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Introduction

Digital technologies now permeate daily life. Although there is broad recognition that preparing children for life in 21st-century society should include learning about digital technologies, there is debate about which aspects of digital technologies, skills for their application in daily life or capacity to innovate should be included. The Digital Technologies subject in the Australian Curriculum: Technologies (ACARA, 2015) includes both aspects. In doing so, it presents challenges for schools and teachers required to teach it.

Implementing new school curricula inevitably presents challenges, but the challenge level increases when teachers are unfamiliar with the content and effective approaches to teaching it. This paper reports on a study that collected pre-service teachers (PSTs) data to investigate their self-reported understanding of the digital technologies subject and their readiness to teach it. It also reviews the PST’s ideas about their students' ability to complete the activities while they are on professional experience placements.

Background literature

There is virtually universal agreement that digital technologies are essential for society's and economy's growth and operations and that citizens should be equipped with relevant knowledge and skills. However, there is an ongoing debate about what should be taught in schools and how to teach it. Different rationales partly drive the debate for including digital technologies in school curricula. 

Justifying the Digital Technologies curriculum

At EDUsummIT 2015, an international meeting of researchers, educators, and policymakers discussed information technologies in education. Fluck et al. (2016) put forward economic, social, and cultural rationales for including computer science in K-12 curricula. The economic rationale rested on the need for specialist computer scientists and professionals across all fields to innovate with digital technologies. The social rationale emphasised citizens' value of being creators and producers of their digital technology solutions rather than mere consumers. The cultural rationale considered the integrity of local values and the benefits of societies driving their cultural change rather than being colonised by international media. Finally, Fluck et al. (2016) discussed approaches to implementing computer science in schools, cautioning against an integrated approach because most teachers are not well prepared to teach it. Alternatively, the group argued for a separate subject with adequately prepared teachers and flexibility to respond to changes in a rapidly evolving field.


Digital technologies are drivers of modern economies through innovation in existing operations and new products and processes. In order to consider how to prepare people capable of digital innovation, it is useful to explore the antecedents of that capability. A model linking four personal characteristics (entrepreneurial orientation, digital literacy, entrepreneurial self-efficacy, and digital technology self-efficacy) was explored using a survey (Mancha & Shankaranarayanan, 2020). Digital technology self-efficacy was by far the strongest influence, followed by entrepreneurial self-efficacy, but the other two characteristics did not significantly influence digital innovativeness. Based on their findings, the authors argued for experiential education through engaging learners in developing and promoting digital technologies solutions as the best approach to developing appropriate self-efficacy for digital innovativeness. This finding supports the Digital Technologies subject's focus in the Australian Curriculum: Technologies on ‘creating digital solutions’ (ACARA, 2015) and the implied, though not mandated, pedagogy through student project work.

Locating digital technologies in the curriculum

International recognition of the need for digital technologies in the school curriculum has led to a discussion of where the relevant content is best placed. The New Zealand decision to place it within technology education was controversial, welcomed by those who recognised the importance of design in digital technologies but questioned by IT specialists who thought it should be a separate subject area. The outcome was a focus on teaching students to design and develop technological outcomes in response to identified problems (Fox-Turnbull, 2018), consistent with the development of digital technology self-efficacy (Mancha & Shankaranarayanan, 2020), as discussed above. However, Fox-Turnbull (2018) noted that risks to successful implementation included that teachers would teach selected outcomes in isolation, focusing on skills rather than key ideas such as computational thinking, or that curriculum crowding would reduce the time given to materials and processes that accommodate digital technologies.

The increasing influence of digital technologies on society has led to efforts to adapt primary school curricula to prepare students better. Pasterk and Bollin (2017) cited a 2015 report from European Schoolnet that found the effort in 19 of 21 countries focused on digital literacies and that only ten countries focused on computer science. They then used a graph-based approach to examine curricula, including the Australian Curriculum, balancing the two aspects. Comparison curricula from Switzerland and Austria were less well-balanced. Although, as reported by European Schoolnet (Pasterk & Bollin, 2017), by 2015, at least 10 European countries had inserted a study of digital technologies with elements of computer science into primary school curricula. Germany has not yet mandated its introduction. The focus remains on using digital technologies with programming activities located in extracurricular programs. Trials of professional development in algorithms and programming have been undertaken to explore how those topics might be introduced in primary schools (Geldreich & Hubwieser, 2020).

The Australian Curriculum has undergone a review with the revised curriculum to be available in 2022. When it was originally developed, the Australian Curriculum was designed to prevent learning areas from being isolated. Rather the intention is that the eight learning areas, seven general capabilities, and three cross-curriculum priorities should intersect like segments on the faces of a cube (Cameron, 2020). According to the curriculum documents, “ICT capability involves students learning to make the most of the digital technologies available to them, adapting to new ways of doing things as technologies evolve and limiting the risks to themselves and others in a digital environment” (ACARA, nd). Therefore, the ICT capability is expected to be developed and used across all eight learning areas.

Despite the curriculum design supporting integration across learning areas, there appears to be potential for internal conflict when teachers interpret the curriculum. For example, a study engaging Year 2 students from two Australian primary schools in robotics and coding to learn mathematics concepts found that there was a possible conflict between digital technologies and mathematics curricula if they were treated as tightly prescribed sequences of instruction (Larkin & Miller, 2020). However, if the Australian Curriculum's integrated nature is adequately understood, and teachers can implement it appropriately in their contexts (Albion, et al., 2018), there should not be a problem. Still, the increasing tendency of schools and systems to mandate teaching sequences and methods may present challenges. Hence, teachers need to be well-prepared with a sound understanding of the curriculum and its implementation in context.

Pre-service teachers and Digital Technologies curriculum

The challenges associated with assisting teachers in implementing the Digital Technologies curriculum also apply to PSTs’ preparation. Since the turn of the century, there has been a belief in some quarters that young people belonged to a new, tech-savvy generation of digital natives, but that belief has been discredited for lack of evidence (Bennett & Maton, 2010). It may be true that most PSTs are familiar with using digital technologies in daily life. However, their familiarity is typically superficial and confined to common applications with little or no depth of understanding of digital technology's function. There are no obvious reasons to expect their knowledge of computational thinking and related ideas to be substantial.

The Teaching Teachers for the Future project was funded by the Australian Government and operated across all teacher preparation programs nationally for 15 months in 2011 and 2012 with an expectation that the changes would have a continuing effect on the preparation of PSTs to use digital technologies in support of teaching and learning (Finger et al., 2015). The program's evaluation found that PSTs increased their confidence in using digital technologies to support learning and teaching throughout the project. However, that program did not target preparation to teach the Digital Technologies curriculum, which had not been developed then.

Given the need to prepare PSTs for the Digital Technologies curriculum and the limitations of our knowledge of how much their schooling and broader life experiences may have prepared them, there are questions worth researching. This study sought to explore
1. To what extent do PSTs understand the differences between the ICT general capability integrated across the curriculum and the Digital Technologies curriculum requirements?
2. How confident are PSTs in their knowledge of the Digital Technologies curriculum and their ability to complete typical learning activities?
3. What levels of competence do PSTs anticipate will be exhibited by students in their future classes?

Method

This quantitative study utilised an online survey to collect data from volunteer PSTs from a regional Australian university. The research was approved (H17REA145) by the universities Human Research Ethics Committee. After ethics approval was obtained, the research team distributed the online survey via email. The survey should have taken approximately 15 minutes to complete and began with some demographic questions, including whether the respondent was a PST or current teacher, gender, location (in broad terms), and for PSTs, degree program, stage, and year level of most recent professional experience. To minimise the time required to respond, questions about learning activities, specific digital technologies and subject content were limited according to the year level indicated for recent experience.

The survey was designed for this project. All respondents were asked about their familiarity with the Digital Technologies curriculum, including how it differed from the ICT general capability (ACARA, nd) and what relevant professional learning they had accessed. The remaining items were tailored to appropriate stages (Years F-2, 3-4, or 5-6). 

For each year level, respondents were presented with brief descriptions of learning activities appropriate to the stage taken from the supporting documentation for the Australian Curriculum and a collection of two to nine subtasks that could be encountered in completing the activity. They were asked to rate their confidence to successfully complete the subtasks using a 5-point scale ranging from ‘no confidence’ (1) to ‘extremely confident’ (5). They were also asked to rate their expectations of how many students in a typical class would be competent at each subtask by the end of the relevant stage using a 5-point scale from ‘none’ (1) to ‘all’ (5). The final set of items presented the digital technologies content descriptions (6 to 9) for the relevant stage and invited respondents to rate their confidence and expectations of student competence using the same scales as the previous set of items. The mean of all of the items with a Likert scale are provided along with a summary of the collated responses of the responses to the open ended item with some indicated quotes.

Results
Completed surveys to be analysed were returned by 33 pre-service teachers – five males and 28 females. Most (52%) selected ‘metropolitan’ as their location, with the remainder selecting ‘regional’ (36%), ‘rural’ (7%) or ‘remote’ (5%). Most (30) were at various stages in a 4-year undergraduate degree, with the balance (3) completing a 1 or 2-year postgraduate qualification. More than half (19) reported being in the second half of their study program, with the remainder (14) in the first half. Ten had not yet completed any professional placement; of those that had, 15 had most recently been in an early years (F-3) classroom, and six had been in an upper primary (4-6) classroom.

In response to a question about familiarity with the Digital Technologies curriculum, a minority claimed to be ‘very familiar’ (9%) or ‘somewhat familiar’ (18%), while the majority (55%) selected ‘aware’, leaving 18% who selected ‘not aware’. That item was followed by an open response item that asked: “What do you understand to be the difference between the digital technologies subject and the ICT general capability within the Australian Curriculum?” 

Of the 24 responses to that open item, eight effectively admitted that they could not explain the difference with comments including “Not aware of the difference”, “Can’t explain…”, and “No idea”. Only three offered comments at the other end of the spectrum that directly referred to the digital technologies subject's key ideas. Those comments presented “DT – looks into coding, etc.”, “Digital technologies are about sequential thinking and computational programming”, and “Digital technology refers to the design process”. The remaining 13 comments were more general, noting a difference without being specific. Examples included “ICT – general awareness of how a computer works, etc.”, “A subject dedicated to Digital Technology as opposed to integrating ICT throughout the curriculum”, “Digital technology is probably a curriculum in itself”, “Teaching ICT rather than using ICT to enhance learning and teaching in other subject areas”, and “Digital technology covers a lot of different aspects of the computer whereas ICT covers the basics of computers”.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Table 1 summarises PST confidence results and their expectations of student competence for sample digital technologies learning activities grouped by stage. The numbers of sub-tasks in each activity are shown in parentheses. The small number of responses (N=3) for the Years 5-6 stage does not permit a confident interpretation of those results. Still, some indicative trends are visible in the data for the other stages. It is evident that PSTs did not have high expectations for student competence development, with all but one result less than the midpoint of the scale (3 = ‘about half’), indicating that they expected fewer than half of students to develop competence. On the other hand, their confidence ratings were mainly above the midpoint (3 = ‘confident’), indicating substantial confidence that they could complete the activities themselves. The exceptions to that were the tasks described as ‘simple robot programming’ for which the mean ratings were 2.4, indicating limited confidence.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table 1. Mean ratings for PST confidence and expected student competence in learning activities
	Activity
	PST confidence
	Student competence

	Years F-2 (N = 12)
	
	

	Collect and describe an object of interest 
	4.2
	2.8

	Organising ideas 
	3.7
	2.7

	Simple robot programming 
	2.4
	2.3

	Software and hardware systems 
	3.7
	3.2

	Years 3-4 (N = 5)
	
	

	Digital systems 
	3.6
	3.1

	Organising ideas 
	3.9
	2.9

	Simple robot programming 
	2.4
	2.3

	Years 5-6 (N = 3)
	
	

	Gaming learning tool 
	3.2
	2.9

	School networks 
	3.8
	2.8

	Binary numbers 
	4.0
	2.5




Discussion

Although most respondents reported being aware of the Digital Technologies curriculum, few could offer any cogent explanation of how the digital technologies subject in the Australian Curriculum: Technologies (ACARA, 2015) differed from the ICT general capability (ACARA, nd). However, the Australian Curriculum is clear that both are essential components, along with specific inclusions of digital technologies in other learning areas and ICT applications to support teaching and learning. Therefore, the first step toward ensuring that PSTs are prepared to address the multiple manifestations of digital technologies in the curriculum is to clarify each curriculum's nature and place.

Some comfort may be taken from PSTs’ self-ratings of confidence on many learning activities' subtasks. The activities were designed for completion by primary school children, but few of the mean ratings approached or exceeded 4 (= ‘very confident’), signifying there is clearly work to be done. Nevertheless, these ratings suggest that PSTs have a modicum of familiarity and skill with digital technologies. That was especially true for the robotics activities, suggesting a lack of knowledge and skills relevant to computational thinking. Teacher preparation programs may require urgent adjustments to ensure that PSTs graduate with high confidence to develop and deliver digital technologies activities designed for primary school children. The authors found that PSTs self-reported their confidence in the various applications of robotics and digital technologies at the lower level of 2 (= ‘some confidence’) on a scale of 1-5. They recommend that PSTs’ confidence could be further developed by providing targeted professional learning and peer teaching (vicarious and mastery) experiences that allow them to demonstrate knowledge and application for teaching specific learning areas creatively using a range of digital and robotics technologies.  

Despite PSTs reporting a degree of confidence on some subtasks of the activities, the mean level of confidence on the more formal statements of the Australian Curriculum: Technologies in the content descriptions seldom exceeded 3 (= ‘confident’) and the distributions of responses typically showed a third or more reporting limited or no confidence. In part, at least, that may result from difficulty interpreting the Australian Curriculum's formal language: Technologies, especially where respondents had not had previous exposure to the curriculum.

Conclusion

Ensuring all beginning teachers have the knowledge and skills to teach the Digital Technologies curriculum. Firstly, the technologies themselves change quickly, and finding time to stay current is challenging. Secondly, these PSTs have not gone through the school system using the current curriculum, so they have no practical experience or understanding of the requirements. With the rapid change in technology and curriculum, it is unlikely that the disconnect between the formal curriculum, technology tools and PST's knowledge and skills will be solved soon. It may remain a ‘wicked problem’ (Mishra & Koehler, 2007).

The small number of responses (33) from a single university does not permit confident generalization to the PST broader population. However, there is no reason to suspect that the respondents are better informed or more adept than their peers in the Digital Technologies curriculum. On the contrary, their willingness to complete an online survey on the subject may indicate somewhat greater interest than their peers. Hence, it seems reasonable to suggest that the results presented here demonstrate the broader situation among PSTs.

If PSTs are to graduate well-prepared for implementing the Australian Curriculum's Digital Technologies subject, teacher preparation programs will require appropriate revisions and additions. Courses addressing the Australian Curriculum should include elements that clarify the multiple manifestations of digital technologies in the curriculum – the specific Digital Technologies subject, ICT as a general capability, digital technologies in other learning areas and digital technologies for enhancing teaching and learning. Treatment of the Digital Technologies subject needs to be sufficiently detailed to ensure that PSTs are able to correctly interpret the content descriptions and other elements of the curriculum to guide their planning of appropriate learning activities. In addition, PSTs need to have opportunities to experience and master the subtasks necessary to complete typical learning activities successfully. This will be especially important for activities using robotics or other technologies that develop computational thinking where there appears to be a substantial gap in prior experience of PSTs. 

This paper offers a unique contribution to the field by unpacking the work samples provided and aligned to the Australian Curriculum: Technologies and investigates pre-service teachers’ knowledge and skills required to complete the suggested activities. Raising awareness of learning opportunities such as the CSER Digital Technologies MOOC (Falkner et al., 2015) and its associated online community may be useful for enhancing the digital technologies knowledge and skills of PSTs and developing links that can support ongoing professional learning in an area that will continue to be subject to rapid change.
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