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Abstract

Computational thinking is important not only in mathematics and computer science but in
the other disciplines of STEM and integrated STEM education. This article presents the
findings from a study undertaken in a small-town primary school in New Zealand with a
high population of Maori students. The study drew on four aspects from Kotsopoulos et
al.’s framework of pedagogical experiences: unplugged, tinkering, making, remixing to in-
vestigate pedagogical strategies that facilitate the successful embedding of computational
thinking within authentic technological practice. Computational thinking is an aspect of
digital technologies in the New Zealand Curriculum that teaches children to approach
problems systematically, using logical and analytical reasoning. It aims to prepare learners
to be designers and developers of digital outcomes. The research identifies learning peda-
gogies that assist young learners to develop their understanding of computational think-
ing for the purpose of understanding, designing and developing digital technologies. The
qualitative methodologies were informed by the three pedagogical principles from Bishop
and Berryman to guide the research design and frame learning support for students. Key
themes to emerge from the data include the value of local context, student and classroom
organisation, use of physical and digital manipulatives and gamification. Finally, the paper
presents a model for the pedagogical delivery of computational thinking when embedded
in technological practice in primary schools, drawing from and adding to Kotsopoulos
et.al’s pedagogical framework.
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Introduction

Computational thinking, an aspect of digital technologies in the New Zealand Curriculum
(2017), teaches children to approach problems systematically using logical and analytical
reasoning, while also preparing them to become designers and developers of digital out-
comes; its importance extends beyond mathematics and computer science to encompass
all STEM disciplines and integrated STEM education (Li et al., 2020; Yadav et al., 2016).
Computational thinking (CT) is usually understood as a series of skills such as algorithmic
thinking, abstraction, decomposition, pattern recognition, generalising, debugging and eval-
uating ideas and information. These skills are essential not only in the field of technology
but also in solving problems in everyday life.

In New Zealand, technology education is based on the principle that students should
learn within contexts that are meaningful and relevant to them (Fox-Turnbull, 2003).
Unfortunately, many current resources and pedagogical practices focus on the acquisition
of decontextualised skills and knowledge with limited links to authentic contexts where
students might come to appreciate the relevance of their learning. To address this, it is
essential to first understand the cultural context, beliefs, and practices of the community
in which teaching and learning occur. Current practices reflect this by incorporating tra-
ditional stories and customs into lessons, and by using language that is accessible and
culturally appropriate for each specific community. However, we need to go beyond these
methods by helping them understand how computational thinking connects to their every-
day lives and how it can be applied to solve local issues and challenges. One way to
achieve this is by fostering a community-based approach—bringing together local com-
munity members, teachers, and students to co-create activities that reflect their needs and
interests. Involving community members in the teaching process also helps build trust and
a sense of ownership in the learning experience (Berryman et al., 2016). Additionally, it is
important to reconsider commonly used tools such as Scratch, which were developed with
a bias toward Western modes of thinking and programming. Instead, we should explore
tools that support a bottom-up, ‘tinkering’ approach rather than a linear, top-down style
(Bell & Reinsfield, 2012). Hence, there is a need for research that provides examples of
how young children can develop computational thinking skills in culturally appropriate
and authentic contexts.

This research aims to assist young learners develop foundational computational thinking
skills by linking to and drawing on aspects of their cultural knowledge (funds of knowledge)
(Gonzalez et al., 2005) and daily experiences. The study is positioned to connect learning to
local environments, communities, and cultures, and encourages schools to tailor their learn-
ing programmes by drawing from their unique, local contexts. During this study, two pri-
mary teachers and their students co-constructed learning content with the aim of developing
computational thinking within authentic contexts where the students could see their cultural
understanding and facilitated the creation of a learning space within which computational
think is a part of students’ everyday lives and culture (Berryman & Forde, 2017; Warren,
2018). To do this a range of pedagogical strategies were deployed to maximise students’
learning. This article explores these strategies.
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Literature review
Digital technologies in curriculum

The progress of society in various fields (economic, educational, industrial, social) today is
strongly coupled to the integration of Information and Communications Technologies (ICT)
(Caballero-Gonzalez et al., 2019). The 21st century has transformed the types of skills, knowl-
edge, and competencies needed for success in modern society. Computer science concepts
play a significant role across various subjects, and computational thinking is increasingly
recognized as an essential skill for everyone. This has led to growing interest in developing
computational thinking (CT) from as early as the comprehensive school level. This signifi-
cant shift toward developing a technology-rich teaching and learning environment has pow-
erful implications for 21st-century education. To broaden student participation in STEM and
related careers, robotics and game design have been identified as key focus areas.

The Technology learning area in the New Zealand Curriculum (Ministry of Education,
2007) was updated in 2017 to strengthen its focus on the digital space (Fox-Turnbull,
2019). This update included the introduction of two new technological areas: Design-
ing and Developing Digital Outcomes (DDDO) and Computational Thinking for Digital
Technologies (CT) (Ministry of Education, 2017). This development aligned with initia-
tives in several other countries, including Australia, England, Estonia, and Cyprus (Bell
& Duncan, 2015; Duncan & Bell, 2015), and responded to a broad consensus that digital
technology is an essential component of 21st-century school curricula (Bell et al., 2014;
Falkner et al., 2014; Gander et al., 2013; The Royal Society, 2012). The recommended
age to begin learning computational thinking is during primary school, when children are
between 5 and 10 years of age (Armoni, 2016; Falkner et al., 2014; Gander et al., 2013;
Webb et al., 2017).

Learning aspects of computational thinking and computer programming, rather like that
of learning languages are best begun at an early age, at least before the age of 12, but more
ideally around eight years of age (Bell & Duncan, 2015; Duncan et al., 2014; Gander et al.,
2013; Webb et al., 2017). Students, before the age of 12, form views of their competence
in the subject. Students have a natural ability to learning foreign languages before puberty,
thus enabling students to be empowered to change the world rather than be passive partici-
pants, and it prepares students for a future in computing. In addition, successfully develop-
ing computational thinking at lower levels can assist the learning of computer science in the
later schooling years and beyond (Fletcher & Lu, 2009; Jacob & Warschauer, 2018). In their
meta-analysis, Montuori et al. (2024) identified learning computational thinking at pre and
primary school significantly improved problem-solving.

Computational thinking

Computational thinking is an aspect of digital technologies in the New Zealand Curriculum
(Ministry of Education, 2017) that teaches children to approach problems systematically,
using logical and analytical reasoning. “It is important not only in mathematics and com-
puter science but also across the other STEM disciplines, and it can be fully integrated into
STEM education.” (Li et al., 2020; Yadav et al., 2016). Computational thinking is usually
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understood as a series of skills that includes algorithmic thinking, abstraction, decomposi-
tion, sequencing and generalising patterns, evaluation, and logic applied in the realm of
digital technology and everyday life. Introducing computational thinking to young children
is an excellent way to set them up for future success in a rapidly changing world (Yadav et
al., 2016), however, anecdotal evidence suggests that when young students (aged 5-8) learn
such skills they need to do so in meaningful contexts where they are invested in the out-
comes and can utilise their prior knowledge and cultural experiences. Unfortunately, many
current resources and pedagogical practices focus on the acquisition of decontextualised
skills and knowledge with limited links to authentic contexts where students might come to
appreciate the relevance of their learning (Fox-Turnbull, 2019).

Pedagogical strategies for teaching digital technologies and computational
thinking

There is increasing interest in the teaching of computational thinking skills andknowledge
in the compulsory schooling sector. In the primary sector, this is particularly challenging
because few teachers are experienced with sound content knowledge (CK) and pedagogi-
cal content knowledge (PCK) in CT (Rehmat et al., 2020; Yeni et al., 2021). Given recent
developments in digital technologies curriculum, it is increasingly important for teachers
to equip themselves with the necessary content and pedagogical knowledge and skills so
they can teach their students effectively and ensure they remain engaged (Rehmat et al.,
2020). Kandemir et al. (2021) state that quality instruction with appropriate pedagogical
approaches is more effective at increasing student achievement in computational thinking
than tools, programmes and environments.

Many tools and materials have been developed in the last 10 years to teach children CT,
including such things as block-based programming, robotics kits, simulation tools, game-
based learning and unplugged activities (Rao & Bhagat, 2024). However, to use these mate-
rials and tools effectively, teachers need to understand the key concepts that underpin CT
and how to use available resources to best benefit their learners.

Several researchers have identified key concepts and strategies to assist teachers’ CT
pedagogical knowledge (Rao & Bhagat, 2024). Kong et al. (2020) identify three stages in
the learning process for computer programming: understanding the problem; devising a
solution; and transforming the solution into a programming language for execution (to play
to think, to code). All steps involve computational thinking. Rao and Bhagat (2024) state
that CT includes four key ideas: decomposition, breaking down into manageable parts;
pattern recognition, finding and naming patterns and trends; abstraction, showing only the
important information needed; and algorithmic design, step-by-step instructions. In their
exploration of primary school children working in didactic relationships while collaborat-
ing on programming tasks Grover et al. (2016)found that children attempted to understand,
represent, and then execute their ideas, thus offering some hierarchy to children’s learn-
ing. Kotsopoulos et al. (2017) offer a framework of pedagogical experiences which iden-
tify four aspects with a hierarchy implied shown in Fig. 1: unplugged, tinkering, making,
remixing.
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Fig. 1 Four Pedagogical Experi-
ences (Kotsopoulos et al., 2017,
p. 159)

Remixing

Unplugged

Unplugged activities

There are clear benefits for young people when they begin learning computational thinking
(CT) in an ‘unplugged’ environment—that is, without the use of digital devices. Unplugged
CT learning eliminates the need for computers and supports a wide range of neurodiverse
learners by relying less on text and offering more accessible, hands-on approaches, mak-
ing it especially suitable for young children. They are easily designed to be collaborative
and are excellent for foundational learning (Hermans & Aivaloglou, 2017; Kotsopoulos et
al., 2017). Unplugged activities have been found to effectively develop key computational
thinking (CT) concepts—sometimes more so than plugged approaches—and can be made
academically rigorous (Hermans & Aivaloglou, 2017; Kotsopoulos et al., 2017; Metin,
2022; Wang et al., 2025; Wohl et al., 2015). This is particularly true at the primary level in
a game-based environment (Wang et al., 2025). They are engaging, relevant to young learn-
ers, and support the development of self-efficacy (Fletcher & Lu, 2009).

Tinkering

The act of tinkering is a critical component in digital technology education. It involves fid-
dling and playing with technologies, taking them apart, making and exploring changes and
or making modifications to components of a whole or the whole itself. “The goal of tinker-
ing experiences is to provide a context for exploring incremental modifications, without the
additional cognitively demanding challenge of actually building the object. Application,
simulation, and problem-solving are the foci. These experiences ultimately explores the
‘what if?”” (Kotsopoulos et al., 2017, p. 161). In the digital space this could involve playing
and fiddling with computer programmes, manipulating code building blocks, undertaking
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electronic simulations. For example, students can tinker with block code in programs like
Scratch to explore how changes affect the avatar’s actions. (Kotsopoulos et al., 2017).

Making

Experiential learning theory emphasises the critical role that experience plays in the learning
process.”. During making learners must draw from a full range of learning abilities (Kolb
& Kolb, 2009), including problem-solving, identifying and selecting most suitable tools
and materials, sequencing necessary tasks, and undertaking construction, while continually
evaluating design decisions and outcomes. In the digital space making is writing the code
to meet a specific need or solve a preidentified issue or problem (Kotsopoulos et al., 2017).
Wilkerson-Jerde (2014) states “Constructing computational artifacts encourages students
to combine multiple ideas into a cohesive process, organize their understanding in new
ways, and ‘debug’ understandings in their instructions to produce something unexpected”
(p. 102). They also suggest publishing students’ creations to foster a sense of ownership and
to encourage giving and receiving feedback.

Remixing

Remixing involves using combining of already developed outcomes or parts of outcomes in
new and creative ways or repurposing them for new and innovative applications (Kotsopou-
los et al., 2017). Modification and Adaptation are at the heart of these processes. Because
“the student must be able see useable objects within other objects” (p. 165) during remixing,
Kotsopoulos et al. (2017) suggest that it is the most cognitively demanding experiences,
requiring the learner to think at the outer edges or advancement of their zone of proximal
development.

Developing strong pedagogical strategies for teaching computational thinking is directly
linked to successful learning in the design and development of digital outcomes. Kong et al.
(2020) identify a lack of empirical research in the area of developing teacher pedagogical
content knowledge and content knowledge in computational thinking. Thus, there is a need
for research that provides examples of how teachers support young children in developing
computational thinking skills in authentic and culturally appropriate contexts. This article
explores pedagogies used to teach computational thinking in two primary classrooms with
students aged 8-10 years, in a low-decile semi-urban school in New Zealand, guided by
Kotsopoulos et al. (2017) framework of pedagogical experiences.

Research question
What learning pedagogies assist young learners to develop their understanding of com-

putational thinking for the purpose of understanding, designing and developing digital
technologies?
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Methodology and Methods

This qualitative study was guided by the three pedagogical principles from Bishop and
Berryman (2006), which informed both the research design and the framework for student
learning support. The co-constructed learning sequences and processes were characterised
by:

being embedded in students’ local community (school and local small town).
innovation and creativity among students, who will be encouraged to be creative in
learning by deploying individual culture experiences.

e interactivity, with students developing new knowledge through dialogue with peers,
teachers and community members, the teachers’ feedback and guidance, and interaction
with the co-authoring digital tools.

Gonzales, Moll and Amanti (2005) suggest that valuing students’ cultural funds of knowl-
edge and bringing this understanding and knowledge into the classroom enhances students’
achievement. This study focused on teaching computational thinking in a meaningful cul-
turally situated context as intended in The New Zealand Curriculum ((NZC) (Ministry of
Education, 2017). Skills-based lessons were delivered on a need-to-know basis and embed-
ded within authentic, culturally relevant contexts connected to students’ current lives and
potential futures (Hennessy, 1993).

Tools and resources

The ByteEd Dino Steps kit' was used to introduce foundational computational thinking
(CT) concepts such as sequencing, orientation, decomposition, algorithmic thinking, and
debugging. Students engaged in activities that required them to break down tasks into step-
by-step instructions, learning to decompose problems and create clear sequences of actions.
By laying out directional cards—such as “forward,” “turn left,” and “turn right”—they
planned paths for Explorer Ed to follow, practicing orientation and spatial awareness. These
sequences formed simple algorithms that guided Ed across grids or maps, allowing students
to test and refine their thinking. When Explorer Ed did not reach the intended destination,
students applied debugging strategies to identify and correct errors in their instructions.

Kete, a mobile application developed by the research team, was used to reinforce stu-
dents’ understanding of computational thinking (CT) concepts and coding in a meaningful,
context-rich environment. Figure 2a show the home screen of Kete. Central to ‘Kete’ is the
Poutama motif, an element in Maori culture. Poutama, traditionally a stepped pattern in
tukutuku panels and woven mats, symbolises genealogies and levels of learning and intel-
lectual achievement. It echoes the journey of Tane-o-te-wananga ascending to the heavens
in pursuit of knowledge. Another important feature of the Kete App is that the students are
able to choose which language they use within the App, English or Te reo Maori [Indigenous
language of New Zealand]. Figure 2b shows the page where students select the language
they wish to use.

As shown in Fig. 3a, to play the game, the player clicks the directional arrows (left, right,
and forward) on the right panel to direct the Kiwi (a native New Zealand bird) icon to navi-

! The kits were developed by a New Zealand company, ByteEd and given to the school for free use.
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gate to the locations marked A, B, and C. Game completion is achieved by successfully vis-
iting all locations. Kefe offers three difficulty levels through three playing modes. FreePlay
Mode allows players to visit the locations (A, B, C) in any order. Tour Mode requires the
player to visit the locations in a specific sequence—A-B-C—thus promoting logical think-
ing and planning skills. Sequence Mode, as shown in Fig. 3b, requires the player to program
a sequence of instructions (arrows) by clicking the arrow icons on the right panel or using
the “undo” button to delete the previous instruction. Clicking the “go” button executes the
program, which is displayed below the map, directing the Kiwi to visit the locations in the
A-B-C sequence.

Kete allowed students to design and create their own games through the game cre-
ation interface shown in Fig. 4 where an image, the Google satellite view of the school, is
uploaded as the background map and a grid is overlaid. The size of the grid (the number of
rows and columns) can be adjusted using the sliding bar on the right. Each grid square in this
grid represents a position of a location. A location, along with its text, audio description, or
a detailed images about the locations then can be added to the map as shown in Fig. 4a. The
text, audio and images are in a pop-up window when the player navigates to the location.
Figure 4b shows five locations A-E are added to the game map.
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Grid

(a) (b)

Fig. 4 The game creation interface (a) adding picture, text and audio to a location. b five locations A-E
are added to the game map

Participants and ethical approval

The team investigated pedagogies that led to successful student learning in digital tech-
nology. It drew on findings from previous study which investigated sequencing and
orientation aspects of computational thinking using Beebot® robots, with 35 Year 0-3
students, which highlighted the success of using te reo Maori, a Tuakana/Teina teach-
ing approach and merging lived experiences as Maori with technology education (Fox-
Turnbull et al., 2024).

In the study reported in this article ethical approval was gained through the Univer-
sity of Waikato Division of Education ethics committee. Participation was voluntary
and consent was gained by the school principal, participant teachers, students and their
parents. Confidentiality was guaranteed however anonymity was not due to the limited
number of schools which fit the description within the region. Methods used in the study
included initial and final semi-structured interviews with teachers, initial interviews
with 10 consented students and researcher observations of teaching and learning with
related photographs.

Procedure and classroom

This study took place in two primary classrooms in a small-town low decile school in New
Zealand (NZ) over four weeks. The first was Year 4 class with a first-year teacher, Whaea K,
the second a Year 5-6 class taught by Whaea O. Teachers’ names are pseudonyms. ‘Whaea’
is a Maori term for respected woman and often used in NZ primary schools. The research
was undertaken by two researchers with assistance from two student summer scholars. The
first researcher was a former primary teacher and current academic in technology education,
the second a computer science lecturer. The researchers observed that Maori culture was
heavily reflected in their classroom. Most of the students in the classroom and all the student
participants self-identifed as Maori. Te Reo Maori was evident on the classroom walls. The
students were guided by Maori values, seen on the wall in their classroom in Fig. 5.
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Fig.5 Whaea O’s classroom

The context used in this study included the students’ school and their hometown. When
designing a school tour with Kete, students were sent off in groups around their school to
determine the important information and locations that would be needed for the app. Fig-
ure 6 show examples of the students’ school in the Kete app, which so engaged the students.

During the first three weeks (one hour per day), students were introduced the basic com-
putational concepts of sequencing, algorithm, abstraction, pattern recognition and debug-
ging with Dinosaur Steps kits. The kits are simple and give the students a way to code a
sequence of steps on a grid map without the need of writing code down even if their literacy
and numeracy skills are not advanced and fully developed. In the last week, teachers divided
students from different years with different literacy and numeracy skills into groups, eight
to ten students in each group. The research team supervised the students in each group who
used Kete to design and develop a digital tour of their school for newcomers.

Fig. 6 Students with Kete app map of the school
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A framework was developed from the interview schedule and the research objectives and
used for initial coding and sorting of the data. Thematic analysis was applied to elicit key
themes. Braun and Clarke (2006, p. 78) consider this a “foundational method of qualitative
analysis ... independent of theory and epistemology and can be applied across a range of
theoretical and epistemological approaches”. Representative quotes were identified and are
presented in the findings. Rigour and consistency were ensured by one summer scholar
completing initial coding, which was then cross-checked by the two researchers indepen-
dently to identify the initial themes. This article reports on key aspects of the successful
pedagogical strategies theme, which was further divided into subthemes for future analysis.

Findings

Key themes that emerged from the data related to successful pedagogical studies included
the (1) value of local context while undertaking authentic technology practice, (2) student
and classroom organisation, (3) use of physical and digital manipulatives.

Value of local context embedded in technology practice

A key observation made by teachers and researchers was that student engagement appeared
to flourish when students were able to apply their lived experience to lessons. When asked
where she observed learner success Whaea O said “Applying their own context to their [
programmes] and being able to create their own mix”. Being Maori and local sites around
their village were some of the more noticeable engagement areas and exemplified when the
students were introduced to pattern recognition. When asked about the patterns they see
one child stated they saw patterns “in the marae [tribal communal area]”. See Fig 7. for an
example of some of the patterns commonly seen in marae.
The following extract from the researcher Observation explains this in more detail.

The class were brought back together, and everyone had an opportunity to share their
ideas. WO [teacher participant] focused on the student who said the marae and asked
the students where they could find these patterns. The students said in the carvings and
WO pointed out additional patterns in the tukutuku panels in the wharenui [meeting
house on the marae] and a key feature they possessed was that the patterns repeated
themselves (Researcher Observation p10).

When teaching the concept of abstraction, the students were shown to maps from their local
area. The first a google map of their village and the second one of their schools showing the
different facilities. Researcher observations indicated student motivation and excitement.
“Student were excited to identify different places they recognised such as the shops they
frequented and streets they lived on” (Researcher Observation p7). Whaea K stated, “It was
cool to have [them] create their own maps, and I definitely saw them thinking about their
own community, putting in their own shops, putting in the fruit shack”.

This finding was further illustrated in reverse when the students were confronted with
a cross section diagram of a house that had features they were not familiar with such as an
attic and garage and were asked to locate technologies within in.

@ Springer



2112 W. Fox-Turnbull, S. Wu

Fig. 7 Tukutuku (inner) and Kowhaiwhai (outer)
Patterns

The house had an attic which confused some of the students so most guessed differ-
ent things to find in there. Some students struggled with the concept of a garage as
well, mostly confusing it for a carport and did not think technology belonged outside
(Researcher Observation 6 Nov).

Another indicator of student engagement was evident during the post-unit focus group inter-
view. When asked about how they see computing in their future, it became clear that stu-
dents had learned they could become creators of digital technologies, not just users. “Make
my own app and work on it properly and see if it’s the right app to put in on the public” and
“I want to make an app for little kids who don’t know anything, and they can write a little
code and learning everything” are two quotes that exemplify this.

Classroom and student organisation

An important aspect of this research project was for teachers to employ a diverse range of
organisational practices to meet the needs of their students. This was achieved by altering
between whole class, group, and individual learning experiences. In the example below
learning was introduced with a whole class session led by Whaea O. Within the whole class
discussion Whaea O directed her students to discuss ideas with those around them before
sharing their ideas with the whole class.
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We’re thinking about our digital devices and the world, I want you now to turn to the
person near you or next to you and think about what devices do you have at home and
how do they help you. What are some digital devices do you have at your house and
how do they help you turn and talk to your friends?

During the unit the students also worked in small, teacher-selected groups, for example
when asked to identify about technology they might find at home.

Students were then split into groups and given a task to complete. The students were pre-
sented with a blank cross section of a house and asked to identify different types of technol-
ogy found in the home and where they might be located (Researcher Observation 6 Nov).

The unit continued with a range on unplugged activities through in Dino Steps. When learn-
ing through the Dino Step the students worked in teacher-selected groups who need to put
together a prehistoric landscape jigsaw, then programming Explorer Ed about a prehistoric
landscape and through a range of challenges related to the dinosaur inhabitants. Figure 8
shows an example of one of the activity sheets provided as a teacher resource with the kits
where the students worked within their small groups through a series of challenges aimed at
developing basic computational thinking skills.

At times the students worked as individuals. This was the case later in the unit when
the student each engaged in Kete to design a ‘visitor guide for their school’. The students
designed and developed their own icon in Kete and were given autonomy to design their

ByCdlam
C PINGSAUR STEFS)y

.
DINGSAUR srlr\s’

Match the algorithm Debugging
Look at the dinesaur park: Look at the dinosaur park:

Yihich algorithm is the correct route? Find the errors (bugs) in the code.
(Hint. use the dinosaur sleps cards lo help!)

You need to visit Spiny the
Spinosaurus on the way from the

start to the finish.

Fig. 8 A ByteEd Dino Steps Activity Sheet
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own pathway around the school. In her exit interview when asked about her highlights of
the unit Whaea K said “I like how they could be so independent with the learning”. Whaea
O elaborated

And they didn’t wait on their mates....It’s quite good to give them the independence
where they can challenge themselves and go as far as they can go. [Test] their capa-
bilities where they’re not held back by any of their peers.

Use of non-digital and digital manipulatives

When first learning computational thinking concepts the students were presented with phys-
ical manipulatives to help extend their thinking and cement different concepts. In Dino
Steps these included the jigsaw place map, Explorer Ed, dinosaurs, and the arrow cards for
creating the code as seen in Fig. 8. The manipulatives proved invaluable for students with
lower levels of literacy and numeracy, helping them understand concepts such as sequenc-
ing and code notation, and reducing learning barriers.

The visual, the visual application of it, like the dinosaurs, the creating the map, the
challenges. They really liked the challenges and the resources like the step cards and
the arrows. It was really good for them, clear, easy to use. And I feel like if we had
that with the juniors, I’d pick it up a lot easier. It was easy for them to pick up (Whaea
O Exit Interview).

Non-digital manipulatives also allowed the students to be creative and explore concepts at
their own pace and ability. With teacher conferencing, students’ thinking was extended, thus
assisting the development of complexity in coding.

Students were then sent back to their groups with the Dino Step kits and were instructed
to create a sequence of instructions that repeated itself at least twice. They were told
that the pattern could be as simple or as complex as they wanted, the only criteria they
were given was that it needed to repeat itself twice (Researcher Observation 22 Nov).

Transference from physical to digital manipulatives was assisted through the use of a com-
mon concept between Dino Steps and Kete. Both used a grid requiring students to write and
debug algorithms for journeys through an environment, Dino Steps in the physical space
and Kete digital. Researcher observation indicated the switch from physical to abstract cod-
ing proved challenging at first. “This was one of the first times that students had to code
without using manipulatives. Some students struggled to get started but with some teacher
support, they began to get the concept” (Researcher Observation 21 Nov).

An interesting finding this that when students were working on Kete debugging proved
challenging for some students as when an error occurred as they initially blamed the app for
errors, “It didn’t do what I told it to do” (frustrated student). However, the data suggests that
those who were able to understand that the fault was not the app but their programme, were
able to debug their programme and went on to become more proficient at coding. “Students
who can debug effectively became more proficient at coding” (Observations, Researcher
Journal).
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Discussion

Learning concepts of computational thinking was a challenging topic for both teachers and
students in this study. During initial interviews teachers expressed feelings of being under-
prepared to teach as they had a minimal grasp on computational concepts themselves. This
finding aligns with those of Rehmat et al. (2020) that primary teachers were challenged by
computational thinking content knowledge. As teachers deepened their own understanding
and added to their own pedagogical practices, they felt more confident in the content they
were teaching. Kandemir et al. (2021) and Yeni et al. (2021) found that increasing teachers’
content and pedagogical knowledge led to improved student learning. To assist teachers to
develop their pedagogical strategies for teaching computational thinking the Kotsopoulos
et al. (2017) model goes some way to assisting teachers. The findings of this study have
prompted a number of modifications to the Kotsopoulos Model as shown in Fig. 9.

The most notable modification involves embedding Kotsopoulos and colleagues’ model
within the context of authentic technology practice. The need for an authentic context for
technology education is well documented (Fox-Turnbull, 2003; Fox-Turnbull et al., 2023;
Hill, 2017; Snape & Fox-Turnbull, 2013). In this framework, context provides both direc-
tion and meaning for all learning activities. Teachers embedded student learning in authentic
technological context, with a purpose that was meaningful to the students. The data from
this study, for example, the students were excited to see their school and community rep-
resented in the Kete App, highlight this as essential for fostering student engagement and

Technological problem or opportunity identified: an authentic context for problem solving
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Fig. 9 Pedagogical Delivery of Computational Thinking within Technological Practice in Primary
Schools. (modified from Kotsopoulos et al., 2017, p. 159)
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motivation. Additionally, the model demonstrates that authentic technological practice in
primary classrooms is largely shaped by ‘the pragmatics of delivery’. These, listed in Fig. 9,
include a range of instructional strategies assist students’ development of computational
thinking skills and knowledge (Kandemir et al., 2021, and a range of organisational strate-
gies to ensure all students are engaged and learning (Rehmat et al., 2020. In this study,
such strategies encompassed revisiting prior learning, offering explicit instructions, allow-
ing student autonomy in exploring materials, incorporating unplugged and online resources,
fostering healthy competition, and providing opportunities for students to make meaningful
contributions. Class and students organization strategies include students working autono-
mously, in small groups or as a whole class and teachers took time to recap earlier learning.

Kotsopoulos et al. (2017) suggest several advantages of starting student learning in
computational thinking with unplugged activities. Students can develop basic to complex
programming concepts and skills through unplugged activities (Bjursten et al., 2023; Léo-
nard et al., 2019). In this study Dino-Steps proved successful in developing the students’
understanding of sequencing, orientation, decomposition, abstraction, notating algorithms
and debugging. Due to the varying academic abilities of students, students in this study
faced practical and conceptual challenges. The conceptual skill that students most struggled
understand was abstraction. Teachers noted that this may have had to do with students rec-
ognizing different things as important, even though from an adult perspective, they were
not. Regarding practical challenges, the manipulatives such as Dino-Steps proved to be
invaluable as it possible for students with low literacy skills to learn computational thinking
concepts without relying on pen and paper.

Tinkering allowed the students to make mistakes in a low-risk environment. As the stu-
dents moved to the digital space the students were given the freedom to play (tinker). The
tinkering phase allowing this understanding to develop, with the assistance of teachers and
peers when needed. When tinkering they were only accountable to themselves and therefore
at low risk. In the study, students who began to understand abstraction and debugging pro-
gressed to the point that they began to actively debug during their coding. Understanding
of the need to debug coding occurred naturally for some students but was challenging for
others, especially if they assumed the fault was with the app rather than their code. As their
understanding progressed students were challenged with specific coding tasks, therefore
moving in to the ‘making’ phase of their learning (Kong et al., 2020).

Another modification includes a subtle shift from ‘Making’ to ‘Designing and Making’.
In this study, students were presented with an ‘issue or problem’ situated in an authentic
context, which they addressed by designing and creating a potential solution. As a result, the
process evolved from simply ‘making’ to ‘designing and making’. This change is especially
relevant given the New Zealand Curriculum, which places digital technologies within the
broader Technology learning area (Fox-Turnbull, 2019). Consequently, students are encour-
aged to develop computational thinking skills purposefully, aiming to become creators—not
just users—of digital technologies (Ministry of Education, 2017 b).

The final key change to Kotsopoulos and colleagues’ model is the omission of ‘remix-
ing’. This component was excluded in Fig. 9 because the primary-aged students involved in
the study had not yet developed the level of sophistication necessary for remixing.
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Conclusion

This article presents a modified and expanded model of pedagogical delivery of computa-
tional thinking that is embedded within authentic technological practice in primary schools.
All too often computational skills and concepts are taught in isolation. This study high-
lights the significant role of local context, diverse pedagogical strategies, and the integra-
tion of both physical manipulatives and digital tools in fostering successful computational
thinking skills among primary school students. The findings underscore that when students
connect their learning to their own lived experiences—such as their community, cultural
background, and familiar local environments—they become more engaged and motivated
in their technological learning. By embedding lessons in authentic contexts, students were
able to apply computational thinking concepts such as abstraction, decomposition, pattern
recognition, sequencing, and debugging in meaningful and relevant ways.

The research also demonstrates the importance of employing a variety of organizational
strategies, ranging from whole-class discussions to autonomous group work and individual
tasks. These approaches ensured that all students, regardless of their literacy or numeracy
levels, were able to engage with and develop an understanding of the concepts involved
in computational thinking. Physical manipulatives, such as the Dino-Steps kits, played a
crucial role in helping students build foundational knowledge, while the digital tools Kete
allowed students to explore and apply their learning in more abstract but real-world con-
texts. The transition from physical to digital manipulatives, although challenging at first,
helped students deepen their understanding of computational concepts.

The study also emphasizes the critical role of teacher development in supporting effec-
tive pedagogical delivery of computational thinking. As teachers gained confidence and
understanding in the subject, their ability to adapt their teaching strategies to meet students’
needs led to enhanced student learning outcomes. Despite initial challenges, the students’
ability to debug and problem-solve improved as they advanced in their learning journey,
illustrating the transformative power of a hands-on, contextually rich, and student-centered
approach to teaching computational thinking.

In conclusion, this research offers valuable insights into the effective integration of
technology and computational thinking in primary education. By continuing to innovate
pedagogical strategies and leveraging the power of local context and manipulatives, educa-
tors can help cultivate critical digital skills that prepare students for future challenges in a
technology-driven world.
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