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Abstract

The concept of technological literacy has evolved in New Zealand over the last 10 years to become broader, deeper, and more critical in nature. The learning area introduction and associated achievement objectives, developed for technology as part of the New Zealand Curriculum Marautanga Project, provide a framework to support students to develop a technological literacy of this nature. This paper suggests a set of principles that could underpin programme design in keeping with this shift in the nature of technology literacy. Examples of possible year 3/4 and year 9/10 programme ideas that adhere to these principles are also provided for discussion.

Background

The aim of Technology in the New Zealand Curriculum (Ministry of Education, 1995) was to develop students’ technological literacy. This literacy was argued as reliant on students “undertaking their own technological practice and critically analysing both this and the practice of others” (Compton and Harwood, 2003, pg.2). Technological practice was therefore viewed as the vehicle that enabled students to develop technological literacy. This was to be achieved through students engaging in units of work that interlinked the three strands of the 1995 curriculum statement - Technological Knowledge and Understanding, Technological Capability and Technology and Society. Research into assessment during this time sought to further define technological practice and/or provide tools to plan for and assess its progression (Compton and Harwood, 2003; Compton and Harwood, 2005; Jones and Moreland, 2003; Moreland, Jones and Northover, 2001). At this time, a strong sociological focus was argued as key to supporting student technological practice, in order to move technological literacy away from a ‘functional’ orientation to a literacy that was ‘liberatory’ in nature (Compton, 2001; Compton and Harwood, 2003; Compton and Jones, 2003; Davies Burns 2000). 

As a result of the introduction of qualifications at senior secondary school, it became increasingly evident from data collected as part of the moderation and examination processes, that the nature of the technological literacy being developed by students was somewhat limited. In saying this, it was not without ‘liberatory’ characteristics. That is, students often showed they had gained a sense of empowerment through undertaking their own technological practice. In addition, many students showed high levels of self-reflection and could critique their own practice against the practice of others’ with whom they came into direct contact. However, due to the constraint of embedding knowledge and skill development within their technological practice, the overall literacy developed was often very narrow in focus. That is, knowledge and skills developed were highly context dependent with students being unable to transfer understandings into different situations. Current research is also suggesting that students across all year levels show understandings about technology that are both shallow and constrained by their past technological practice experiences. In particular, they appear to hold few generic technological concepts, and have poorly developed philosophical understandings of technology or technological outcomes (Compton and France, in progress). 

Technology Revised
Based on the above understandings, the development team for technology sought to refine the aim and revise the constructs of technology education as part of the New Zealand Curriculum Marautanga Project. The overall aim of technology remains focused on developing student technological literacy, as stated in the Draft Curriculum: Technology Materials for Consultation Package (Ministry of Education, 2006). The concept of technological literacy underpinning this aim however, has evolved from that of the 1995 technology curriculum, to enable students to develop a literacy that is deeper, broader and more critical in nature. This evolution is represented by the restructuring of the three 1995 strands into a single strand (named Technological Practice), the reconceptualisation of the 1995 Technological Knowledge and Understanding strand into a strand that identifies key generic concepts in technology (named Technological Knowledge), and the development of a strand that is focused on the philosophy of technology as a domain (named Nature of Technology). The inclusion of the Nature of Technology provides opportunity for a broader and an increasingly critical understanding of technology, and the Technological Knowledge strand allows the opportunity for students to develop generic and increasingly deeper technological knowledge.  

Unlike the stance taken in the 1995 curriculum statement which espoused the need for all three curriculum stands to be interlinked in any unit of learning, the three new strands presented in the 2006 draft technology package may be focused on more discrete learning experiences. This uncoupling of learning experiences from always being embedded within technological practice, allows exploration of topical and/or contentious contexts that would not otherwise have been validated as part of students’ progression in technology. In saying this however, all of the strands would need to be covered within a technology programme of learning and their inter-relationships made explicit. 

Within each strand, key components with levelled achievement objectives have been developed to describe progression from curriculum levels 1-8. These components are presented in Table 1. 

Table 1: Technology Strands and their Components

	Technological Practice
	Nature of Technology
	Technological Knowledge

	Brief Development
	Characteristics of Technology
	Technological Modelling

	Planning for Practice
	Characteristics of Technological Outcomes
	Technological Products

	Outcome Development and Evaluation
	
	Technological Systems


Another change included in the Draft Technology Curriculum Materials for Consultation Package (Ministry of Education, 2006) is the revisiting of the place of technological areas defined in Technology in the New Zealand Curriculum (Ministry of Education, 1995). In the 1995 curriculum a list of specific technological areas were provided. The proposed essence statement indicates that a broad range of related technologies can be focused on as part of specific contextualised learning experiences.  

This change reflects an awareness that learning in technology often goes across a number of technological areas and contexts, and beyond those named in the 1995 curriculum. This change also allows for a wider range of possible learning contexts and inherent knowledge to be explored within technology programmes. 

Implications for Programme Design

The following principles are suggested in order to design programmes that could support the shift in technological literacy, and be in keeping with contemporary learning theories that underpin technology within the New Zealand curriculum. (See Compton and Harwood, 2004a for a discussion of the role of constructivist and sociocultural learning theories in technology).

· Programmes of learning in technology must address all components of the three strands as outlined in the Technology Essence Statement (Ministry of Education, 2006). While these components can be focused on individually, it must be recognised that they all interrelate in order to support the development of a deep, broad and critical technological literacy.

· The duration of programmes should be determined by wider school structures in order to maximise the opportunity to plan for and monitor student progression. That is, in primary schools and junior secondary where technology is identified as a compulsory learning area, it would be reasonable to expect that programmes of learning would be developed to support two years of schooling (new entrant - year 2, year 3-4, year 5-6 etc). In senior secondary school however, programmes of learning may well be structured around one year intervals, to allow students opportunity to access qualifications and to recognise that students usually select their courses on a year by year basis in these year levels. All programmes of learning within a school should link together to ensure students have the opportunity to progress their technological literacy in a seamless fashion.

· Programmes of learning may include a varying number and range of contexts within which a series of coherent learning experiences exist. The duration of any learning experience is determined by the intended learning planned by the teacher, and student learning needs in relation to these.

· Selection of contexts should rest on a balance between providing students with variety and interest, and providing enough richness to sustain progression of learning both within the strand components and/or across strands. Teacher expertise and resourcing should also be a key factor in context selection to ensure manageability.

· Learning experiences must focus on one or more (as dependent on the time allowed) components from the technology strands, as well as any other knowledge and skills needed as determined by the specific context in which the component(s) is embedded.

· Each component has a set of levelled achievement objectives (curriculum levels 1-8). These levelled achievement objectives assist teachers to identify students’ current understandings and/or competencies, and enable the planning of learning experiences that provide opportunities for them to progress these.

· Intended learning should be pre-determined by the teacher prior to the delivery of the learning experiences to ensure students have access to generic knowledge and practice that takes into account students’ prior learning. However, during the delivery of learning experiences, opportunity should be left to develop negotiated learning intentions that are responsive to students’ technological practice, specific contexualised learning needs and/or their interests
.

· Learning intentions represent the learning that the teacher has determined to be key within the context, and as such provide a focus for teacher interactions within the classroom. They do not represent all the learning experiences the context will provide. For example, when students are undertaking technological practice within a specific context they will clearly be increasing their capability and knowledge of all three of the components of technological practice. However, the ‘focus’ for teacher interaction, and therefore assessment and monitoring of student learning, may be on only one or two of these. 

In the above principles, we have purposefully not used the notion of a ‘unit of work’ or ‘project’ within which to describe programmes. This is an attempt to disrupt past practices in which units sat as ‘one-off’ learning opportunities (Compton and Harwood, 2004b). By focusing on a notion of time-varied learning experiences within contexts, we hope that teachers will focus more holistically on learning programmes and thereby support student progression both within and across programmes. 

Examples of Possible Programme Ideas 

The following examples (Figure 1 and 2) illustrate possible learning foci within year 3/4 and 9/10 programmes respectively. An outline of contexts and potential learning opportunities within these is provided. These have been developed for the purpose of stimulating discussion as to how the eight components of technology as presented in the Draft Curriculum: Technology Materials for Consultation Package (Ministry of Education, 2006), could fit together within future technology programmes. 

In these examples, the component-related learning intentions sit on the solid black horizontal line, representing key knowledge and practices in technology that are identified as needing to progress for all students as they develop their technological literacy. As such, these components of technology provide the focus for all learning experiences developed for the students. Those aspects that appear ‘off the line’ represent specific knowledge and skills that were deemed essential for students to know and/or be able to do in order to fully engage in the context. It would be expected that these would range in number according to the time allowed for each context. For simplicity, we have only included one or two per context as an indication of what these might look like. Similarly, the component-related learning intentions placed on the solid black line provide a diagrammatic  representation of how these may interact with aspects ‘off the line’. 

They do not represent all of the learning intentions that would be expected to occur within a technology programme. These may be either pre-determined prior to engaging in the context, or negotiated during delivery in response to student learning needs. These specific knowledge and skills show a mix of context specific technological knowledge, skills and/or practices, as well as additional knowledge and skill that may come from other domains such as science, social science, mathematics etc.  The component-related learning intentions (‘on the line’) and the additional learning intentions (‘off the line’) provide a focus for formative assessment of student learning within the overall learning experience. In addition, the learning intentions ‘on the line’ provide a means to undertake summative assessment of student learning against the levelled achievement objectives. This in turn allows for identification of the next learning steps for students, which is critical information for teachers to ensure future learning focused on these components allows for progression. Again, in an attempt to keep the diagrams simple, we have refrained from including too many examples of the components of technology (‘on the line’) being revisited in different contexts. However, revisiting components of technology in a range of contexts is important in progressing understandings and capability. 
Please note, the diagrams in Figures 1 and 2 provide a visual representation of the learning foci that could exist within programmes of learning. We recognise that in delivery, the way in which each focus may exist within learning experiences will be far more ‘messy’ than is depicted here. We acknowledge this, and see standard pedagogical techniques of introducing ideas, moving onto other concepts and/or practices and then returning to earlier ideas, as good teaching practice. Such ‘dipping in and out’ of concepts and practices throughout learning experiences (and indeed across) is extremely valuable in terms of manageability and support and motivation of student learning.
Figure 1: Example of Ideas for a Year 3-4 Programme
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Characteristics    of technological  outcomes    
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As shown above in Figure 1, four contexts are presented in this year 3-4 programme. The first context, New to Here, provides opportunity for teachers to focus on two components as students undertake technological practice to develop an intranet page for students new to the school. 

The focus on outcome development and evaluation allows learning experiences to centre on students finding out what people new to their school need to know, and developing content (suggestions/pictures/maps) which can be put up in a user-friendly way for students with a range of reading abilities and English literacy capabilities. Exploring the use of multimedia as a means of effectively communicating to others also allows students to gain an understanding of how technology both reflects and changes society, as part of the characteristics of technology component. 

The second context, Playtime, also relates to characteristics of technology by looking specifically at games – and how and why different games have developed in different cultures. The other component focused on in the second context is brief development. The inclusion of this component ensures students explore a range of ideas for an area outside their building, which has in the past been used for different ball games but is currently under-utilised. By accessing the views of the students in the middle school (for whom the area is designated), the students are able to develop an outline of the attributes any solution would need to have, taking into account resources available (including money and time), and issues such as safety and pedestrian flow. The outcome of this technological practice may not necessarily result in the completion of the area given time and money constraints. However, it should allow for future completion through an oral and written presentation of a collective brief to the Parent Teacher Association (PTA) as based on the students experimenting with materials and trialing of ideas. This may include the use of a range of modelling techniques, for example, scale 3-D models, computer simulations, perspective landscape drawings etc.

The third context picks up on a newly acquired aquarium for the classroom, and includes a focus on three components. The students focus on technological systems as they explore the relationship between the inputs, transformation, and outputs of the water filtration system needed to keep their fish healthy. As part of this context the students will develop science understandings in order to identify fish that can co-habit and that will survive best in a simple cold water aquarium. The students are encouraged to explore the characteristics of technological outcomes in general, and select appropriate ‘toys’ for the selected fish as based on an understanding of their material and functional nature. A focus on technological modelling is also included whereby students explore functional modelling to evaluate the potential impact of adding different ‘toys’ and other non-technological additions (rocks/plants) to the aquarium prior to physically adding them - thereby addressing ethical concerns with regards to care of their fish. Once satisfied that their selected toys for the aquarium will not impact on the health of the fish, the students explore how the selected products can be trialed in the aquarium to see how the fish interact with them as part of their overall environment, and how they serve to enhance the aesthetic value of the aquarium. From this basis, the students can then set up their new aquarium in the classroom from an informed basis and make plans to ensure it is maintained as a suitable environment for their fish.

The final context - Celebration, recognises the importance of valuing achievement and provides opportunity for students to plan an afternoon to share their achievements over the year with parents. A focus on planning for practice provides opportunity for the students to plan the event efficiently, allocating roles to themselves and helpers as appropriate. The event also provides opportunity for students to work to a set deadline. A key part of the celebration will be the inclusion of a display of work and an afternoon tea.  

Gaining an understanding of this context’s second component, technological products (in terms of both food products and display stands), will aid the students in ensuring their planning identifies appropriate resources to make the afternoon a safe, enjoyable, and successful occasion. 

Figure 2: Example of Ideas for a Possible Year 9-10 Programme
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As shown in Figure 2, five contexts are presented in this year 9-10 programme. The first context, the cell phone, provides opportunity for teachers to focus on three components. The characteristics of technological outcomes focus allows students to explore the concept of malfunction and develop their understanding that technological outcomes are ‘fit for purpose’ in terms of time and context. The context provides opportunity for students to gain technological knowledge about the component technological products, specifically about how technological products can be recognised by the relationship between their material and functional properties. The context also allows for an exploration of technological systems – both those internal to the cell phone as a product, and the wider communicative technological system of which the cell phone is a system ‘component’. The rapidly changing nature of the cell phone makes this a rich context for such learning, as does the marketing aspects (for example, when do ‘opportunities’ become perceived as ‘needs’), which are also explored as part of developing skills of critical analysis of advertising. All these understandings will provide a good basis for the students as they undertake their own technological practice within the next learning context.

The second context, Outdoor Living, includes a focus on two components. Focusing on brief development provides students with an opportunity to design and develop conceptual ideas for outdoor lighting to address a specific stakeholder need. To ensure that students possess knowledge that will enable them to effectively address this need and develop appropriate specifications, the component of technological systems is revisited, with a specific emphasis on the science knowledge underpinning lighting systems. The context also allows for negotiated learning experiences that centre on students’ development and awareness of how the culture of a community both influences and validates what is aesthetically and functionally acceptable. 

In order to enable students to communicate and test their conceptual ideas for lighting, a learning experience that focuses on skills in graphic communication has also been identified as essential for this group of students. This will enable them to gain effective feedback from stakeholders to further develop their brief, and undertake the subsequent development work to create an appropriate outdoor living environment for their stakeholder.

The third context, Innovation in Medical Technologies, allows teachers to focus learning on the component characteristics of technology. Such learning experiences enable students to develop an understanding of how technological developments enable human possibilities to be expanded, and why technology must draw knowledge from a wide range of disciplines. Psychological knowledge of people’s views of risk and its link to acceptability is identified as a ‘key’ knowledge to assist students to work in this context, along with the need for students to develop skills in identifying all stakeholders (direct and indirect, current and future) associated with innovations. Students will draw from these understandings in order to generate their own designs for new or modified utensils, as they develop these for trialing in context four.

Context four, Ergonomic Utensils provides opportunity for students to gain an understanding of technological modelling as they undertake technological practice to develop an ergonomic utensil for an identified purpose. Learning experiences supporting this component focus on developing student knowledge about how functional modelling contributes to the development of design concepts, through enabling evidence to be gathered to inform decision making specifically around feasibility. Exploring a wide range of similar products will provide key experiences for students, with prototyping being focused on in this exploration. This will allow students to explore the success or otherwise of pre-realisation predictions that were formed as a result of earlier functional modelling, and to analyse if prototype modelling of the utensils resulted in the need for subsequent changes. This will in turn inform their own trialing of prototype utensils when evaluating their utensils ergonomic features. A focus on the skills of forming materials will provide students with the opportunity to extend their knowledge of how materials can be shaped and allow them to develop a range of techniques for shaping different materials. Knowledge of material durability as linked to repetitive use and environmental factors is also identified as a focus key within this context. Both this knowledge, and the previous skills focus, will allow students to make informed selections of materials and techniques in the development of their own utensil.

The final context, Leisure contains two components - planning for practice and outcome development and evaluation. The inclusion of these two components provides teachers with the opportunity to focus learning experiences on ensuring students develop an outcome that addresses an identified need or opportunity to do with a leisure activity. Learning experiences for the planning for practice component focus on students analysing their own and others’ planning practices so that they are informed in the selection and use of planning tools. This will support them to justify the technological practice they undertake to address the need/opportunity, and demonstrate they can use planning tools to make decisions about resources needed - for example, materials, equipment, tools, time and money. Outcome development and evaluation will provide a focus on ensuring that students develop an ability to justify the nature of their intended outcome based on relevant codes of practice and from their own exploration of materials. 

To ensure that students have a broad basis from which to effectively address the identified need or opportunity, a focus on developing historical understandings of technologies associated with leisure, the impact of ‘new’ innovations (for example, smart materials), and the chemistry of materials is included. Learning experiences focused on skills of fabrication are also provided to ensure capability issues are addressed.

Conclusion

The shifts that have been made in technology education over the last few years, as represented in the Draft Curriculum: Technology Materials for Consultation Package (Ministry of Education, 2006), focus on supporting students to develop a deep, broad and critical technological literacy. These changes have implications for programme design and delivery. We hope that the above discussion of the differences between this literacy and that which was upheld in the 1995 curriculum will aid teachers as they begin to reflect on these changes in terms of their own teaching practice. We also hope that the principles of technology programme design, alongside examples of possible programmes ideas, are a useful starting point for the ongoing discussions that will be needed within the New Zealand technology education community. Such discussions are invaluable as we look towards the future implementation of a refined vision for technology education in New Zealand. 
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� For details of the two new strands and their components, see the complementary paper on �HYPERLINK "http://www.tki.org.nz/r/nzcurriculum/draft-curriculum/technology_e.php"��http://www.tki.org.nz/r/nzcurriculum/draft-curriculum/technology_e.php� –  Compton and France, (2006) Discussion Document: Background information on the new strands. For an explanation of the components of technological practice see Compton and Harwood, (2005) and for further information on technological practice, and the components within it, see http://www.techlink.org.nz/Components-of-Practice/descriptors.htm.


� For further explanation of pre-determined and negotiated learning – see Compton and Harwood, (2003).
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