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Abstract
Coding and computational thinking are being hailed as the new literacy for the 
twenty-first century, and have become increasingly common in schools world-wide. 
At the same time, the sector is facing a global shortage of technology teachers, and 
technology lessons are frequently being delivered by non-specialist teachers. There-
fore, some have suggested integrating coding into other curricula as a practical 
solution for non-specialist teachers to deliver outcomes in both Digital Technolo-
gies and their own subject areas, whilst also developing general capabilities. To bet-
ter understand the benefits and practicality of integrating coding into the English 
curriculum, we present a detailed case study of an Australian Year 5/6 classroom 
where students engaged in learning units integrating both Digital Technologies and 
English curriculum outcomes. We explored the nature of students’ interdisciplinary 
learning and general capabilities development through two learning units in which 
they coded animated narratives (CANs). We also built understanding of how non-
specialist teachers in regular classrooms can develop the necessary technological, 
pedagogical and content knowledge (TPACK) to facilitate cross-curricular learning 
involving coding, and at the same time, promote general curriculum capabilities. 
Findings challenge the commonly held assumption that integrating coding can be a 
universal solution to specialist staff shortages and an overcrowded curriculum, and 
reveal the challenges faced by non-specialist teachers and school organisations that 
need to be overcome for successful implementation. However, they also indicate that 
when these challenges are met, integrated approaches can result in interdisciplinary 
learning, high levels of student engagement, and provide effective environments for 
general capability development.
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Introduction

Block-based programming, or coding, has become increasingly common in Austral-
ian schools. Although coding is not mandated in the Australian Curriculum, it is 
often seen as a natural way to expose students to computational thinking (Lye & 
Koh, 2014), which is present in many state syllabi and curricula (e.g., NSW, Vic-
toria and Western Australia) and internationally (e.g., UK, US). In this article, we 
consider how an integrated curriculum in the form of a design-based coding task 
might deliver outcomes for both Digital Technologies and English disciplines, and 
also facilitate students’ general capabilities, specified in the Australian Curriculum 
(ACARA, 2023). These capabilities are recognised internationally as crucial for stu-
dents’ success, and are also known as key competencies, competences, or twenty-
first century skills, and are widely adopted by countries such as Spain, New Zealand, 
and the European Union (Tahirsylaj & Sundberg, 2020). We utilise an ecological 
system theoretical lens to reveal how these outcomes and capabilities can be fos-
tered in regular classrooms (Falloon et al., 2023), and how non-specialist teachers 
can develop the necessary technological, pedagogical and content knowledge tak-
ing into account the affordances and constraints of regular school environments 
(Author1 & Author2, 2023; Koehler & Mishra, 2009). The study was undertaken in 
a Year 5/6 classroom in an Australian city, where the teacher and students partici-
pated in two integrated English—Digital Technologies units focused on coding ani-
mated narratives (CAN). It was part of a 3-year Australian Research Council (ARC) 
Discovery Project entitled Coding Animated Narratives as Multimodal Authorship 
in Schools, (referred to as the CAN project hereafter), that aimed to develop a new 
theoretical and practical foundation for the integrative teaching of coding and multi-
modal authorship for middle-school students. The CAN project was a cross-univer-
sity collaboration, where researchers worked with primary and secondary schools 
in New South Wales and Victoria. A CAN is a short (1–2  min) story that incor-
porates features of multimodal semiotics such as changing camera angles, facial 
expressions, and gestures (Mills & Unsworth, 2018; Unsworth, 2013) that are coded 
using a block-based programming language, Scratch (Resnick et  al., 2009). Previ-
ous research in the project has reported how CANs may facilitate computer science 
knowledge development (see Woo & Falloon, 2023), so for the purpose of this arti-
cle, we focus on teacher and school attributes and characteristics that facilitated the 
development of general capability and interdisciplinary learning.

Literature review

The research foundation for general capabilities such as those included in the Aus-
tralian Curriculum, can be traced back to the work of the OECD undertaken at the 
turn of the century. The Definition and Selection of Competencies project, also 
known as DeSeCo, was tasked with defining a set of key competencies ‘necessary 
for individuals to lead a successful and responsible life and for society to face the 
challenges of the present and near future’ (Rychen & Salganik, 2001, p. 7). The key 
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competencies referred to ‘multifunctional and trans-disciplinary competencies that 
are useful for achieving many important goals, mastering different tasks, and act-
ing in unfamiliar situations’ (Weinert, 2001, p. 52). This endeavour recognised that 
the knowledge and skills obtained at school are context dependent, but that indi-
viduals need to function in many different contexts and situations throughout their 
lifetime. The essence of the original key competencies manifest in schools across 
the globe through adaptations such as ‘21st Century’ or ‘future-focused’ skills 
(e.g., Dede, 2010; Griffin & Care, 2015). In Australia, one of the goals of the Alice 
Springs (Mparntwe) Education Declaration is that ‘all young Australians become: 
confident and creative individuals, successful lifelong learners, active and informed 
members of the community’ (Education Council, 2019). This goal is supported by 
the Australian Curriculum’s general capabilities, that comprise critical and creative 
thinking, digital literacy, ethical understanding, intercultural understanding, literacy, 
numeracy and personal and social capability (ACARA, 2023).

In this study we focus on students’ development of ‘digital literacy’, and ‘per-
sonal and social capability’ (ACARA, 2023). The Australian Curriculum digital lit-
eracy capability states that students in Years 5–6 should ‘select and use the core 
features of digital tools to efficiently complete tasks’, and ‘troubleshoot basic prob-
lems and identify repetitive tasks to automate’ (ACARA, 2023). With regards to 
general curriculum capabilities, two components of personal and social capability 
are ‘self-management’ and ‘social management’. Self-management is closely aligned 
with self-regulatory behaviours, such as planning, task management and persistence 
(ACARA, 2023), and these behaviours are known to relate to student motivation and 
engagement (Collie & Martin, 2019). Social management includes communication, 
collaboration, leadership, decision-making and conflict resolution. Specifically, stu-
dents in Years 5 and 6 are expected to ‘coordinate contributions of group members, 
suggesting improvements to ways of working and collaborative outputs’ (ACARA, 
2023). Furthermore, Drake and Reid (2018) argue that general capabilities ‘tran-
scend the disciplines. Thus, it makes sense that curriculum integration offers an 
effective way to teach twenty-first century capabilities’ (p.35). Personal and social 
capability and digital literacy were focused on as they were considered integral to 
achieving successful outcomes from the CAN units.

Similarly, the creators of Scratch also argue that schools should give students 
opportunities to engage in cross-curricular, design-based coding projects, where 
they can integrate multiple knowledge disciplines, reason systematically, think crea-
tively, and work collaboratively (Resnick & Rusk, 2020). In this article, integrated 
coding curriculum refers to cross-curricular learning that involves teaching coding 
in a subject area other than/in addition to Digital Technologies. Here, interdiscipli-
nary learning may be evidenced by students’ integrating knowledge from multiple 
disciplines in their CANs, which is often beyond that defined by predetermined syl-
labus outcomes. While integrated approaches are already common in schools as a 
practical response to a crowded curriculum and a lack of specialist teachers (Rich 
et  al., 2019; von Wangenheim et  al., 2017), empirical evidence of how students 
engage in interdisciplinary learning and develop general capabilities through cur-
riculum of this nature is scarce.
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Theoretical framework

This study utilises ecological systems theory (EST) (Falloon et al., 2022; Bron-
fenbrenner, 2005) and the technological, pedagogical and content knowledge 
(TPACK) framework (Koehler & Mishra, 2009), to build understanding of factors 
that contributed to the successful delivery of integrated coding curricula. Com-
bining both theoretical referents facilitated close interrogation of how activities 
and decisions occurring in the wider school environment (mesosystem) affected 
the development of the teacher’s TPACK within the classroom (microsystem), 
and in turn, how this influenced curriculum design, pedagogy and the delivery 
of targeted outcomes. Using Koehler and Mishra’s (2009) TPACK framework as 
a theoretical referent is appropriate for this study, because it addresses the differ-
ent knowledges teachers need for successful integration of digital technology into 
classroom curriculum.

The TPACK framework was developed from the work of Shulman (1986), who 
argued that effective teachers not only require content knowledge (CK) of the sub-
ject area and general pedagogical knowledge (PK), but also pedagogical content 
knowledge (PCK) to transform and deliver subject content in ways most aligned 
with the learning needs and preferences of their students. In this study, the subject 
content focused on multimodal artefact creation and coding knowledge developed 
through authoring animated narratives, while pedagogical content knowledge 
comprised understandings and methods associated with how to best teach these to 
students. Koehler and Mishra (2009) extended Shulman’s (1986) model by add-
ing technological knowledge (TK), which they identify as deep understanding 
of information technology for productive application in everyday lives. For this 
study, TK refers to coding as a new form of computational fluency to support stu-
dent expression (Resnick, 2017). Teachers’ understanding of how coding may be 
used to support computer science concept development and multimodal expres-
sion is considered technological content knowledge (TCK), and how to teach cod-
ing in a way that supports students’ collaboration and problem solving is referred 
to as technological pedagogical knowledge (TPK). Santos and Castros (2021) 
suggested that TCK and TPK have the most impact on teachers’ overall TPACK 
application and the achievement of students’ learning outcomes, so we have paid 
particular attention in our study to how these were developed.

Adopting an EST perspective supported understandings about how student 
learning can be influenced by factors such as the professional learning their 
teacher receives, school culture and values, planning, staffing, resourcing, leader-
ship, infrastructure, and the school community, and how this, in turn, manifests in 
teachers’ TPACK. Understanding such factors is important because, as Resnick 
and Rusk (2020) noted, organisational and structural factors (such as rigid sep-
aration of subjects, timetables, age group, and space) present significant barri-
ers to meaningful integration of coding in mainstream schools. This perspective 
is further supported by Mishra (2019), who argued in his recent update to the 
TPACK framework, that ‘conteXtual knowledge’ (XK) is needed, ‘to go beyond 
seeing teachers as designers of curriculum within their classrooms but rather 
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as intrapreneurs—knowing how their organization functions, and how levers of 
power and influence can effect sustainable change.’ (p. 77).

Research questions

We adopted case study methods to build a thick description (Stake, 1995) of how 
the CAN units were implemented in this classroom, how the teacher’s TPACK 
was developed and applied in the learning units, and how school factors influenced 
these processes and outcomes. Data collection and analysis were guided by these 
questions:

1. How do general curriculum capabilities and interdisciplinary learning manifest 
and develop in an integrated CAN curriculum?

2. How did the teacher’s TPACK develop to support the integrated CAN curriculum?
3. What aspects and characteristics of the school supported the teacher’s TPACK 

development and successful integrated CAN curriculum?

Research design

The broader CAN project within which this study took place followed a design-
based methodology (Anderson & Shattuck, 2012) and was conducted over three 
iterations in two Australian states. For each iteration, a primary and a secondary 
school was recruited in each state, and in each school, two Year 6 or Year 7 teach-
ers volunteered to participate in the project. To support their TPACK development, 
teachers participated in professional learning focused on multimodal semiotics (use 
of facial expressions, gestures and meanings to convey meaning) and Scratch cod-
ing. Scratch was chosen because it supports multimedia production and has a ‘low 
floor’ (Resnick, 2017) i.e., it is suitable for teachers and students without any prior 
coding knowledge. After participating in the professional development, the teachers 
planned their CAN units and taught them to their students.

Data for this article were collected from a teacher working in a public, coeduca-
tional primary school, who participated in the second iteration of the CAN project. 
The teacher was the home class teacher for a Year 5/6 composite class, meaning that 
he had the responsibility of teaching most of the subjects and providing pastoral care 
for these students. Therefore, he had an intimate knowledge of the students’ indi-
vidual strengths and weaknesses as well as their personalities and friendships, which 
he used as the basis of pairing the students for the projects.

Data were collected from the teacher and six student pairs. Limiting the number 
of student pairs supported deeper analysis of their learning processes, and helped 
build more detailed understandings of the factors that influenced these. Pairs were 
purposively selected by their teacher to reflect gender balance (6 boys and 6 girls) 
and a range of Scratch coding experience. These were broadly classified as low, mid, 
and high. ‘Low’ experience students (n = 6) were those who only started learning 
Scratch at the beginning of the school year, while ‘mid’ experience students (n = 3) 
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had participated previously in out-of-school coding activities. Students who had 
more than 1  year of coding experience at school and reported learning by them-
selves at home, were identified as ‘high’ experience (n = 3). In reporting findings, 
pairs are referred to by the first initial of their names, and their profiles are summa-
rised in Table 1.

The class was taught by non-specialist teacher, Mr S. (pseudonym used), who had 
5 years of teaching experience. Prior to the CAN project, he had had no experience 
with Scratch or coding more generally. Supporting teacher technological knowledge 
(TK) development, Mr S. participated in four 1.5  h Scratch coding workshops to 
learn key code patterns used in creating animations. He also engaged in three, 1 h 
online seminars focused on multimodal authoring, to build the content knowledge 
(CK) to support the CAN units. These explored the use of facial expressions, ges-
tures, and camera angles used in creating meaningful narratives using animations. 
He was given access to an online resource hub created by the first author, compris-
ing video explanations of essential code patterns and ‘test your skill’ exercises. The 
exercises were designed to address the most commonly encountered problems faced 
by students, as identified during the first project iteration.

Mr S. coded his own animated narrative as an example, before he planned and 
taught the two CAN units. Unit 1 focused on students choosing ‘an important mes-
sage for the world’, and then creating a narrative to communicate that message 
multimodally with emphasis on characterisation and use of camera angles. Weekly 
60-min lessons were scheduled for the duration of Term 2 (10 weeks) and extended 
3 weeks into Term 3. Unit 2 focused on creating a historical narrative about a famous 
Australian. This unit involved students researching and choosing a historical figure, 
and then scripting and recording a monologue in pairs and coding an animation to 
complement their monologue. Again, for the second unit, the classes were scheduled 
for 60 min each week for the duration of Term 4 (10 weeks). Staffing organisation 
in the school meant that Mr S. taught the CAN unit to his home class in addition to 
four other Year 5/6 classes, as a semi-specialist teacher.

Data collection and analysis

The six student pairs and the teacher were interviewed three times: once before pro-
ject commencement (pre-interviews), after Unit 1, and again after Unit 2. The pur-
pose of the student pre-interview was to collect data about their prior experiences 
and level of interest in coding, and to ask any questions they had about the research. 
The two post-interviews were approximately 30  min in duration and designed to 
gather students’ reflections about their learning, their perceptions of their Scratch 
projects, the problems they encountered while developing their projects (and how 
they solved them), and how effectively they worked together. The teacher interviews 
were between 30 and 60 min in duration and focused on understanding the teacher’s 
TPACK development, and identifying mesosystem factors that may have influenced 
this. The interview schedules are included in Appendices A-F.

All interviews were verbatim transcribed and imported into NVivo for analysis. 
Using Corbin and Strauss’s (2015) inductive coding method, interview data were 
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first manually coded line-by-line. Similar concepts were grouped to establish first-
order categories. The two authors discussed the categorisation and conducted sev-
eral iterations of data alignment and realignment within the first-order categories 
These generated subthemes detailing (1) students’ general capability and knowledge 
outcomes; (2) teacher TPACK development and application, and (3) the influence of 
the mesosystem factors on the CAN curriculum. Samples of data coded under each 
of these are provided in Table 2.

The first author also observed 11 lessons and took field notes documenting the 
teacher’s pedagogical practices and students’ demonstration of general capabilities, 
particularly digital literacy (including problem-solving strategies), and personal and 
social capabilities (such as collaboration). Students’ Scratch projects were also col-
lected and used as prompts for questioning in the interviews. The researcher field 
notes and Scratch projects were crossed-referenced to strengthen interpretation of 
interview data.

Findings

The findings are organised around the three research questions.

RQ1: How do general curriculum capabilities and interdisciplinary learning 
manifest and develop in an integrated CAN curriculum?

Development of problem‑solving skills as part of digital literacy

Interview data indicated that the problems students encountered during CAN 
authoring were wide-ranging—comprising both technical and nontechnical prob-
lems. The most commonly cited were debugging problems, which generally related 
to the timing of sprite appearances and confusion caused by inconsistent number-
ing of ‘broadcast messages’ when the students combined their files (e.g., NJ, SS, 
Unit 1 interview). Other general technical problems included difficulties with draw-
ing (NJ, Unit 1 interview), inserting sound files (HN, Unit 1 interview), and using 
the Scratch backpack function for sharing sprites (HN, Unit 1 interview). Although 
some difficulties were apparent throughout both CAN units, data indicated that stu-
dents transferred effective problem-solving strategies between units, so by the end 
of the second unit, most pairs reported they did not experience unsolvable prob-
lems when coding their second CAN. This is evidenced by some students described 
authoring the second CAN as ‘smooth sailing’ (MG, Unit 2 interview), while others 
commented, ‘We knew what we were doing’ (NJ, Unit 2 interview).

In their reflections, some students cited learning to troubleshoot when problems 
occur as a principal benefit from the CAN units. NJ commented: ‘I feel like coding 
gives you skills and improves your skills at problem solving, because, if you make a 
mistake, you have to know where to go’ (Unit 2 interview). Some students also indi-
cated they made use of knowledge from other subject areas to inform their problem-
solving strategies, as pair LJ reported:
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L: It involves a lot more math, like a lot of timing, and a lot more attention.
J: Yes, like focus; you have to be focused a lot. And a lot of problem solving as 
well. (LJ, Unit 2 interview).

Such comments indicate that students understood the problem-solving processes 
they engaged when authoring their CANs, and that they were useful for advancing 
their general problem-solving capability whilst drawing on their knowledge from 
other disciplines.

Development of collaboration skills as part of social capabilities

Interview data indicated three main collaboration strategies were being operational-
ised: working together (sharing a laptop while working on the same task); division 
of labour (dividing the task equally, often by working on alternate scenes); and role 
specialisation (one student responsible for coding and the other for drawing).

In the first of these demonstrated in Unit 1, GM and HN reported that they were 
‘working together’ within their pairs, and that this strategy related to their ‘low 
experience’ with Scratch. This approach enabled them to learn with and from each 
other, effectively bringing ‘two brains to bear’ on difficult problems. However, as 
they gained more knowledge and confidence, data also indicated that these students 
transitioned onto a different collaboration strategy that would support greater effi-
ciency. To achieve this, GM adopted a division of labour approach, while HN opted 
for role specialisation. Division of labour for GM took the form of ‘she would do 
one scene, I would do the other scene’ (GM, Unit 2 interview). By creating alternate 
scenes, these students had equal input to the project, while also improving efficiency 
by allowing them to work independently on different sections at the same time.

A similar approach was also adopted by NJ, who were identified as having ‘mid-
level’ experience with Scratch. However, a shortcoming of the ‘creating alter-
nate scenes’ strategy was subsequent difficulties combining the scenes together in 
Scratch. In Unit 1, pair NJ were coding their scenes independently without realising 
they had different scene numbering systems. This caused major confusion at the end 
when they had to combine their scenes into a single narrative. Therefore, in the sec-
ond unit, NJ transitioned to role specialisation by having one person focus on draw-
ing (N) and the other on coding (J). In J’s words, ‘because he did most of the cos-
tumes and I did most of the coding … we worked together better because we learned 
our lesson [from Unit 1]’. (NJ, Unit 2 interview).

Role specialisation ended up as the preferred collaboration strategy for most 
pairs, although not all pairs began by using this approach, as illustrated by pair HN 
who transitioned from working together to role specialisation. As N commented, ‘H 
did the designing part. I was, like, you can have the designing part, I’m just going 
to code’ (HN, Unit 2 interview). They indicated this approach allowed them to work 
more efficiently. Another pair, SS, who adopted specialised roles in both units, 
decided to swap roles in the second unit, ‘to give each other another opportunity to 
learn [other knowledge and skills]’ (SS, Unit 2 interview).
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Other pairs adopted specialised roles from the beginning, based on preferences 
and skillsets. For example, pair EC acknowledged from the beginning that E was 
knowledgeable in coding and C was a gifted artist. As a result, C completed most of 
the drawing and E did all the coding. In this example, specialisation contributed to 
the authoring of a highly sophisticated CAN, both in terms of technical coding and 
use of visual elements (see Fig. 1). The disadvantage of this approach was that C 
did not gain much coding knowledge, despite the pair successfully completing two 
CANs.

In summary, data indicated that all pairs (with varying effectiveness) self-organ-
ised and self-determined how they worked together across the two units. None of 
the strategies were perfect, but most students communicated sound reasons for why 
they chose to work in the way they did, and were prepared to modify their strategies 
where improvements could be identified.

Learning engagement and the CAN curriculum

Interview data indicated high levels of engagement by all six student pairs across 
both units, and they all reported enjoying the mix of technical and artistic aspects 
of the task. For example, student N reported, ‘I found it enjoyable because I just 
like making costumes and coding too… it’s just fun’ (NJ, Unit 2 interview). The 
‘fun’ these students referred to related to the process of authoring a CAN, and also 
satisfaction with the CAN they had produced. Student G expressed enjoyment in 
watching their own creation: ‘… to see what we’ve done was really fun’ (GM, Unit 1 
interview), and student E communicated pride in their achievement: ‘It was fun … I 
feel really proud of both of us for making it possible’ (EC, Unit 1 interview).

Furthermore, data suggested that the processes involved in authoring the CAN 
promoted student engagement with the subject matter being learnt. In the sec-
ond unit, all student pairs created coherent, informative, original, and entertain-
ing narratives about their chosen historical figure, with their background research 

Fig. 1  Screenshot of student pair EC’s project which demonstrates complexity of their coding and origi-
nal drawing
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indicating robust engagement with a range of historical sources. Figure 2 illus-
trates pair SS’s well researched script for their chosen historical character, Mary 
Wade.

Some student pairs, like HN and EC, expressed that they do not normally enjoy 
learning about historical figures. However, student N explained that she found 
that the process of coding an animated narrative helped her better engage with 
and understand key concepts and information that were essential for creating a 
quality artefact:

… when it comes to non-fiction, I don’t like doing that. But technically, this is 
non-fiction. So if I had to write a report on Mary Bryant [the historical figure], 
I would hate doing that. But I loved doing this. It sort of keeps it more interest-
ing, next level, it’s teaching, like… the style. (HN, Unit 2 interview).

Such data indicate that students found the CAN format motivating, and that 
helped them productively engage with content that does not normally interest 
them, to create an original artefact.

RQ2: How did the teacher’s TPACK develop to support the integrated CAN 
curriculum?

Data coded under this sub-theme were drawn from field notes and three inter-
views with Mr S. at three key data points: before the units (pre-interview), after 
Unit 1 implementation, and after Unit 2 implementation. Each interview was 
coded separately and is reported sequentially to build understanding on how his 
TPACK evolved over the course of both units.

Fig. 2  Sample student script for the historical monologue (Student pair SS)
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Pre‑interview

Pre-unit interview data indicated that Mr S. started the project with only tentative 
ideas of what learning outcomes the CAN units would yield for his students. He 
mentioned hoping to see high levels of student ‘engagement’, having a ‘sense of 
pride’, ‘produc[ing] some quality work’, and even just meeting the ‘90-s mark [for 
CAN duration]… for some students, that’d be a really big achievement’.

He concluded that he had only ‘tempered expectations at the moment’, because 
he was also new to coding. Pre-unit interview data also indicated Mr S. had high CK 
in English but low CK in Digital Technologies, and how he considered this reflected 
in his teaching practice. He characterised himself as a ‘guru’ in teaching narratives, 
indicating high PCK in English, and described how he planned to support students 
to construct their narrative by aiming for stories with ‘big picture ideas’, possibly 
‘related to the experiences that the students have had’—so they could ‘explore it 
with a bit more depth’. However, in terms of coding, he admitted he was a com-
plete beginner with Scratch. Often in the interview he described an experimental 
approach to developing his coding TPK, in that he was ‘figuring it out’ [as the units 
developed] and ‘in terms of pedagogy, I’m changing it class-to-class to see what 
works’. His early strategy concentrated on teaching his students to use the art tools 
and expecting his colleague, Mr D., to teach the coding aspects. Unfortunately, for 
personal reasons, Mr D. had long absences in Terms 1 and 2, so in Term 2, Mr S. 
was forced to teach the coding aspects as well.

Unit 1

Unit 1 comprised four technical lessons on (1) using broadcast messages in cod-
ing; (2) creating camera angles; (3) code organisation, and (4) sharing assets using 
Scratch backpack. These were followed by two CAN planning sessions compris-
ing a brainstorming session on themes for the students’ stories, and narrative plan-
ning using storyboards. Students were required to work in pairs to plan their CAN 
using the storyboard template provided, and they could only start coding after Mr S. 
approved their storyboards. Figure 3 illustrates the whiteboard which resulted from 
their brainstorming session, and the smartboard displays the storyboarding template. 
Figure 4 shows a sample student storyboard from Unit 2.

A prevailing theme in interview data was Mr S.’s understanding of the impor-
tance of learning to code well, and his commitment to developing high TCK in this 
essential skill. However, he also indicated an important strategy in developing this 
was being prepared to learn from students, and being open to the prospect of failure:

That’s what I was prepared to do myself, in learning… was to commit to learn-
ing it really well… taking the time to get to know it [coding], working out 
what we need to learn in terms of the skillset that we need to develop, mapping 
that. I can do that as a teacher, but there are some technical skills that you just 
[need to learn] you need to be open to failure, to learn from your students as 
well. (Mr S., Unit 1 interview).
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Interview data indicated Mr S. drew heavily from his personal learning experi-
ences, and that these informed his TPK: ‘It helped me being a beginner myself 
… so it was really easy for me to identify, okay, these are the different things that 
you need to learn in order to create a movie [CAN].’ He described the process as 
open and iterative: ‘We were being open-minded to adding things right up to the 
end’, and this approach reflected in, and was supported by, his growing knowl-
edge and what he called his ‘retrospective planning and programming’.

Fig. 3  Brainstorming and storyboarding session (Unit 1)

Fig. 4  Sample storyboard for Unit 2 (student pair HN)
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Unit 1 data also indicated that Mr S.’s understanding and expectation of stu-
dent outcomes evolved in response to his own learning: ‘The more I learnt and 
the more that I could do, I started to expect the students to be able to do the 
same.’ Those expectations mainly related to strategies used to solve debugging 
problems. As he explained, ‘if there’s a big glitch somewhere a minute into your 
movie, I expect you [students] to be able to go back and find it.’ He commented 
that in Unit 1 most students in his home class were able to solve debugging prob-
lems, and he attributed this to their code organisation skills, which he explicitly 
taught. These data suggest Mr. S’s development of TPK directly influenced his 
TCK. By reflecting on his own learning and identifying the important knowledge 
and skills required for the task, he was able to determine his pedagogical strate-
gies to help students avoid common pitfalls and reach their goals through system-
atic methods.

Another theme present in Unit 1 data was the effect of the teacher’s PK on 
the nature of student collaboration. Mr S. attributed successful collaboration to 
how he selected the pairs. As their home class teacher, he knew who would work 
well together, which was one of the first criteria he considered in selecting the 
pairs. However, apart from social compatibility, Mr S. indicated the pairings were 
diverse in nature, comprising pairs where both students displayed strong commit-
ment to learning; pairs where there were complementary skills, and pairs where 
both students were lacking in skills or experience. The teacher’s notes on the fac-
tors he took into consideration when pairing students are presented in Table 3.

While Mr S. commented that he needed to have conversations with some pairs 
about compromise and time management, overall, he considered most students 
worked effectively together without much monitoring. In his own words, ‘we saw 
how it worked out, how collaborative most of them were… you couldn’t do that 
blind… matching people off a piece of paper.’

Table 3  Mr S.’s notes for pairing students

Pairing Student names (Year) Notes

1 E (6) Highly capable coder/diligent worker
C (6) Highly capable artist/lacks focus

2 S (6) Highly capable artist/diligent worker/fast learner
S (6) Highly capable artist/diligent worker/fast learner

3 N (6) Highly capable coder/diligent worker
J (5) Capable coder/diligent worker/fast learner

4 M (5) Minimal experience/diligent worker
G (5) Capable coder and artist/diligent worker/fast learner

5 L (5) Minimal experience/reasonably diligent worker
J (5) Minimal experience/lacks focus

6 H (5) Highly capable artist/occasionally lacks focus
N (5) Minimal experience/reasonably diligent worker
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Unit 2

Unit 2 interviews occurred after students had completed their project to develop a 
CAN about a historical figure incorporating an original recorded monologue. When 
asked what changes he made for Unit 2, Mr S. emphasised the greater time and 
importance placed on storyboarding. He explained that by requiring students to pre-
plan using storyboards, students worked more efficiently in the coding phase:

… it eliminates another complication that you run into when you begin coding. 
So, rather than having to think ‘I want this character to move here at this time, 
and then following that we’ll change the backdrop’ and whatever it might be, 
that thinking has already been done, and you just simply worry about bringing 
it to life. (Mr S., Unit 2 interview).

The second change he made between units was spending more time on explicit 
teaching (i.e., giving direct and clear instructions) on some aspects of the task, for 
example, creating a monologue and simplifying some of the visual design elements, 
including the creation of stick figures, as well as basic props and backdrops. He 
explained that his increased explicit teaching about visual design was in response to 
pedagogical shortcomings he identified in Unit 1: ‘[while] it’s important to give the 
students that creative licence and to be able to take ownership of their work, but … 
[in Unit 1] it became a bit loose’. He had observed that students’ use of the Scratch 
library in Unit 1 had a detrimental effect on their work, because the visual design 
elements ‘just didn’t marry up on screen’. The weighting he placed on visual quality 
and accuracy was consistent with his classroom practice, where he frequently sup-
ported students to create original drawings. Sometimes it involved him drawing on 
a whiteboard to show the students the outline (Fig. 5); sometimes it involved him 
showing how it could be done using the Scratch art tools (Fig. 6); and sometimes 
students would commission him to create a sprite for their project (Fig. 7).

Fig. 5  Mr S. demonstrating drawing on a whiteboard
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Mr S noted the influence of improved visual design knowledge on the overall 
quality of the student CANs, and in Unit 2, specifically asked students to simplify 
their designs for three reasons. First, simplifying visual design enabled students to 
spend less time creating finicky and complex designs and more time coding, in order 
to create smoother sequences and more seamless transitions. Second, simplifying 

Fig. 6  Mr S. demonstrating to a 
student how to use the art tools 
to quickly create a brick wall 
by copy and pasting a repeated 
pattern

Fig. 7  Mr S. was commissioned by a student group to create a school building for their project
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the characters into stick figures allowed them to be more easily manipulated as 
sprites. Third, simplifying visual design aided the multifaceted purpose of the texts, 
primarily to inform, but also to entertain. Whilst these changes might, at a surface 
level, appear to be limiting students’ creativity, data suggests they were effective for 
supporting students to become more fluent in their multimodal expression. As stu-
dent pair LJ reflected:

L: I think the second one [the Unit 2 project] looks better.
J: The second one is just a bit more clean…Like it’s just the designing is so 
much easier with the one we have now. And it’s much more simple, it’s not 
all complicated. Like last time some backdrops took me two sessions to make. 
This time I can make three in one session. (LJ, Unit 2 interview)

When asked what he understood to be the main arguments for teaching coding in 
schools, Mr S. found it difficult to provide a definitive response: ‘I would’ve hoped 
that by the end of this year … I’d have a very succinct answer for you, but I don’t, 
in all honesty.’ Instead, he shared his observed benefits from the CAN units, which 
he summarised as three skills: ‘Problem solving, building routine, and collabora-
tion. [These] were the three skills that really presented themselves throughout this 
project.’ Elaborating further, he regarded the first two skills as being closely related. 
In his observation, an important way to support problem solving was through devel-
oping systematic processes and routines. He gave as an example the checklist stu-
dents used that helped them to create a scene change (Fig. 8). The checklist provided 
an initial scaffold that students ‘followed explicitly for the first lesson or two, and 
then after that it just became automatic’. He further commented that ‘developing 
that sense of autonomy and routine was really impressive to see, and I think that 
aided the problem solving’. Moreover, he considered his home class developed more 
robust and effective problem-solving strategies, largely because he worked more 
closely with them and spent more time supporting them between lessons.

Fig. 8  Mr S.’s scene change checklist
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In terms of the extent of observed collaboration, Mr S. suggested results were 
mixed: ‘Some that we intentionally paired because we knew that they were going to 
work well together and others that we thought wouldn’t necessarily work as well… they 
probably yielded results that we expected.’ However, in further analysing this, he high-
lighted a range of student characteristics that appeared to influence the quality of their 
collaboration. These included the students’ levels of perseverance, their delegation and 
time management skills, experience with Scratch, friendship, patience (to help each 
other), and speed to learn new skills. Reflecting on the problem-solving and collabora-
tion skills exhibited in his classroom, Mr S. believed that the CAN units had provided 
his students with very accessible and highly important opportunities for building these 
curriculum general capabilities:

These [skills] that we know that these children will need to be able to access 
when they’re out in the workforce, eventually, doing these jobs that we’ve heard 
don’t even exist yet … I know deep down that we’ve done a really good job and I 
know that the students have benefited greatly. (Mr S., Unit 2 interview)

RQ3: What aspects and characteristics of the school environment supported 
the teacher’s TPACK development and successful integrated CAN curriculum?

Interview data coded under the ‘the influence of the school context on the CAN units’ 
sub-theme indicated several factors that Mr S. noted in the school environment that 
influenced his students’ outcomes and his own professional learning. These included 
class arrangements, his stage team, and syllabus and cross-curriculum links.

Class arrangements and time constraints

For his home class, Mr S. observed advantages from him teaching both the writing and 
coding unit requirements, which helped mitigate the time constraints imposed by the 
school-wide timetable. This provided the additional time needed to create original char-
acters and backdrops, further enhancing the accuracy and quality of the CANs. How-
ever, with regards to his other classes that only had limited and timetabled lesson times, 
he commented on the effect this had on the quality of their CANs:

There was some from the other classes that we saw which, granted, I didn’t spend 
anywhere near as much time with them as I did with my own… where they were 
using some of the sprites that existed in the library already. And you just have 
less capability to manipulate those sprites. So I think that harms the final prod-
uct… (Mr S., Unit 1 interview).

The role of the teaching team to support concept development

Mr S. was a member of a teaching team that worked collaboratively in programming 
and curriculum delivery across the entire cohort of Year 5/6 students. He mentioned 
several times that although he was coordinating the CAN units, it was a collabora-
tive effort to make CAN work in the school. Within this team, Mrs K. taught visual 
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literacy throughout the year where students made slideshows and discussed differ-
ent visual literacy techniques. Another team member, Mr D., had been teaching the 
students since their third year, using ‘Grok challenges, Bebras challenges developing 
computational thinking skills often [through] unplugged [activities]’ (Mr S., Unit 
2). These earlier experiences meant the students came to the CAN units with related 
conceptual understandings that, in all likelihood, they applied to designing and cod-
ing their CANs.

Cross‑curriculum links important to justify the CAN program

Mr S. emphasised the importance of cross-curriculum links between narrative writ-
ing (English) and coding (Digital Literacy) in making it possible to teach the CAN 
units in his school:

Knowing that we could tick those [curriculum] boxes simultaneously. I think 
that’s also what got it across the line in terms of my teaching team as well … 
it’s not that they wouldn’t have seen the value, but they might not have seen the 
practicality of doing something like this, without us being able to tick that box 
in the English syllabus. (Mr S., Unit 1 interview).

In summary, data highlight the complexities non-specialist teachers can face when 
attempting integrated units of this nature. The need to learn sufficient technical cod-
ing skills and understand how these are best used to communicate meaning though 
a multimodal representation, is a demanding task. However, when alignment exists 
that combines high levels of teacher commitment with responsive pedagogies, 
reflexive curriculum design, and supportive school structures, it can result in high 
levels of student interdisciplinary learning and capability development.

Discussion

The discussion is organised around the research questions to address how general 
capabilities in the Australian Curriculum and other outcomes were developed in 
these CAN units, and the teacher and school attributes that were fundamental to sup-
porting integrated coding curricula of this nature.

Microsystem factors impact on student capability development 
and interdisciplinary learning

Digital literacy

Several attributes of Mr S.’s practice influenced students’ development of digital lit-
eracy, especially problem-solving ability, during the CAN units. Through reflecting 
on his own learning process, Mr S. recognised the need to support students in devel-
oping systematic strategies for solving often complex coding and design problems. 
He identified frequently encountered problems such as timing and backpacking (i.e., 
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code and sprite sharing) issues, and explicitly taught his students systematic strat-
egies for solving them. In computer science terms, Mr S. taught logical and effi-
cient debugging and code organisation skills that enhanced readability (see Basu, 
2019). He did this recognising that his students’ projects each contained hundreds, 
and sometimes over a thousand, code blocks, and that the code would be impos-
sible to debug without logical organisation. As additional scaffolds, Mr S. also pro-
vided checklists to guide debugging (see Fig. 6), which helped students focus on the 
important elements to solve common code problems.

In summary, Mr S.’s pedagogy could be described as systematic and explicit 
when it came to teaching technical skills, both in terms of coding (e.g., setting up 
procedures and checklists) and in generating visual elements (e.g., insisting on origi-
nal characters). This practice challenges the commonly-held view that creativity in 
coding is achieved by allowing students to discover technical knowledge primarily 
through tinkering (e.g., Resnick, 2017). Instead, our study indicates that explicitly 
teaching technical skills (whether it is for coding or for visual elements) enabled stu-
dents to focus their attention on communicating a message with flair and originality, 
which we argue is a more meaningful manifestation of creativity in CANs.

Furthermore, an unanticipated and extended outcome of the project was that 
some Year 6 students decided to create a CAN as their graduation memoir, to mark 
their transition into high school. This voluntary use beyond the set classroom tasks 
demonstrates developing computational fluency in this new form of multimodal 
authorship (cf. Resnick & Rusk, 2020).

Personal and social capability

To support personal and social capability, Mr S. provided planning tools (e.g., sto-
ryboard templates) and gave occasional reminders to groups to help them with time 
management. However, what we do not have direct evidence of, is how Mr S.’s 
personal motivation and enthusiasm for the project may have influenced students’ 
motivation. Regardless, there is emerging evidence in psychology that teachers’ and 
students’ motivation are interconnected, noting the importance of factors like class-
room climate and teachers’ autonomy-supportive practices for supporting students’ 
motivation and engagement outcomes (Collie & Martin, 2019). In our study, Mr S 
expressed that he was ‘intrinsically motivated to learn something new’ (Mr S, Unit 2 
interview), and that he was ‘committed to learning [CAN] really well’ (Mr S, Unit 1 
interview). Moreover, he expected the same from his students. When asked what he 
considered was the most important element for students to succeed, he commented, 
‘commitment is the key’. We would suggest that his high expectation of students 
and his own motivation and enthusiasm were likely to have had a positive influence 
on his students’ motivation and engagement, which in turn, led to enhanced self-
management and task orientation.

While some researchers suggest that creative coding tasks can promote collabora-
tion (e.g., Resnick & Rusk, 2020), other classroom-based research has demonstrated 
that this is not necessarily the case (e.g., Arawjo & Mogos, 2021; Spieler, 2018). In 
the current study, collaboration was deliberately designed by the teacher with thor-
ough consideration of each pair’s compatibility in terms of each person’s strengths 
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and weaknesses, as well as friendship and learning characteristics. Moreover, Mr. S 
established an environment where students were comfortable trying different strat-
egies to organise themselves in ways that both partners made meaningful contri-
butions to developing high-quality artefacts. This adds to the substantive body of 
research on the central role that teachers play in managing groupwork (see Blumen-
feld et al., 1996; Falloon, 2024).

Interdisciplinary learning and higher order thinking

CAN provided a viable curriculum and structure supporting students’ animation 
authoring, elevating the cognitive dimension of the task from ‘analyse’ to ‘create’ 
on Anderson and Krathwohl’s (2001) Revised Bloom’s Taxonomy. Specifically, 
students were applying knowledge in computer science (see Woo & Falloon, 2023), 
narrative structures (Christie & Derewianka, 2010) and visual literacy (Mills & Uns-
worth, 2018), and in their Unit 2 historical narrative, creating factual knowledge in 
the form of an animated narrative. Moreover, at the intersection between the techni-
cal and artistic aspects of the task, students expressed having ‘hard fun’ (Resnick, 
2017). The multifaceted nature of the task allowed different student interests and 
talents to make meaningful contributions to the project, and also provided them with 
opportunities to draw on their knowledge from a range of disciplines.

Non‑specialist teachers’ TPACK development

Teachers’ knowledge and efficacy is known to be influential to student learning (Fal-
loon et al., 2022; 2023). Using the TPACK theoretical framework outlined in ’Theo-
retical framework’ Sect., we analysed Mr S.’s development of TPACK that led to 
successful implementation of the CAN curriculum. This is presented graphically in 
Fig.  9. Initially, Mr S. brought to the project strong content knowledge (CK) and 
pedagogical content knowledge (PCK) in English. This was evident in his early 
decision to centre students’ narratives around a meaningful theme that allowed stu-
dents to bring in their own personal experiences. The importance of a meaningful 
theme has long been advocated by integrated curriculum scholars, as it allows stu-
dents to integrate their learning experiences into their personal schemes of meaning 
(Beane, 1995).

Second, although Mr S. started as a non-specialist in Digital Technologies he was 
committed to the deep learning of coding—specifically, becoming highly proficient 
in coding animations (TCK), as well as learning effective methods for the teach-
ing of coding (TPK). The trajectory of his knowledge development is indicated in 
Fig. 9 by the arrows. First, he participated in the professional learning sessions to 
develop basic technological knowledge (TK) (1). He then further developed in TCK, 
principally through creating his own CAN (2). After that, his reflection on his learn-
ing process informed his development of TPK. Furthermore, having access to five 
classes across the age level allowed him to try different pedagogies with different 
classes, and thus he refined his skills and curriculum design over the course of the 
units (3). It was his newly developed deep TPK in combination with his existing 
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PCK that enabled him to support students’ development of general capabilities, 
cross-subject knowledge, as well as fluent multimodal authorship in an integrated 
CAN curriculum (4).

Mesosystem factors impacting on implementation of integrated coding 
curriculum

Finally, teaching an integrated curriculum involving coding (or not), requires a sup-
portive school context. In this case, these principal supportive attributes are recorded 
in Fig.  9 as existing in the mesosystem. Vars (1991) noted three forms of school 
organisation to deliver an integrated curriculum—namely, a total staff approach, an 
interdisciplinary team approach, and making use of block-time and self-contained 
classes. In this study, the CAN program was supported by an interdisciplinary 
team approach in which other teachers in the team ‘front-loaded’ students with the 

Fig. 9  Teacher’s knowledge development and school context in integrated CAN curriculum (adapted 
from Koehler & Mishra, 2009)
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necessary disciplinary knowledge in visual literacy and in coding. They also ful-
filled the compliance mandates imposed by the state syllabus, so that those require-
ments were not necessarily imposed on the CAN unit. At the same time, Mr S.’s 
home class was an example of ‘block-time and self-contained classes’, which gave 
him maximum flexibility to work around the school timetable. Within this environ-
ment, students benefited from access to a well-planned and supported integrated 
coding curriculum, and were able to build their digital literacy and personal and 
social capabilities whilst developing fluency in multimodal authorship.

Limitations and further research

The limited generalisability of single case studies is acknowledged, and in this case, 
some of the success factors—such as a highly motivated and skilled teacher, staff 
arrangement and flexible timetable—may not be readily replicated in other schools. 
Furthermore, readers are cautioned against interpreting the findings of this study as 
evidence that integrated coding curriculum is a ‘silver bullet’ solution to technology 
teacher shortages. Instead, we have endeavoured to provide a detailed analysis of 
teacher and school environment factors supporting successful integrated coding cur-
riculum, rather than presenting a ‘model’ applicable across all contexts. It is up to 
readers to assess the relevance of the study’s findings and conclusions to their own 
contexts. To improve the study’s trustworthiness, multiple data sources (interviews, 
classroom observations, student projects) have been used to strengthen its results, 
and member checking with the teacher participant has been conducted to minimise 
researcher bias.

It is anticipated that future iterations of the larger CAN project will further refine 
our understanding of school environment and pedagogical and curriculum design 
attributes essential to successful implementation of integrated coding curriculum 
(Barab & Squire, 2016). We also look forward to analysing any gender differences 
across different classrooms using data from the full project, as well as conduct-
ing fine-grained analysis of the screen recordings collected from the pairs in this 
class, to deepen our understanding of student collaboration and problem-solving 
processes.

Conclusion

This study introduced authoring coding animated narratives (CANs) as an innova-
tive approach to integrating English-Digital Technologies curricula. Through inte-
grating coding into English, students in our study developed digital literacy and per-
sonal and social capabilities, which are important general capabilities included in 
the Australian Curriculum. Furthermore, this study contributed to the literature on 
TPACK by demonstrating that TPACK is not a static quality of teachers, but may 
be developed ‘on-the-job’. This is especially important when many schools rely on 
non-specialist teachers to teach coding curriculum. Furthermore, we applied Fal-
loon et al.’s (2022) approach to using EST and Mishra’s (2019) addition of XK to 
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TPACK, to provide a detailed analysis of the school contextual factors that can sup-
port non-specialist teachers’ TPACK development.

However, despite the generally favourable outcomes this study reports, it also 
challenges prevailing assumptions about the benefits of integrating coding across 
the curriculum. First, for most schools, integrating coding is not a simple solution 
for meeting outcomes from Digital Technologies and English curricula, or address-
ing the pressures of an overcrowded curriculum. For students to reap the benefits 
of interdisciplinary learning and general capability development, it is likely more 
time will be needed than traditional single-subject curricula, because students need 
to draw on multiple new and existing disciplinary knowledges to inform their pro-
ject. Given increasing moves towards standardisation and compliance, schools will 
likely find themselves under pressure to fulfil syllabus requirements before students 
can attempt integrated tasks of this nature. Second, integrating coding into another 
discipline is challenging for non-specialist teachers. It demands that non-specialist 
teachers be committed to learning coding and the associated CS concepts and prac-
tices, which, for most, is more than what other forms of ICT integration requires. In 
other words, coding is not simply a set of procedures or steps, but effective imple-
mentation requires understanding of CS discipline-specific knowledge. Moreover, 
teachers need to develop CS-specific pedagogical knowledge if they are to help 
students deliver quality outcomes. In Beane’s (1996) words, ‘curriculum integra-
tion is not for the faint-hearted or the marginally competent’ (p. 9). Third, school 
organisation has an important role to play in supporting an integrated coding curric-
ulum. A supportive interdisciplinary team is required, and teachers having their own 
(home) classes appears to support this type of curriculum, as it enables flexibility in 
implementation.

In conclusion, schools should be aware of the substantial investment of time 
required to nurture non-specialist teachers to become effective in teaching coding 
using integrated curriculum. It requires high levels of commitment from both the 
school and the teacher, if the intent is to teach coding as part of the regular school 
curriculum. The challenges of delivering an effective integrated coding curriculum 
are considerable, and the learning benefits may not be easily measurable by stand-
ardised descriptors. However, the learning that results if challenges such as those 
detailed in this study can be overcome, can be broadly-based and highly relevant to 
students’ futures.

Appendix A: Student pre‑intervention interview schedule

1. When did you start coding?
2. Do you like coding? What do you like about it?
3. What have you made with code? With Scratch? Other things? (Robots, Minecraft, 

Roblox, Makey Makey, Microbit)

a. What motivated you to make it?
b. What do you like most about that project?
c. What was the hardest part? How did you deal with it?
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d. What do you do when you’re stuck?
e. Did you work with other people on it? Who would you talk to about coding? 

Do you like working with other people or prefer to work alone?

4. With Scratch, have you ever looked inside other people’s projects to learn how 
they code?

5. Some people say coding makes you a better thinker. Do you think that’s true? 
Why or why not? In what ways?

6. Some people say coding makes you more creative. Do you think that’s true? Why 
or why not? In what ways?

7. Do you think these qualities carry over from coding to other areas? Can you give 
examples?

8. How important do you think it is to learn to code? Why?

Appendix B: Student post‑intervention interview schedule for Unit 1

We’d like to look at your animation with you and ask you about the story and how 
you created it and then we’d like to ask you about how you managed the coding to 
create the characters and what happens in the story.

The students’ coded animated narratives and the crafting of the story 
and the characters

1. Let’s look at your animation. How would you describe your animation to someone 
who could not watch it?

2. What was it like for you making the animation?
3. What were you wanting to communicate in the story?
4. How did you try to show the viewers what you wanted them to understand about 

the story?
5. How do you use the animated images to show the ideas that are important in your 

story?
6. Tell me about how you composed the language parts of the animation.
7. What other ways did you create meaning in your story?
8. What do you think is the best (coolest) thing about your animated narrative?

The students’ experience of coding and computational thinking

1. How did you manage the coding for your story?
2. What were the easy things to code and what things were difficult?
3. Were there some particular problems you had? How did you manage to deal with 

these? What kind of help were you able to get?
4. What is it like for you working with others to create your animation?
5. What would you like to be able to do with coding that you have not learned yet?
6. What would you have liked to put into your story that you were not able to do?
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7. How did you feel about doing the work on this project?
8. What could we do to make this a better project for you?

Appendix C: Student post‑intervention interview schedule for Unit 2

1.  Between your Term 2 and Term 4 project, which one do you like better, why?
2. What has really made a difference between your Term 2 and Term 4 project?
3. What new knowledge or skills have you picked up for Term 4?

The students’ coded animated narratives and the crafting of the story 
and the characters

4. Let’s talk about your Term 4 animation, can you summarise the story for us?
5. What is the main message you’re trying to convey?
6. Who is the main character? Tell us all the ways you have used to help us get to 

know this character. How do you want us to feel about this character? How did 
you manage to do that? (speech/thought/narration, attitudinal language; gesture, 
posture, movement; colour)

7. Tell us about the setting of your story. Can you tell us how tone and mood is 
conveyed in your story? (backdrops, music, sound effects)

8. Have you considered how you positioned the audience in designing the narrative? 
(camera angles)

The students’ experience of coding and computational thinking

1. Were there some particular problems you had this time? How did you manage to 
deal with these? What kind of help were you able to get?

2. What is it like for you working with others to create your animation? How did 
that compare with Term 2?

3. What would you like to be able to do with coding that you have not learned yet?
4. What would you have liked to put into your story that you were not able to do?
5. What do you think is the best (coolest) thing about your animated narrative?
6. How did you feel about doing the work on this project?

General

1. How would you compare this with other tasks you’ve had in English? Writing a 
narrative/comic strip?

2. What have you been doing in Digital Technologies this year? Can you see any 
connection between what you’re doing here and what you’re doing in Digital 
Technologies?

3. Thinking a bit more broadly, beyond the particular work you did coding these 
stories, what is your feeling about this kind of school work for the things that are 
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important to you about learning for school and for learning more generally in your 
life?

4. How important do you think it is to learn to code? Why?

Appendix D: Teacher pre‑intervention interview schedule

Demographics

• Name
• Gender
• Secondary/primary
• Teaching experience—years
• Teacher training—specialties/subject areas
• Other non-teaching degrees

The structure of narrative and use of Image to portray characters’ feelings 
and attitudes

 1. How would you describe the organisation or main structure of a narrative or 
story?

 2. What different types of feelings or emotions might be shown through the visual 
and verbal depiction of characters in animated narratives?

 3. If you were making judgments about the qualities, behaviour and attitudes of 
a character in an animation, what types or categories of attributes would you 
comment on?

 4. If an animated character is expressing his/her feelings, how can different kinds 
of feelings be expressed by facial expression?

 5. How can gestures of animated characters express different kinds of feelings?
 6. What about posture and movement? How can they express different kinds of 

feelings?
 7. What if one character were making judgments about another character’s quali-

ties, behaviour or attitudes? Can you suggest some particular kinds of judge-
ments and how they might be expressed through one of more of the following:

a. facial expression?
b. gesture?
c. posture and movement?

 8. If you think of making an animated movie, how can you use different points 
of view or camera positions/camera angles to influence how the viewer relates 
interpersonally to the character(s) in the animation?

 9. In making an animated movie, what would you consider in deciding what kinds 
of meanings to communicate through:
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a. images,
b. language as dialogue or narration, and
c. images and language as dialogue or narration.

 10. What teaching strategies can be used to support students in creating animated 
narratives using computational thinking, coding and multimodal authoring tech-
niques?

Coding and computational thinking in the curriculum

1. What is your understanding of the sort of student knowledge and capabilities 
targeted in the Digital Technologies learning area of the Curriculum?

2. In what ways, and to what extent, do you consider the current digital technologies 
program in your school is successful in delivering on the goals of the curriculum?

3. The Australian Curriculum emphasises elements of computational thinking as 
integral to learning in Digital Technologies. What is your understanding of com-
putational thinking and why it features so prominently in the curriculum?

4. Often coding is taught in schools as a means of delivering curriculum outcomes 
related to CT. Are you aware of any relationship existing between coding and 
computational thinking development, as indicated in the curriculum?

5. Do you think it is important for students to be taught to code?
6. Are you aware of any specific approaches to teaching coding—for example, learn-

ing design and pedagogy, that are particularly effective in delivering curriculum 
outcomes?

Appendix E: Teacher post‑intervention interview schedule for Unit 1

1. Can you describe how you went about planning your CAN unit? What considera-
tions influenced how you went about your planning?

  Ext: What planned outcomes were there for the students? What did you expect 
the students to learn from the unit? (knowledge, skills, competencies).

2. How did you decide your lesson sequence? (structure, systematic approach). Did 
you consider this effective? Why?

3. Observationally, each lesson appeared to follow a similar structure or format. Can 
you comment on the reasons for this?

4. While all groups developed their narratives based on a common theme, their out-
comes were quite different. In terms of planning and teaching the unit (pedagogy), 
what sort of environment did you seek to establish in the classroom to encourage 
diverse outcomes, and what strategies did you adopt to achieve this?

5. Were there any ‘meso-environmental’ (school, logistical/organisational, resource, 
syllabus, assessment, policy etc) issues or challenges that influenced the trajectory 
of your CAN unit? Can you describe these and their effects?
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6. If you were to comment from a teacher’s perspective on ‘what it takes’ to suc-
cessfully implement units like a CAN at stage 3 or 4, what would you comment 
or advise on?

7. Finally, thinking about the planned student outcomes from question 1, were these 
met? (How did you know?)

  Ext: Did other outcomes become apparent as the unit progressed? What were 
these, and how did they become apparent?

Appendix F: Teacher post‑intervention interview schedule for Unit 2

1. TPACK

a. What existing knowledge about coding, narratives or multimodal techniques 
did you bring into the CAN project? (Narrative, cinematic techniques, group-
work, etc.?)

b. Did you develop any new knowledge/s during the CAN project? What were 
these? (CK, PK, TK, TCK, etc.)?

c. Was there anything surprising that you learnt as a result of the CAN project?
d. Do you think there are any advantages or disadvantages to learning coding 

by integrating its use with other KLAs, such as English?
e. When you were planning your CAN unit, did you place priority on meeting 

outcomes from the Digital Technologies or English curricula—of both more 
or less equally, or some other emphasis, such as Curriculum General Capabili-
ties? Why?

f. Can you tell us about the resources (e.g., Scratch tutorials) that you’ve used 
to deliver the CAN project. How did you select those resources? How helpful 
have they been?

g. Can you tell us about any resources you created to support your CAN unit 
(storyboard templates, lesson plans, worksheets). How were they used, and 
what were the benefits or limitations?

2. Macrosystem

a. Do you think learning to code will help the students in the future? How? 
(literacy/economic benefits)?

b. Would you support a program like CAN being rolled out more broadly to 
other schools? Why or why not? (Equity)

3. Exosystem

a. Has assessment and reporting requirements influenced how you designed and 
delivered this unit? How?

b. Has the Australian Curriculum or NSW syllabus influenced how you struc-
tured or delivered this unit? (Curriculum and syllabus)
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c. Are you aware of any authorities or central agencies (e.g. Department of 
Education), who may be interested in the outcomes this project? Why might 
they be interested?

4. Mesosystem

a. Have you had any feedback from parents or the community about the CAN 
project? What has that feedback been, and has this influenced the project in 
any way (How)?

b. Have you connected with any teachers in other schools or within your school 
about the CAN project (via networks etc.). What has been their response to 
what you are doing? Do you think they can see its value? Would you like to 
develop those connections further? If so, how?

c. How would you describe the response you have received from school leader-
ship about the project and your participation in it? (leadership)

d. Do you think this project is compatible with your school’s vision for the type 
of education it wants to provide for its students? How? (vision and commit-
ment)

e. Has your and your students participation in the project been supported by any 
other staff at the school? (IT staff, colleagues). How?

f. Do you think any of your students’ previous experiences with coding has 
influenced the project? (Peer-learning? Extra support for teachers? Intimidat-
ing?) (student expertise). How?

5. Microsystem

a. How would you compare the Term 2 program with the Term 4 program? Did 
you make any changes between the two iterations? What were these, and why 
did you make them?

b. What do you consider were the most important outcomes for your students 
from completing the CAN unit? Were there any differences between the out-
comes in Term2 compared to Term 4?

6. Chronosystem

a. Do you see any longer term benefits or advantages for the students from 
undertaking units like this?

7. Overall

a. What has participating in this research project meant for you professionally, 
and for your school?
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