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Abstract

Technological knowledge as concept is beginning to be more clearly defined within the general philosophy of technology literature. As such, this literature provides an interesting starting point for discussion of technological knowledge within technology education. The view of technological knowledge presented in Technology in the New Zealand Curriculum (ministry of Education, 1995) is critiqued in terms of this literature, and an initial framework for technology education is presented for further development work. The knowledge that can be identified as specifically technological within this framework is that which draws from the material and relies on epistemological criteria focused on ‘function’ rather than notions of ‘truth’.
Introduction

While there is currently still substantive debate internationally surrounding the notion of technological knowledge, there is a growing body of literature that considers technological knowledge exists as distinct, and fundamentally different, to other knowledge domains (for example, Baird, 2002; Custer, 1995; Layton 1987; McCormick, 1997; McGinn, 1990; Staudenmaier, 1985). From this basis, technological practice has been analysed to identify to different types/categories of technological knowledge (for example, Cross, 2001; Ropohl, 1990; Vincenti, 1997; Vries 2002; Vries 2003). In the field of technology education within New Zealand, Technology in the New Zealand Curriculum (Ministry of Education, 1995) positioned itself within the technological knowledge debate by accepting that technology as a domain has a knowledge base in its own right. This is evident in the New Zealand curriculum through the inclusion of technological knowledge as one of the three interlinking strands. Technology achievement standards for senior secondary qualifications, in keeping with the technology curriculum statement, also commit to the existence of technological knowledge through the development and current registration of Technology Achievement Standards on the New Zealand Qualifications Framework that specifically focus on assessing students understandings of technological knowledge at levels 1, 2 and 3 (http://www.nzqa.govt.nz/ncea/assessment/ach/index.html). While both Technology in the New Zealand Curriculum (Ministry of Education, 1995) and the Technology Achievement Standards acknowledge the existence of technological knowledge they fail to provide readers with clear explanations as to the nature of this knowledge or specific guidance as to what it might look like at different levels.

The purpose of this paper is to reflect on the current basis for technological knowledge in technology education in New Zealand with the view to providing a foundation for future developments. In so doing, the paper begins with a discussion of the nature of knowledge and technological knowledge from a range of perspectives both within and outside of technology education. A framework employed in the analysis of New Zealand case studies of innovative businesses is presented and provides a starting point for specific discussion of an initial framework for technological knowledge within technology education that could indicate a way forward. This paper also outlines the notion of technological knowledge presented in Technology in the New Zealand Curriculum (Ministry of Education, 1995) and Technology Achievement Standards. There is currently little classroom data available for analysis in terms of technological knowledge, as this has not been a key feature of learning in technology in New Zealand primary and secondary schools to date. However, the DVD produced by New Zealand Trade and Enterprise and analysed using the framework as discussed, is provided in Appendix A to illustrate the categories discussed.

Technological Knowledge – Links to Literature

Epistemological Links

In keeping with sociocultural theory, this paper accepts the concept of knowledge as a social construct, the epistemological basis of which is usually located in a pragmatic theory of truth whereby knowledge in any domain is validated by agreement within that domain. However, as Baird (2002) discusses, the epistemic criteria for judgment of knowledge in the domain of technology should be materialist in nature, with acknowledgement that “the things we make bear our knowledge of the world, on a par with the words we speak” (Baird, 2002, p.1). Baird argues that whereas other domains (science for example) may hold to a “justified true belief” or similarly propositional criteria for knowledge, in technology this should be replaced by an intertwining of a “materials sense of truth with the notion of function.” (Baird, 2002, p.4). Knowledge therefore, within the domain of technology, is validated not in relation to ‘truth’, but in relation to successful ‘function’. The implications of this epistemological shift require a reconceptualisation of the “key features” of knowledge such as “detachment, efficacy, longevity, connection and objectivity”. (Baird, 2002 p.6). Baird explains how these features can all be explored in a material sense whereby truth is replaced by function. While outside the scope of this paper to explore in depth all the implications of this fundamentally different epistemological stance, it should be noted that it will need to be taken into account and explored further as the concept of technological knowledge is developed within technology education. 

Categories of Knowledge 

In moving from how knowledge is validated, to the categorisation of knowledge types, reference can be made to more generic (across domain) categories in order to better explore and position technological knowledge. How useful the following categories are for technology and technology education is not being argued at this point. However, the reference made extensively in much of the literature to technological knowledge as ‘Tacit  Know How’ requires further exploration as it could be argued this has lead to a narrow view of technological knowledge in the past, and a subsequent lack of focus on it to date in technology education. This argument will be picked up again later in the paper. 

Two key categories of knowledge can be clearly identified - tacit knowledge (also referred to as implicit knowledge), and explicit knowledge (also referred to as focal knowledge). Tacit knowledge can be explained as that which is embedded in the subconscious. It is generally agreed that it must be developed through practice and can only be evidenced in practice. Barbiero provides a strong argument against the notion of tacit knowledge as being defined exclusively as ‘Know How’ and ‘Know That’ being its explicit counterpart. Instead, he argues, that tacit knowledge can be both procedural (Know How) and conceptual (Know That). Further to this, while Barbiero concurs with Polanyi (cited in Barbiero, retrieved 2004) that a key aspect of tacit knowledge is that it is initially inaccessible to the person and as such unable to be articulated, he argues that some forms of tacit knowledge may, given “proper conditions”, be able to be brought to the conscious and therefore “become accessible” (Barbiero, retrieved 2004) – that is, explicit. 
Explicit knowledge can be explained as that which exists in an accessible form in the conscious and as such, can be articulated. Further to this, explicit knowledge is often codified and stored in a variety of ways – including Baird would argue – in the material artefact itself. Its place of storage is often a key indicator of its status as knowledge within any one domain. 

In summary, I suggest it may be more useful to think of tacit and explicit knowledge as being at opposite ends of a continuum, rather than separate knowledge categories, and further to this, it should be recognised that tacit and explicit knowledge does not correspond to single types of knowledge, but rather can both be subcategorised.

Subcategories of Tacit and Explicit Knowledge

In the following section I identify six types of subcategories from the literature focused on technology and/or technology education and explore their relationship.

Procedural Knowledge

Procedural knowledge is an important term used in technology and has been simply defined as “know how to do it” knowledge (McCormick, p.143, 1997). Procedural knowledge is often equated with tacit knowledge, as indicated above. However, just as it has been argued not all tacit knowledge is procedural, not all procedural knowledge is tacit. When procedural knowledge is validated by a particular domain or community it becomes a ‘standard’ or ‘rule’ of that domain/community – and thereby is able to be explicitly stated. These standards or rules are sometimes referred to as ‘recipe’ or “cookbook engineering” knowledge (Pitt, 2001, p.11).

Conceptual Knowledge

Conceptual Knowledge, as explained by McCormick, is “concerned with relationships among items of knowledge” (1997, p.143). That is, the focus is on the relationships in order to explain. While conceptual knowledge is often linked to explicit knowledge, as Barbiero argues, (retrieved 2004) conceptual knowledge could also be tacit. (Note: Conceptual knowledge is quite different to the declarative knowledge category term employed by cognitive psychologists to contrast procedural knowledge, as unlike conceptual knowledge, declarative may be a collection of unrelated ‘facts’ and is therefore often inert (McCormick, 1997). 

Device Knowledge

Another term used in technology literature is that of device knowledge (Gott, 1988). Device knowledge – or knowledge of and as devices or systems, is argued as important in technology as it is has as its referent the material rather than natural world. As such, device knowledge would appear to be in keeping with Baird’s suggested epistemological shift from the ‘truth’ to ‘function’ criteria for validation. Like procedural and conceptual knowledge, device knowledge can be argued as existing as both tacit and explicit knowledge.

McCormick (1997) argues the inter-relationship between procedural and conceptual knowledge is important in problem solving. This is supported by extensive literature on problem solving which clearly demonstrates that expert practice in any area is reliant on both conceptual and procedural knowledge (for example, Buccarelli, 1994; Glaser, 1984; Hiebert, 1996 cited in McCormick, 1997). I would add integrating device knowledge alongside conceptual and procedural knowledge as being critical in technological problem solving. The move to focus on the integration of knowledge types, as opposed to viewing them in isolation, is further supported by sociocultural theories of action/practice. Vries (2002) also discusses the importance of knowledge integration, specifically in the realm of technological developments, and argues for closer attention to be paid to the implications of the concept of knowledge integration. 

In this work, Vries provides an additional three sub-categories of knowledge. (Vries, 2002, p.14). These are:
Descriptive Knowledge

The term descriptive, refers to knowledge that has an epistemic link to “justified true belief” (Vries, 2002, p.14). As such, knowledge designated descriptive could also be thought of as conceptual knowledge in that it describes relationships, and is based on validating criteria that is propositional in nature. 

Prescriptive Knowledge

The term prescriptive in contrast, would relate to that knowledge concerned with function as its validating criteria, and as such would appear to have much in common device knowledge. 

Evaluative Knowledge

Evaluative knowledge is explained as the nature of the knowledge that results from the integration of descriptive and prescriptive knowledge (Vries, 2002). This could be argued as that knowledge that is communicated as a justification of practice undertaken, or to be undertaken. This knowledge would therefore be initially positioned as tacit knowledge that is either conceptual, device or procedural knowledge. As this evaluative knowledge is “drawn” into the consciousness it could be seen as “becoming accessible” (Barbiero, retrieved 2004) and thereby be described as explicit knowledge that is in turn, either conceptual, device or procedural knowledge. 
Classification Frameworks of Technological Knowledge
The remainder of the section will look briefly
 at three writers in the area of technology and present a summary of their respective technological knowledge frameworks. 

Vincenti

Vincenti’s framework (1990) for technological knowledge is taken from his account of engineering knowledge “from the point of view of a practicing and deeply reflective engineer”(Pitt, 2001, p.6). He draws from his own practice and from other examples within his discipline of aeronautical engineering. His six categories include: 

· Fundamental Design Concepts - operational principles and normal configurations; 

· Design Criteria and Specifications; 

· Theoretical Tools – math, reasoning, laws of nature; 

· Quantitative data; 

· Practical Considerations; and 

· Design Instrumentalities. 

While all these can be seen to be key in the examples given, many could also be considered applicable to other domains (for example Theoretical Tools and Quantitative data), and therefore do not belong exclusively to the domain of technology and cannot be considered to be technological knowledge.

Ropohl

Ropohl’s framework (1997) is derived from what he refers to as a “systems theory of technics” (Ropohl 1979 cited in Ropohl 1997).  He critiques Vincenti’s framework and builds upon some of the ideas therein to develop a five different categories. These being (Ropohl, 1997, pp.68-70): 

· Technological Laws; 

· Functional Rules; 

· Structural Rules; 

· Technical Know How; and 

· Socio-Technological Understandings.

Technological Laws 

Technological laws are described as the transformation of one or a few natural laws (Ropohl, 1997, p.68). They could be argued as the operationalisation of other domain knowledge or empirical data into ‘law’ for a specific purpose. It would seem such laws are relational in nature and often device or system oriented. As stated by Ropohl, Technological Laws validity is established in terms of “working” and thus appears to have many similarities with device knowledge, and Vries characterisation as prescriptive knowledge. 

Functional Rules 

Functional Rules are described in terms of specifying what to do (Ropohl, 1997, p.68). They relate to what has been termed by Pitt (2001) as “cookbook” knowledge. As such, they could be described as explicit procedural, with an evaluative nature (Vries, 2002). 

Structural Rules

Structural Rules refer to rules underpinning “the assembly and interplay of components of a system” (Ropohl, 1997, p.69).  They are important in “supporting the creation of novel realities” through developing knowledge of “non-existing objects” which are represented via mental images rather than discursive statements (Ropohl, 1997, p.69). This suggests structural rules are important in the development of tacit conceptual and device knowledge. The structural rules themselves would appear to be explicit device knowledge. 

Technical Know How

Technical Know How as the name suggests, relates to earlier discussions regarding tacit evaluative procedural knowledge. 

Socio-Technological

Socio-Technological Understandings are described as “a systematic knowledge about the interrelationship between technical objects, the natural environment and social practice” (Ropohl, 1997, p.70). It would appear this classification could include all the sub categories of knowledge. Codes of ethics, legislative rulings, protocols etc would seem to fit under this heading – and can be described as evaluative explicit procedural knowledge. Much of the relational knowledge would be material oriented and as such would reflect prescriptive explicit device knowledge, however some would also be descriptive conceptual as it deals with social and natural environmental relations. Finally, to a large extent, development of specific practice based knowledge of a socio-technological nature would be necessarily tacit – although again I would argue this could be categorised as tacit conceptual, device and/or evaluative procedural knowledge.

Vries

Vries draws on both Vincenti’s and Ropohl’s work, as well as from an extensive analyses of case study material focused on technologist’s practice and developments. His four classifications conflate some of the earlier framework categories, and he explicitly states he does not see this list developed as exhaustive – but rather reflective of the artefact-related knowledge he employed in his analysis (Vries, 2002, p.2). The four categories discussed are: 

· Physical Nature Knowledge; 

· Functional Nature Knowledge; 

· Means Ends Knowledge (Vries, 2003) or Knowledge of the relationship between Physical and Functional Nature (Vries, 2002); and 

· Action Knowledge (Vries, 2003) or Process Knowledge (Vries, 2002).
Physical Nature Knowledge

Physical Nature Knowledge relates to the physical properties of the artefact. It incorporates science understandings but only as they are operationalised. This links to therefore to Ropohl’s technological laws and could be described as prescriptive, explicit device knowledge. It also links to Vincenti’s theoretical tools and descriptive quantitative data and as such includes descriptive conceptual knowledge.

Functional Nature Knowledge

Functional Nature Knowledge (of artefact) relates to the function an artefact can fulfil. This also brings together Ropohl’s functional rules in terms of knowing what to do to ensure function and his structural rules knowing how things would need to come together and why. Vries also links this to Vincenti’s fundamental design concepts and practical considerations. This therefore could be described as both explicit prescriptive device and explicit procedural knowledge of an evaluative nature. 
Means Ends Knowledge

Means Ends Knowledge is discussed specifically as the knowledge of the relationships between physical and functional and as such is clearly linked to Vries evaluative nature knowledge as it provides knowledge of whether the material/device is “fit for its intended function” (Vries, 2003, p.13). It is also knowledge that can be explicitly stated, and Vries links it to Vincenti’s criteria and specifications, and prescriptive quantitative data.

Action Knowledge

Action Knowledge is described in terms of “how to perform actions that lead to desired outcomes” (Vries, 2003, p.13) and can be described as tacit procedural knowledge which is evaluative in nature. This equates to Ropohl’s Technical Know how, Vincenti’s design instrumentalities and also Cross’s strategic knowledge (Cross, 2001).
Technological Knowledge Framework in New Zealand

A DVD of ten case studies of innovative New Zealand businesses was developed by New Zealand Trade and Enterprise in order to celebrate success stories to encourage international investment and motivate New Zealanders. It was suggested that copies of the DVD could be provided to technology teachers to support their technology programmes. 

Table 1 presents the framework (Compton, 2004) that was employed in the analysis of these case studies in order to increase the usefulness of the material for technology teachers. (DVD provided in Appendix A). The framework used employed ideas from the literature discussed above, and provided an opportunity to illustrate the identified categories of technological knowledge and verify their relevance to technological practice in the New Zealand technology community. The table also links back into the previous technological knowledge frameworks and identifies the categories of knowledge apparent in each.

Table 1: Framework Employed in DVD analysis

	Category Label
	Description
	Links
	Knowledge Type/s

	Social Knowledge
	Understanding of the social and physical environment of any technological development or site into which a technology is to be embedded. It includes knowledge of appropriate ethics, legal requirements, cultural or domain protocols and the personal/collective needs of the end-users and technologists.
	Ropohl’s Socio-Technological Understandings
	Explicit and tacit descriptive conceptual, prescriptive device and evaluative procedural.



	Resource Knowledge
	Understanding of the use and management of resources in any technological development or ongoing maintenance. The physical properties of resources and their current and long-term availability would come under this category.
	Vries’ Physical Nature Knowledge and 

Technological laws (Ropohl), and the operationalisation of Theoretical tools and Quantitative Data (Vincenti).
	Explicit prescriptive device and descriptive conceptual.



	Function Knowledge
	Understanding how things function. This includes the function of materials, software and devices as they exist in isolation (that is, outside the specific practice).
	Vries’ Functional Nature Knowledge 

and Functional and Structural rules (Ropohl), Fundamental Design Concepts (Vincenti).
	Explicit prescriptive device and explicit evaluative procedural.


	How things work together
	Understanding the way things work together as part of an overall outcome. It focuses on the relationship of the above categories.
	Vries’ Means Ends Knowledge and Design Criteria and Specifications, and Quantitative Data (Vincenti)
	Explicit evaluative device knowledge.

	Technical Know How
	Understanding how to do things. This knowledge can be identified in technological practice as evidenced in an expert manner.
	Ropohl’s Technical Know How and 

Action knowledge (De Vries), Design Instrumentalities (Vincenti) and Strategic knowledge (Cross).
	Tacit conceptual, device and evaluative procedural.


The information summarised in Table 1 will serve as the starting point to critique in terms of its usefulness for further development in technology education in the final section of this paper. 

However, prior to this I will outline and critique the guidance related to technological knowledge as provided in Technology in the New Zealand Curriculum (Ministry of Education, 1995) and Technology Achievement Standards.

 Technological Knowledge in Technology Education in New Zealand
The overall aim of technology education in New Zealand is to support the development of students’ technological literacy. As represented in Technology in the New Zealand Curriculum (Ministry of Education, 1995), this is promoted through the integration of the three curriculum strands - Technological Knowledge and Understanding, Technological Capability, and Technology and Society. The integration of these three strands has been recognized as important as they together represent technological practice in keeping with contemporary sociological understandings of technology and technological developments (Barnett, 1995; Hansen, 1997; Pacey, 1983; Rothschild, 1982; MacKenzie and Wajcman, 1985; McGinn, 1990, Wajcman, 1991), whereby practice is firmly located in its sociocultural location. This is reflective of concerns regarding the need for a critical framework to be embedded in technology education leading to a critical (Drengson, 1990, Petrina, 2000; or liberatory technological literacy (Compton and Harwood, 2003; Davies, 1998; Davies, 2000). Therefore, it can be argued that technological knowledge, as a key underpinning factor in the development and understanding of technological practice, should have a specific focus in technology education. 

Technology in the New Zealand Curriculum

While the importance of technological knowledge is to some extent recognised in Technology in the New Zealand Curriculum (Ministry of Education, 1995), through its inclusion as a strand, I argue it is under-theorised, and the use of the term in the curriculum statement does not appear to clearly link to the technological knowledge categories from literature as discussed above. 

Technological Knowledge Strand

In the body of Technological Knowledge and Understanding – Strand A, four generic achievement objectives are stated in terms of “students developing understandings of the: use and operation of technologies; technological principles and systems; nature of technological practice; and strategies for the communication, promotion, and evaluation of technological ideas and outcomes” (Ministry of Education, 1995, p.31). 

Of these four objectives, the first (the use and operation of technologies) and the systems component of the second objective (the technological principle component is discussed below), could be considered to reflect some of what has been referred to as device knowledge, but at a superficial level only. Little guidance is provided in the levelled achievement objective statements (Ministry of Education, 1995, inside back cover) in terms of the nature of the knowledge that students are expected to develop and /or demonstrate understanding of. In particular there is no reference to the fundamental shift in epistemological base for this to fit with the category as per Baird (2002). 

The third objective (nature of technological practice) could be argued as referring to developing understanding of technologists’ procedural technological knowledge, but again, no recognition is made regarding the specific nature of this knowledge. This is particularly problematic due to the issues associated with accessing knowledge of a tacit nature. The fourth objective (strategies for the communication, promotion, and evaluation of technological ideas and outcomes) would seem to be generic across all curriculum areas, with technology being the context only for developing knowledge of communicative strategies. 

Technological Principles

The second objective introduces the notion of technological principles, and lists these as including modification, adaptation, userfriendliness, fail-safe features, flexibility of use, reliability, fitness for purpose, efficiency, ergonomics, aesthetics, and optimisation (Ministry of Education 1995, p.31). These are further emphasised within the technological knowledge strand in the levelled achievement objective statements as follows:

L1 – modification.

L2 – modification and adaptation.

L3 – Features e.g safety features, userfriendliness.

L4 – e.g. reliability, practicality.

L5 – e.g. efficiency.

L6 – e.g. ergonomics.

L7 - e.g. optimisation.

L8 - e.g. modularisation, adaptation.

(Ministry of Education, 1995, pp32-34)

Here it would seem the curriculum statement provides some quite specific guidance regarding technological knowledge as technological principles. Literature in the area of technology as discussed does not identify technology principles as key factors of technological knowledge, although a technological principle could be argued as being a subset of Technological Laws (Ropohl, 1997). However, the primary concern with this guidance is that the ‘principles’ given are in fact not principles at all. A principle is generally thought of as a rule, a standard, a basic truth, law, an assumption, or a description of influencing variables and such like. For example, a principle is “A fundamental truth or law as the basis of reasoning or action… Principles provide the justification for criteria, indicators, and verifiers.” (biodiversityeconomics.org/business/topics-101-07.htm ) Many of the ‘technological principles’ provided in the Technology in the New Zealand Curriculum (Ministry of Education, 1995), would be better referred to as the desirable attributes that an outcome may have, that is, the “criteria, indicators, and verifiers” themselves rather than any overarching “justification” for them. (See for example, reliability, efficiency, durability). Other examples given denote a discipline in its own right (for example, ergonomics) and yet others describe a process that might be undertaken as part of practice (for example, modification and adaptation). 

Technological principles may well be an important aspect of technological knowledge. Cross (2002) discusses what he describes as the “modernist design principle of form follows function” as a key principal upon which one of the designers in his analysis based his practice. Equally, other designers have disrupted this principle’s approach through adhering to the post-modernist design principal of ‘function follows form’. The point I make here is not that technological principles are not important in terms of technological knowledge, but rather those provided in Technology in the New Zealand Curriculum (Ministry of Education, 1995) cannot be taken as such.
Technological Areas

In the descriptors of the technological areas, (Ministry of Education, 1995, p.12) neither knowledge nor technological knowledge is specifically mentioned in four of the seven areas. In the descriptor for electronics and control, technological knowledge is not specifically identified, however knowledge from other domains is indicated (e.g. electricity). Generalised understandings and/or knowledge linked to ‘processes’ is provided under the food technology descriptor (e.g. “understanding… processes for producing, preparing, presenting and storing food” (Ministry of Education, 1995, p.12). Under materials technology, knowledge is identified in terms of “knowledge of qualities and suitability of materials” (Ministry of Education, 1995, p.12). The knowledge underpinning the processes and knowledge of materials could be argued as being specifically technological knowledge in terms of explicit Technical Know How and possibly Socio-Technological understandings (Ropohl, 1997), Physical Nature Knowledge and Means End Knowledge (Vries, 2003). However, they are not described or explained as such in the curriculum. 

Technology Education Achievement Standards

As part of the New Zealand Certificate of Achievement (NCEA) initiative,  Technology Achievement Standards (http://www.nzqa.govt.nz/ncea/assessment/ach/index.html) have been developed to provide authentic assessment tools in keeping with Technology in the New Zealand Curriculum (Ministry of Education, 1995) and its focus on developing technological literacy through undertaking technological practice. The 6-credit internal standards at each level clearly focus on providing assessment tools for teachers and students to identify, support and assess technological practice. A key part of these internal standards is focused on providing students with the opportunity to develop tacit knowledge through practice – that is Ropohls’ Technical Know How/Vries’ Action Knowledge. 

In support of the technological practice standards, there are also 3-credit Achievement Standards, focusing on knowledge (external) and skills (external level one and internal levels two and three), which provide complimentary assessment tools that can be selected as appropriate, for the specific unit of work being undertaken. In this respect, they acknowledge that developing specific knowledge and skills is an essential requirement for the undertaking of sound technological practice. 

In the 3-credit Technology Achievement Standards at Level 3, technological knowledge that could be argued as relating to Vries’ Physical Nature Knowledge and Means End Knowledge can be seen. For example, in the explanatory notes for AS 90628 (http://www.nzqa.govt.nz/ncea/assessment/view-detailed.do;jsessionid=61BE948EFB98D17B79FB9301EBEC7D8F.tkw?standardNumber=90628) 

Technological knowledge that underpins the development of a technological outcome includes knowledge of: 

· what key resources (including such things as people, time, components, materials and/or techniques) have been used;

· technological principles;

· how these combine to enable the outcome to function to meet its specifications.

And some aspects of Ropohls’ Socio-Technological Understandings can be seen in the focus of AS 90676 (http://www.nzqa.govt.nz/ncea/assessment/view-detailed.do;jsessionid=61BE948EFB98D17B79FB9301EBEC7D8F.tkw?standardNumber=90676). For example,

In discussing the ways in which social responsibilities to the wider community may impact on technological practice within different settings, students are expected to compare and contrast the differences in the social responsibilities underpinning the technological practice at each setting.

Social responsibilities to the wider community include such things as: 

Legal responsibilities  

Acts - 

Fair Trading Act, 1986; Consumer Guarantees Act, 1993;




Health and Safety in Employment Act, 1992 etc

Regulations - 
Environmental risk management; Hazardous substances

Standards - 
ISO standards - 9000, 14000 series; Standards New Zealand (SNZ) standards.
Ethical responsibilities would include those stipulated by codes of ethics developed within specific communities such as professional associations, cultural and religious groups, clubs, etc.
Moral responsibilities would include those driven by the beliefs and values of the technologist.
While the Technology Achievement Standards therefore, could be argued as being more reflective of technological knowledge as it is discussed in the literature than is the case for Technology in the New Zealand Curriculum (Ministry of Education, 1995), they still provide little in the way of guidance of what this knowledge might actually look like, particularly in terms of differentiating between the assessment grades (achieved, merit and excellence) in each of the standards or across the levels (Levels 1-3) of achievement standards

Technological Knowledge in Technology Education: Where to from here?
The above discussion has been primarily concerned with developing an understanding of technological knowledge in technology per se, and providing a brief discussion on current Ministry of Education guidance provided to teachers in the area of technological knowledge. This was considered critical background to this final section, that is, looking at where to from here. 

It is essential that we acknolwedge that technology education cannot expect to “operationalise”
 frameworks from technology into technology education without clearly exploring the fitness of doing so, particularly in terms of the resulting implications for the teaching of technology. In order to do this, there is obviously a lot of work to be done – not least in terms of exploring the ideas surrounding technological knowledge in the classroom context in order to construct meaning and validate identified categories of technological knowledge within technology education. Further more, there is a need to identify levels of technological knowledge that students realistically can be expected to demonstrate understanding of at each of the curriculum levels (Levels 1-8), so that progression can be identified and supported.

As a start to this process, I propose it would be most profitable to begin by exploring the suitability of the categories in the technological knowledge framework presented in Table 1 for technology education. 

I will discuss each category in turn with a recommendation for their retention and/or modification into a technological knowledge for technology education framework. The criteria I am using to make a judgment are as follows. 

Firstly, the technological knowledge identified for technology education must be explicit (tacit technological knowledge is only able to be developed and evidenced through practice, and as such is already catered for in the technological practice assessment tools - see progression matrices developed for components of practice as published on techlink.org.nz). Secondly, it must be specifically technological – which I argue ensures a link to knowledge which has a material epistemological stance whereby validation criteria is function related. Thirdly, it must be robust enough to support at least the potential for development into a progression matrix.

Table 2: Critique of Framework 

	Category Label
	Description
	Links
	Knowledge Type/s

	Social Knowledge
	Understanding of the social and physical environment of any technological development or site into which a technology is to be embedded. It includes knowledge of appropriate ethics, legal requirements, cultural or domain protocols and the personal/collective needs of the end-users and technologists.
	Ropohl’s Socio-Technological Understandings
	Explicit and tacit descriptive conceptual, prescriptive device and evaluative procedural.



	Much of the technological knowledge associated with this category is tacit, and as such, is not a contender for a separate technological knowledge focused progression matrix. The explicit conceptual knowledge would be difficult to justify as purely technological, given it would include knowledge from a range of domains – in particular science. The explicit evaluative procedural knowledge would include important rules and regulations pertaining to the social and environmental location, but again these would be primarily located in politic, sociology or science and therefore could not be claimed as particularly technological. The explicit prescriptive device knowledge that would underpin and be ‘captured’ in the devices within this categorisation could however provide a potential source of technological knowledge that could be developed into a progression matrix. 

	Resource Knowledge
	Understanding of the use and management of resources in any technological development or ongoing maintenance. The physical properties of resources and their current and long-term availability would come under this category.
	Vries’ Physical Nature Knowledge and 

Technological laws (Ropohl), and the operationalisation of Theoretical tools and Quantitative Data (Vincenti).
	Explicit prescriptive device and descriptive conceptual.



	This explicit prescriptive device knowledge in this category would appear to meet the criteria as above. The descriptive conceptual however, would again be more closely aligned with science.

	Function Knowledge
	Understanding how things function. This includes the function of materials, software and devices as they exist in isolation (that is, outside specific practice).
	Vries’ Functional Nature Knowledge 

and Functional and Structural rules (Ropohl), Fundamental Design Concepts (Vincenti).
	Explicit prescriptive device and explicit evaluative procedural.


	This category would seem to provide a rich source of potential for technology education as it involves explicit prescriptive device knowledge and evaluative procedural knowledge which is based specifically on justification as based function.

	How things work together
	Understanding the way things work together as part of an overall outcome. It focuses on the relationship of the above categories.
	Vries’ Means Ends Knowledge and Design Criteria and Specifications, and Quantitative Data (Vincenti)
	Explicit evaluative device knowledge.

	This category also would seem to meet the criteria for inclusion in a technology education focus with its explicit evaluative device knowledge clearly embedded in the material.


Table 2: Critique of Framework (cont)

	Technical Know How
	Understanding how to do things. This knowledge can be identified in technological practice as evidenced in an expert manner.
	Ropohl’s Technical Know How and 

Action knowledge (De Vries), Design Instrumentalities (Vincenti) and Strategic knowledge (Cross).

	Tacit descriptive conceptual, prescriptive device and evaluative procedural.

	As for much of the knowledge falling into the first category, the technological knowledge developed within this category is all tacit in nature and therefore does not meet the first criteria for articulation outside of practice. As an underpinning knowledge base for technological practice however, this tacit knowledge is critical – and should be renamed Technological Know How. Much of this knowledge will underpin the explicit evaluative device knowledge of the previous category, and the explicit prescriptive device knowledge of the social knowledge category above. 


From this analysis the following original categories have been identified in part or in full.

Table 3: Technological Knowledge in Technology Education

	Social/Socio-Technological
(Ropohl)
	Part of the original category - only that falling within the subcategories of explicit prescriptive device knowledge

	Resource/Physical Nature Knowledge

(Vries)
	Part of the original category – only that falling within the subcategories of explicit prescriptive device knowledge

	Function/Functional Nature Knowledge
(Vries)
	As per original category – includes both explicit prescriptive device knowledge and evaluative procedural knowledge

	How Things go together/Means Ends Knowledge

(Vries)
	As per original category - all explicit evaluative device knowledge.


In Conclusion

The category labels provided on the DVD were used as an aid for teacher understanding at the time. However, I would encourage a move back to the terminology and descriptions from the literature at this stage of the development to ensure key aspects of each category are not lost due to simplification of language. From Table 3 above, the category labels of technological knowledge I recommend for further development for technology education in New Zealand therefore, are Socio-Technological, Physical Nature Knowledge, Functional Nature Knowledge and Means Ends Knowledge. This will also allow writers internationally to clearly see the links between past developments and those within the New Zealand context. The knowledge that can be identified as specifically technological within these categories is that which relies on a ‘function’ based epistemic criteria as outlined above.
At this stage, such a concept of technological knowledge requires extensive exploration and interrogation within the context of New Zealand technology education classroom practice. If these categories of technological knowledge are to be useful they will need to be validated by teachers, and data gathered from students in order to begin to develop an idea of what progression in technological knowledge might look like. Only at this point can a progression matrix begin to be established, that could then be trialed to further develop indicators of progression that will serve as important formative and summative assessment tools for teachers in developing and delivering technology programmes. 

Technology programmes that provide opportunities for student progression in terms of technological practice, technological knowledge and I would add, the nature of technology
, would provide a very solid platform for the development of student technological literacy. This in turn would allow for a significant move forwards towards meeting the potential of technology education in New Zealand, as envisaged by earlier developments.
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� For full descriptions of this work please see Vincenti  (1990), Ropohl, (1997) and Vries, (2002) & (2003).


� It is outside the scope of this paper to explore in depth the significant issues associated with the concept of transfer. Suffice to say at this point, I concur with the argument that simple transfer of knowledge across educational (or any other) settings is not a useful concept and have intentionally focused on concepts of transformation and/or operationalisation.


� The nature of technology is another area in need of extensive research to determine its validity within technology education. However, it is my opinion that it could provide an important addition to technological practice and technological knowledge in the support of a literacy that is liberatory in nature.
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