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Abstract
A significant amount of work has gone into developing the domain of online and computer based assessments including those which can provide a more sophisticated approach beyond that of the arithmetic total easily provided by a standard multiple choice test [1]. Moving on from the relatively simple software implementation of addition to add intelligence, often in the form of customised feedback throughout or at the end of computer based assessment, continues to provide a challenge to the boundaries of this domain for educational technologists and software developers. These developers and researchers design software tools that can be adapted for use across all sectors of the educational community. Interestingly, in the current climate of the further and higher education sectors, where we are increasingly encouraged to produce reflective, autonomous life long learners, software tools that provide a better quality of electronic feedback to students may have a significant role to play. The importance of feedback to students is acknowledged by funded research projects such as the one at Nottingham Trent University [2] who state the need for feedback if the objective is that students are to learn effectively. They conclude that feedback is necessary for students in terms of allowing them to feel valued and 'listened' to, have ownership of their own learning and develop their reflective thinking. 

For those involved in the design of computer based assessments, Bloom’s taxonomy has provided six levels of educational objectives which are a reasonable starting point [3]. Questions can be categorised and mapped to learning and educational objectives and banks of questions can be built up as electronic resources. An example of a bank of questions which provides a considerable electronic resource can be found in the E3AN project (Electrical and Electronic Engineering Assessment Network) [4]. As a result of developments in the area of online assessment, there are also a number of centres of expertise including The Scottish Centre for Research into On-Line Learning and Assessment (SCROLLA) [5], which have the objective to explore the applicability and suitability of different forms of technology to enhance the assessment process. As a result of the research over a number of years, guidelines on assessment have also been produced [6] to share the extensive e-assessment and online assessment research findings and outcomes. As developers of software tools that provide the ability to online assess try to evolve the feedback to students element of their software architectures, knowledge and experience can be harvested from the vast knowledge pool of electronic assessment, now a more mature electronic resource. This will allow the boundary of online assessment, with its limited feedback, to be considerably pushed back and inform the development of the less well explored but related area of providing enhanced electronic feedback to students. 
In the study reported in this paper, a software tool is evaluated which was developed specifically to provide undergraduates with detailed electronic feedback soon after they submit their work. The methodology was to analyse the conventional hand written feedback of an assessor, develop and then use a software tool to re-mark the same batch of student work. The software tool was then further challenged and evaluated by other assessors and the resulting case studies were reported and critically analysed. As part of the study, assessor-generated computer produced feedback was investigated as an alternative marking method exposing some of its advantages and disadvantages. Although there is great potential to improve the consistency, quality, quantity and efficiency of providing feedback to students by using computer generated information facilitated by bespoke software tools, there are also limitations and restrictions that accompany such an automated process. Such tools may only truly reach their potential as part of a move towards assessment driven learning or constructive alignment and as a more extensively developed element of existing online assessment.

Contextualising the Development of Student Feedback

Providing undergraduates with sufficient feedback soon after they submit their work for assessment is an important element in supporting them to become reflective and independent learners. This paper describes the detailed analysis of hand written coursework feedback to ascertain the range and frequency of comments made by an assessor when marking a batch of 41 student technical reports. It goes on to critically compare this traditional manual method with the use of a software tool that was used to re-mark the same batch of student work. The tool was developed with a library of standard feedback comments and was designed to be further populated and customised by individual assessors. The result was a database from which assessors comments could be chosen and assigned to individual pieces of undergraduate summative assessment. Once the marking was completed using the software tool, the feedback, part marks and total mark gained by the student were generated electronically and could be printed or emailed. In addition to the initial manual versus electronic feedback comparison for one batch of marking, the paper reports on a number of subsequent case studies that utilised the same software tool in a variety of ways to assist in the process of marking and the generation of feedback. 

Analysis of Hand Written Marking
Before using a software tool to mark coursework, an analysis was carried out on a batch of conventional marking that had been done in the previous academic year. The work came from a second year class studying a module in Electronic and Electrical Engineering. The marking and feedback was for a technical report which was the write up of hardware and software laboratories. This coursework was worth 50% of the total coursework mark for the module.

The coursework had been marked in the normal way with hand written marks and feedback provided by the assessor. The methodology was to analyse the marking for amount, content and frequency of comments and then consider the alternative of adding the marking categories and markers comments to the electronic marking tool. The tool called ELF (Electronic Lecturers’ Feedback), would then be used it to re mark the same batch of student work. 

There were 41 student reports sampled in the study. The marking was considered to be an example of best practice due to the variety and extent of feedback provided. The lecturer had created a marking schedule with four Marking Categories and had allocated part marks to each category. The total mark was 25. The marking categories and part marks are given in Table 3.

Table 3  Assessor’s Marking Categories

	Background
	 5 marks

	Simulation
	10 marks

	Hardware
	 5 marks

	Interpretation of Results
	 5 marks


In addition to the break down of marks, each coursework feedback sheet contained two or three sentences of hand written assessor’s comments. Examination revealed that there were 27 different comments in total made across all the reports.  The most often used comment was used and rewritten by hand 9 times. 13 of the comments were unique and were only used once. The frequency of use of the 27 comments varied and is detailed in the graph of Figure 1. 

Once the analysis of the hand written marking was complete, attention turned to preparing the electronic marking tool and using it to remark the work. 
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Figure 1  Re-use of comments

Development of the Software Tool
The software marking tool had been specified with the intention of trying to streamline the provision of feedback to students. Developed in Visual Basic, the tool was a stand alone executable programme which was called ELF (Electronic Lecturers Feedback). It was designed as a companion to the existing coursework feedback front sheet used to accompany all undergraduate coursework. This sheet was normally partially filled in by the student and completed by the assessor adding hand written comments and marks. 

The software was prepared with the inclusion of relevant information such as the module and programme codes that could be selected from a list. As a result of a search of the literature and personal experience, ELF was populated with marking categories to enable a marking schedule to be designed. The 25 marking categories initially provided in ELF can be seen in Table 1. Part marks could be specified by the assessor for each of the marking categories selected and the total mark was calculated and displayed by the programme.

Table 1  Initial Marking Categories

	ID
	Title

	1
	Introduction to Report

	2
	Introduction to Essay

	3
	Motivation, Initiative and Adaptability

	4
	Self Organisation and Time Management

	5
	Knowledge and Interpretation

	6
	Conceptual Design

	7
	Creativity and Innovation

	8
	Depth of Understanding

	9
	Synthesis of Knowledge

	10
	Group Work Skills

	11
	Technical Competence

	12
	Application of Theory

	13
	Discussion of Limitations

	14
	Evaluation of Results

	15
	Attainment of Learning Outcomes

	16
	Attainment of Benchmark Statements

	17
	Attainment of Tasks

	18
	Process and Keywords

	19
	Oral Communication Skills

	20
	Written Communication Skills

	21
	Use of Diagrams/Graphs

	22
	Main Body

	23
	Word Limit, Punctuation and Spelling

	24
	Referencing and Plagiarism

	25
	Conclusions


Markers’ detailed comments were also provided and linked as a sub category of each of the twenty five marking categories. An example of the seven markers comments provided for the marking category ‘Introduction to Report’ is given in Table 2.

Table 2  Initial Markers Comments for Marking Category 1

	Your introduction gave essential definitions of the aims and objectives of the report.

	Your introduction re specified the aims and objectives of the report.

	Your introduction interpreted the aims and objectives of the report, making them manageable.

	Your introduction sign posted the sequence of achieving the aims and objectives of the report.

	Your introduction only summarised the aims and objectives of the report.

	Your introduction to the report could have been expanded.

	Your introduction to the report was confusing and disorganised.


ELF has the flexibility to be updated by an individual assessor who can add new marking categories and new comments. As these topics and comments are typed in, the programme adds them to the existing lists and they then become available for subsequent selection by the assessor. Marking Categories and Markers Comments can also be deleted from the existing list and in this way ELF can be customised after installation by each individual member of academic staff on their own computer’s hard drive. This includes the opportunity to replace all of the supplied marking categories and comments that come with the original software tool.

Remarking with the Software Tool

The ELF software tool was opened and the four New Marking Categories used by the examiner were added. Each of the topics was selected in turn and the 27 comments were added respectively under each topic. The whole process was timed and took 20 minutes. It was concluded from this study that it would be possible to offer a rapid customisation of ELF that could be used in the marking process. 

The marking of coursework could now proceed by selecting each report and choosing the comments and part marks for the piece of work. There were two printing options; to print onto an existing coursework feedback sheet adding only the marker comments or to print a new feedback sheet. The second option was chosen in this case since the hand written feedback was already written onto the coursework feedback sheet for each student.

The original assessor was asked to consider and comment on the comparison in time between the manual and electronic method and in the resulting quality of the feedback generated. He stated that although the general perception was that it takes a long time to write out comments by hand, in practice it was difficult to estimate just how long this takes since comments are often written during the reading and evaluation of the report.  He believed that the smooth continuous process of hand writing helped to maintain continuity and the time taken to write the comments provided the assessor with time to reflect on and assess the overall standard of the work.  He concluded that the twenty minutes taken to enter similar comments into ELF did not take into consideration the overall process of marking. 

Since the coursework analysed was from a previous cohort of student who had already received the hand written feedback, it was not possible to provide the students with the alternative electronic feedback or to seek their comments on any comparison. The tool was now given to three different lecturers to use for marking their coursework in the current academic year and the following case studies give information about their experiences and the experiences of the students.

Case Study One

The first case study was conducted over one year initially with a third year digital design class comprising 63 students. The report, marked out of 35, was expected to provide evidence of a system’s operation and its compliance to a customer specification.  It was expected that students would carry out laboratory work over a 6 week period and present the report as evidence of their understanding of the complexity of some modern digital design techniques with a design file. The report would be submitted in hard copy, and students were given guidance on sections to include, then the submissions marked according to the marking allocation seen in Table 4.

A report template was set up in ELF to allow marks to be allocated depending on the weightings shown.  Each section mark was entered and the resulting total automatically calculated by ELF to provide a total mark for each student.  Standard comments were to be used to provide feedback on some of the marked topics with two hard copies generated; one for filing and the other to be handed back.

Table 4 Suggested Content and Marking

	Suggested Content (section)
	Marking Allocation

	Abstract.
	Report Layout ( / 10)

	Introduction / Background.

	Introduction ( / 10)

	Counter design theory.
	Design Theory ( / 20)

	Decoder design theory.
	

	Device programs
	Main Body ( / 30)

	PCB design using CAD.
	

	Simulation Results.
	

	Test considerations and final testing.
	

	Discussion.
	Depth of Understanding ( / 20)

	Conclusion.
	Conclusion ( / 10)

	Final Specification.
	


It was anticipated that the whole process, especially for 63 students and reports, would take significantly longer than methods previously used of hand marking the reports and providing a result.  The invested time would hopefully allow students to determine their abilities and performance in each section and compare them against the class average. It was therefore the quality of the feedback process rather than its efficiency that was being targeted.

Initial print-outs appeared promising; however, after a few attempts it became apparent that there were some errors in calculating total marks. In addition the use of standard comments and responses proved cumbersome and invariably new comments were added during the marking process to allow a more personalised response. The task of completing feedback forms with ELF appeared now to be a major undertaking and the decision was made to abandon any further attempts and complete the feedback forms manually, using hand written comments.  This manual process took approximately 30 minutes per paper.  Feedback forms were subsequently provided to students during the first available class.

During Semester B, the same cohort was required to submit a report on experiments carried out in another module.  After the final hand-in date, class discussion inevitably came round to ask when the results would be published. During this discussion it became clear that students were keen to receive feedback similar to that provided previously, and that it was uncommon to get feedback from lecturers at all.

The earlier marking problem had been corrected by the developers, but the feedback comments were still as they were previously.   It was decided that ELF be used again.  This time though, feedback would be provided using the free text capability.  This way the students would get the mark, with personalised feedback.  This was completed in a reasonable timescale, on average 20 minutes per paper.

The conclusions of using ELF in this way were summarised by the lecturer’s own comment. “It would be fair to say that the first experience with ELF was not entirely successful, in that initial teething problems with the software, coupled with inexperience in using standard comments and the desire to use personalised responses meant that the process took longer than expected.  The second attempt proved more successful”.

Case Study Two

The second case study was conducted on a first year class studying the module Telecommunications Applications l.   The lecturer intended to have a totally electronic process for the module coursework.  The coursework was a standard report on a laboratory investigation.  The students had to produce the report as a Word or RTF document and submit it to the lecturer’s e-mail address with the module code and their name in the ‘subject’ field.  This allowed him to set up an e-mail filter to collect the work in a dedicated folder automatically as it arrived.  After the hand-in deadline passed he sent out e-mail ‘receipts’ to the students who had submitted.   The lecturer then used ELF to mark the work by opening two windows on his computer screen – one with ELF and the other with the coursework.  That allowed him to read through the work and mark it as he went along (he had set up an ELF marking template beforehand in a similar way to that reported in case study one).   After marking, the lecturer e-mailed the feedback and marks to the students directly from ELF.  At first, he thought he would leave it at that with no hard copy having been used at all but the urge to ‘see’ evidence of the novel process made him print out hard copy of the feedback sheets from ELF which he retained as his own record.

 

The conclusions of using ELF in this way were summarised by the lecturer’s own feedback ”I’m not sure that I saved much time with this first serious use of ELF, but I’m fairly confident that the process is workable and will become more efficient as I use it a few more times.  I plan to handle another coursework electronically using ELF in the same way this semester”.

Case Study Three

The third case study was conducted on a third year class of 30 students who had worked together in groups studying a module called integrated studies. This was a design project that had elements of marketing and financial planning. The coursework element targeted for marking electronically was the individual report of each of the students. This case study provided an example of a less analytical piece of work which could have more open ended and individualised answers and comments. The making challenge could be more representative of the type of marking common to other subject disciplines outside engineering.

The assessor spent one hour scanning through the reports to get a feel for the standard of the work. They then prepared a marking schedule which had six categories and three comments were written out by hand for each of the categories. Further reading of the reports informed the detail of these comments. Each category was given a letter and each marker comment was given a number. This meant that the three comments for the first category were coded A1, A2 and A3 and so on. The assessor then spent two evenings, a total of approximately five hours, reading through each report in some detail. As they read through they identified each category and chose which comments to assign to the report. Instead of writing out the full comment they only wrote the code. When the marking was completed, each student report had six codes written in pencil on the front of the work. Each code was given a part mark and students achieving (A1+B1+C1+D1+E1+F1) would therefore be given the maximum total mark.

The process of converting the code into comments that would be given to the students was now completed using the software tool ELF. The tool was opened and the six marking categories were added. The three comments were then typed in and saved for each of the categories, a total of 18 sentences. Part marks were added for each coded comment.

Each report was then taken in turn and the codes used to pick the six comments and part marks that were to be assigned to the student. The coursework feedback sheet was then placed in the printer and the chosen comments and marks were printed on to the report and then the process was repeated for each report in turn. The printed feedback was given to the students.

The conclusions of using ELF in this way were summarised by the lecturer’s own feedback. ‘I believe that I spent the same amount of time actually reading and marking the work but much less time generating the feedback. The next time I mark similar work, I will be able to add more comments and increase the fine detail of the feedback.’ The students expressed satisfaction at receiving feedback in this way and commented on how unusual it was to get this much feedback. They would however have liked to get the feedback sooner.

Overall Conclusions and Observations

The conclusion from the case studies indicate that the hand written comments of an assessor provide accurate feedback that can be finely tuned to convey the appropriate detail and level of importance.  Hand written comments can also convey a more personal approach, often appreciated by students, which can encourage students into dialog.  Considering the unlimited range of comments available to the writer, it is unlikely that any software tool could provide anything other than a severely restricted range of comments. Although this is a limitation for an individual assessor restricting the range of comments can also be considered as a way of achieving consistency in marking and feedback. This may be particularly valid for project work or dissertations or when many assessors are asked to use the same marking schedule to mark the same coursework. 

It is clear from all the case studies that using software tools for marking can be very time consuming, particularly the first time that they are used. Although in the first case study the assessor was clearly exasperated by his use of the tool, the subsequent feedback from the students suggested that they were very happy to receive the amount and detail of feedback that was provided using this method. In the second case study the assessor expanded the idea of electronic feedback into the receipt of coursework in electronic form. This made it easier for him to check for plagiarism and opened up additional benefits that had not been anticipated in the early development stages of the software tool. The third case study used the software tool entirely differently showing its versatility. Marking the coursework in a traditional way but coding feedback comments that would then be added later using the software tool.

It is interesting to observe that using bespoke software tools to support assessors in the marking and provision of feedback to students is not without its problems. Perhaps the real value of computer-generated feedback will only be achieved when it is set within a larger context exploring where it can provide added value. This could be realised by tying it into other electronic facilities such as automatically screening for plagiarism or using it to generate statistics. Another area currently being explored for the development of the specific software tool used in this study is to track an individual student. This could facilitate the observation of benchmark skills developing across a range of modules as part of a curriculum designed using the theory of constructive alignment.
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