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Executive Summary
For some time the lack of a common format for the articulation of the output standards of engineering graduates has been an issue of concern which has been expressed by government, employers and the Engineering Council. In 1997 the Assembly of the Engineering Professors Council (EPC) responded to this situation by authorising the EPC committee to set up and co-ordinate a project aimed at providing a methodology by which engineering graduate output standards could be both defined and expressed. Whilst the committee was pleased to undertake this task, it was anxious not to do so in isolation. It therefore established an advisory group with a broad representation, including members from the Engineering Employers Federation, The Engineering Council, The Department for Education and Employment and the Quality Assurance Agency.

The advisory group has provided both guidance and a link to other initiatives related to the Output Standards issue. In particular the EPC has worked closely with the QAA Engineering Benchmark exercise, and has linked and compared the EPC Standard with the QCA National Key Skills Standard and those of OSCEng and CISC. However the EPC work is an independent project with the EPC taking full responsibility for its direction and outcomes.

The EPC standard takes the form of a list of twenty-six ability to statements. These are expressed in generic non-discipline-specific terms and are based on the procedures carried out by an engineer in solving an engineering problem and delivering the solution. Engineering problem solving is an iterative task involving creativity and the application of knowledge and understanding. Broadly an engineer needs to be able to identify and describe the problem that is to be solved, a process involving knowledge of existing engineering systems and the experience of the past. The solution will have a specification with parameters that require evaluation, a process that relies on the engineering skills of conceptualisation, determinable modelling and analytical representation. Delivery of the specified solution draws on other skills including the verification of conceptual assumptions by experimentation with physical models. Finally the engineer should possess the necessary key skills and be able to evaluate his or her own performance so as to identify personal learning and future development needs.

The standard is applied to a particular engineering discipline in two steps. The first step is for course providers to interpret the generic ability to statements in the context of the specific discipline. The second step is for them to provide benchmark statements to describe the threshold level of attainment required for each ability.

Present EPC thinking is that a student will be expected to demonstrate all of the abilities, at the specified threshold benchmarked standards, in order to graduate with the award of an engineering degree. Differentiation between degrees, for example between CEng and IEng academic formation degrees, will be achieved by different benchmark specifications. Graduation at standards of attainment higher than the threshold, which might be recognised by the award of different honours classifications, would require the specification of additional sets of benchmarked standards that are higher than the threshold. EPC believes that, if such a procedure is accepted and adopted, a peer group process will take place from which will emerge a consensus view of the acceptable level of the output standard for graduates from the wide variety of engineering programmes that are available.

The EPC output standard pilot programme, involving nine universities, has resulted in exemplar benchmark standards for each of the Mechanical, Manufacturing, Electronic and Civil engineering disciplines. At all stages of the project wide consultation has taken place with the members of the advisory group, with employer focus groups and with course providers in higher education.

The Interim Report and Further Work
This Interim Report sets out the EPC Engineering Graduate Standard and exemplar benchmarks arising from the piloting process, together with a supporting rationale and project-administration information. Further  work is proposed to secure widespread adoption of the standard and an associated consensus amongst stakeholders about appropriate benchmarks for threshold level.

Adoption of the EPC Standard will have repercussions for engineering degree assessment. Although it is expected that these will be beneficial, EPC will initiate work to support higher education practitioners in analysing and defining appropriate assessment methodologies and in adapting accordingly. The outcomes of this further phase of work will be incorporated into a Final Report of the EPC Output Standard Project to be published in 2001.

Introduction
For some time the lack of a common format for the articulation of the output standards of engineering graduates has been an issue of concern for government, employers and the Engineering Council. In 1997 the Assembly of the Engineering Professors Council (EPC) responded by authorising the EPC committee to set up and co-ordinate a project aimed at providing a methodology by which engineering graduate output standards could be both defined and expressed. Whilst the committee was pleased to undertake this task, it was anxious not to do so in isolation. It therefore established an advisory group with a broad representation, including members from the Engineering Employers Federation, The Engineering Council, The Department for Education and Employment and the Quality Assurance Agency.

The advisory group has provided both guidance and a link to other initiatives related to the Output Standards issue. In particular the EPC has worked closely with the QAA Engineering Benchmark 27 exercise, and has linked and compared the EPC Standard with the QCA National Key Skills Standard 6,7 and those of OSCEng3 and CISC. However the EPC work is an independent project with the EPC taking full responsibility for its direction and outcomes.

There is nothing new about the concept of an output standard for engineering graduates. Nor is there any controversy about the need to define an output standard. All of those involved in the education and training of engineers have views on the standard of attainment required by engineers at various stages of their academic formation and professional development, and all are able to express these views in a variety of ways. However there is a variability in systems of definition which leads to difficulties of communication between those who need to be absolutely clear amongst themselves about how to answer the simple question, “What is the standard of an engineering graduate at the output of his or her degree programme?”

The objective of the EPC output standards project is therefore to design an output standard model that meets the following criteria:
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it is a set of generic statements which articulates the output standard of engineering graduates;
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it is acceptable to government, industry, professional institutions, university departments, and the graduates themselves;
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it can be used when it is necessary for these different groups to communicate with one another on the subject of output standards.

The EPC expectation is that if such a model can be identified, accepted and used, a conventional peer group process will take place from which will emerge a consensus view of the acceptable level of the output standard for graduates from the wide variety of engineering programmes that are available.

The set of generic statements in the model effectively forms a profile of attainment for a graduate from an engineering course. The present thinking of EPC is that a student will be expected to demonstrate all of the abilities, at specified threshold benchmarked standards, in order to graduate with the award of an engineering degree. Benchmarks will be specified by course providers, and differentiation between degrees, for example between CEng and IEng academic formation degrees, will be achieved by different benchmark specifications. Graduation at standards of attainment higher than the threshold, which might for example be recognised by the award of different classifications for honours, would require the specification of additional sets of benchmarked standards that are higher than the threshold.

A Standard in Engineering implies that there exist definitions of Engineering and Engineers. Defining Engineering in a way that commands total universal support is probably impossible because of the diversity of discipline areas, ranging from Marine Engineering to Computer Systems Engineering, encompassed by the profession. The official Engineering Council definition is: 

“Engineering is the practice of creating and sustaining services, systems, devices, machines, structures, processes and products to improve the quality of life; getting things done more effectively and efficiently”.
In a recent Engineering Council/Royal Academy of Engineering report 30 engineering is seen as:

“a creative process in which facts, experience and skills in science, engineering and technology are applied to seek one or more technical solutions to meet a requirement, solve a problem, then exercise informed judgement to implement the one that best meets constraints”.
The requirement to be met, or the problem to be solved is described as 

“to conceive, design, make, build, operate, sustain, recycle or retire, something of significant technical content for a specific purpose: a concept, a model, a product, a device, a process, a system, a technology”.
In a recent paper on the education and training of engineers, Irwin28 proposed the following definitions which are likely to be acceptable to the majority of engineers, at least as a working hypothesis:

“The distinguishing feature of engineering, as distinct from science and the arts, is the exercise of imagination to create and bring to reality products or artefacts based on scientific principles, knowledge of materials, and the art of synthesis. An engineer is one who practises all or part of this profession”.
In arriving at this proposition Irwin draws heavily on Lewin29, who identified the art of “synthesis”, a process more widely known as design, as a stage in creating solutions to engineering problems which distinguishes the culture of engineering from that of science. Thus engineers comprise a profession, distinct from any other grouping, which practises a creativity similar to that of the artist, but using the knowledge of the sciences to create artefacts for society. Their education must embrace both engineering science and the practice of creativity if it is to be complete.

Programmes of engineering education and training found in universities do not attempt to deliver graduates with the full spectrum of abilities expected of the mature engineer. Nor do these programmes attempt to deliver graduates with the same range of abilities in either engineering science or the practice of creativity. What they do aim to provide is graduates with a core of engineering skills (including Key Skills), which meets the needs of their employers, and which provides them with a sufficient educational base for their future development as professional engineers.

An expression of the expectation of an employer of graduate engineers was presented recently by Phil Brown, Electronics Group Manager of the Southwood Product Creation Centre of Nokia UK. He expected from graduates:
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A good grasp of the basic principles of the core technical material
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An ability to apply analytical thinking to determine effective solutions
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A practical appreciation of the application of theory, derived from:
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Sound project work
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Industrial placement experience
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Understanding and appreciation of the effect of real components and operating conditions
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Familiarity with measurement procedures and basic test and measurement equipment
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The capability to plan and organise one’s own work efficiently
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Good written and oral communication skills

In addition he valued graduates with the following attributes:
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 Familiarity with the design process.
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An appreciation of statistical methods.
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Commercial awareness.
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Additional technical skills, such as high level programming.
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Additional non-technical skills, such as languages.
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 Involvement in extra-curricular activities.
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A positive disposition/outlook/attitude/adaptability.

He did not expect:
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Fully rounded experienced engineers
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Ready made managers
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High competence in specific skills or tools
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All graduates to be highly gifted academically
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Full appreciation of volume manufacturing.

The EPC has taken into account the views of a number of employers in preparing this output standard. When asked about their expectations from engineering graduates, employers endorsed the above list as representing a broad consensus of their needs.

1. The EPC Engineering Graduate (EG) Standard
The EPC EG Standard takes the form of a list of ‘Ability to’ statements (see 1.2 et seq).

The level of expected attainment to be associated with the EG Standard is described by attaching a Benchmark statement to each ‘Ability to’ statement. Examples of engineering discipline-specific benchmarks are given in Section 2 for Civil, Electronic, Mechanical and Manufacturing Engineering. Each applies to a particular threshold level of attainment and needs to be read in that context. For example the Civil Engineering benchmarks are for MEng graduates. A different set of benchmarks would be appropriate for BEng graduate Civil Engineers or for those awarded degrees intended for aspiring Incorporated Engineers.

The ‘Ability to’ statements in Section 1.2 are expressed in generic, non-discipline-specific terms. They are based on the procedures carried out by an engineer in solving an engineering problem and delivering the solution. Typically an engineer will need to be able to identify and describe the problem that is to be solved; and to do this effectively the engineer will draw on existing engineering systems and the experience of the past. The solution will have a specification with parameters that will require evaluation, a process that relies heavily on the engineering skills of conceptualisation, determinable modelling and analytical representation. Delivery of the specified solution, in a timely and efficient manner, draws on another set of skills that are vital to the engineering process, skills which are likely to include the verification of some conceptual assumptions by experimenting with physical models. Finally the engineer should possess the necessary key skills, be capable of evaluating his or her own performance and be able to identify their learning and future development needs.

The engineering problem-solving process is not a simple systematic procedure involving the mechanical completion of one task after another. Creativity and the application of understanding are involved as the outcome of each procedure influences and changes the assumptions made in other stages of the process. Handling this iteration efficiently in the context of engineering is the hallmark of an experienced engineer. An engineering graduate would be expected to have an appropriate level of understanding of all of the steps involved in engineering problem solving, and to have recognised the need to develop and apply iterative procedures efficiently.

1.1 Application of the EG Standard
The EG Standard is applied to a particular engineering discipline in two steps. The first step is to interpret the generic ‘Ability to’ statements (Section 1.2) in the context of the specific discipline. The second step is to provide exemplar benchmark statements to describe the level of attainment in terms of the level of skills, knowledge and understanding required for each of the abilities.

The benchmark examples given in Section 2 were developed for programmes aimed at providing the educational base for a professional engineer and are indicative of the threshold level at which the degree would be awarded. It may well be thought appropriate for other engineering degrees in these same disciplines to provide different benchmarks to illustrate different emphases and detail within the same framework of ‘Ability to’ statements. The EG Standard provides a language and framework which facilitates this. Provided the EG Standard is used for a sufficient number of engineering degrees, it is believed that a process of iterative peer review will, in due course, lead to consensus about benchmarks.

Given the wide spread of discipline areas present in engineering – from micro electronics to heavy civil engineering – it is inevitable that gaining agreement on the terminology to be used in the framework is challenging. This has, in fact, proved to be the case. One example may illustrate that challenge. The term Mathematical Model was used initially to describe the most commonly found algebraic representation of a Conceptual Model. However, it was quickly pointed out that this was better described as a Deterministic Model as it need not necessarily be in the form of an algebraic equation.  When this new term was tested, it was realised that to be consistent in terms of presentation, the form Determinable Model should be used. Although this form continues to be of concern to some engineers, it has met with the greatest degree of support overall and is used in this report.

In a similar fashion, some of the other terms used are not familiar to one or other engineering discipline, but are judged to be the best compromise in order to enable a common framework to be established. 

Key Skills (Communication, IT, Application of Number, Working with Others and Improving Own Learning and Performance) and abilities associated with professional practice are not directly benchmarked in the EG Standard. The benchmark statements for the other ‘Ability to’ statements should indicate the level to which the Key Skills are to be developed.

In formulating the benchmark statements care is needed to ensure that, as standards, they may be readily assessed. It is expected that traditional written examination and course-work assessment, the group design project and the individual project will continue to be the main assessment vehicles for the majority of the benchmarked abilities and Key Skills.

1.2  The Generic ‘Ability to’ Statements
The numbering system follows that of the Engineering Graduate Standards (Section 1 of the Report) in that the final two numbers used for the Exemplars correspond to those of the EG ‘Ability to’ statements. The prefix E1 (2, 3, 4) refers to Exemplars 1 (2, 3, 4) respectively.

1.2.1

Ability to exercise Key Skills in the completion of engineering-related tasks at a level implied by the benchmarks associated with the following statements.
Key Skills for engineering are Communication, IT, Application of Number, Working with Others, Problem Solving, Improving Own Learning and Performance.

1.2.2

Ability to transform existing systems into conceptual models
This means the ability to:

a)

 

Elicit and clarify client’s true needs

b)

Identify, classify and describe engineering systems

c)

Define real target systems in terms of objective functions, performance specifications and other constraints (ie, define the problem)

d)

Take account of risk assessment, and social and environmental impacts, in the setting of constraints (including legal, and health and safety issues)

e)

Select, review and experiment with existing engineering systems in order to obtain a database of knowledge and understanding that will contribute to the creation of specific real target systems

f)

Resolve difficulties created by imperfect and incomplete information

g)

Derive conceptual models of real target systems, identifying the key parameters

1.2.3

Ability to transform conceptual models into determinable models
This means the ability to:

a)

 

Construct determinable models over a range of complexity to suit a range of conceptual models

b)

Use mathematics and computing skills to create determinable models by deriving appropriate constitutive equations and specifying appropriate boundary conditions

c)

Use industry standard software tools and platforms to set up determinable models

d)

Recognise the value of Determinable Models of different complexity and the limitations of their application

1.2.4

Ability to use determinable models to obtain system specifications in terms of parametric values
This means the ability to:

a)

 

Use mathematics and computing skills to manipulate and solve determinable models; and use data sheets in an appropriate way to supplement solutions

b)

Use industry standard software platforms and tools to solve determinable models

c)

Carry out a parametric sensitivity analysis

d)

Critically assess results and, if inadequate or invalid, improve knowledge database by further reference to existing systems, and/or improve performance of determinable models

1.2.5

Ability to select optimum specifications and create physical models
This means the ability to: 

a)

 

Use objective functions and constraints to identify optimum specifications

b)

Plan physical modelling studies, based on determinable modelling, in order to produce critical information

c)

Test and collate results, feeding these back into determinable models

1.2.6

Ability to apply the results from physical models to create real target systems
This means the ability to:

a)

 

Write sufficiently detailed specifications of real target systems, including risk assessments and impact statements

b)

Select production methods and write method statements

c)

Implement production and deliver products fit for purpose, in a timely and efficient manner

d)

Operate within relevant legislative frameworks

1.2.7

Ability to critically review real target systems and personal performance
This means the ability to:

a)

 

Test and evaluate real systems in service against specification and client needs

b)

Recognise and make critical judgements about related environmental, social, ethical and professional issues

c)

Identify professional, technical and personal development needs and undertake appropriate training and independent research

1.3 Definitions
The ‘Ability to...’ statements provide a language for describing a reasonable expectation of graduate attributes. However in the interests of clarity and efficiency of communication, it has been necessary to attribute very specific meanings to some words which have a wider range of meanings in common usage. These words and phrases, when used in this restricted and particular sense, are defined below.

Term
 Definition
Standard

A definition of a reasonable and agreed level of attainment, which may be expressed as a collection of expected abilities. (For example, the EPC Engineering Degree Output Standard ).

Engineering Degree Output Standard

A statement or description of the abilities recognised by the award of an engineering degree. The EPC EG Standard is in the form of a framework or template which facilitates this description for all engineering disciplines.

Threshold

The minimum level at which the demonstration of a set of expected abilities can be recognised by the award of an engineering degree or other qualification.

Benchmark 

A level descriptor. A generic format for a benchmark statement is as follows. ‘The graduate has demonstrated the ability to do X in the context of Y or its equivalent. (Y is a discipline specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.) ’Benchmarks do not explicitly define a level, or scope, but illustrate it or imply it by example. (Examples of benchmarks are given in Section 2.)

Engineering

 The distinguishing feature of engineering, as distinct from science and the arts, is the exercise of imagination to create and bring to reality products, artefacts, techniques or services based on scientific principles, knowledge of materials, and the art of synthesis. An engineer is one who practises all or part of this profession. The art of engineering is to translate a proposed engineering system into one or more appropriate conceptual models; to use these models to derive and apply the parameters that enable the production of a real target system; and then create that system. It is a process of deconstructing experience for the purpose of beneficial reconstruction.

Engineering Systems

A component or assembly of components, created by the application of engineering, which delivers an output by transforming an input. (For example: a bridge, an aeroplane, a power station, an engine, a mobile phone and so on, or the components of any of these; a technique or procedure such as an acceptance-test procedure or a maintenance schedule for hospital diesel power generating plant.)

Real Target System

An Engineering System which is the physical realisation of the solution to an engineering problem.

Systems Constraints

Limitations on an engineering system imposed by client needs, as well as physical, environmental, ethical and social issues. (For example, vehicle seating capacity, noise limits, location.)

Objective Function

A statement which provides the means of evaluating the objective of the real target system in order to determine the key system parameters that will give the optimum performance of the system. (For example, a cost/benefit function.)

Impact Statement

A description of the benefits and costs to the social and physical environment that will flow from the introduction of the real target system. (For example, a risk assessment of the construction of a chemical processing plant or an airport.)

Conceptual Model

A graphical, diagrammatic, symbolic or otherwise mentally apprehensible representation of an engineering system illustrating the relationship between key parameters in a form that may be transformed into a determinable model. (For example, the model used in a process diagram, a circuit diagram, a pipe network, a structural frame, a magnetic field pattern.)

Determinable Model 

A mathematical, computer/numerical, or logical representation of a conceptual model which enables the key system parameters to be firmly decided or definitely ascertained. (For example, a finite element computer model, a set of algebraic equations.)

Physical Model

A physical representation of all or part of a real target system capable of being tested practically to determine or verify key system parameters. A prototype of the real target system. (For example, a wind tunnel test, a materials test, a field trial.)

Key System Parameters 

Quantities that define an engineering system and its performance. (For example, lead dimensions, flow capacities, power requirements, material strengths.)

Specification

A description of an engineering system which is sufficiently detailed to enable it to be produced.

2. Exemplar benchmarks
E1 Exemplar benchmarked abilities for civil engineering graduates
The following list of Benchmarked Ability to statements has been devised by members of the Civil Engineering Departments of the Universities of Bristol and Southampton in the context of their MEng Programmes. Generally each statement is an extension of the corresponding generic ‘Ability to’ statement in the format:

“The graduate has demonstrated the ability to do X in the context of Y or its equivalent. (X is the body of the ‘Ability to’ statement and Y is a discipline-specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.)” 
Where appropriate the attainment-descriptor ability is replaced by awareness, knowledge or experience.

The benchmarked ‘Ability to’ statements are only intended to be examples of the expected capabilities of civil engineering MEng graduates at the threshold which might reasonably be expected by an informed practitioner in the civil engineering discipline. As such, lists of topics within civil engineering are presented as indicative of the level of attainment and not as exhaustive indications of syllabus content. Abilities that are developed through undergraduate project work are described in terms of a ‘benchmark project’ to avoid repetition.

In the following statements the level of complexity of the ‘benchmark project’ is presented either for the design of a road bridge with a span of about 60m; or the configuration and structural arrangement of an inner-city leisure and entertainment complex.

E1.2.2 Ability to transform existing systems into conceptual models
a)

 

The graduate has demonstrated experience in eliciting and clarifying client’s true needs in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

b)

The graduate has demonstrated an ability to identify, classify and describe civil engineering systems in the context of classification of statically determinate and indeterminate structures, identification of the degrees of freedom in a structural system, description of laminar and turbulent flow; and in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

c)

The graduate has demonstrated an ability to define real target civil engineering systems in terms of objective functions, performance specifications and other constraints (ie define the problem) in the context of simple civil engineering systems such as concrete footings,  
 cofferdams, steel portal frames, composite steel-concrete structures, and concrete frames and has demonstrated experience in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

d)

The graduate has demonstrated experience of taking account of risk assessment, and social and environmental impacts, in the setting of constraints (including legal, and health and safety issues) in the context of the design of a civil engineering system equivalent in complexity to the design of a water supply system for a medium sized conurbation.

e)

The graduate has demonstrated ability in selection, review and experiment with existing civil engineering systems in order to obtain a database of knowledge and understanding that will contribute to the creation of specific real target civil engineering systems in the context, for example, of the influence of mix design on the strength and properties (including shrinkage and cracking) of concrete elements, and the role of effective stress in controlling strength and deformation of soils and experience in using the knowledge base from individual civil engineering subjects in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

f)

The graduate has demonstrated experience in resolution of difficulties created by imperfect and incomplete information in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

g)

The graduate has demonstrated ability in derivation of conceptual models of real target civil engineering systems, identifying the key parameters in the context of simple civil engineering systems such as concrete footings, cofferdams, steel portal frames, composite  
 steel-concrete structures, and concrete frames and has demonstrated experience in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

E1.2.3  Ability to transform conceptual models into determinable models
a)

 

The graduate has demonstrated ability to construct determinable models over a range of complexity to suit a range of conceptual models in the context of the analysis of: structural elements and systems such as the plastic collapse of steel structures, the design of pre-stressed concrete elements, and the ultimate load capacity of concrete slabs; the ultimate limit state of geotechnical structures such as footings, retaining walls, piles, and slopes; the flow of water in open channels with varying sections including hydraulic jumps, spillways, stilling basins, and river engineering.

b)

The graduate has demonstrated ability to use mathematics and computing skills to create determinable models by deriving appropriate constitutive equations and specifying appropriate boundary conditions in the context of the analysis of: structural elements and systems such as the plastic collapse of steel structures, the design of pre-stressed concrete elements, and the ultimate load capacity of concrete slabs; the ultimate limit state of geotechnical structures such as footings, retaining walls, piles, and slopes; the flow of water in open channels with varying sections including hydraulic jumps, spillways, stilling basins, and river engineering.

c)

The graduate has demonstrated experience in the use of industry standard software tools and platforms to set up determinable models in the context of computer aided draughting (such as AUTOCAD), and the application of spreadsheet tools (for example Excel), numerical analysis (such as QSE, ANSYS, ReWARD to the design and analysis of civil engineering systems equivalent in complexity to the benchmark project.

d)

The graduate has demonstrated experience in recognising the value of determinable models of different complexity and the limitations of their application in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

E1.2.4  Ability to use determinable models to obtain system specifications in terms of parametric values
a)

 

The graduate has demonstrated ability to use mathematics and computing skills to manipulate and solve determinable models and to use data sheets in an appropriate way to supplement solutions in the context of the analysis of: structural elements and systems such as the plastic collapse of steel structures, the design of pre-stressed concrete elements, and the ultimate load capacity of concrete slabs; the ultimate limit state of geotechnical structures such as footings, retaining walls, piles, and slopes; the flow of water in open channels with varying sections including hydraulic jumps, spillways, stilling basins, and river engineering.

b)

The graduate has demonstrated experience in the use of industry standard software platforms and tools to solve determinable models in the context of the application of spreadsheet tools (for example, Excel), numerical analysis (such as QSE, ANSYS, ReWARD to the design and analysis of civil engineering systems equivalent in complexity to the benchmark project.

c)

The graduate has demonstrated ability to carry out a parametric sensitivity analysis in the context of the analysis of: structural elements and systems such as the plastic collapse of steel structures, the design of pre-stressed concrete elements, and the ultimate load capacity of concrete slabs; the ultimate limit state of geotechnical structures such as footings, retaining walls, piles, and slopes; the flow of water in open channels with varying sections including hydraulic jumps, spillways, stilling basins, and river engineering.

d)

The graduate has demonstrated experience in critical assessment of results and, if inadequate or invalid, improve knowledge database by further reference to existing systems, and/or improve performance of determinable models in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

E1.2.5 Ability to select optimum specifications and create physical models
a)

 

 The graduate has demonstrated experience in using objective functions and constraints to identify optimum specifications in the context of the design of a civil engineering system equivalent in complexity to a water supply system for a medium sized conurbation, the structural and geotechnical elements within the benchmark project. 

b)

The graduate has demonstrated experience in planning physical modelling studies, based on determinable modelling, in order to produce critical information, in the context of the development of model tests to support the design of a reservoir spillway, and the testing of reinforced concrete beams.

c)

The graduate has demonstrated experience in testing and collating results, feeding these back into determinable models, in the context of the development of model tests to support the design of a reservoir spillway, and the testing of reinforced concrete beams.

E1.2.6 Ability to apply the results from physical models to create real target systems
a)

 

The graduate has demonstrated knowledge of the need to write sufficiently detailed specifications of real target civil engineering systems, including risk assessments and impact statements, in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

b)

The graduate has demonstrated awareness of the need to select production methods and write method statements in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

c)

 The graduate has demonstrated awareness of the need to implement production and deliver products fit for purpose, in a timely and efficient manner, in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

d)

The graduate has demonstrated awareness of the need to operate within relevant legislative frameworks in the context of the design of civil engineering systems equivalent in complexity to the benchmark project.

E1.2.7 Ability to review critically real target systems and personal performance
a)

 

The graduate has demonstrated awareness of testing and evaluation of real systems in service against specification and client needs in the context of the design of civil engineering systems equivalent in complexity to the benchmark project and experience in the context of the design, construction and testing of a small aluminium bridge.

b)

The graduate has demonstrated awareness of the need to recognise and make critical judgements about related environmental, social, ethical and professional issues in the context of in the context of the design of civil engineering systems equivalent in complexity to a water supply system for a medium sized conurbation.

c)

The graduate has demonstrated awareness of the need to identify professional, technical and personal development requirements and undertake appropriate training and independent research through successful completion of relevant taught units, through engagement with activities of the Institution of Civil Engineers, and through the completion of a research project within a particular area of civil engineering.

E2 Exemplar benchmarked abilities for mechanical engineering graduates
The following list of benchmarked ‘Ability to’ statements has been devised by members of the Warwick University Engineering School and the University of Portsmouth in the context of their BEng programmes. Each statement is an extension of the corresponding generic ‘Ability to’ statement in the format:

“The graduate has demonstrated the ability to do X in the context of Y or its equivalent. (X is the body of the ‘Ability to’ statement and Y is a discipline-specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.”
The benchmarked statements are intended to be examples to those who need to know the minimum capability of a mechanical engineering graduate. Various topics within mechanical engineering are presented as indicative of the level of attainment and are not exhaustive indications of syllabus content. 

Abilities that are developed through undergraduate project work are described in terms of a ‘benchmark project’ to avoid repetition. In the following statements the level of complexity of the ‘benchmark project’ is that involved in a mechanical design, an experimental study or theoretical analysis typified by the following:

[image: image25.png]



The design of a fairing to reduce wind resistance on a sports bicycle;
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The construction and use of apparatus to study the circular hydraulic jump formed when a vertical jet comes out of a nozzle (for example, a kitchen tap) and hits a flat surface;
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The use of computer-based tools to analyse motor car tyre ground plane stress and wheel hub force measurements.

E2.2.2 Ability to transform existing systems into conceptual models
a)

 

The graduate has demonstrated the ability to precede a design study with a discussion with the client, from which a need definition is developed using a series of unambiguous statements. This will be in the context of the design of a mechanical engineering product or system equivalent in complexity to the benchmark project.

b)

The graduate has demonstrated an ability to identify the inputs and outputs in a system, to classify internal and external forces and to describe the system characteristics in terms of the number of degrees of freedom and whether flow is laminar or turbulent. This will be in the context of the design or analysis of a mechanical engineering system equivalent in complexity to the benchmark project.

c)

The graduate has demonstrated an ability to develop a design specification for a real target mechanical engineering system in terms of objective functions and performance statements whilst avoiding unnecessary constraints on potential solutions and being mindful of existing approaches. This will be in the context of simple systems such as a four-bar linkage, or a shaft bearing on a water pump. The graduate has demonstrated this ability in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project.

d)

The graduate has demonstrated the ability to write a risk assessment, taking account of social and environmental impacts in the setting of constraints (including legal, and health and safety issues), in the context of the design of a mechanical engineering system equivalent in complexity to the benchmark project.

e)

The graduate has demonstrated the ability to select, review and experiment with existing mechanical engineering systems in order to obtain a database of knowledge and understanding that will contribute to the creation of specific real target mechanical engineering systems. This will be in the context of the influence of material choice on the stress, stiffness and creep behaviour of polymeric elements used in place of metals, or the choice of machine components such as shafts, bearings and gears. The ability to use the knowledge base from individual mechanical engineering subjects and associated technologies has been demonstrated in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project.

f)

The graduate has demonstrated the ability to resolve difficulties created by imperfect and incomplete information by recognising when data is incomplete and providing additional information based on knowledge of the order of magnitude of the characteristics of common components. Design, make and test exercises (involving, for example, a simple bridge structure or spring powered model vehicle) provide the opportunity.

g)

The graduate has demonstrated the ability to derive conceptual models of real target mechanical engineering systems, including lumped parameter and distributed systems, identifying the key parameters in the context of simple mechanical engineering elements such as beam systems, mechanisms and moving bodies of constant and variable mass. This ability has been demonstrated in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project.

E2.2.3 Ability to transform conceptual models into determinable models
a)

 

The graduate has demonstrated the ability to construct determinable models over a range of complexity to suit a range of conceptual models in the context of:
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 applying Newton’s laws of motion and energy balances within systems such as a spring-mass-damper; and a flywheel;
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the analysis of stressed elements and systems such as a crane hook or cranked lever;
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the deflection of beam systems such as a geared shaft;
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the flow of water in pipes and the losses arising therefrom.

b)

The graduate has demonstrated the ability to use mathematics and computing skills to create determinable models by deriving appropriate constitutive equations and specifying appropriate boundary conditions in the context of:
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applying Newton’s laws of motion and energy balances within systems such as a spring-mass-damper; and a flywheel;
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the analysis of stressed elements and systems such as a crane hook or cranked lever;
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the deflection of beam systems such as a geared shaft;
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the flow of water in pipes and the losses arising therefrom.

c)

The graduate has demonstrated the ability to use industry standard software tools and platforms to set up determinable models using a CAD system (such as AUTOCAD) to create geometrical models of components and assemblies, and use a numerical analysis modeller (such as MatLab) to investigate natural modes of vibration using Eigenvalue analysis. This has been demonstrated in the context of the design and analysis of mechanical engineering systems equivalent in complexity to the benchmark project.

d)

The graduate has demonstrated the ability to recognise the value of determinable models of different complexity and the limitations of their application in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project, and has shown the ability to demonstrate how one conceptual model (such as a beam or shaft) can be described by a range of determinable models of differing complexity.

E2.2.4 Ability to use determinable models to obtain system specifications in terms of parametric values
a)

 

The graduate has demonstrated the ability to use mathematics and computing skills to manipulate and solve determinable models and to use data sheets in an appropriate way to supplement solutions in the context of:
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applying Newton’s laws of motion and energy balances within systems such as a spring-mass-damper; and a flywheel;
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the analysis of stressed elements and systems such as a crane hook or cranked lever;
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the deflection of beam systems such as a geared shaft;
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 the flow of water in pipes and the losses arising therefrom.

b)

The graduate has demonstrated the ability to use industry standard software platforms and tools to solve determinable models using a CAD system (such as AUTOCAD) to create geometrical models of components and assemblies, and use a numerical analysis modeller (such as MatLab) to investigate natural modes of vibration using Eigenvalue analysis. This has been demonstrated in the context of the design and analysis of mechanical engineering systems equivalent in complexity to the benchmark project.

c)

The graduate has demonstrated the ability to carry out a parametric sensitivity analysis (including, where appropriate, sensitivity in terms of performance and cost) in the context of:
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applying Newton’s laws of motion and energy balances within systems such as a spring-mass-damper; and a flywheel;
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 the analysis of stressed elements and systems such as a crane hook or cranked lever;
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the deflection of beam systems such as a geared shaft;
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the flow of water in pipes and the losses arising therefrom.

d)

The graduate has demonstrated the ability to critically assess the results and, if inadequate or invalid, improve the knowledge database by further reference to existing systems, and/or improve the performance of determinable models in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project.

E2.2.5 Ability to select optimum specifications and create physical models
a)

 

The graduate has demonstrated the ability to use objective functions and constraints to identify optimum specifications in the context of the design of a mechanical engineering system equivalent in complexity to a motorcycle gearbox.

b)

The graduate has demonstrated the ability to plan physical modelling studies, based on determinable modelling, in order to produce critical information, in the context of the development of model tests to support the design of systems such as a rocker arm of a mechanism, or the testing of a non-contacting dimension measuring system.

c)

The graduate has demonstrated the ability to test and collate results, feeding these back into determinable models, in the context of the development of model tests to support the design of systems such as a rocker arm of a mechanism, or the testing of a non-contacting dimension measuring system.

E2.2.6 Ability to apply the results from physical models to create real target systems
a)

 

The graduate has demonstrated the ability to write sufficiently detailed specifications of a mechanical engineering system controlled or operated during the course (such as a simple machine tool) including risk assessments and impact statements. 

b)

The graduate has demonstrated the ability to appreciate the range of production methods available in industry, and the need to write method statements for the production of a moderately complex component such as a vehicle gearbox casing.

c)

The graduate has demonstrated the ability to recognise the need to implement production and deliver products fit for purpose, in a timely and efficient manner, by drawing up a detailed production plan for a moderately complex piece of equipment (such as a domestic appliance), demonstrating the balance of resource input to overall production time.

d)

The graduate has demonstrated the ability to recognise the need to operate within all the relevant legislative frameworks in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project.

E2.2.7 Ability to review critically real target systems and personal performance
a)

 

The graduate has demonstrated the ability to test and evaluate real systems in service against specification and client needs and satisfaction level in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project (such as a small electric vehicle).

b)

 The graduate has demonstrated the ability to recognise and make critical judgements about related environmental, social, ethical and professional issues in the context of the design of mechanical engineering systems equivalent in complexity to the benchmark project, and the ability to select a compromise solution and check whether, with the value of hindsight, this compromise could have been improved.

c)

The graduate has demonstrated the ability to identify professional, technical and personal development requirements and to undertake appropriate training and independent research through successful completion of relevant taught units, through engagement with activities of a professional body such as the Institution of Mechanical Engineers, and through the completion of a research project within a particular area of mechanical engineering.

E3 Exemplar benchmarked abilities for manufacturing or manufacturing systems engineering
Manufacturing and manufacturing systems engineering courses generally draw their core curricula from mechanical and/or electrical programmes and to this end many of the abilities they demonstrate are similar. However these students are also given the opportunity to develop expertise in other areas associated with the design, implementation and management of systems associated with operation of small and large manufacturing organisations. Thus they will have associated with them a secondary or sub-set of benchmarks.

The following exemplars have been prepared by members of staff of the Manufacturing Systems Engineering Department of the University of Hertfordshire to illustrate this statement in the context of their BEng programme.  Each statement is an extension of the corresponding generic ‘Ability to’ statement in the format:

“The graduate has demonstrated the ability to do X in the context of Y or its equivalent. (X is the body of the ‘Ability to’ statement and Y is a discipline-specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.”
E3.2.2 Ability to transform existing systems into conceptual models
a)

 

The graduate has demonstrated an ability to produce a clear project brief from information supplied. This is carried out in the context of a stock control system for an SME producing light electronic products.

b)

The graduate has demonstrated an ability to make informed choices regarding solutions to a given problem. This is achieved through the recognition and understanding of appropriate stock control systems.

c)

The graduate has demonstrated the ability to produce a project specification for an effective and efficient solution for a system given the system requirements and a knowledge of existing systems. This will be achieved within the context of the aforementioned stock control system.

d)

 The graduate has developed an ability to write a risk assessment taking into account the social and environmental impacts, particularly the ergonomic factors , in the context of the design of the assembly process for a small electronic product.

e)

The graduate has developed an ability to experiment with manufacturing process parameters to gain an appreciation of their impact upon quality, surface finish and aesthetics. 

f)

The graduate has demonstrated an ability to appreciate the limitations of the accuracy of forecasting data and the impact it has on manufacturing resources.

g)

The graduate has demonstrated an ability to derive conceptual models of real target systems in the context of statistical process control, for example, by establishing upper and lower control limits for attributes and variables for a manufacturing process.

E3.2.3 Ability to transform conceptual models into determinable models
a)

 

The graduate has demonstrated the ability to construct determinable models through the establishment of equations of varying complexity defining the relationship between those variable affecting the assembly time of a small electronic product.

b)

The graduate has demonstrated an ability to use mathematics and computing skills in providing solutions to the throughput and bottlenecks associated with an assembly line for the production of a small electronic product.

c)

The graduate has demonstrated the ability to use standard industry software to set up determinable models in the context of the data exchange between CAD system (such as Microstation) and CAM (such as PEPS) industry standard software to develop a CNC part programme.

d)

The graduate has demonstrated an ability to recognise the value of determinable models of different complexity and the limitations of their application in the context of a shared networked information system against a manual information system.

E3.2.4 Ability to use determinable models to obtain system specifications in terms of parametric values
a)

 

The graduate has demonstrated the ability to use mathematics and computing skills to manipulate and solve determinable models and to use data sheets in an appropriate way through an understanding of the EOQ model and its application to establish minimum cost parameters.

b)

The graduate has demonstrated the ability to use standard industry software to solve determinable models through an understanding and application of stock control software such as Fourth Shift in the context of an SME manufacturing electronic products.

c)

The graduate has demonstrated an ability to carry out a parametric sensitivity analysis including performance and cost sensitivity in the context of:
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the impact of cycle times and set up times on manufacturing capacity;
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the analysis of a stock-control system;

[image: image46.png]



a ‘what if’ analysis using a CAM package such as PEPS.

d)

The graduate has demonstrated the ability to critically assess results and, if inadequate or invalid, improve the knowledge database by further reference to existing systems, and/or improving the performance of determinable models in the context of improving the selection of a stock control system for an SME producing electronic products.

E3.2.5 Ability to select optimum specifications and create physical models
a)

 

The graduate has demonstrated the ability to use objective functions and constraints to identify optimum specifications in the context of the design of a manufacturing database.

b)

The graduate has demonstrated the ability to plan physical modelling studies based on determinable modelling, in order to produce critical information to enable tests to be carried out to support the design of an assembly line for an electronic product.

c)

 The graduate has demonstrated an ability to test and collate results and to feed these back into determinable models to support the design of a scheduling system for an assembly line (as in (b) above).

E3.2.6 Ability to apply the results from physical models to create real target systems
a)

 

The graduate has demonstrated an ability to write detailed specifications for a software system equivalent to a logical model of a business operation.

b)

The graduate has demonstrated an ability to select production methods and to write method statements for a product equivalent to a motorised hoist.

c)

The graduate has demonstrated an ability to appreciate the need to implement production and deliver products fit for purpose, in a timely and efficient manner, by the identification of resources and the production of a production plan in the form of a Gannt chart for a moderately complex product such as an electric drill.

d)

The graduate has demonstrated an ability to operate within the relevant legislative frameworks in the context of the design of an assembly line for the production of a moderately complex electronic product.

E3.2.7 Ability to review critically real target systems and personal performance
a)

 

The graduate has demonstrated an ability to test and evaluate real systems in service against specification and client needs by performing BETA testing of an installed prototype of complexity equivalent to an Excel scheduling system.

b)

The graduate has demonstrated an ability to recognise and make critical judgements about related environmental, social, ethical and professional issues through the study and critical appraisal of a number of real-life case studies.

c)

The graduate has demonstrated an ability to identify professional, technical and personal development needs and undertake appropriate training and independent thought through the completion of integrated case studies and a final year individual project.

E4  Exemplar benchmarked abilities for electronic engineering graduates
The following list of exemplar benchmarked ‘Ability to’ statements has been devised by members of the Department of Electronics, University of York and School of Engineering, University of Northumbria. Each statement is an extension of the corresponding generic ‘Ability to’ statement in the format:

“The graduate has demonstrated the ability to do X in the context of Y or its equivalent. (X is the body of the ‘Ability to’ statement and Y is a discipline-specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.”
The benchmarked statements are intended to be illustrative examples to those who need to know the minimum capability of an electronic engineering graduate.

E4.2.2 Ability to transform existing systems into conceptual models
a)

 

 The graduate has demonstrated the ability to elicit and clarify client’s true needs in the context of an electronic circuit equivalent in complexity to an audio amplifier comprising ac and dc inputs, output and rudimentary controls or its equivalent.

b)

The graduate has demonstrated the ability to identify, classify and describe engineering systems through being aware of significant differences between different system technologies and be able to recognise, by inspection and analysis, the difference between an analogue and digital electronic circuit.

c)

The graduate has demonstrated the ability to define real target systems in terms of objective functions, performance specifications and other constraints (ie define the problem) in the context of an electronic system of complexity equivalent to an audio amplifier or digital circuit of complexity equivalent to a traffic light controller. The specification would be expected to contain the rudimentary elements but may contain inconsistencies and errors.

d)

The graduate has demonstrated the ability to take account of risk assessment, and social and environmental impacts, in the setting of constraints (including legal, and health and safety issues) by being aware of terminology only.

e)

The graduate has demonstrated the ability to select, review and experiment with existing engineering systems in order to obtain a database of knowledge and understanding that will contribute to the creation of specific real target systems in the context of a range of analogue and digital systems of complexity equivalent to an audio amplifier through guided investigative experiments and literature search. Little depth of critical analysis of information and some errors would be expected.

f)

The graduate has demonstrated the ability to resolve difficulties created by imperfect and incomplete information by recognising that the problem is incomplete.

g)

The graduate has demonstrated the ability to derive conceptual models of real target systems, identifying the key parameters in the context of an electronic system of complexity equivalent to an audio amplifier or digital circuit of complexity equivalent to a traffic light controller. The specification would be expected to contain the rudimentary elements but may contain inconsistencies and errors.

E4.2.3 Ability to transform conceptual models into determinable models
a)

 

The graduate has demonstrated the ability to construct determinable models over a range of complexity to suit a range of conceptual models in the context of the design of the small signal equivalent circuit of an analogue circuit with transistor plus required bias and inter-stage coupling components. Demonstrate this through the design of the Boolean expression for a combinatorial logic circuit comprising a few gates and flip flop/latches. Some errors in the design would be expected.

b)

The graduate has demonstrated the ability to use mathematics and computing skills to create determinable models by deriving appropriate constitutive equations and specifying appropriate boundary conditions in the context the creation of mathematical models for a basic modulation system requiring the application of the Fourier transform. Some errors in the model would be expected.

c)

The graduate has demonstrated the ability to use industry standard software tools and platforms to set up determinable models in the context of the creation of a PSPICE model for an analogue circuit of complexity equivalent to a single stage low frequency amplifier. Analysis would be expected to be limited to basic gain and frequency response.

d)

The graduate has demonstrated the ability to recognise the value of determinable models of different complexity and the limitations of their application in the context of the creation of a PSPICE model for an analogue circuit of complexity equivalent to a single stage low frequency amplifier in which there is little appreciation of limitations of the tool.

E4.2.4 Ability to use determinable models to obtain system specifications in terms of parametric values
a)

 

The graduate has demonstrated the ability to use mathematics and computing skills to manipulate and solve determinable models. Data sheets are used in an appropriate way to supplement solutions in the context of the design for a circuit of complexity equivalent to an audio power amplifier, by inserting numbers into given equations or by direct extraction of numbers from datasheets.

b)

The graduate has demonstrated the ability to use industry standard software platforms and tool to solve determinable models in the context of the creation of a PSPICE model of an analogue circuit of complexity equivalent to a single stage audio amplifier and using it to determine the gain of the circuit. This is demonstrated through the creation of a spreadsheet model to solve a mathematical problem equivalent in complexity to the addition of five sine wave signals with differing amplitude, frequency and phase and by showing the results graphically.

c)

The graduate has demonstrated the ability to carry out a parametric sensitivity analysis in the context of an awareness of the terminology.

d)

The graduate has demonstrated the ability to critically assess results and, if adequate or invalid, improve knowledge database by further reference to existing systems, and/or improve performance of determinable models in the context of an awareness of simple transistor characteristics and circuits with a few components. No critical review would be expected. The student may not realise that the results are invalid.

E4.2.5 Ability to select optimum specifications and create physical models
a)

 

The graduate has demonstrated the use of objective functions and constraints to identify optimum specifications through an awareness of the factors that influence design solutions, including the choice between analogue and digital circuit realisations, the impact of cost, reliability, design for the physical environment and design for production, in the context of design decision making. An example decision would be the ‘best’ approach to the design of a control system for traffic lights, where both an analogue and digital solution is possible, or decision of similar complexity.

b)

The graduate has demonstrated the ability to plan physical modelling studies, based on determinable modelling, in order to produce critical information in the context of the planning of the construction of a prototype and design of experiments for a circuit with possible evidence of lack of appreciation of the magnitude of some tasks and possible omission of steps. Lack of appreciation of the critical information required.

c)

The graduate has demonstrated the ability to test and collate results, feeding these back into determinable models in the context of the maintenance of a laboratory logbook to an acceptable standard for directed laboratory experiments. Little feedback of results into the determinable model would be expected without guidance.

E4.2.6 Ability to apply the results from physical models to create real target systems
a)

 

The graduate has demonstrated the ability to write sufficiently detailed specifications of real target systems, including risk assessments and impact statement in the context of the documentation of a rudimentary specification for a complete system of complexity equivalent to a simple communications system or the address decoding for a simple microprocessor or microcontroller circuit. Possible errors would be expected.

b)

The graduate has demonstrated the ability to select production methods and write method statements in the context of the definition of the approach to be followed to realise a product of complexity equivalent to an audio power amplifier or traffic light controller. Some inconsistencies and incompleteness in the method statement would be expected under laboratory conditions.

c)

The graduate has demonstrated the ability to implement production and deliver products fit for purpose, in a timely and efficient manner in the context of the creation of a, possibly incomplete in places and with limited functionality, product to a given deadline under laboratory conditions.

d)

The graduate has demonstrated the ability to operate within relevant legislative frameworks in the context of an awareness of a limited vocabulary of EMC, safety and liability requirements.

E4.2.7 Ability to review critically real target systems and personal performance
a)

The graduate has demonstrated the ability to test and evaluate real systems in service against specification and client needs in the context of the measurement and test of simple components and systems such as chips or simple circuits for basic functionality given detailed instructions on the testing and evaluation procedures.

b)

The graduate has demonstrated the ability to recognise and make critical judgements about related environmental, social, ethical and professional issues in the context of being aware of the need to take environmental, social, ethical and professional issues into account in electronic engineering activities; and by being aware of having a limited vocabulary of appropriate terminology but lacking awareness of solution methodologies.

c)

 The graduate has demonstrated the ability to identify professional, technical and personal development needs and undertake appropriate training and independent research in the context of recognising an information or knowledge shortfall and being able to use a library and Internet to find information to a limited depth possibly requiring help and guidance on knowledge shortfalls.

3. Project Rationale and Outcomes
3.1 Background
1997 was an eventful year for UK Engineering Higher Education. Not only did it see the publication of the report of the National Committee for Enquiry into Higher Education (the Dearing Report1) and the establishment of the Quality Assurance Agency (QAA) but also the publication of the Engineering Council’s Policy Document ‘Standards and Routes to Registration – 3rd Edition2’, more commonly known as SARTOR 3.

SARTOR 3 sets out the Engineering Council’s intentions regarding the criteria for future accreditation of engineering degree courses as providing the appropriate educational base for registration as an engineer. A feature of the criteria was the use of minimum engineering-course input standards defined in terms of A-level points scores.

EPC was convinced that the best graduates from UK engineering degree courses were, by any measure, as good as ever and compared favourably with the graduate engineers of our international competitors. However, it shared some of the Engineering Council’s concern regarding an increasingly  ‘long-tail’ of those graduating from engineering courses, usually with lower degree classifications, who proved to have relatively modest achievement and capability. That said, EPC was opposed in principle to the routine use of A-level scores at input to a degree course as a proxy for engineering ability and potential at the output.

Following its 1997 Annual Assembly, EPC expressed its views to Engineering Council in the following terms, which continue to represent EPC’s strongly-held view:

“The use of exemplar input standards currently expressed in terms of A-level points or equivalences at 24, 18 and 10 for 80% of the respective cohorts is accepted to provide a way forward in the short term, although the majority of the engineering academic community continues to have serious reservations about the utility of the approach or the scores actually prescribed. Your recognition of this residual concern about the continuing use of entry standards is central to EPC’s willingness to adopt the broad principles of SARTOR. It was re-emphasised that the profession should be measuring output standards and EPC is firmly of the view that work should be commenced immediately to achieve that end and should be completed within a period not exceeding five years. Hence the agreement to accept a phased increase in input standards is on the basis that we are confident that, by the time this would have been completed, we will have achieved our real objective of determining appropriate output standards. EPC will co-operate with others to work towards this objective.”
Concurrently, EPC had been aware of a growing and increasingly-articulated perception amongst some employers that the HE system was not producing enough engineering graduates with the skills and attributes they required. On the other hand, members of EPC Committee, through their work as examiners, accreditors and quality-auditors, believed that there continue to be many excellent engineering courses producing many good graduates who compare favourably with graduates from other disciplines and with engineering courses in other countries. 

Although many of the negative comments imputed to some industry and government bodies were not supported by evidence to show that this view was widespread and valid, EPC recognised that perceptions are frequently as important as the reality. It seemed likely that a contributory factor in the apparent contradiction was a mismatch between the expectations of graduate capability of employers on the one hand and HE on the other. In the absence of agreed engineering graduate output standards, resolution of this mismatch seemed problematical.

3.2  The EPC output standard project
To address the related issues of the Engineering Council’s educational requirements and the apparent mismatch of expectations, EPC decided to undertake a project to establish standards for engineering graduates at the output of their engineering degree course – the EPC Output Standard Project. EPC was well-placed to undertake the work, having actively pursued the raising of standards over a number of years through events and publications which aimed to promote discussion and good practice in engineering HE. Accordingly, in January 1998, EPC established the Output Standard project with the following aims agreed by its membership :
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To determine a basis by which objective definition of particular levels of knowledge, skills, understanding and know-how can be made within the general scope and diversity of engineering higher education.
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To identify an assessable set of generic elements which map on to defined and acceptable threshold levels of engineering attainment;
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To co-operate with other appropriate organisations including the Quality Assurance Agency, industry, the engineering institutions and other professional bodies and to take account of their work, where relevant;
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To clarify the key features of qualifications intended to meet  the educational requirements for potential Chartered Engineers and for potential Incorporated Engineers;
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To explore mechanisms whereby comparability of achievement across the sector can be assured.

The project was planned in two parts:
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Phase 1: to establish the background to and scope of the project in relation to its purposes and to make recommendations for further work;
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Phase 2: to implement recommendations and to trial project products in a number of pilot HEIs.

3.3 Phase 1
An EPC Output Standard Working Group was established to define the scope of the project under the Chairmanship of Professor Derek Spurgeon and comprising senior academics from a range of engineering disciplines and universities chosen for their experience in the delivery of engineering HE and the assessment of quality standards across the sector. Appendix B lists the membership of the Working Group. Following a comprehensive review of relevant literature (see below), the Working Group established the key principle which would inform all future work:

“The EPC Output Standard must define an expectation of the attributes of all engineering graduates.”
This principle was significantly conditioned by the need to respond to employers’ legitimate requests to know what they might reasonably expect of any engineering graduate emerging from UK HE. This question is not answered by the existing degree classification system which is essentially a norm-referenced ranking system which served the needs of large companies in an age of elite HE but is of less utility to SMEs and new employers of engineering graduates in the present mass HE system.

3.3.1 Guiding principles

From the key principle other subsidiary guiding principles were derived, namely that the EPC Standard:
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 is a threshold standard;
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applies to individuals not to courses;
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refers to expectations at the output of all engineering degree courses;
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 is therefore generic to all engineering disciplines;
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 includes Key Skills.

It is worthy of note that, even from this early stage, the Working Group was clear that the Standard should be flexible enough to embrace the valued diversity of UK engineering HE. There was (and is) no intention of defining a national curriculum – particularly since adoption of the EPC Standard would inevitably depend entirely on its voluntary acceptance by EPC members.

The inclusion of Key Skills as a guiding principle responded to the now overwhelming evidence that, no matter what other differences of view about desirable graduate attributes there may be, employers agree overwhelmingly on the need for graduates to have well-developed key skills – the better to respond to the changing demands of the work environment.

A further guiding principle was that, although the EPC Standard must be assessable to have any utility, assessment should not drive the process of defining the reasonable expectation of engineering graduates’ abilities. Rather, the process of determining the standards would be in the first instance de-coupled from issues of assessment, the latter being dealt with subsequently.

3.3.2 National examination

It would be possible to define a standard in terms of the ability to pass a national examination. However, it is doubtful both whether this would be perceived by employers as an adequate proxy for the abilities and ‘soft’ skills they expect to find in new graduates and whether such an examination could be drafted to encompass the whole range of disciplines under the umbrella of engineering. Furthermore, such an examination would de facto define a national curriculum constraining the diversity of HE engineering provision and reducing choice for both student and employer. Although there is a consensus against the use of such a national examination, there may still be a role for more-limited national tests with carefully-defined purposes. The possibility of further work in this area and on other assessment issues is foreshadowed in Section 3.6.7.

3.3.3 Skills, Knowledge and Understanding

The approach finally adopted was to attempt to identify the desirable attributes of all engineering graduates which would incorporate:
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Knowledge, understanding and its transfer to unfamiliar situations
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Key Skills required by all graduates irrespective of discipline
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Engineering-specific Skills, further categorised as:
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generic to all engineering
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specific to particular disciplines

The Working Group was aware of much of the large body of work by other organisations which attempted further and more-detailed definition in these and related categories and of the distinction EPC itself had recognised 21 between knowledge and know-how. However, at this stage, it believed that the limited categorisation was consistent with the work of many key organisations including SARTOR and that further disaggregation should not be attempted.

3.3.4 Most-valued Attributes

In an attempt to clarify further the desirable attributes of engineering graduates, EPC conducted a survey of its members: they were asked to rank a list of qualities, skills, capabilities and values in terms of those which the respondents themselves valued most highly in prospective engineers. Of the 33 attributes surveyed, respondents valued highly the following attributes, listed in rank order, and most claimed that they develop and assess them in their courses:

1

 Development of knowledge/understanding of subject content and range

2

Development of knowledge/understanding of the subject’s conceptual basis

3

Development of knowledge/understanding of the contexts in which the subject is used

4

Ability to think critically

5

Ability to think creatively

6

Ability to analyse

7

Ability to synthesise

8

Ability to understand and apply concepts

9

Investigative/research skills

10

Laboratory and workshop skills

11

Information processing skills

12

Design skills

13

Self-management and organisational skills

14

Self-presentation skills

15

Communication skills

16

Ability to work in a team

3.3.5 Recommendations emerging from Phase 1

The Working Group took the view that, regardless of whether these attributes were in fact being assessed and developed in all students, they provided a statement of HE’s aspirations for its engineering students which could form the basis for the development of the EPC Output Standard. During its deliberations, the Working Group had grappled with a number of desirable but elusive qualities such as adaptability, leadership and creativity which were difficult to define in the engineering context and even more difficult to develop and assess. It believed that current assessment methods were more effective in assessing knowledge and discipline-specific skills but, being closely tied to the curriculum, were rather poor at measuring understanding – particularly understanding beyond current practice or transfer of understanding to new situations. Therefore, although setting its face against a National Examination to test skills, knowledge and understanding, it wished to assess the feasibility of an examination to test ‘Transfer of Understanding’ which it believed, at the appropriate level, to be a key ability of all potential engineers. 
Additionally, the Working Group recognised that external examiners would be the key to ensuring that all engineering graduates met the Output Standard. They would therefore need support in assuring compliance and in placing greater emphasis on sampling performance at the level of the individual rather than at the level of the course.

Accordingly, the Working Group made a number of recommendations to EPC Committee which were also discussed at and supported by the EPC Annual Assembly in April 1998:

(a)

The EPC should seek to secure funding for the establishment of a pilot scheme involving a number of institutions representative of the broad range of courses available to establish:

(i)

the threshold output standards required,

and

(ii)

the feasibility of a final year ‘Transfer of Understanding’ test 

(b)

The test, which may be independent of discipline, should not be aligned to any specific syllabus and should test the ability of students to apply their understanding at threshold level through application to a problem(s).

(c)

 Scheme designers should ensure that students have met a threshold level of key and engineering-specific skills through a disaggregation of marks for course-work, project and other work. HEIs should be asked to define their own specific assessment procedures and metrics within broadly specified guidance.

(d)

The EPC should endeavour to encourage and to strengthen the external  examiner system

(e)

EPC should seek to open dialogue with all interested bodies with a view to making them aware of what is being undertaken and to seek their input, support and/or financial assistance.

3.4 Phase 2
Following the completion of Phase 1, the Output Standard Working Group (OSWG) was stood down and a smaller Output Standard Co-ordinating Group (OSCG) formed to oversee the wider range of interacting activities foreshadowed by the recommendations of the OSWG (see Appendix B for membership).

3.4.1 EPC Output Standard Advisory Group and the Funding Bodies

During Phase 1, consultation had been deliberately restricted to EPC Members representing the HE Sector as it was believed that standards pertaining to degrees should be owned by HE. Nevertheless it was well understood that whatever output standards emerged would need to be widely accepted by employers. Discussions were therefore opened with a group convened by the Engineering Employers Federation (EEF) under the Chairmanship of Graham McKenzie, its Director-General. This group (see Appendix B for membership) represented a wide range of stakeholder organisations and had come together to look at engineering output standards. It was agreed that the EEF group should be disbanded and re-formed as the EPC Output Standard Advisory Group (OSAG) with the following terms of reference:

“To provide advice and support for EPC’s work in relation to Output Standards for Engineering HE and to receive reports from EPC working groups including the Engineering Benchmarking Group”.
The reference to the Engineering Benchmarking Group reflected the intention at that time of the Quality Assurance Agency to set up a group to Benchmark engineering as part of its Subject Review procedures. It was envisaged that the EPC and QAA work would be complementary, with collaboration being signalled by the presence of the QAA Chief Executive on OSAG. In the event, although EPC was instrumental in drawing up membership of the QAA Benchmarking Group, collaboration has been very limited due partly to the need for QAA to respond on a very short timescale. EPC on the other hand has worked on a more protracted schedule dictated more by the need to promote ownership by all stakeholders of whatever standards emerge. 

At the first meeting of OSAG, the EEF, EMTA and Engineering Council agreed to provide funding to take the work forward against specific milestones, with the possibility of further contributions from DTI and DfEE. Work on the Transfer of Understanding Test and on external examiners was not regarded by the funding bodies as of sufficient priority to warrant funding and was deferred.

3.4.2 First Steps: the ‘Ability to...’ Statements

Drawing on the survey of most-valued attributes and earlier work by, amongst others, the Council for National Academic Awards (CNAA11), the Accreditation Board for Engineering & Technology (ABET25) and the Higher Education Quality Council (HEQC9) a list was drawn up of the essential attributes and capabilities which would define a reasonable expectation of all graduate engineers as a basis for the standard. Because the standard was to apply to all engineering disciplines it was essential that the list was also generic; and, partly for this reason, it was decided to base the list on the engineering design process which it was believed was fundamental to all engineering. Furthermore it was decided that expectations of engineering graduates were best conveyed in terms of what they could do rather than in terms of what they knew. 

The list was therefore drawn up as a number of statements of the graduate’s ability to perform certain tasks which it was believed were generic to all engineering disciplines. These were, and are, referred to as the ‘Ability to..’ statements (referred to as ‘A2’ statements, for brevity) and were 25 in number, (see Section 1, page 16 et seq) grouped under the following key A2 statements:

1

Ability to exercise Key Skills in the completion of engineering-related tasks at a level implied by the benchmark statements associated with the following statements;

2

Ability to transform Existing Systems into Conceptual Models;

3

Ability to transform Conceptual Models into Determinable Models;

4

Ability to use Determinable Models to obtain system Specifications in terms of parametric values;

5

Ability to select optimum Specifications and create Physical Models;

6

Ability to apply the results from Physical Models to create Real Target Systems;

7

Ability to critically review Real Target Systems and personal performance.

The A2 statements set out what all engineering graduates should be able to do and the intention is that graduates should be able to provide evidence of all 25 abilities to a greater or lesser extent – there are no options or choices.

The statements subsume the knowledge, skills and understanding necessary for the demonstration of each ability and which form an essential part of the engineering curriculum. Thus evidence of a particular ability implies evidence of associated skills, knowledge and understanding. 

Together with a set of associated definitions (see Section 1.3) the statements have been found to provide a common language which allows informed practitioners to exchange views about standards across the boundaries of the engineering disciplines, although it is acknowledged that the language is less accessible to the casual reader.

Whilst they provide a statement of the abilities expected of all engineering graduates, regardless of discipline area, the A2s in themselves do not constitute a standard: they lack an adequate indication of the level of the ability to be expected.

3.4.3 Issues of Level

To constitute a standard, the description of what abilities are expected must be accompanied by statements indicating the anticipated level of activity. The EPC generic A2 statements therefore needed some associated level descriptors if they were to define a standard. The Co-ordinating Group determined that level descriptors for the EPC Standard should:
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be at threshold level;
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be contextualised within the different engineering disciplines;
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reflect the consensual nature of HE standard-setting.

Although EPC intended the level descriptors to be at threshold level, it was anticipated that many engineering degree courses would expect to add extra value to the point where most students were able to perform at a level considerably higher than the threshold. It was believed that the methodology adopted to define threshold standards, once fully accepted, might be used to define higher levels of attainment by means of different level descriptors. At the same time it was recognised that by requiring a threshold performance in all A2s, the standard would place considerable demands on students at even quite modest threshold levels.

The Working Group took the view that standards in HE are generally best defined by well-established consensual processes involving peer appraisal, comparison and review. It therefore decided that although the A2 statements are generic, the associated level should be conveyed by means of discipline-specific benchmark statements which, in due course, would command a consensus across the discipline about an appropriate level of activity to be associated with each generic A2 statement. It was always understood and it is important to articulate that the discipline-specific benchmarks can only evolve through a gradual process of peer review, consultation and refinement. Furthermore, it would be open to any HE provider to devise its own benchmarks, at threshold or any other level, to illustrate to interested parties the relationship between its own benchmarked provision and the EPC Output Standard.

3.5  The EPC Output Standard Pilot Programme
Having established a measure of support for the generic A2 Statements from its members (all UK HE engineering departments), the Advisory Group and others (see Appendix B), through a variety of consultative processes, EPC decided to set up a Pilot Project involving seven university engineering departments (Appendix B), representing a spread of geographical and discipline interests, with the following purposes:
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to test whether the generic A2 statements could be readily applied to the output of existing engineering courses;
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to test whether the language of the A2s facilitated discussion across discipline boundaries;
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to identify omissions and desirable changes in the A2s;
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to devise illustrative examples of threshold benchmark statements for the main engineering disciplines.

Subsidiary purposes were:
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to seek views on the desirable relationship between EPC Output Standard and other national standards relevant to engineering:
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the QCA National Key Skills standards
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the OSCEng/CISC Occupational Standards
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to identify and resolve any conflict between the EPC Output Standard methodology and the emerging QAA Programme Specification procedures;
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to seek the views on the EPC standards of members of the Pilot HEI’s Industry Liaison Boards.

3.5.1 Pilot HEI meetings

The Pilot Programme started in November 1999 and concluded in June 2000. There were three meetings of Pilot HEIs during this time:
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A mobilisation meeting – to establish background and rationale and to define tasks;
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A calibration meeting – to exchange views, compare progress and redirect effort;
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A reporting meeting – to review progress, share conclusions and agree outcomes.

Between meetings Pilot HEIs were encouraged to exchange views by e-mail and monitoring and support visits were made by OSCG members.

3.5.2 Consultation

EPC has recognised from the start that the adoption of its Output Standard will rely entirely on achieving widespread consensus and recognition of its utility, initially within HE and ultimately amongst other stakeholders. It has therefore consulted as widely as possible during the project through a variety of mechanisms:
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Presentations to and discussion with : 

[image: image80.png]



EPC Representative Members events 
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EPC Annual Congress
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University of Glamorgan Workshop for Engineering Departments
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Consultative Workshop for Engineering Departments at IEE
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DABCE
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PHEE Course Leaders’ Conference
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OSCEng/Edexcel Seminar
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ACED
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IChemE
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Regular reports to and advice from the Output Standard Advisory Group
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Employer Focus Groups
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Workshops for HE staff with course responsibilities for:
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Programme Specification and Benchmarking
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Key Skills and Output Standards

The workshops were well-attended by senior HE staff and significantly informed the EPC position on Key Skills and Programme Specification  which is outlined below. 

3.6 Outcomes
3.6.1 The EPC Output standard

A Standard has been produced (Section 1) which defines what every graduate from a UK engineering degree course can reasonably be expected to be able to do. It is a threshold standard against which individuals can be measured, which sets out a modest but guaranteed minimum level of attainment to be associated with all holders of engineering degrees from UK universities.

The Standard does not explicitly define the HE engineering curriculum. Course providers working to the standard will deliver the necessary skills, knowledge and understanding in a variety of ways best-suited to the stated intentions of the course and the preferences and expertise of staff. Many course providers will have aspirations for their students which transcend the threshold standard and it is believed that the Standard provides a framework which could easily encompass additional statements defining a more-demanding level of expected achievement.

The Standard is in two parts:

1

A generic framework of ‘Ability to...’ statements (the ‘A2’ statements) applicable across a range of engineering disciplines;

2

Exemplar benchmarks specific to each engineering discipline.

The Pilot Project has demonstrated that the A2 framework is applicable to mechanical, manufacturing, electronic and civil engineering disciplines and it is believed that, in due course, it will also prove to be appropriate to most if not all other engineering disciplines.

The benchmark statements serve to illustrate the generic A2 statements in the context of particular disciplines and are an indicator of the threshold level of ability expected. The benchmarks provided in this document are purely illustrative: they do not have a common format, nor do they necessarily represent the same level of ability across the different engineering disciplines. The intention is that the HE engineering sector, in consultation with other stakeholders, should refine and develop the benchmarks by the normal processes of peer review to the point where there is a consensus that the benchmarks:
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are representative of the expected threshold level within disciplines;
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represent comparable levels across disciplines.

It is acknowledged that the language used for the ‘Ability to’ statements is dense and not easily comprehensible to a casual reader – but nor are most standards in regular use by industry. To ensure that the statements are generic and therefore apply to all engineering disciplines, it has been necessary to use certain common words in a restricted and technical sense. Where this is the case, definitions have been provided and, in all other cases, words are used according to their definition in the Oxford English Dictionary. The association of the discipline-specific benchmarks with each ‘Ability to’ statement is believed to provide a means of illustrating their meaning within the context of the discipline as well as of the level at which they should be interpreted.

3.6.2 Feedback from pilot groups and employer focus groups

Both groups agreed that the Standard provided a useful framework for the communication of expectations about engineering graduates. Employers believed that it would prove useful both in the initial contact with prospective employees but also in reviewing ongoing career development and performance review. Although ‘difficult’ and not immediately accessible to the casual reader, the language provided an efficient and effective means of communicating between informed practitioners within and across a variety of engineering disciplines.

Employers emphasised the value they placed on work experience as a graduate attribute. They accepted that work experience could not be an explicit part of the EPC Standard because of the variability of the experience itself and of the outcomes and because of the difficulty of providing appropriate experience for every engineering graduate. Employers agreed that industry had a key role to play in the wider provision of good-quality industrial experience.

3.6.3 Key Skills

All university engineering degree programmes provide opportunities to exercise and develop Key Skills. The extent to which these opportunities lead to valid and documented evidence of student key skills achievement varies from department to department, as does the methodology for providing such evidence.

The EPC Engineering Output Standard incorporates Key Skills by inclusion of the key ability statement 

 ‘Ability to exercise Key Skills in the completion of engineering-related tasks at a level implied by the benchmark statements’.
Thus there is no explicit standard for Key Skills; only a standard implied by the benchmark statements.

National Key Skills Standards 6,7 have been produced by QCA and although these are designed to address the personal development needs of all members of society rather than those particular to engineering graduates, it is to these standards which stakeholders external to HE will refer. The intention is therefore that, as engineering benchmarks are refined by the process of peer review, a parallel process should define the EPC Standard key-skills abilities and benchmarks by direct reference to the QCA National Key Skills Standards. 

It is not intended that universities should assess or certificate key skills according to QCA procedures although that would be an option open to individual universities and courses. Units are available at Levels 1–4 in each of the following Key Skill areas:
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Communication
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Application of Number
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Information Technology
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Working with Others
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Improving own Learning and Performance
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Problem Solving

The structure of the units has similarities with the EPC Output Standard approach, in so far as the key ability to be demonstrated is defined with level then established by reference to supporting illustrative examples of knowledge and activities.

The Levels are defined substantially in terms of the complexity of the activities to be undertaken and the degree of personal autonomy demonstrated by the candidate. They are only marginally related to differences in the knowledge underpinning application of the skill.

Scrutiny of the QCA Level indicators and consultations have led to the conclusion that QCA Level 3 Key Skills Units reflect a reasonable expectation for engineering graduates of even the most modest ability and EPC expects that the threshold level for key skills will ultimately be established at around this level.

An exception to this is in Application of Number. The practice of engineering demands not only total numeracy but fluency in the use of mathematics as a symbolic language and an analytical and evaluative approach to its application. These are the attributes associated with Level 4 and it is believed that all engineering students must therefore be required to meet the Level 4 in Application of Number even if they are unable to perform beyond Level 3 in other skills. 

Many would argue that Level 4, with its emphasis on autonomous behaviour, strategic thinking, planning based on rational analysis or testable hypothesis, mature responsibility for own actions with objective monitoring, review and evaluation is what HE would aspire to be demonstrable in graduates emerging from engineering degree courses. It is certainly what prospective employers wish for. However, although many of HE’s better students can and do exhibit and apply these attributes and abilities at Level 4, it is believed that it is unrealistic to expect this level of Key Skills performance from all students meeting the Standard at threshold level.

Individual university departments and accrediting bodies may consider that an appropriate target for good honours engineering students might be that equivalent to QCA Key Skills at Level 4 in all six Key Skills. However, in many engineering departments, such a target would require substantial additional resources to ensure adequate staff training and the cost-effective generation of the necessary evidence, even if the latter was to meet internal rather than external (QCA) assessment requirements. Courses which incorporate substantial periods of work-experience and/or work-based learning are more likely to be able to work to a standard equivalent to QCA Key Skills Level 4 without excessive additional resource implications.

EPC Standard benchmarks for key skills will reference the QCA National Key Skills Standards at the appropriate level. Establishment of this level will require peer agreement about the degree of student autonomy and the extent of self-reflective evaluation to be incorporated in key skills learning because these are factors which critically affect level in the QCA Units.

3.6.4 Professional and Occupational Standards

The EPC Standard is intended primarily to reflect educational achievement following an engineering degree course. Nevertheless, engineering is a vocational discipline and it is not unreasonable to expect that engineering degree qualifications and output standards should refer to and interface with nationally-recognised professional and occupational engineering standards. Those engineering graduates who aspire to pursue careers as practising engineers will expect, quite reasonably, that their degree qualification will provide substantial credit towards relevant professional and vocational qualifications.

As yet, there are no explicit standards for degrees providing the academic foundation leading to membership of the Engineering Institutions. Rather, standards are implied by the Engineering Council examinations and by professional-body accreditation criteria which set out desirable characteristics of educational processes. Qualifications obtained as a result of accredited processes are deemed by Institutions to stand as an adequate proxy for their educational requirements for professional membership.

The Occupational Standards Council for Engineering (OSCEng), on the other hand, has developed a set of explicit Engineering Occupational Standards3 which apply to a broad range of engineering endeavour at the higher level appropriate to a practising engineer. The standards incorporate eight principal areas:
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Develop engineering products or processes
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Produce engineering products or processes
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Install engineering products or processes
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Operate engineering products or processes
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Maintain engineering products or processes

[image: image107.png]



Improve the quality and safety of engineering products or processes
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Plan, implement and manage engineering projects
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Develop own engineering competence

Each of these is made up of a number of units of competence comprising statements of ‘What you must be able to do’ backed up by statements of necessary specific and underpinning knowledge and key words intended to define the scope of the element.

The competence units are intended, amongst other applications, to provide the basis for a variety of high-level vocational qualifications relevant to a wide range of engineering occupations. These will generally require specific knowledge and know-how which is best learned experientially whilst working in the chosen occupation. However, it is reasonable to expect that  this experiential learning will build on underpinning knowledge and skills acquired through study for an engineering degree. Furthermore, evidence of occupational competence in some areas will be provided by engineering degrees which meet the EPC Output Standard. All engineering graduates should be able to obtain credit for their degree learning and abilities against occupational qualifications.

A mapping of the OSCEng Units of Competence onto the EPC Output Standard was undertaken to promote a better understanding of the relationship between the educational and occupational standards. At the higher levels of generality, many of the overarching competence-element statements appear to present a reasonable match to the EPC A2s. The exception is in Installation and Maintenance functions which are not explicitly addressed to any significant extent in the EPC A2s. Despite the separate and distinctive purposes of the two sets of standards, there is nevertheless a significant degree of common ground, from which it is possible to infer that engineering degree qualifications relate well to the specific requirements in employment of many engineering occupational areas.

Both sets of standards are generic to engineering; are couched in terms of what an individual can do; and are binary, in so far as they are either achieved or not achieved. Where a qualification is defined in terms of either EPC A2s or OSCEng competence units, the expectation is that all the statements/units should be satisfied. The issue then arises as to the level or scope of the ability/competence which is appropriate to each. Statements of ability or competence cannot define standards without some associated indication, either explicit or implicit, about level or scope.

The EPC Output Standard attempts to define the required level associated with the generic A2s by means of illustrative or exemplar benchmark statements contextualised within each major engineering discipline, which give an indication of what, typically, an individual might be expected to do to demonstrate the required ability.

The OSCEng Standards indicate level/scope of units by more-detailed statements of what the individual must do, by detailing the occupation-specific knowledge and underpinning knowledge needed and by associating key words to imply scope.

It is worth noting that neither set of standards defines level: rather it is implied or illustrated by supporting statements (the benchmarks in the case of the EPC Standard). Given the different purposes of the two sets of standards, it is not surprising that the indicators of level differ considerably. The OSCEng level-indicators refer to detailed and occupationally-specific tasks and to specific knowledge/know-how which is frequently experiential and contextualised exclusively within the workplace. The EPC level-indicators refer to activities which are often designed to illustrate principles, develop understanding, exercise skills and promote attitudes within the context of engineering but apply equally to individuals who may not pursue a career in engineering.

In both cases, the standards are expressed in terms of what the individual must be able to do but there are key differences in the expectations regarding knowledge. The EPC Standard implies, through the benchmarking statements, the importance of a sound underpinning knowledge and understanding of scientific and engineering principles and the ability to transfer and adapt these to novel situations. Knowledge specific to occupational roles will inevitably be acquired during an engineering degree but this will be illustrative and can not be targeted to the career needs of engineering graduates which are often unknown. Knowledge specific to particular occupational roles does not form part of the EPC Standard. On the other hand, the OSCEng standards emphasise occupationally-specific knowledge and its application in the workplace to particular tasks, with a correspondingly reduced emphasis on general engineering and scientific principles.

A much more superficial analysis of CISC Standards suggests that the above comments apply equally to the relationship between CISC Standards and the EPC Standard in relation to Construction and Civil Engineering.

There is sufficient correspondence between the EPC Engineering Degree Output Standard and OSCEng and CISC Occupational Standards to support the view that, except in relation to Installation and Maintenance (OSCEng), graduates from engineering degree programmes which meet the EPC standard will be well-prepared for a career in most engineering occupations and to obtain credit against qualifications based on the OSCEng/CISC standards.

3.6.5 Relationship between EPC and QAA Standards

Following a recommendation from the National Committee of Enquiry into Higher Education, the Quality Assurance Agency (QAA) has completed an exercise to produce “generic benchmarked statements which represent general expectations about standards for the award of honours degrees in engineering” and these statements have now been published27. The QAA proposes that “In due course, but not before July 2003, the statements will be revised to reflect developments in the subject and the experiences of institutions and academic reviewers who are working with it”.

The objectives of the QAA exercise, and the approach, coincide closely with those of the EPC. Both recognise the need for Output Standards by academia, professional bodies, students and employers. Both have started by attempting to define Engineering, and the resulting definitions are similar. Both have come up with a list of generic ‘Ability to’ statements.

One of the expectations of QAA is that the learning outcomes articulated in the Programme Specifications that QAA now requires from course providers should relate to the QAA benchmarking statements. As a result, the QAA benchmark statements have been developed through a process of determining criteria for content of engineering degree programmes, derived in turn from expectations of the capabilities graduate engineers. Nevertheless, the benchmark statements are couched in terms of the performance of the individual graduate and it is expected that every graduate will meet the threshold requirement.

The QAA criteria are assembled in six groups under the programme element headings of Mathematics, Science, Information Technology, Design, Business Context and Engineering Practice, each of which is expanded under the four Programme Specification sub-headings of Knowledge and Understanding, Intellectual Abilities, Practical Skills and General Transferable Skills. The QAA statements are presented at three levels in the expectation that programme providers will specify from them the threshold attainment required for their particular award.

The EPC criteria or ‘Ability to’ statements focus on graduate ability. These abilities are assembled in seven groups as set out in Section 1. The first covers Key Skills equivalent to the QAA General Transferable Skills. The remaining six sections are set out in the context of Engineering Design and Manufacture, and contain statements which cover the QAA criteria that relate to elements of programme content such as mathematics. However the EPC statements do this in terms of the outcomes from the programme elements that emerge as integrated engineering abilities.

The EPC model concentrates on articulating a minimum level of attainment of an individual graduate from any engineering programme, providing employers in particular with a clear indication of the threshold abilities to be expected of all engineering graduates. The expectation is that providers of courses, whether for CEng or IEng aspirants, will generate benchmarks which illustrate how their particular programmes will meet the EPC Standard as defined by the ‘Ability to’ statements. The methodology holds out the prospect that, in due course, processes of peer review involving all stakeholders may eventually generate benchmarks which are widely agreed as definitive. These would initially relate to the threshold level but could ultimately be generated to exemplify higher levels.

EPC recognises that the two approaches are complementary and that there will be benefits to all concerned from convergence and consistency as the strengths and weaknesses of each approach emerge over time.

3.6.6 Programme specification 

Programme specification forms part of the process of Academic Review. As defined by the QAA26 

“Programme Specification sets out:
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the intended learning outcomes of the programme; 
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the teaching and learning methods that enable learners to achieve these outcomes and the assessment methods used to demonstrate their achievement;

[image: image112.png]



the relationship of the programme and its study elements to the qualifications framework.

Programme Specifications provide information to a range of stakeholders, including students, prospective students and employers. They also promote a professional dialogue within teaching teams and subject communities about how these outcomes are represented in academic standards and how teaching and assessment strategies enable outcomes to be achieved and demonstrated.”

Heretofore, the academic standards underpinning quality assurance processes have been implicit and diverse when viewed across the HE engineering sector, contributing to the problems of expectation mismatch referred to earlier.

The EPC Output Standard provides an explicit and generic framework around which benchmarks specific to each discipline can be agreed by peer processes. If generally accepted, the effect of the framework and benchmarks will be to encourage and support greater clarity and explicitness of learning intent, expressed in terms of learning outcomes, within engineering degree programmes. The result will be a stronger Programme Specification with clear objectives that will be more-widely understood by all stakeholders.

Whilst preserving and encouraging diversity of engineering programmes, adherence to the overarching framework of generic abilities will :
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make it clear to students, employers and other stakeholders what graduates can and are expected to achieve by following a programme;
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enable the planning of specific teaching strategies to deliver the abilities within a discipline context;
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lead to clarity in assessment methodology and to greater efficiencies in this area.

Feedback from pilot HEIs and from a workshop indicate that the EPC Output Standard is compatible with Programme Specification and that the EPC Standard could be introduced without major restructuring of existing programme arrangements.

3.6.7 Assessment

Standards and the evidencing of their achievement can not be totally separated; standards have no utility if their achievement can not be validly measured. In developing its Standard, EPC deliberately decoupled standards definition from detailed consideration of appropriate assessment strategies but has ensured that the process continued to be informed by general considerations of assessment practice. Some of the more-important considerations of principle are outlined below.

QAA Programme Specification requires that not only are learning intentions declared, but that appropriate assessment strategies intended to demonstrate their achievement are defined. Thus, if learning outcomes of a programme were adjusted to be consistent with the EPC Standard there would not necessarily be any de facto increase in the total amount of assessment associated with the programme.

However, the essence of the EPC Standard is that it defines a threshold of what all graduates can do. It is an inclusive standard which defines a guaranteed minimum performance ability. It follows that any assessment of graduates’ ability to meet the standard at the benchmarked level must provide satisfactory evidence of all the abilities; that is, compensation would not be applicable.

Furthermore, evidence would be required of the abilities themselves, rather than of the skills, knowledge and understanding which support the abilities. Skills, knowledge and understanding would no doubt continue to feature in the programme learning outcomes but the extent to which these could validly stand proxy for the abilities of the EPC Standard would require consideration by course designers.

Key Skills are one of the EPC Standard key abilities. The capability (and willingness) of staff to develop and validly assess key skills in the context of engineering varies greatly across the sector. There is an issue about the extent to which staff can be trained to fulfil these functions within existing resource constraints.

Many of the abilities to be assessed will be developed at the benchmark level towards the end of the programme of study and will be demonstrated most obviously in project work. However concentration of assessment into the final year may be inappropriate for both pedagogical and administrative reasons.

Finally, EPC is still of the view that the development and assessment of ‘Transfer of Understanding’ is an important issue relevant to defining and grading engineering competence. The development of some form of stand-alone assessment to address this issue may require further consideration.

It has not proved possible to satisfactorily address these important assessment issues as part of the present project. EPC intends to seek funding to develop ideas on assessment as a matter of some urgency so as to be in a position to support its members in implementing the EPC Standard.

3.6.8 IEng and CEng

Preliminary results of a pilot study with Coventry University suggest that the generic A2 statements are equally appropriate to graduates emerging from engineering degree courses designed specifically for those aspiring to IEng status. It is expected that the different emphasis and/or level defining the expectation of such graduates will be expressed by another set of benchmark statements specific to IEng students in a range of disciplines.
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Appendix A
Pilot Programme Briefing
The following tasks and questions were set for the university departments taking part in the pilot programme. The outcome of the tasks and the answers to the questions form the basis of the reports from the departments.

Tasks
1

The EPC model is expressed in generic terms and may need to be adjusted so that it can be applied to your specific engineering discipline. Identify those generic ‘Ability to’ statements that do not suit your discipline area and adjust them so that they do, whilst remaining generic.

2

Produce a set of benchmark statements, contextualised within your specific discipline area to go with your adjusted list of ‘Ability to’ statements. 
 Note. The EPC suggested format for a benchmark statement is as follows. The graduate has demonstrated the ability to do X in the context of Y or its equivalent. [Y is a discipline specific engineering system with a level of complexity, in terms of the required skill, knowledge and understanding, that is widely understood within the discipline.]

3

Discuss the EPC model with your Board of Industrial Advisers. Obtain their views on the adaquacy of your list of benchmarked abilities as a description of the output standard of graduates in your discipline area.

4

Review the OSCEng/CISC Standards in the context of your own discipline and their linkage with the EPC model.

5

Review the QAA model of programme specification in the context of the EPC model.

Questions
6

Do you think that the EPC model is sufficiently generic to include your discipline area? If not, please indicate how it needs to be improved. 

7

 Is the number of statements in the list of translated Ability to statements that you have produced about right, or would you prefer more or less?

8

Does the list of benchmarked Ability to statements suit the output standard profile of all of your current graduates? 

If not please derive a list of benchmarked Ability to statements suitable for all of your graduates bearing in mind that they need to meet the following conditions:
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they need to relate back to the generic statements
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they need to be benchmarked
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they need to be assessed

12

 Does the programme that your graduates currently undertake deliver the benchmarked abilities that you have derived?

If not, what modifications would you need to make in order for it to do so?

13

Is the specification of your programme explicit in terms of the benchmarked abilities?

If not, how would you need to modify it so that it was?

14

Do you see any areas of conflict between the QAA model of programme specification and the programme specification required to support the EPC model for output standards?

If so, what are they?

15

Do all of your graduates meet all of the benchmarked ability criteria?

If not, do you think that they should?

16

Does your Board of Industrial Advisers think that your list of benchmarked abilities represents an adequate description of the output standard of graduates in your discipline area?

If not, why not?

17

Do your current assessment procedures adequately cover the assessment of the levels of skills, knowledge and understanding for the benchmarked abilities that you have derived?

 If not, what modifications would be required for them to do so? Would these amendments increase the burden of assessment, or make it more effective?

18

Do you have or know of any methods of assessment that are particularly relevant?

If so, what are they?

19

Do your current delivery methods adequately cover the delivery of the benchmarked abilities that you have derived?

If not, what modifications would be required for them to do so?

20

Do your current quality assurance procedures adequately cover the quality assurance of the benchmarked abilities that you have derived?

If not, what modifications would be required for them to do so?

21

The attainment of Key Skills is regarded to be an implicit co-requisite for attaining all benchmarked abilities satisfactorily. Is this assumption clear? Are there any aspects of your programme in the areas of specification, delivery or assessment that you would need to change to meet this requirement?

If so, would you have any difficulty in making these changes?

22

Do you see any areas of conflict between the OSCEng/CISC Standards and the EPC model?

Appendix B
Project administration
B1 Administrative Background
B1.1 The project

EPC established the Output Standards project in January 1998 with the sanction of EPC Committee and the support of Representative Members following their meeting in November 1997.

The project was planned in two parts:

[image: image119.png]



Phase 1: to establish the background to and scope of the project in relation to its purposes and to make recommendations for further work;
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Phase 2: to implement recommendations and to trial project products in a number of Pilot HEIs.

Responsibility for the project lay with the EPC Committee, reporting to EPC members at the annual Representative Members Meeting in November and EPC Congress in April.

B1.2 Output Standards Working Group

An Output Standards Working Group (OSWG) was established in January 1998.

B1.2.1 Terms of Reference
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To determine a basis by which objective definition of particular levels of knowledge, skills, understanding and know-how can be made within the general scope and diversity of engineering higher education.
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To identify an assessable set of generic elements which map on to defined and acceptable threshold levels of engineering attainment.
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 To co-operate with other appropriate organisations including the Quality Assurance Agency, industry, the engineering institutions and other professional bodies and to take account of their work, where relevant.
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To clarify the key features of qualifications intended to meet  the educational requirements for potential Chartered Engineers and for potential Incorporated Engineers.
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To explore mechanisms whereby comparability of achievement across the sector can be assured.

B1.2.2 OSWG Membership

Professor Derek Spurgeon (Chair)

 

Hertfordshire

 

Manufacturing

Professor Howard Wright

StrathclydE

Civil

Professor Alex Brown

Shrivenham

Mechanical

Professor Barry Plumb

Manchester

Met Electrical

Professor Fred Maillardet

Brighton

Mechanical

Professor Mike Streat

Loughborough

Chemical

Professor Richard Carter

Lancaster

Electronic

Professor Jim White

Southampton

Civil

Professor Alan Bramley

Bath

Manufacturing

Professor David Bonner

Hertfordshire

Civil

Secretariat
Tim Whiteley

(Project Officer)

Electrical

B1.2.3 Report

The OSWG provided a written and oral report on Phase 1 of the project to the EPC Congress on 8 April 1998. The report included recommendations for work under Phase 2 of the project.

B1.3 Output Standards Co-ordinating Group

An Output Standards Co-ordinating Group (OSCG) was established to oversee and co-ordinate the detailed work of Phase 2 of the project.

B1.3.1 Terms of Reference

As for OSWG.

B1.3.2 OSCG Membership

Professor Derek Spurgeon (Chair)

 

Hertfordshire

 

Manufacturing

Professor Alex Brown

Shrivenham

Mechanical

Professor Fred Maillardet

Brighton

Mechanical

Professor Jim White

Southampton

Civil

Professor Phil Mars

Durham

Electrical/Electronic

Professor David Woollons

Exeter

Electrical/Electronic

Secretariat
Tim Whiteley

(Project Officer)

Electrical/Electronic

B1.3.3 Report

OSCG has made regular and frequent progress reports on Phase 2 to EPC Committee and has reported to EPC Members at the Representative Members’ meeting in November 1999 and to EPC Congress in April 1999 and April 2000. The present document is the final Project Report to EPC Committee and to those organisations who have provided funding.

B1.4 Output Standards Advisory Group

The EPC Output Standards Advisory Group emerged from a group convened by EEF to promote output standards for engineering. It first met on 26 February 1999 and five times subsequently.

B1.4.1 Terms of Reference

To provide advice and support for EPC’s work in relation to Output Standards for Engineering HE and to receive reports from EPC working groups including the Engineering Benchmarking Group.

B1.4.2 OSAG Membership

Graham Mackenzie (Chair to 29/06/99 )

 

EEF

Andrew Ramsay (Chair 29/06/99 to 22/09/00 )

Engineering Council

Ann Bailey/David Giachardi 

EEF

Peter Wason 

IIE

Roger Coyle/Richard Smith

QCA

Sheila Hoile

TOPIC

John Randall/ Sarah Clark/Ruth Howkins

QAA

Kel Fidler/ Michael Corcoran

DABCE

Frank Brogan/Dick Evans

FE Sector

Michael Sanderson (Chair from 22/09/00 ) 

EMTA

Sue Peacock

EMTA

Clive Whitbourn

ICI

Vince Harris

CIA

Alan Osborne/David Cracknell

CISC

Tim Feest

OSCEng

David Pollard 

University of Surrey and Chair of QAA Engineering Benchmarking Group

Tony Kesten/Nick Morgan

DTI

Leigh Hackell/Felicity Winter

DfEE

Richard Haryott

Professional Bodies

Professor B Plumb

EPC

Tim Whiteley

EPC

Professor Spurgeon

EPC

B1.5 Funding

The cost of Phase 1 of the Project was born by the EPC. Subsequently funding for Phase 2 was provided by the following organisations (which are members of the advisory group):

Engineering Employers Federation (EEF) 
Engineering & Marine Training Association (EMTA) 
Engineering Council (EC) 
Department for Education and Employment (DfEE) 
Department for Trade & Industry (DTI)

B1.5.1 Budget

The total budget for the project was £155k of which £75k was provided in cash from the funding organisations. The bulk of the difference represents contributions ‘in-kind’ including staff time and travel from EPC, HEIs and employer organisations.

B1.5.2 Accommodation

The Royal Academy of Engineering made a generous contribution of meeting rooms and facilities in support of the project.

B1.6 Pilot HEIs

Nine Universities participated in the Pilot Project in Phase 2, each associated with a particular engineering discipline. The establishments, individuals and disciplines involved were:

Hertfordshire

 

Petros Khoudian

 

Manufacturing

Hertfordshire

Ray Wilson

Manufacturing

Portsmouth

John Foster

Mechanical

Southampton

Stuart Moy

Civil

Warwick

Alan Cartwright

Mechanical

Bristol

David Muir Wood

Civil

York

Tony Ward

Electronic

Sussex

Eddie Powner

Mechanical

Northumbria

Dave Smith/Alistair Sambell 

Electrical/Electronic

Coventry 

Peter White

IEng

The individuals named took the lead in the Pilot work, attending three full-day meetings and co-ordinating the work of colleagues within their own institution. Each Pilot HEI was tasked, in the context of its own engineering programmes, to address a number of questions (see Appendix A) relating to the applicability of the A2s, assessment of key skills, relationship with OSCEng Standards and Key Skills Standards, views of Industrial Liaison Panels and to devise exemplar benchmark statements for the discipline, illustrating threshold level.

B1.7 Universities participating in workshops and other consultative events

Throughout the project the views of all UK University Engineering Departments were actively sought through the Representative Member network of the Engineering Professors’ Council and the EPC National Congresses. The following universities participated in one or more workshops and consultative events during the course of the project:

Anglia

 

Dundee

 

Loughbough

 

Salford

Aston

Durham

Manchester

Sheffield

Bath

Essex

Middlesex

South Bank

Birmingham

Exeter

Newcastle

Southampton

Bradford

Glamorgan

North London

Staffordshire

Brighton

Glasgow

Northumbria

Strathclyde

Bristol

Greenwich

Nottingham

Surrey

Brunel

Herfordshire

Open Unversity

Sussex

Cardiff

Humberside

Oxford Brookes

Swansea IHE

Central Lancs

King's College London

Paisley

West of England

Coventry

Kingston

Plymouth

York

Cranfield

Lancaster

Portsmouth

de Montfort

Leeds Metropolitan

Queen Mary and Westfield

Derby

Liverpool

Reading

B1.8 Events Log

B1.8.1 Events Log: Phase 1

14/11/97

 

Representative Members meeting sanctioned OS Project

05/12/97

OSWG Terms of Reference agreed

08/12/97

Prof. D Spurgeon appointed to Chair OSWG

09/01/98

OS Planning Meeting

23/01/98

OS Working Group Meeting No 1

30/01/98

OS Working Group Meeting No 2

06/02/98

OS Working Group Meeting No 3

17/02/98

OS Working Group Meeting No 4

06/03/98

OS Working Group Meeting No 5

19/03/98

OS Working Group Meeting No 6

08/04/98

Phase 1 Report to EPC Committee

B1.8.2 Events Log: Phase 2

08/04/98

 

EPC Annual Congress - Oxford University

Phase 1 Report accepted by EPC Congress

Phase 2 initiated

22/05/98

 OSWG meeting No 7

17/06/98

Valued Attributes Survey conducted

13/07/98

EEF Output Standards Group Meeting agreed to become EPC OSAG

24/07/98

OSWG Meeting No 8

06/08/98 

EPC meeting with QAA

16/10/98 

EEF Output Standards Group Meeting stood down

12/11/98 

EPC Representative Members Meeting

10/11/98

OSCEng/Edexcel Seminar

01/12/98 

OSWG Meeting No 9

11/02/99

OSWG Meeting No 10

26/02/99

OSAG Meeting No 1

08/03/99

A2 Consultative Workshop - IEE

16/03/99

OSCG Meeting No 1

23/03/99

Presentation to PHEE Conference - Derby

09/04/99

EPC Annual Congress - York University

20/05/99

A2 Consultative Workshop - University of Glamorgan

21/06/99

OSCG Meeting No 2

29/06/99

 OSAG Meeting No

22/07/99

OSCG Meeting No 3

01/09/99

OSCG Meeting No 4

21/09/99

Programme Specification Workshop - London

05/10/99

OSAG Meeting No 3

06/10/99

Key Skills Workshop - London

22/10/99

Presentation to DABCE

11/11/99

Pilot Mobilisation Meeting

19/11/99

EPC Representative Members Meeting - Manchester

26/11/99

OSCG Meeting No 5

06/01/00

OSAG Meeting No 4

18/01/00

OSCG Meeting No 6

10/02/00

Pilot Calibration Meeting

06/03/00

OSCG Meeting No 7

28/03/00

OSAG Meeting No 5

19/04/00

EPC Annual Congress - Cambridge University

10/05/00

OSCG Meeting No 8

22/05/00

JETPC Employer Focus Group

12/06/00

Pilot Reporting Meeting

26/07/00

OSCG Meeting No 9

22/09/00

OSAG Meeting No 6

27/09/00

OSCG Meeting No 10
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Forum for senior academics responsible for engineering teaching and research in higher education.
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