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INNOVATING ENGINEERING ASSESSMENT: A STRATEGIC APPROACH
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Abstract

There are currently many technically sound systems designed to deliver Computer Assisted Assessment questions. However, such systems are effectively useless without a sizeable bank of questions to populate the system. Academics need a well designed testbank of peer reviewed questions from which they may design and construct appropriate assessments by a range of technological methods or indeed by paper.

Collaboration between four south coast universities has been funded to establish a testbank for peer reviewed questions for the Electrical and Electronic Engineering in UK Higher Education. It is establishing and building a network to identify and disseminate good practice in Engineering Assessment for UK Academics.

This paper outlines major issues identified by the project in its initial phase creating testbanks for four areas of the curriculum (Analogue Electronics, Digital and Microprocessors, Circuit Theory, Signal Processing).

Questions for each area are being planned, written, collated and reviewed under the direction of an individual theme leader working with a small team of consultants, recruited from practising academics.  Issues addressed include selection of assessment types, effective and appropriate peer review processes, classification of questions, interoperability between formats and the method of delivery of the testbank.
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Background

Assessment in all its forms is a key part of Higher Education processes; assessment shapes and drives students’ learning [Gibbs (1995)] and can be used to test the integration of appropriate knowledge and skills in a meaningful way. Effective teaching and assessment processes are necessary to promote optimal learning in order to facilitate student acquisition of these skills and abilities [Ramsden (1992)]. 
Students frequently demand more feedback to shape their learning. Lecturers need to be able to draw on a range of materials which cover the entirety of the curriculum and test and develop all levels of cognitive skills. In addition it is essential that any feedback is provided in a timely manner. Students quickly adapt their learning to enable them to pass examinations and so it is vital that assessments accurately reflect what students are expected to have learned. 

For this reason, the development of appropriate assessments needs to go hand in hand with course design and be given equal importance in the curriculum. The UK Quality Assurance Agency in its recent academic review guidelines has echoed this observation [QAA (2000)]. 

From the academic’s point of view, the design, delivery, marking and moderation of summative assessments and coursework take up large chunks of a teaching workload, which must be repeated on a regular basis. Additional work is needed to produce and mark diagnostic and formative assessments.  Student numbers are increasing, and students are not necessarily motivated to attempt formative tests.  For all these reasons, in many cases such assessments are reduced, avoided, or abandoned. Institutions, professional bodies and prospective employers, do not necessarily demand formative assessments, but do require evidence that the students have been tested throughout their study and that the evidence of their assessments match any agreed requirements of the curriculum. 

The subject review overview report on Electrical and Electronic Engineering [QAA (1998)] identified a number of issues associated with assessment. 

“In the best examples the use of directed and independent learning is well integrated with taught elements. …In the best examples of assessment, assignments provide an appropriate level of challenge and feedback to students on coursework is prompt and informative. In other cases, there are delays in the return of marked work and inconsistencies in the quality of feedback.”

The Electrical and Electronic Assessment Network (e3an) project is using the activity of developing testbanks of peer reviewed questions within the electrical and electronic engineering (EEE) curriculum to provide a focus for academic subject specialists which will help in the identification and dissemination of good practice in assessment.  

The approaches explained and analysed in this paper have been undertaken by the project and are designed to address the issues identified earlier.  In addition the project has developed and incorporated a number of tactics which are deemed necessary to enable effective change [Rogers (1983), Moore (1991), Geogeghan (1994), Surry (1998)] both from a general, and a specific educational technology point of view.  

Contributions to the project activity are drawing extensively on the wide range of existing knowledge, skills and expertise which resides in the project partners and the EEE community across the UK, working in collaboration with the Learning and Teaching Support Centre for Engineering and the IEE.  Initially small teams drawn from the range of the different partner institutions began work developing the testbanks in autumn 2000. A theme leader from the core project team directs each team.  The theme team is responsible for identifying and agreeing the type, content and mix of questions they consider most useful and appropriate for their particular theme. They then work collaboratively to produce and review a full set of questions.  Initial question areas are Analogue Electronics, Digital and Microprocessors, Circuit Theory and Signal Processing.  

The model of question development we have set in place has five distinct stages in the first instance.  

1. Question consultants are recruited on their willingness and ability to contribute to a given question theme.  

2. Team members then meet to be briefed on the objectives of the project, and to identify and discuss the context of assessment in their institution, and their particular subject theme.  At this meeting there is an initial allocation of questions in terms of mix, level, and specific content, and team members are introduced to the ways in which they need to define their questions.

3. Theme members then write a number of sample questions which they exchange electronically for a mini moderation.  This gives them an opportunity to identify any problems in the writing process.

4. Theme members then go on and write the remainder of their allocated questions (we have a target of 300 questions per theme) 

5. The final stage is a peer review meeting when the entire question bank is brought together, compared and moderated.

Questions being developed include those suitable for use in computer-based applications plus some which are appropriate to conventional assessment contexts (e.g. short answers, example exam questions and coursework assignments).  It is envisaged that the bank contents can be used both for formative assessments and as exemplars from which academics can draw and devise their own assessment activities appropriate for their particular context.  In the second phase, when the working methods have been successfully trialed and refined, consultants will be invited from the whole range of 76 institutions engaged in EEE undergraduate teaching in the UK. The testbank will be extended to cover additional areas.

The reviewed question items will be placed in an XML database.  At its most basic level it will be possible to browse and search the database and retrieve questions in a printable format.  In addition, the XML format will allow those questions suitable for use on automated test systems to be exported in a standard (IMS QTI) format [IMS (1999)].  The database is designed to include additional metadata which describes the functionality of the question content and is collaborating on this aspect with the FAILTE project which is part of the JISC's Digital National Electronic Resource (DNER) initiative.  Use of items drawn from the testbanks will be trialed and evaluated, and we anticipate that fine-tuning of items in terms of content and their metadata will result from this process.  

Pre-Existing and complementary activity

A good deal of work has already been done in the UK in the area of assessment, particularly by initiatives supported by the Fund for the Development of Teaching and Learning (FDTL), the Teaching and Learning Technology Programme (TLTP) and the Joint Information Systems Committee (JISC). At least two universities with strong engineering teaching, Bristol and Loughborough have major internal assessment projects [Sims Williams et al (1999), Danson (1999)], and there is much useful and interesting work being done by individual academics or small teams at numerous other institutions across the sector. There have been several studies on the use of available tools for computer assisted assessment (CAA) e.g. The TLTP funded CAACentre at Luton, and the Scottish Higher Education Funding Council (SHEFC) funded Scottish CAA Network (SCAAN).  SCAAN have specifically addressed issues of interoperability between automated assessment systems, which is also part of the focus of work at Bangor in the Centre for Educational Technology Interoperability Standards (CETIS).  

CAA was identified as one component key area by the JISC in their Managed Learning Environment funding call (JISC [1999]) and they have commissioned a large scale exploratory project in campus wide CAA currently being undertaken by Loughborough University.

Extensive work has taken place in collaboration between the Universities of Derby and Liverpool, and the Open University on the TRIADS system, and some TLTP projects (StoMP, and EDEC) incorporate automated testing which is within the EEE curriculum. The Clyde Virtual University (CVU) developed an assessment tool which is in use in a number of Scottish Universities, while the JISC have supported Leicester's Computer Assisted Teaching and Learning project (CASTLE) and Bristol's Teach and Learn project through their Technology Application Programme (JTAP). However these two latter projects have been more concerned with the technologies of CAA than the content of assessments. 

Testbanks

Although there are doubtless large quantities of EEE questions which are regularly used in various (predominantly paper based) forms and formats across UK HEIs, there is no evidence of any extensive collections which cover all aspects of the EEE curriculum. Amongst UK CAA projects there has been work to establish collections of question banks. Subject areas covered so far include Chemistry, Biological Sciences, Geography, Medicine and Mathematics. 

A number of major companies in the electronics and computing industry (e.g. Microsoft, CISCO, SUN) run programmes which use automated testing techniques in subject areas relevant to the EEE curriculum. Testbanks for such courses exist both as part of these systems and as a part of associated study programmes. There has been an initiative to create a question bank for testing conceptual understanding in physics at Swinburne University, Australia [TCUP (2000)] which has collaborated with some American Universities (notably Purdue). The American Society of Engineering Education is the sponsor of the production of a set of engineering case studies [AASE (2000)] and associated support materials which might also be relevant to the project
. A number of American textbooks have associated testbanks. These latter materials are within the cognate areas related to the EEE curriculum. 

Any technically sound system which delivers questions electronically must have a sizeable bank of questions if it is to be useful and effective. In addition a well designed testbank of peer reviewed questions can be of use to academics even if they do not choose to use an automated method to actually carry out their assessments. It has been noted that while it is relatively easy to produce questions for CAA, it is far more difficult to do this well [Brown and Smith (1997)]. For this reason there have been extensive discussion among the project team to identify an initial range of topics across the engineering curriculum in which it would be useful to collate question banks and assessment resources. The greatest challenge lies in first producing a testbank which is perceived as useful and relevant, and then enabling its widespread and continued development and use throughout the community. The project working methods have been designed to address the issues associated with barriers to the uptake of innovation in learning technology, and to develop testbanks which relate directly to existing teaching priorities in UK Higher Education.

Major Issues

To date the project has identified four initial theme areas reflecting specialisms and interests of the core project team.  A further set of possible target areas has also been identified as follows: Power Electronics; Electromagnetism; Computer Programming; Control Engineering; Maths; Telecomms; Datacomms; Physics/Semi conductors. One early issue identified by the theme teams is the existence of possible overlaps between theme areas, alongside differing interpretations of what constitutes the approach and core content of specific themes.  

In producing usable test banks question writers need to balance the pragmatics of generating a useful number of questions along with the need to produce a usable and realistic range of question types at appropriate academic levels. Moving definitions in the national quality arena prompted us to choose introductory, intermediate and advanced as our level indicators, which we were happy to discover was reflected in an independent deliberation by the FAILTE project.  Discussion of question levels reveals that material regarded as introductory in one course or context, may be seen as intermediate or advanced in another.  In addition some courses overlap subject areas rather than separating them into discrete areas. 

For these sorts of reasons, the metadata we have allocated the questions has been extended to include tutors notes.  We anticipate a phase of post hoc moderation of questions, not only to weed out or modify questions which are found wanting in the evaluations, but also to accommodate some of the ambiguities and overlaps which we expect real use to identify.  In addition we anticipate that this reworking will be necessary to enrich the information, and make the database more useful to those who browse or search its contents.

We are aware that the peer review process is currently only designed for the initial stage of actually producing the question.  The method of peer review is currently within the theme team, but it may be that we need to identify a means of extending the review beyond this stage, after the initial evaluation, and after a period of use. In addition academics who are putting questions into the testbank are in effect opening up their teaching practices, and the nature of their courses, students and institutions to peer scrutiny., as the group of consultants expands we need to ensure a good level of induction into the project for all our contributors to ensure that they are able to participate comfortably with the peer review process.

Although our test bank is designed to contain a mix of objective questions and other more traditional assessment resources, we are aware that there are very elaborate and rigorous procedures which can be used to evaluate multi-choice and other types of ‘objective questions’.  They are usually only used to the full in large schemes (such as the SATs in the USA).  Although we do propose an evaluation of each bank, the project has yet to formally identify what procedures, statistical tests and so on it must undertake to ensure that the questions in our question bank are good ones. 

Our solution to interoperability is to mark up our database to the QTI standard, but we expect to also offer export of data in a simple comma separated format so that it might be manipulated and imported by those packages that do not make use of this standard. Database browsing and searching will be augmented by options to export in a simple formatted printable layout which in some ways we expect to have the highest level of interoperability!

Recognising the large volume of questions which already exist, we have to investigate the possibility of question purchase from publishers and the associated copyright implications. In the longer term, when the database is a useful size we need to identify the most suitable distribution modes which might include a cost free copyleft agreement, a system of microcharges, or via some kind of membership organisation run in collaboration with the LTSN Engineering or the IEE.

There is a danger of the team becoming too focused on producing questions, especially as there are numerical targets for this, to the neglect of broader issues about innovation and improvement in assessment.   However, there is a determination not to be hijacked in this way.  Partner institutions certainly view involvement in the project as much more than a question-producing task, and see it as a way of enhancing local practice with the benefits of networking.

Conclusion

The e3an project has set itself ambitious goals not just in the practical aspects of creating and establishing the use of sets of peer reviewed test questions, but in addressing the issues of change management which arise when attempting to identify, develop and disseminate innovation and good practice.

The tactics which the project has adopted in particular the dissemination and networking aspects of our project are designed to address these issues head on.  We will continue to work hard on these objectives, but must wait to evaluate the project outcomes on a large scale before we can judge as to whether they have actually been successful.
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