001 -0.63
without a computer.

4 I know how to teach programming concepts effectively 2.00 4.00 0.004 -0.55
without a computer.

5 | can promote a positive attitude towards computing 2.00 4.00 0.001 -0.61
education to my learners.

6 I can guide learners in using programming as a tool 2.00 4.00 0.001 -0.61
while we explore other topics.

7 | feel confident using programming as an instructional ~ 2.00 4.00 0.002 -0.59
tool within my classroom.

8 | can adapt lesson plans incorporating unplugged 2.00 4.00 <.001 -0.64
activities as an instructional tool.

9 I can adapt lesson plans incorporating programming as  2.00 4.00 0.003 -0.57
an instructional tool.

10 I can identify how computational thinking concepts 2.00 4.00 0.002 -0.59

relate to the syllabus.

Note. CT = computational thinking.

Active Learning and Collective Participation

During the participatory training workshop, teachers were regarded as design partners and invited to
select their subject topics and construct activities and lesson plans incorporating CT concepts and
practise. The inductive qualitative analysis revealed two themes relating to the framework’s active
learning and collective participation components, described in the following sub-sections.

Integrating CT as Design Partners

The results demonstrated that teachers used algorithms most frequently, followed by decomposition and
pattern recognition. Most teachers who designed activities utilised the collaboration and perseverance
approaches because they believed that activities were more enjoyable and productive when completed in
pairs or groups. As design partners, teachers indicated that they learnt how to design their lesson plans
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and activities incorporating CT concepts. The data also showed that teachers appreciated the feedback
received from peers as part of a collaboration with others who were teaching different subjects. When
analyzing the interview data, it shows that social studies and mathematics teachers incorporated at least
two CT concepts and practices into their lessons and activities compared to other subjects ‘teachers as
shown in Table 8.

Table 8

Summary of CT knowledge, subject knowledge, and active learning strategies for each teacher group

Group Subject CT concepts CT practices Active learning
strategy
Group 1 Social Studies Algorlthms_ _ CoIIabor_atlon Unplugged_,
Decomposition Persevering Programming

Collaboration

Group 2 English Algorithms Persevering Programming

Group 3 Natural Science Algorlt.h.ms, Pattern Collaboration Unplugged.’
recognition Programming
Algorithms, Collaboration

Group 4 Mathematics Decomposition, Pattern  Persevering Unplugged
recognition Debugging

Creating
Group 5 Afrikaans Debugging Tinkering Programming

Collaboration

Note. CT = computational thinking.

Future Plans to Integrate CT

After training, all teachers agreed that given their school context, they would use the unplugged strategy
in their classroom to incorporate CT skills by means of posters, workbooks, and flashcards:

unplugged is the best way to use at our school because we don't have the computer lab and the
learners themselves don't have knowledge about using the computers yet. So, I think we only use
to have the posters, the flashcards, all those, uh, strategies that we can apply instead of having
the computer.

Teachers discussed integrating CT approaches into their activities and lessons in the qualitative data. A
common approach used for integrating CT was collaboration, so learners work in groups and experience
perseverance as part of the process. One teacher indicated that they would also use Scratch for creating
quizzes, and learners would be able to use the few available computers for group work. Overall, the
results from the interviews indicated that most teachers could design lesson plans and activities that
incorporated algorithms, decomposition, and pattern recognition concepts. They also preferred to apply
collaboration to classroom activities when integrating CT skills. Looking at the data, teachers were
uncomfortable integrating concepts such as abstraction and debugging into their lessons, suggesting that
they did not grasp the concepts and could not align them to their topics. Regarding their future plans for
integrating CT, they all agreed that the best-suited teaching strategy for their school was unplugged due
to the lack of computers at the school.
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Context

When doing a PD program for teachers, one should consider the context of their school. This study’s
findings showed that the teachers were aware of their context when choosing the material and teaching
strategies for their CT-infused lesson plans. All the teachers agreed that they would prefer to use
unplugged strategies because of the lack of computers at their school. This agrees with the findings of
Sherwood et al. (2020) that CT integration can take different forms depending on the needs of the
teachers or school. In addition, schools where there is no electricity can also do unplugged activities
(Brackmann et al., 2017; Rich et al., 2020). Another contextual aspect that appeared in the findings was
that of school leadership. The teachers who mentioned this indicated that their school leadership had a
positive attitude towards technology and CT. They believed that when money became available, they
would not hesitate to buy more computers because they were already busy building a computer lab. This
finding is supported by Leonard et al. (2017), Rich et al. (2017) and Sherwood et al. (2020), namely that
school leaders need to be aware of and involved in CT integration.

Other Findings - Subject Matter Knowledge

During the training, while the teachers debated which subject areas to focus on for lesson plan
preparation, the natural science group suggested the solar system. However, a less experienced teacher
with only one year of experience interrupted and stated that she was not yet comfortable with the solar
system topic. She was afraid that if they applied CT principles to a lesson plan and had to deliver it to
learners, she would “either fake my way through it or just skim the surface of things.” The teacher then
advised that they choose the topic of ecosystems, and the group agreed.

Following this, informal interactions with teachers revealed that a lack of subject expertise would make
discovering CT conceptual links to the subject material difficult or even impossible. Teachers explained
that they believed teaching entails building knowledge in their pupils rather than simply completing
tasks with them. The teachers should be able to stimulate a fruitful discussion and answer learners’
questions.

But, as one teacher put it, “I’m one of those individuals who doesn't mind expressing to the learners; I
don't know, and I'll find out for you, or let's find out together, but some teachers will never confess to
learners that they don't know.”

These teachers’ remarks highlight the importance of subject matter expertise as a precondition for
effective integration of CT with the specific subject’s topics (Kirwan et al., 2022; Jocius et al., 2020).
PHASE 2: VALIDATION OF THE FRAMEWORK

The validation approach followed aimed to assess the validity and applicability of the PD4PCT
framework components and to verify the dependability of the recommendations.

Expert Feedback

This section discusses the feedback received from the reviewers whose profiles are described above in
the methodology section. The responses from the online questionnaires were analysed thematically. The
emergent themes are discussed below.

Applicability of the Framework to the Namibian Context

The reviewers’ responses indicated that they all believed that the framework was suitable for the
existing curriculum in Namibia. They also believed that the study was pertinent and topical and that if
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the findings were shared with the country’s education ministry, they could affect change in the education
system.

The Role of Technology in Society

The experts also emphasized the importance of technology today and urged the incorporation of CT into
the teaching of existing topics at primary school level. Learner-centered techniques were also
recommended since they help increase the efficiency of learning.

Application of the Framework to PD

One possible challenge to implementing this framework was thought to be gaining the support of
teachers and school authorities. To promote buy-in, one expert expressed the view that stakeholders
needed to be persuaded by helping them to comprehend the democratic importance of CT and to see the
need to incorporate CT into teacher training programmes. Another point made by the expert regarding
the teachers’ PD was the shortage of trained teacher educators with the ability to integrate CT. The
experts advocated for collaboration between schools and industry experts to address this difficulty. The
responses also indicated that limited access to digital tools and curricular resources was a barrier for
teachers and PD providers. One expert emphasized that teachers should be offered ICT literacy training
before an intervention that requires computer use.

Relevance of the Framework

One expert, who is the head of the PD division in the region, referred to poor PD programmes conducted in the
past and how this framework could be used to design more effective training programs for teachers. The experts
did not find any gaps in the framework. Some experts remarked that the framework would be useful and
would be applicable to training programs.

These reviewers’ comments validated the framework by emphasizing that the framework was a good
model, illustrative of what was practical and useful, and emphasizing components that could be
predicted to effectively construct CT PD programmes for teachers in Namibia.

Revised PD4PCT Framework

The framework was revised after taking into consideration the implementation experience mentioned
earlier and the experts’ evaluation results. This led to the addition of a new component “Integration
levels”. Following the informal discussions with teachers that transpired during training it became clear
that a lack of subject expertise could hamper the integration of CT into some topics. This research
identifies a variety of likely reasons why teachers might steer clear of certain topics. Teachers typically
lack the confidence to give instruction in something they are unfamiliar with or when they have little
topic expertise (Koehler et al., 2013; Shulman, 1986). The teachers in this research were similar to other
primary school teachers worldwide in that they were generalists and lacked specialized training in
particular areas. The implementation experience and expert comments from the validation questionnaire
also alluded to expert involvement.

The contribution of subject experts is noted in Jocius et al. (2020)’s 3C framework where they had
Computer Science and core subject experts as facilitators during the intervention. This element was
initially covered in our framework by assuming that the collective expertise per group would suffice.
However, following the informal discussions with the teachers and the feedback from reviewers, it is
clear that there is a need to involve subject experts in the interventions. This resulted in its inclusion in
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the revised framework. The tasks would include understanding teachers’ subject knowledge and
identifying topics that are suitable for CT integration ahead of time. Other recommendations are:

1. The facilitator should explain fundamental CT concepts, linking them to specific subjects with
examples.

Increase the duration of the intervention to over 24 hours.
Provide opportunities for further training after the intervention.

4. Offer an initial computer literacy course to teachers before or at the start of the intervention. (It
was suggested during the validation phase by experts that computer literacy training be offered to
teachers before a CT intervention. This is because not all teachers are computer literate and
eventually they would need to use computing devices to enhance their CT lessons.)

Revised Graphic Representation

The revised framework is provided in Figure 7. The additional component of Integration Levels deals
with identifying CT concepts in existing curricular and then enhancing and extending them by
developing lessons with the help of subject matter experts. The development of lessons needs to be at
three different levels: Exist — identify existing CT practices, concepts; Enhance - add lessons or
activities to deepen the connections between subjects and CT concepts and Extend - integrate activities
connected to CT to enhance subject knowledge - this is likely to involve programming (Waterman et al.,

2019).

Figure 7
Revised PDF4CT Framework

Sessions Timetab/e
S9lbge s guyoe et VO

Note. CT = computational thinking.
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DISCUSSION

This section explores the connection between the case study's findings and existing literature, and it’s
structured according to the components of the framework.

CT content knowledge

Participation in the training significantly improved teachers' grasp of computational concepts, in line
with Hickmott's (2020) perspective on the positive impact of PD programs for CT. The training,
incorporating real-life contexts, benefited teachers with limited CT knowledge, as seen in similar studies
(Cakar et al., 2021; Corradini et al., 2017; Mason & Rich, 2019; Uzumcu & Bay, 2020), enhancing their
ability to integrate coding and CT into curricula. Mathematics teachers found it easier to integrate CT
concepts using the unplugged technique, supported by research like Ausiku and Matthee (2020) and
Huang and Looi (2020). This method provided a strong theoretical basis, enabling seamless integration
of CT concepts, corroborated by studies emphasizing the link between CT and mathematics (Rich,
Yadav et al., 2019; Nordby et al., 2022). Direct teacher preparation through unplugged methods and
promoting CT as a general problem-solving approach improved teachers' instructional abilities, as
evident in the study's results.

Coherence

After training, teachers' attitudes towards CT improved significantly, as indicated by a questionnaire
adapted from Bean et al. (2015). Initially sceptical, teachers became confident in teaching CT, aligning
with effective CT teaching shown in prior studies (Bower et al., 2017; Curzon, McOwan et al., 2014;
Falkner et al., 2018). The training enhanced their belief that CT concepts can be taught at the primary
level in any subject, reflecting positive changes. However, teachers felt that the limited duration of the
intervention hindered their confidence, suggesting a need for extended training with more hands-on
activities to enhance their CT teaching skills. Additionally, lack of time remains a significant barrier to
integrating CT into classrooms, aligning with challenges noted in prior studies (Bower et al., 2017;
Kadirhan et al., 2018; McGinnis et al., 2019; Rich et al., 2017).

Collective Participation

According to the findings, some teachers prefer hands-on activities and longer training for comfortable
CT teaching, aligning with Desimone's (2009) framework emphasizing active, sustained PD.
Collaboration and co-designing, backed by Kelter et al. (2021) and Kurt (2021), enhance learning and
meaningful comprehension in small groups, allowing meaningful contributions (Agbo et al., 2021).
Limited computer access led teachers to opt for unplugged CT activities, especially in developing
countries where context crucially influences teaching tactics, as seen in previous studies (Ausiku &
Matthee, 2020; Espinal et al., 2021; Kong & Wong, 2017; Mufioz del Castillo et al., 2019).

Active Learning

In this study, teachers actively participated in designing instructional materials and collaborated with the
researcher on lesson objectives and strategies, aligning with active learning principles (Darling-
Hammond et al., 2017; Desimone, 2009). They engaged in constructive discussions, creating tailored
teaching materials with facilitation from the researcher, following a constructivist approach noted by
Kurt (2021) and Loi (2004). Teachers integrated CT concepts into their teaching materials using
unplugged and programming methods. They played an equal role as decision-makers, reflecting the
collaborative approach emphasized in the study by Iversen et al. (2017).
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Duration

The duration must be sufficiently long for a PD intervention to be effective. For this study, the duration
of the training was 24 hours long, as constructivist intervention takes significantly more time to carry
out (Kenny & Wirth, 2009). The results indicated that the support needed by some teachers who felt
they did not feel confident in teaching CT concepts was to get a longer duration of training to
comprehend all the concepts and practice (Desimone, 2009).

CONCLUSIONS

The findings from the analysis and the literature review were combined to provide a triangulated
response to the main research question. The study's major goal is to create and put into practice a PD
framework that may help teachers incorporate CT into already-existing curricula at the primary level.

The main research topic is addressed using the framework that is proposed and revised. It applies the
components that can contribute to the effective PD of primary school CT teachers. The framework was
developed using the literature, and it was refined after being used in a participatory workshop with
teachers and being validated by expert reviewers.

By comparing the PD4PCT framework to the three existing ones, the ADAPPTER framework was
purely for secondary school teachers and focused more on the teaching process, while the 3C framework
combined middle school and high school teachers. None of the three existing frameworks explicitly
mentions the elements of context, collective participation, and coherence (aligning the intervention with
teachers’ beliefs and attitudes towards CT). The three frameworks were created and tested in developed
countries. The PD4PCT framework contributes towards the scientific body of knowledge on the PD of
primary school teachers in a developing economy context to integrate CT into their teaching.

The results showed that while developing a PD program or intervention for teachers, the school context
of the teachers should be considered first. This element will establish the tone for the intervention's
tactics and strategies. It was also revealed that teachers’ beliefs and attitudes should be known before
implementing training. It was also discovered that lack of subject matter knowledge can impede the
integration of CT into certain topics, hence the importance of using subject matter experts during an
intervention.

It is crucial to highlight the constraints that this study had. A key limitation is that the study was limited
to 14 teachers from one school in Windhoek, focusing only on the senior primary phase.

The study lays the groundwork for future research and adds to the knowledge related to teacher skill
development in CT. Understanding the CT curriculum is insufficient; there has to be a mapping to the
subject areas where CT can be used, so more research is needed on how these mappings can be done
effectively. One recommendation for further research based on this study is to retest the results in other
developing economies in Africa or Asia.
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Ausiku and Matthee

APPENDIX: CT CURRICULUM

CT Skills

Definition

Algorithms

Abstraction

Grades 0-2

Understand what CT is and how
it can be used in the problem-
solving process both with and
without computers and
conceptualize its integration
across the curriculum.

e Understands what an
algorithm is.

e Define a series of steps to
solve a problem.

e Put these steps in the correct
sequence.

e Create a simple algorithm
(e.g., getting ready for
school).

e Demonstrates care and
precision to avoid
errors.

e Createa
model/representation to
solve a problem (i.e., using
specific directional
language - forward, left
turn, right turn, back).

e ldentify key characteristics
and attributes of objects,
e.g., cars have a color, type
(e.g., pickup, van, sedan),
number of seats, etc.
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Grades 3-5

Understand what CT is and how
it can be used in the problem-
solving process both with and
without computers and
conceptualize its integration
across the curriculum.

e Understands what an
algorithm is.

e Define a series of steps to
solve a problem.

e Put these steps in the correct

sequence.

Design simple algorithms

using iteration.

e Detects and corrects errors,
i.e., debugging.

e Understands that algorithms
can be implemented on
digital devices as programs
or paper as
steps/instructions.

e Createa
model/representation to
solve a problem (i.e., create
an object and assign
properties).

e |dentify key attributes of
various objects.

e  Use words, letters, numbers,
symbols, or pictures to
represent information in
another form (e.g., secret
codes, Roman numerals,
abbreviations).

e Organize information
differently to make it more
useful/relevant (e.g.,
sorting, tables).
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Grades 6-7

Understand what CT is and how
it can be used in the problem-
solving process both with and

without
conceptualize its

computers and
integration

across the curriculum.

Understands what an
algorithm is.

Define a series of steps to
solve a problem.

Put these steps in the correct
sequence.

Design algorithms that use
repetition and conditionals,
i.e., if, then and else.

Uses logical reasoning to
predict outputs, showing an
awareness of inputs.
Recognizes that different
solutions exist for the same
problem.

Create a new
model/representation

to solve a problem (i.e.,
create an object and assign
properties).

Identify attributes of
individual objects within a
group that differ between.
Members of the group and
attributes that are similar).
Define a simple function
that represents a more
complex task/problem and
can be reused to solve
similar problems.

Use decomposition to define
and apply a hierarchical
classification scheme to a
complex system, such as the
human body, animal
classification, or computing.
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CT Skills

Decomposition

Pattern Recognition

Evaluation

Grades 0-2

Break a complex task into
simpler subtasks (e.g., break
a long path into a series of
smaller paths that one can
follow).

Identifying patterns and
commonalities in artefacts.
Identify common patterns
and similarities between
older and newer problem-
solving tasks and use
sequences of instructions to
solve a new problem.

Recognize when
instructions do not
correspond to actions.
Remove and fix errors.
Assessing that an artefact or
solution is fit for purpose.
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Grades 3-5

Break a complex task into
simpler subtasks.
Develop a solution by
assembling collections of
smaller parts (e.g.,
organizing a school trip).

Identifying patterns and
commonalities in artefacts.
Remix and reuse (by
extending if needed)
resources previously
created.

Adapting solutions, or parts
of solutions, so they apply
to a whole class of similar
problems.

Transferring ideas and
solutions from one problem
area to another.

Recognize when
instructions do not
correspond to actions.
Remove and fix errors.
Assessing that an artefact is
fit for purpose.

Assessing whether the
solution is effective and
efficient.

Shows awareness of tasks
best completed by humans
or computers.
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Grades 6-7

Break a complex task into
simpler subtasks.

Develop a solution by
assembling collections of
smaller parts.

Individually and
collaboratively decompose a
problem and create a sub-
solution for each part (e.g.,
video game, robot obstacle
course, making dinner).
Identifying patterns and
commonalities in artefacts.
Remix and reuse (by
extending if needed)
resources previously
created.

Adapting solutions, or parts
of solutions, so they apply
to a whole class of similar
problems.

Transferring ideas and
solutions from one problem
area to another.

Recognize when
instructions do not
correspond to actions.
Remove and fix errors.
Assessing whether the
solution is effective and
efficient.

Identifying ways to improve
solutions or information
quality.

Selecting and justifying
appropriateness, precision,
or quality of “best”
solutions and information
sources.

206



	A Framework for Teaching Computational Thinking in Primary Schools: A Namibian Case Study
	Recommended Citation

	tmp.1698060399.pdf.EPDBD

