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Summary

The development of a professional engineer or engineering technologist has two stages: graduation from an education programme and attainment of competence for independent practice. This paper presents a model for the desired attributes at each of these stages. The engineer and engineering technologist roles are considered. Using the IEA Graduate Attributes and Professional Competencies, we differentiate the engineer and technologist educational and professional attributes and explore the development from graduation to attaining professional status. The method is based on decomposing graduate and professional attributes according to their conceptual (theoretical) and contextual (practical) emphasis.
1. Introduction
The formation of an engineering practitioner is the process of education, training and experience that develops a person to the competence for independent practice at an agreed level. The agreed level is set in various ways. In jurisdictions with regulated engineering practice a standard is set for attaining registration. Some jurisdictions licence persons to practice through registration, while others rely on professional self-regulation. Other jurisdictions do not require registration or licencing and rely on work-related supervision of recent graduates’ work to manage risks. While institutional arrangements regarding registration or licencing vary, competency requirements for embarking on independent practice are comparable, for example the International Engineering Alliance (IEA) Professional Competencies (IEA 2009). While systems vary, the total minimum duration lies between seven and eight years, made up of 3 to 5 years of education and 3 or 4 years of training and experience after graduation.  

A number of engineering roles have resulted from the division of labour in engineering practice. The methods and extent of recognising the different roles varies across jurisdictions. Those affiliated to the IEA use a professional engineer, engineering technologist and engineering technician classification both at the educational level and for recognition of competence.  

This paper presents a holistic picture of the desired attributes at the end of the education phase and the professional competencies on entry to independent practice. The engineer and engineering technologist roles are considered. Using the IEA Graduate Attributes and Professional Competencies (IEA 2009), we differentiate the engineer and technologist education and professional attributes and explore the development from graduation to attaining professional status.
2. Defining Graduate Attributes and Professional Competencies

Outcomes-based specifications are widely applied at the educational level and are gaining currency at the professional level. Graduate attributes are the set of outcomes that indicate whether the programme objectives have been achieved. While providers may define additional objectives, the basic purpose of engineering education is to provide the educational foundation for professional competence.   Detailed content specifications are not generally given. The IEA Graduate Attributes, for example, provide a broad knowledge profile.  This paper is concerned with the attributes of graduates rather than the process by which they are developed. 
Professional competencies are defined as a set of outcomes that are common to all engineering practitioners in a given role. Detailed functional competencies required in specific areas of practice are not defined; such a definition would be encyclopaedic and ever-changing. The IEA professional competencies are unique in that they represent a consensus statement of outcomes to be achieved at the level of professional registration among bodies that register professional engineers and engineering technologists.  
3. Methodology
The objective of the analysis presented in section 4 is to provide a core competency model for the educational and professional level outcomes in a way that elucidates the progression from graduate to independent practice while differentiating the engineer and technologist roles. The method used is based on the notions of conceptual coherence and contextual coherence described by Muller (2009). These terms are normally applied to curricula. A conceptually coherent curriculum has codified theory that is hierarchical and moves progressively to greater levels of abstraction and conceptual difficulty. A contextually coherent curriculum tends to be more segmented and connected to an external context, that is, real-world applications or practice. Measuring the contextual (or practical) intensity of a curriculum involves both volume, for example the number of practical procedures, as well as the demand of individual procedures. The latter is linked to both the functions performed and the level of problems that are being addressed.
Engineering curricula have both conceptual and contextual components. The theoretical basis of an engineering discipline is relentlessly cumulative, building on a foundation of natural science and mathematics from fundamentals to the forefront of knowledge. Engineering is about the solution of real-world problems; engineering curricula are therefore strongly contextual, both in the type of applications and in the social, economic and physical environments in which engineering is practised.

We use the notions of concept and context to analyse educational outcomes in section 4. In engineering, no topic is purely conceptual or purely applied:  it will generally have a mix of theory and application. In any engineering activity, the engineer must make theory and practice articulate. The key to this articulation lies in the transferable skills of problem solving, teamwork and communication and, above all, experience. 
A two dimensional view of educational achievement is used by Pellegrini (2011) in his description of the Swiss engineering education system outlined in Figure 1. Each type of qualification is viewed as having a combination of theory and practice. The vertical line readiness to work as an engineer is associated with a threshold of practical achievement. The notion of readiness for engineering work is not articulated in the literature; the focus is rather on work-integrated learning as a method of enhancing readiness (McDermott 2007). Crawley  et al (2011) expect that “Graduating engineers should be able to conceive, design, implement-operate complex value-added engineering systems in a modern team-based environment”. This statement needs qualification with regard to the risks and responsibilities of the work and supervision needed.  In this paper, we distinguish between two levels of readiness: graduate and professional. The graduate must be ready, with limited orientation and adaptation, to assist with and participate in the work of established engineering practitioners. Professional readiness, associated with registration, means that the engineer is able to undertake and be responsible for engineering projects and operations dealing with technical, economic, social, health and safety, environmental and sustainability factors (HKIE 2011).   
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Figure 1: A model for engineering education in Switzerland (After Pellegrini 2011)  

4. Educational Level: Washington and Sydney Accords

The Washington Accord (WA) and Sydney Accord (SA) Graduate Attributes, applicable to professional engineer and engineering technologist educational foundations respectively, are defined using 12 outcomes supported by definitions of the range (level) of problem solving and a knowledge profile. The definitions are extracted from IEA (2009) in the Appendix. For ease of reference, outcomes are identified by prefixes WA and SA, the level of problem solving by prefixes WP and SP, while the knowledge profile elements have prefixes WK and SK.  Level and knowledge elements are nested under the outcomes to which they principally apply. We use this information to map the profile of the Washington and Sydney Accord Graduate onto the theory-practice plane analogously to figure 1. 

The WA and SA attributes (outcomes) fall naturally into groups. The first five outcomes together capture the core graduate competence for each case:  the analysis of problems and synthesis of solutions based on engineering knowledge supported by engineering tools, techniques and methods. The expected level of achievement is defined via the level of problem solving for each accord. In a second group, outcomes 6 and 7 are concerned with responsibilities of engineering practice with regard to social, economic, cultural, health, safety, regulatory, environmental and sustainability issues. Outcome 8, concerned with ethical responsibilities of engineering practitioners, groups naturally with 6 and 7. The required level in WA6 to WA8 is understanding, reasoning and application while outcomes SA6 to SA8 emphasise understanding. A third group contains outcomes 9 to 12, concerned with individual attributes that are essential in the engineering workplace: effectiveness as an individual and in teams, communication, engineering management and independent learning. With the exception of requiring WA graduates to function in multidisciplinary environments and the complexity of the environments, the WA and SA requirements in this group are comparable. 
The first six outcomes, with their supporting statements, map according to their conceptual and contextual emphases in figure 2. Attributes WA1 and SA1 are concerned with the systematic knowledge base and therefore have strong conceptual emphasis. The engineering sciences, while conceptual, are formulated in a way that supports engineering applications. Attributes WA5 and SA5, by contrast, are concerned with practical tools, techniques and methods. Their emphasis is therefore largely contextual. However, these aids to practice general do not exist without a theoretical grounding. Distinctions between contextual and conceptual thus focus on the principal emphasis; the linkage is their joint use in problem solving.
Attributes WA2/SA2 and WA3/SA3 are concerned with the analysis of engineering problems and the synthesis and design of solutions. Attributes WA4/SA4 are concerned with investigation of problems and are therefore a particular instance of problem solving. Use of the body of engineering knowledge (WA1/SA1) and the store of methods (WA5/SA5) are the joint enablers of engineering applications. Engineering applications are in turn viewed as instances of problem solving embodied in outcomes WA2/SA2, WA3/SA3 and WA4/SA4 is visualised in Figure 2. 
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Figure 2: Core engineering competencies for Washington and Sydney Accords
The relative levels of the engineering and technology graduate attributes in figure 2 are determined by the range of knowledge and methods as well as the level of problem solving. The term complex engineering problem, defined in statements WP1-WP9, captures the exit-level for the Washington Accord attributes. For the Sydney Accord attributes, statements SP1 to SP9 define broadly-defined engineering problems. These could also have been called technology-mediated engineering problems.  
Knowledge profiles are similarly differentiated. The WA knowledge profile calls for a broad base while the SA profiles require an engineering sub-discipline to be supported. The WA call for specialist knowledge, some of which is at the forefront of practice in the discipline as well as engagement with selected research literature.
Contextual differentiation occurs in outcomes WA5/SA5. Both WA and SA graduates must select and apply engineering and computing tools while the WA graduate is expected to create tools as well. 
In the second group of attributes, WA6 and WA7 are concerned with the ability to reason about and understand the impact of engineering activities in several respects: social and cultural, health and safety, legal, ethical, environmental and sustainability – in short, all matters relating to the engineer’s wider responsibility. The body of knowledge is less structured and less extensive than the engineering knowledge and the expected level of application is limited. WA11, concerned with project management, has a modest conceptual base and is essentially a practical matter. Thus, attributes WA6, WA7 and WA 11 are play a supporting role and are not mapped onto figure 1.
This discussion suggests an interpretation of figure 1. Each arrowhead representing the point of graduation from each type of programme represents the knowledge base (theory) and the set practical elements in a typical curriculum. The arcs, the locus of the arrowheads, represent the level of problem solving and its combination of theoretical and practical components. 

5. Professional Level: Engineers and Engineering Technologists
During the process of professional development, graduates progress from assisting with and participating in the work of experienced engineers to contributing to work and ultimately leading and making critical decisions. Key aspects of a programme to develop such attributes are described in HKIE (2011). Competencies for professional engineers and engineering technologists are defined in IEA (2009). Outcomes are grouped by principal focus in the same way as the graduate attributes as shown in Table 1.  In many countries registration recognizes that competence comparable to that described in the IEA Professional Competencies has been attained. 

	Table 1: Focus areas of the professional competency statements

	Group 1: Core Engineering Competencies

1.    Comprehend and apply universal knowledge 

2.    Comprehend and apply local knowledge

3.    Problem analysis 

4.    Design and development of solutions 

5.    Evaluation of the outcomes and impacts of engineering 

12.  Judgement in decision-making
	Group 2: Responsibilities of engineering practice
6.    Protection of society

7.    Meet legal and regulatory requirements 

8.    Acting ethically

13.  Responsibility for decisions

	
	Group 3: Personal enablers of effective engineering practice

9.    Communication 

10.  Manage engineering activities 

11.  Lifelong learning


What aspects of a person’s competency change from graduation to the professional level? The core engineering outcomes 1-5 and 12 in the IEA Professional Competencies (IEA 2009) bring out changes that occur. In progressing to registration, the graduate’s technical knowledge develops but the major increase is in the contextual dimension, described as “local” knowledge.  Problem solving may not be at a greater level technically but now has real consequences. The general responsibilities of engineering practitioners continue in group 2 but now need to be exercised in real contexts, with the practitioner being responsible for the consequences of decisions.  In the third group, the personal enablers of effective engineering practice are further honed.  The need for evaluation of solutions and impacts and the need for judgement in decision making are brought out explicitly by clustering the three groups of outcomes as shown in figure 3.   
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Figure 3: Progression of engineering competencies from graduation to registration

6. Conclusion

The development of an engineering professional has a number of stages, some structured and formally recognised, other not. The requirements for the first stage, engineering education, are captured in the IEA Graduate Attributes. The second stage requirements, that is, the competencies required for registration are defined in the IEA professional competencies. Two levels of work readiness are embodied in these standards. Further informal levels of recognition are often recognised, for example further experience after registration is seen to be necessary for complex, critical work. A person may develop further and gain recognition as an expert or leader in a field. The IEA Graduate Attributes and Professional Competencies provide widely accepted benchmarks for the first two stages in professional development of engineers, engineering technologist (and engineering technicians, not discussed in this paper).  
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Appendix: Extract from the IEA Graduate Attributes (IEA 2009)
	Washington Accord Graduate Attribute (WA1-WA12) with supporting knowledge profile statement (WK1-WK8) or level of problem solving (WP1-WP9)
	Sydney Accord Graduate Attribute (SA1-SA12) with supporting knowledge profile statement (SK1-SK8) or level of problem solving (SP1-SP9))

	WA1: Apply knowledge of mathematics, science, engineering fundamentals and an engineering specialization to the solution of complex engineering problems  

WK1: A systematic, theory-based understanding of the natural sciences applicable to the discipline 

WK2: Conceptually-based mathematics, numerical analysis, statistics and formal aspects of computer and information science to support analysis and modelling applicable to the discipline

WK3: A systematic, theory-based formulation of engineering fundamentals required in the engineering discipline

WK4: Engineering specialist knowledge that provides theoretical frameworks and bodies of knowledge for the accepted practice areas in the engineering discipline; much is at the forefront of the discipline.
	SA1: Apply knowledge of mathematics, science, engineering fundamentals and an engineering specialization to defined and applied engineering procedures, processes, systems or methodologies.

SK1: A systematic, theory-based understanding of the natural sciences applicable to the sub-discipline

SK2: Conceptually-based mathematics, numerical analysis, statistics and aspects of computer and information science to support analysis and use of models applicable to the sub-discipline
SK3: A systematic , theory-based formulation of engineering fundamentals required in an accepted sub-discipline

SK4: engineering specialist knowledge that provides theoretical frameworks and bodies of knowledge for an accepted sub-discipline

	WA2: Identify, formulate, research literature and analyse complex engineering problems reaching substantiated conclusions using first principles of mathematics, natural sciences and engineering sciences.

Complex engineering problems: 

WP1: cannot be resolved without in-depth engineering knowledge, much of which is at, or informed by, the forefront of the professional discipline,

and have some or all of the following characteristics:

WP2: Involve wide-ranging or conflicting technical, engineering and other issues

WP3: Have no obvious solution and require abstract thinking, originality in analysis to formulate suitable models

WP4: Requires research-based knowledge  much of which is at, or informed by, the forefront of the professional discipline and which allows a fundamentals-based, first principles analytical approach

WP5: Involve infrequently encountered issues 

WP6: Are outside problems encompassed by standards and codes of practice for professional engineering

WP7: Involve diverse groups of stakeholders with widely varying needs

WP8: Have significant consequences in a range of contexts

WP9: Are high level problems including many component parts or sub-problems

WK1-WK4, WK8
	SA2: Identify, formulate, research literature and analyse broadly-defined engineering problems reaching substantiated conclusions using analytical tools appropriate to their discipline or area of specialisation.

Broadly-defined engineering problems

SP1:  cannot be pursued without a coherent and detailed knowledge of defined aspects of a professional discipline with a strong emphasis on the application of developed technology, 

and have some or all of the following characteristics
SP2:  Involve a variety of factors which may impose conflicting constraints

SP3:  Can be solved by application of well-proven analysis techniques 

SP4:  Requires a detailed knowledge of principles and applied procedures and methodologies in defined aspects of a professional discipline with a strong emphasis on the application of developed technology and the attainment of know-how, often within a multidisciplinary engineering environment
SP5:  Belong to families of familiar problems which are solved in well-accepted ways 

SP6:  May be partially outside those encompassed by standards or codes of practice

SP7:  Involve several groups of stakeholders with differing and occasionally conflicting needs

SP8:  Have consequences which are important locally, but may extend more widely

SP9:  Are parts of, or systems within complex engineering problems

SK1-SK4, SK8


	WA3: Design solutions for complex engineering problems and design systems, components or processes that meet specified needs with appropriate consideration for public health and safety, cultural, societal, and environmental considerations.

WP1-WP8

WK5: knowledge that supports engineering design in a practice area 
	SA3: Design solutions for broadly- defined engineering technology problems and contribute to the design of systems, components or processes to meet specified needs with appropriate consideration for public health and safety, cultural, societal, and environmental considerations.

SP1-SP8

SK5: knowledge that supports engineering design using the technologies of  a practice area 

	WA4: Conduct investigations of complex problems using research-based knowledge and research methods including design of experiments, analysis and interpretation of data, and synthesis of information to provide valid conclusions.  

WK8: Engagement with selected knowledge in the research literature of the discipline
	SA4: Conduct investigations of broadly-defined problems; locate, search and select relevant data from codes, data bases and literature, design and conduct experiments to provide valid conclusions.

SK8: engagement with the technological literature of the discipline



	WA5: Create, select and apply appropriate techniques, resources, and modern engineering and IT tools, including prediction and modelling, to complex engineering activities, with an understanding of the limitations.  

WK6: knowledge of engineering practice (technology) in the practice areas in the engineering discipline 
	SA5: Select and apply appropriate techniques, resources, and modern engineering and IT tools, including prediction and modelling, to broadly-defined engineering activities, with an understanding of the limitations.  

SK6: knowledge of engineering technologies applicable  in the sub-discipline

	WA6: Apply reasoning informed by contextual knowledge to assess societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to professional engineering practice.

WK7: comprehension of  the role of engineering in society and identified issues in engineering practice in the discipline: ethics and the professional responsibility of an engineer to public safety; the  impacts of engineering activity: economic, social, cultural, environmental and sustainability;
	SA6: Demonstrate understanding of the societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to engineering technology practice.

SK7: comprehension of  the role of technology in society and identified issues in applying engineering technology: ethics and impacts: economic, social, environmental and sustainability 

	WA7: Understand the impact of professional engineering solutions in societal and environmental contexts and demonstrate knowledge of and need for sustainable development.
	SA7: Understand the impact of engineering technology solutions in  societal societal and environmental context and demonstrate knowledge of and need for sustainable development.

	WA8: Apply ethical principles and commit to professional ethics and responsibilities and norms of engineering practice.

WK7
	SA8: Understand and commit to professional ethics and responsibilities and norms of engineering technology practice.

SK7

	WA9: Function effectively as an individual, and as a member or leader in diverse teams and in multi-disciplinary settings.   
	SA9: Function effectively as an individual, and as a member or leader in diverse technical teams.   

	WA10: Communicate effectively on complex engineering activities with the engineering community and with society at large, such as being able to comprehend and write effective reports and design documentation, make effective presentations, and give and receive clear instructions.
	SA10: Communicate effectively on broadly-defined engineering activities with the engineering community and with society at large, by being able to comprehend and write effective reports and design documentation, make effective presentations, and give and receive clear instructions

	WA11: Demonstrate knowledge and understanding of engineering management principles and apply these to one’s own work, as a member and leader in a team, to manage projects and in multidisciplinary environments.
	SA11 : Demonstrate knowledge and understanding of engineering management principles and apply these to one’s own work, as a member and leader in a team and to manage projects in multidisciplinary environments

	WA12: Recognize the need for, and have the preparation and ability to engage in independent and life-long learning  in the broadest context of technological change.
	SA12: Recognize the need for, and have the ability to engage in independent and life-long learning in specialist technologies.
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