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ABSTRACT
The educational literature shows that formative assessment is highly conducive to learning. The tasks given
to students in formative assessment generally require open-ended responses that can be given, for example,
in essay-type format and that are assessed by a human marker. An essential component is the formative
feedback provided by the marker that needs to assist the student in recognising knowledge gaps and in
formulating steps to close these gaps. The concepts of ‘electronic repositories of marked student work’
introduced in this article suggests an approach to support learning from formative assessment. At the core
of this concept lies the realisation that the artefacts submitted by students and assessed by markers are a
valuable resource. This resource should not just be used by the submitting students but should be made
accessible to future students studying the same concepts. These students can learn from the artefacts and the
formative feedback attached to these artefacts. Self- and peer-assessment, important concepts closely linked
to formative assessment, can be integrated with the repositories to develop the students’ subject knowledge,
to enhance their critical thinking skills and to familiarise them with assessment procedures. This article
develops the concepts of electronic repositories of marked student work. Special emphasis is put on
reviewing the educational literature on formative assessment and on binding the concepts introduced into
the literature findings.
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Introduction
To introduce our work we first want to provide a high-level overview of goals and context followed by an initial
look at the technical environment.

Goals and context
Our work on ‘Electronic Repositories of Marked Student Work’ combines formative assessment and a
networked computer environment to offer an innovative learning approach in an eLearning context. In our
repositories we deal with formative assessment based on written, essay-type work. Due to the cognitive
complexity of essay-type artefacts and the importance of formative feedback we rely on human markers. We
regard the essays produced by students and the feedback given by markers as a very valuable resource that we
want to retain and make available as a learning resource to future students.
One characteristic of teaching is that to a large degree the concepts to be transmitted remain the same from year
to year or class to class. What changes are the examples used to explain, exercise and examine these concepts.
An example from our own teaching would be the concept of data modelling using entity relationship diagrams,
which we teach to our second year computer science students. The concepts and modelling techniques stay
largely unchanged but we vary the example domains, looking at modelling a video library, the management of
sports teams or the allocation of parking spaces.
Current eLearning approaches to assessment commonly demand specific question and answer formats. With
difference to these approaches we do not want to restrict the way assessment tasks are set but want to support
written assignments of any content or format. We aim to provide an approach that can be used by any discipline.
With this we explicitly want to include non-technical disciplines like the humanities, education and social
sciences. The essay-type artefacts of student work we are looking at can contain a mixture of formats including
text, diagrams, graphs and pictures. In short, we are considering anything that can be presented on paper and is
printable.
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As mentioned earlier the essay-type student work will be assessed by a human marker, who provides formative
and summative feedback. This stands in contrast to multiple-choice style tests as offered by learning
management systems like WebCT (2003) or BlackBoard (2003). Such tests can be assessed with an automated
system and the focus is on summative feedback. Our research presented here does not consider these forms of
tests.
An important aspect of our research is that we want to reuse the valuable material that is produced by students
and assessed by markers with considerable effort and time commitment from both parties. This material can be
used for highly relevant exercises. In our university context students submit assignments throughout the semester
and receive feedback within a matter of weeks. We suggest collecting assessed assignments in repositories and
using these for exercises for subsequent students. As presented in later sections of this article in more detail these
exercises are likely to contain self- and peer-assessment.
We are focusing on a university context and on assignment artefacts yet other uses of the repositories are
possible. For example, the tertiary context could be exchanged for a primary or secondary school setting. The
student work submitted could be less formal exercises or more formal examination material.

Technical environment
As we want to construct electronic repositories we need electronic copies of the student work. In the tertiary
context a large majority of students uses computers to write their assignments. In these cases we can ask the
students to hand in electronic copies of their work instead of printed copies. Where students construct their work
using pen and paper, for example in drawings, sketches or handwriting, it is possible to generate electronic
copies by scanning or taking photographs with a digital camera.
Once we have obtained electronic copies of student work we need access to a marking tool that assists the
marker in annotating the student work. Our understanding of ‘annotating’ is to put textual and graphical
comments on the work and to add marks. Figure 1 gives an example of annotations performed with a tool we are
currently developing that relates back to work published in Heinrich and Wang (2003). The annotations are
added to the student work in electronic format and are stored separately from the artefacts in a database. An
important consequence of this approach is that the student work can be presented with and without annotations.
In the ‘paper world’ the analogy would be to write the annotations on transparencies that can be added or
removed at will. Yet, as we will see, the electronic version opens many more possibilities.
The marking tool we have just introduced focuses on technical assistance. One of its core design goals is to
replicate the way we commonly work with pen and paper. Human markers use the tool to put their assessment
comments ‘on’ the artefacts. While the marking tool is designed to support the markers in their tasks as well as
possible it offers no intelligence, cognitive processing or any form of automated marking.
To build repositories we need to compliment the marking tool with a web-based system that provides students,
lecturers and markers with access to student work and its annotations. This web-based system needs to include
management functionality for uploading work into the repositories and, importantly, to control user access
rights. A web-based system brings with it the important advantage of ‘any place and any time’ access, supporting
students working at their own pace and enabling collaboration. As we will see in later sections of this article the
control of access rights does not only refer to regulating the access of individuals but also to the management of
the timing when releasing information.
After setting the scene with this introduction the reminder of this article is structured as follows. In the next
section we link the repositories of marked student work with educational theories on assessment and learning
related to assessment. This is followed by a presentation of related work that has taken assessment into an
eLearning arena. We then summarise the arguments presented throughout the article that demonstrate the
advantages of electronic compared to paper-based repositories. Learning from assessment is a complex area and
there are a number of issues that still require full exploration. We present these issues towards the end of the
article. Before concluding we give the current status of our work in regard to using repositories for our own
teaching. A fuller version of this article has been published as an Institute’s report at our university (Heinrich,
2004).
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Figure 1: Screenshot of the MarkTool showing the onscreen marking of assignments (the annotations are in a
different colour as the assignment artefact which is important for readability; this is lost in a black and white
printout)

Foundations in educational literature
In this section we investigate the literature on educational assessment theories and on learning from assessment
and relate the findings to the electronic repositories of marked student work. We are using the substantial
literature review on classroom formative assessment by Black and William as a major source for this section. In
the conclusions to their review Black and William point out the significance of formative assessment for
learning: ‘The research reported here shows conclusively that formative assessment does improve learning’
(p35). They further state that while the theories surrounding formative assessment are not yet fully developed
and the impact of feedback is not yet widely understood there is still enough evidence of positive gains to
incorporate more formative assessment in various ways into the teaching: ‘Significant gains can be achieved by
many different routes, and initiatives here are not likely to fail through neglect of delicate and subtle features’
(p36). These conclusions encourage us to investigate how we can provide mechanisms to support formative
assessment and raise our confidence that we can contribute while still fine-tuning our processes.

Quality of feedback
One important concept of formative assessment is feedback (Black and William, 1998; James, 1998) that focuses
on identifying the gap between present and desired achievement and on developing a plan on how to close this
gap. The quality of feedback given to the students is of highest importance to the success of formative
assessment (Black and William, 1998; Kluger and DeNisi, 1996; James, 1998; Topping, 1998). Feedback should
direct attention to task-motivation or task learning processes (Kluger and DeNisi, 1996). Despite this importance
of the quality of feedback and its essential role in the assessment process a lack of training of lecturers in
assessment is reported (Ecclestone and Swann, 1999). Besides the quality of the feedback it is important to look
into the procedures by which feedback is returned to the students. For example, it is essential that the students
attempt to answer questions themselves before being given the correct answers, and that they gain access to the
answers only after they receive the feedback (Black and William, 1998).
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These considerations on the quality of feedback impact on the investigations into electronic repositories in
several ways. It is important for our work to look into the training for quality of feedback and into the
management of release of information. We need to pick up on the lack of training in assessment, which affects
both lecturers and markers. We aim to build quality of feedback training systems that centre on sample
repositories. We need to build management structures around our repositories. With these feedback provided by
markers can be monitored allowing release to students only after comments have passed through quality
filtering. Further, a staggered release of feedback, marks, and sample solutions can be implemented.

The role of assessment in guiding learning
The assessment in education literature calls for a tighter integration of assessment and learning (Black and
William, 1998; Ecclestone and Swann, 1999; James, 1998). The potential of formative assessment to motivate
learners has to be utilised and actions have to arise from assessment that contribute to learning.
The trends identified have several implications for our work. We can react to the demand of shifting attention
towards formative assessment by building repositories that contain essay-type assignments and formative
feedback annotations. This is in contrast to components widely available in current learning management
systems that focus on multiple choice-style tests representing summative assessment.
The literature calls for using assessment to inform learning. What we want to do with our repositories is to use
the artefacts produced by students and marked by lecturers in one year as a learning resource for students in the
following years. Students in subsequent years study the same concepts that are presented with different
examples. This year’s students can learn from the work previous students have submitted by examining their
solutions and attempting to assess these. As the repositories contain the feedback provided by the lecturer at the
time the new students can compare their own attempts at assessment and benefit from the effort the lecturer has
spent. We will expand on these ideas in the later section on the use of examples for learning.

Assessment communities
To be successful it is essential that students understand learning goals, realise the gap between their current and
the target levels, identify the steps required to bridge this gap, and take responsibility for executing these steps.
One way of achieving this is for students to become part of an assessment community in which they work
together with their lecturers on assessment and on improving the quality of their work (Ecclestone and Swann,
1999). A further important aspect of the involvement in an assessment community is the effect of familiarising
students with assessment procedures and criteria (Black and William, 1998; Klenowski, 2000; Wilson, 2004).
The idea of assessment communities can be taken up to involve the students in assessment. The core part of this
process would see a student gaining access to an artefact contained in the repository without being able to see the
annotations provided by the lecturer. The student then assesses the artefact and once this is done compares their
comments with the ones given by the lecturer. This core process can be extended in various ways, for example
using scaffolding or collaboration, as we will outline in more detail in later sections.

Self- and peer-assessment
Closely linked to the assessment communities are the concepts of self- and peer-assessment, with the literature
consistently emphasising their benefits (Black and William, 1998; Brookhart, 2001; Ecclestone and Swann,
1999; James, 1998; Juwah, 2003; Sivan, 2000; Topping, 1998). What is commonly mentioned is that self- and
peer-assessment encourages students to take responsibility for their learning, is important for understanding
goals, and facilitates the development of critical and independent thinking skills. Looking into the potential
problem area of reliability and validity Topping (1998) examined 31 studies and reported that the majority of
these studies (18) found adequate reliability and validity.
In the reminder of this section we focus on four specific aspects of self- and peer-assessment, namely feedback
on self/peer-assessment, student responses to feedback, formulating assessment criteria, and developing
confidence.
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Black and William (1998) report on the general discrepancy between students’ self-perception of their work and
the judgement provided by others and suggest providing students with feedback on their self-assessment. We can
integrate this suggestion into our repositories with a collaboration component. Looking at peer-assessment, a
student would assess an existing artefact and make their comments available. Other class members can access
the artefact inclusive of the first student’s comments and provide alternatives, agreement or corrections. The
students develop a dialogue, closely focused on the artefacts and assessment comments. Looking at selfassessment, this approach would be extended by the students first developing their own artefacts for a given task.
They would then possibly gain access to marking guidelines and others students’ submissions before engaging in
self-assessment. This approach would concur well with Black and William’s (1998) demand that students should
initially attempt the answer questions for themselves before being giving feedback or solutions.
One of the issues that arose from studies reported in Ecclestone and Swann (1999) relates to the responses of
students to the feedback given to them by their teachers. The question asked is how we can find out which
feedback helped the students to improve the quality of their work. One step towards answering this question
could be to facilitate a dialogue between student and teacher. After gaining access to their work annotated with
feedback via a password-protected electronic system the students could use a dialogue functionality that would
allow them to easily respond to a specific comment without having to approach their teachers in their office.
Sivan (2000) suggests that initially the lecturers should provide the assessment criteria and that later in the
process the students themselves could develop these criteria. Linked to this are findings by Black and William’s
(1998) stating that students learn and think more by formulating their own questions. We can integrate these
suggestions into our work in various ways. For example, we can direct the students to work on a first set of
artefacts for which we provide assessment criteria. We then provide a related set of artefacts (e.g., relating to the
same concepts but demonstrated with examples from a different domain) for which the students have to adjust
the assessment criteria provided previously. Over various stages we can move from giving guidance towards
requiring students to develop their own criteria.
Assessing work provided by others is not an easy task. Besides requiring well-founded subject knowledge,
confidence is an important factor and has to be developed over time (Ecclestone and Swann, 1999; Sivan, 2000;
Bhalerao and Ward, 2001; Wen and Tsai, 2003). The issues around confidence relate to electronic repositories in
various ways, affecting not only student but also staff confidence. In a traditional setup the feedback provided by
a lecturer is only seen by the student (or a small group of students) who has submitted the work. A lecturer who
employs markers will only conduct spot-checks on a small sample of assignments. The assessed work only
‘lives’ for a short period of time, mostly until the student has passed the respective paper and moves on to other
subjects. An electronic repository has the potential to change these conditions considerably. The lecturer can
more easily access the work done by the markers, the marked assignments live in the repositories for years to
come, accessible not only to a few students but to the whole class. Careful management will be required to
mitigate the potential for resistance against electronic repositories to facilitate taking advantage of their proposed
benefits. As the literature reports, it is essential to improve the quality of feedback - supervising and training
markers will lead to such an improvement. The more teachers learn about the theories linked to marking the
more confidence they develop. Involvement of students in the assessment community increases their
understanding and acceptance.
A very different characteristic of web-based systems, that is the lack of face-to-face contact, can help reducing
the reluctance towards criticising the work of someone one knows. Anonymity can be conducive to providing
feedback and can be implemented fairly easily in an electronic environment (Schuck, 2003; Wen and Tsai,
2003). Electronic repositories will allow us to provide the required degree of anonymity so student (and staff)
will feel less inhibited to contribute even in the early stages until more confidence has been developed. This
could be supported by introducing pseudo identities meaning that students can choose online identities that hide
the students’ real identities.

Scaffolding
In the previous section we have mentioned some psychological barriers that might affect peer-assessment.
Setting these issues aside, students might initially need some assistance on the actual subject matter or on
marking procedures to get started with either self- or peer-assessment. The literature talks about scaffolding.
Scaffolding refers to providing a stepping stone rather than a full solution or to supplying an example to guide
students in their assessment (Black and William, 1998; Sivan, 2000; Renkl and Atkinson, 2002).
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Figure 2: Screenshot of the MarkTool showing the reference points for comments but not the comments
themselves

Again, we see various ways of how to integrate scaffolding into electronic repositories. One approach can
provide the students with a list of comments that refer to concepts taught and that have to be matched to the
applications of these concepts in the artefacts. Taken the data modelling example we referred to previously, one
of these comments would be ‘this many-to-many relationship must be resolved’. This comment points the
students to an important concept in data modelling (the resolving of many-to-many relationships required to
normalise the data model) that is frequently violated by data modelling novices. The student performing the selfor peer-assessment can now try to match this comment with an instance in the artefact - a task that is less
challenging than having to come up with the idea that many-to-many relationships could be a problem in the first
place. Another way to approach scaffolding is to present only part of feedback provided by someone else.
Assuming we have an artefact available that has been assessed previously by the lecturer, instead of presenting
the artefact to the student including full annotations we can suppress the textual components of the annotations
and only show the graphical annotations. This would indicate to the student that a particular part of the artefact
requires a comment (the part the graphical annotation points to), but would leave it up to the student to discover
what kind of comment is required. Figure 2 gives another screenshot of the MarkTool demonstrating this kind of
scaffolding.

Learning from examples
A number of authors advocate the use of examples of student work to benefit both teachers and students (James,
1998; Renkl and Atkinson, 2002; Black and William, 1998; Wen and Tsai, 2003). Access to assessed examples
of student work is important to illustrate how standards look in practise and assists teachers in achieving
consistency in marking. The examples presented should not be restricted to model answers but can also
demonstrate weaknesses. Students can learn from the feedback provided by the teacher that points out the
problems in the work and makes suggestions on how to eliminate these problems. Further, students can be asked
to analyse the work provided and to construct the feedback themselves.
These references to learning from examples relate very well to our repositories of marked student work. Our
artefacts stem from student-submitted assignments and therefore naturally span the range from weak to excellent.
Our repositories will contain both assignments and the formative feedback provided originally by the teacher.
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Based on the way in which we will store the repositories electronically we will be able to display artefacts and
comments both combined and separately. This allows for both forms of learning as suggested in the literature.
Local context will be achieved naturally by using the assignments from one semester or year as artefacts in the
repositories for the same paper or subject in the following period (yet this local context should not preclude
sharing repositories across institutions).
The repositories of marked student work can also be used for the training of lecturers and markers. Both groups
can benefit from studying example feedback to improve the quality of their marking comments. Lecturers can
use the repositories to demonstrate standards of achievement to their markers and to facilitate consistency across
the markers.

Summary
In this section we have examined formative assessment and its relationship to learning. The educational literature
stresses the importance of formative assessment and indicates a shift from assessment for ranking towards
assessment for learning. An essential component of formative assessment is feedback. Feedback assists the
students in identifying gaps in their knowledge and guides them towards measurements to close these gaps. The
quality of this feedback is of the highest importance and the literature strongly recommends task- instead of selfrelated feedback. Self- and peer-assessment help students in the development of higher order thinking skills and
bind them into an assessment community. Examples of commented student work benefit both teachers and
students, in demonstrating standards and in assisting learning.
Parallel to reviewing the literature on formative assessment we have introduced components of our proposal for
electronic repositories of marked student work and have linked these components with the respective educational
theories. In summary, we see the following main application areas for the electronic repositories of marked
student work:
¾ Learning from previously assessed work: learning from the formative feedback provided with the
assignments through receiving explanations what is correct or incorrect and why; having access to a range of
approaches to the task set, providing alternate viewpoints beyond a sample solution; getting a feeling for
what is required in volume and level of detail for the assessment in this paper; being able to access all this
material in their own time using it both for assignment and examination preparation;
¾ Learning through self- and peer-assessment: building of an assessment community; attempting the task
before having access to the solution; providing and receiving peer-feedback; improving the understanding of
assessment criteria and tasks;
¾ Guidance and supervision of markers: providing of marked assignment samples to markers; collaboration
between markers and lecturers in reviewing marking decisions and comments; assisting lecturers in their
tasks of monitoring the work of their markers; extracting all textual comments for quick suitability
checking;
¾ Improvement of feedback quality: supporting staff development in the assessment area; staff training
systems based on repositories of artefacts annotated with feedback of different quality levels; anonymous
access to allow staff to participate in confidence.
We are not aware of any work that addresses formative assessment and its relationships to learning in the way
we have suggested. Yet, some aspects of assessment related learning have been covered in other eLearning
approaches. In the next section we look at examples of such studies.

Related work linking assessment with eLearning
In this section we present some examples of work that link assessment with eLearning and that demonstrate the
application of some of the findings from the literature review on educational assessment theories.
Bhalerao and Ward (2001) advocate the use of multiple-choice tests combined with peer-assessment of free
response questions. The authors teach computer programming to large classes of several hundred students and
conduct laboratory assessments about four times per course. As with tests in many other disciplines, computer
programs cannot fully be assessed automatically. Bhalerao and Ward use a two step system for their laboratory
tests that involves automatically assessed multiple choice questions followed by peer-assessed free response
questions. Bhalerao and Ward report that the students’ results have improved after being involved in the
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marking. The authors suggest that their approach, after some modifications, could be used for essays in the social
sciences.
Sitthiworachart and Joy (2003) discuss a web-based peer-assessment approach to support students’ learning of
programming. They have developed a three-stage system in which the students first solve a programming task,
and then individually peer-assess other students’ programs with subsequent discussion of their peer-assessment
in groups, followed by students marking the quality of the peer-assessment provided. Sitthiworachart and Joy
report that their approach positively contributes to the students’ learning experience. They emphasise that the
students need to be given adequate guidance for the marking process and that the marking of the work of friends
can result in favourable marks.
Tsai et al. (2002) have investigated the use of peer-assessment to support the collaboration among pre-service
teachers conducting open-ended tasks like the design of science activities. The system used is modelled on the
submission and review process of academic journals. Tsai et al. report an improvement in performance with the
students displaying important cognitive skills. They further state that the students regarded peer-assessment as
effective for their learning and were motivated by it. The authors emphasise the opportunities that have arisen for
the implementation of peer-assessment with the wide availability of the internet and web-based systems. The
advantages of web-based systems are that they overcome time and place restrictions and that they allow for
anonymity, important for an objective manner of judging.
Wilson (2004) used an asynchronous learning network environment for the development of multiple-choice style
exam questions by students in the teaching of emerging information technologies. The students displayed a high
level of participation that can partly be explained through course structure and social pressures but seemed to
extend beyond these factors. The identities of the contributing students were visible and the lecturer provided
some monitoring of the interactions. Possibly due to this setup the students co-operated in very polite manner.
Despite their willingness to participate the students strongly disliked being criticised by their peers.
Nokelainen et al. (2003) report the use of a document-based annotation tool for learner-centred collaborative
learning. The tool allows learners to add textual annotations to learning material displayed on the web. The
annotations appear in textboxes close to the highlighted reference points in the learning material. The authors
show a strong agreement among students that the use of this document-based annotation tool added value to their
learning. The students emphasised strongly the benefits they perceived gaining from self-made comments. While
the work by Nokelainen et al. does not relate to assessment it shows parallels to our research in the annotation
tools used and the collaboration aspect of document-based annotation.

Summary
This small selection of example studies reiterates a number of points made in the assessment literature:
¾ Answers to free-response questions need to be assessed by a human marker;
¾ Examples of student work are a valuable learning resource;
¾ Self- and peer-assessment is highly conducive to learning;
¾ The monitoring of interactions and the provision of guidance are important;
¾ Anonymity facilitates the acceptance of peer-assessment;
¾ Networked computer systems are highly useful for the implementation of assessment.
We are encouraged to see that these issues identified in the literature have been implemented successfully in
various projects. While the selection of these projects is obviously not exhaustive it is still interesting to note that
the first three projects address a computer sciences/information technology context. The technical nature of the
context seems to be typical for projects that either apply some form of automated assessment (beyond multiplechoice style assessment) or that have developed fairly sophisticated systems to guide students through an
assessment process.

Why electronic compared to paper-based repositories
Having painted a clearer picture of what we want to achieve with the repositories we now want to summarise the
advantages of using computers to support the repositories. While some of the suggestions made in this article
could as well be implemented with paper-based repositories the concept overall can only be realised with an
electronic format. There is plenty of evidence in the literature for the advantages of electronic or online systems
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(Buchanan, 1998-99; Kemm et al., 2001; McLoughlin et al., 2003; Northcote and Kendle, 2001; Renkl and
Atkinson, 2002; Sclater and Howie, 2003; Tsai et al. 2002). In the following paragraphs we outline in regard to
the repositories how an electronic format opens up possibilities not present in the pen and paper environment.

Document management
Part of the repository idea is that a single artefact is accessible by multiple users. In a paper system that means
either the provision of multiple physical copies or restricted access through a sequential scheme, passing on the
physical copies from person to person. In the electronic format artefacts can be copied without effort on demand.
Electronic repositories can easily be archived and activated when required - today’s learning management
systems already offer the basis for such facilities.
The conversion of an assignment into an artefact requires some preparation. The identity of the author has to be
removed and it might be suitable to split the assignments into different components. With electronic copies these
tasks can be performed easily.
A very important advantage inherent in electronic formats is the flexibility gained in regard to adding and
removing marking comments. Electronic comments can be displayed or suppressed at will. This means that
multiple students or markers can work on the same artefact in parallel and that an assignment can be displayed in
its original, unmarked form first, revealing the annotations only after the students have attempted assessment
themselves.
A related aspect to this is that the electronic comments will usually be typed and not hand-written. This brings
advantages both for the person making the comments, as typing is often physically less strenuous than handwriting, and for the reader, as typed comments are easier to decipher than most people’s hand-writing.

Access management
Access to an electronic repository can be protected by user codes and passwords. Besides controlling who is
granted access, schemes can be implemented that stagger the release of information. That can mean creating a
timed sequence of access to task description, artefacts, marking comments and sample solutions. While this
would be possible in a paper-based system also, the management effort required would be extremely high,
specifically if one wants to control access at the individual but not class level. Individual schemes are very
important as they allow students to work at their own pace. Electronic formats are essential if one wants to
implement an any-time and any-place access policy.

Communication
One feature of electronic repositories is that students (or students and markers) can communicate on marking
comments. Students can comment on artefacts and enter these comments into the repository. Other students then
read these comments and respond with their own assessments. An electronic repository means that this
communication is independent from being at the same location at a specific time and does not require the
exchange of physical documents.

Issues requiring full exploration
As mentioned earlier we have so far omitted several critical procedural issues that need to be considered to make
these repositories reality. These issues have arisen in wide-ranging discussions with colleagues from a variety of
disciplines and both from academia and university management.

Integration of the repositories into the learning process
It is not trivial but undoubtedly technically possible to build the repositories. Technically similar work using the
internet and database management systems has been implemented already (Cho and Schunn, 2003; Kemm et al.,
2003; Nokelainen, 2003; Sitthiworachart and Joy, 2003; Sung et al., 2003). Further, at least to a certain degree,
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the technology can assist with the implementation of protocols or procedures. What we mean by this will
become clearer by looking at some examples. The literature on formative assessment states that students should
first attempt a task themselves before receiving sample solutions. We have built this into the scenarios by
suggesting that students first have to submit their own solution attempt before gaining access to the repository
artefacts annotated with formative feedback and to sample solutions. Technically it is possible to monitor
submission and to control access rights accordingly. The difficulty occurs on a semantic level. A computer
system is generally not able to assess the meaningfulness of a submission. Based only on automated control a
student could easily bypass the spirit of the requirement to attempt the task first by submitting a more-or-less
meaningless document. A meaningful level of access management would require the involvement of a human
assessor, the lecturer or a marker or possibly even a student peer. One of the questions arising therefore is how
much active involvement for controlling the learning process should be built into the repository system.
Similar issues arise with access to summative feedback. Again, technically it is easy to separate summative from
formative feedback and to give access to marks only after the formative feedback has been studied. The question
here is how a computer system decides if a student has actually ‘taken in’ the comments provided and has not
just followed some mechanical steps to fulfil some computer-controlled requirements.

Creating the right atmosphere
In an ideal world everyone would be willing to share their artefacts and assessment annotations. In reality this is
not necessarily the case. Conversations with colleagues around the university suggest that people are likely to
feel insecure about opening their marking to a wider audience for scrutiny. Open access might prompt students
to a higher degree than currently to question marking decisions. It could be psychologically difficult for lecturers
to expose their marking performance to their colleagues.
For the success of the repositories it is essential to acknowledge these fears and insecurities and counteract them.
One possibility might be to initially work with pseudo identities as has been discussed earlier. This might allow
people to start making contributions to marking and to develop more confidence, based on feedback received to
these contributions. As the literature reports that the more we know about marking the more confidence we gain
about sharing (Black and William, 1998). This would allow us to assume that the fears and insecurities can be
overcome with training and education. Part of this will be to develop the right atmosphere, among students in a
course, and among lecturers and markers working together in assessment, and among staff participating in staff
development.

Ethical issues and informed consent
Ethics and privacy issues have gained increasing importance. From our own experience in dealing with our
university’s ethics committee we know that, for example, it is necessary to gain informed consent from the
students for using their examination answers for research purposes. The right procedures will have to be
developed and followed to make student assignments or other work accessible in electronic repositories.
Using an informal approach we surveyed the opinions of our students regarding access to their work. This
revealed that students seemed to be willing to grant permission for the use of their assignments anonymously in
repositories for teaching in the following year. The students did not feel comfortable with sharing their
assignments with their current peers, even if all links to the students’ identities had been removed. Our students
are from computer science and technology disciplines who commonly work either by themselves or in small
groups. Attitudes might be different among, for example, education or social science students.

Institutional policies and support
The successful implementation of electronic repositories as advocated in this article or of any other networked
computer support for formative assessment will, to a certain degree, depend on institutional policies and support.
At this stage the climate seems to be that individuals have to display a considerable amount of initiative and
determination to overcome obstacles. One of the policies required would be on ethics and informed consent, as
discussed in the previous section. Another area relates to the security of electronically submitted and stored
assignments or student work in general. Learning management systems already offer some facilities in this
regard yet these are possibly not sufficient. At our university, for example, the development of an assignment
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tracking system is underway that is to facilitate the electronic submission of assignments from our distance
education students. A further point concerns the requirement of equal access for all students. If access to suitable
computer equipment is essential to participate in a course the university has to classify this course accordingly.
Besides policies, procedures need to be developed towards creating a supportive environment. In relationship to
using computer laboratories for tests and examination purposes, the information technology services laboratory
administrator at our university recently circulated a message. This message stated that it was necessary to apply
for such use of the laboratories three months in advance and that a rationale for this request had to be provided.
The information technology section would than decide on granting this request and would advice on costs to be
carried by the applying department. Such procedural and decision processes are not conducive for encouraging
the use of electronic resources.
We are certainly not advocating a university-wide use of electronically submitted, marked and stored
assignments. Yet, we would hope for some level of institutional support to encourage the uptake of these
technologies and the related learning opportunities.

Practicalities
Briefly in the introduction to this article we have talked about how to obtain electronic copies of assignments.
Ideally we see the repositories to be used in conjunction with electronic submission of assignments and the
marking of these electronic copies ‘onscreen’ (Heinrich and Wang, 2003). This would evolve into a two step
process. In the first year, the students submit assignments for assessment. This work is submitted, marked and
returned electronically and stays confidential to the submitting students. In the second year, the assignments
(without identification of the submitting students) become accessible to the new students as learning material.
This process works well with our understanding of the privacy considerations our students have demanded. On a
practical level the advantage of this approach is that we gain material for our repositories basically as a byproduct of our normal assessment procedures (this actually is a great advantage as experiences with initiatives
like LOM (2003) have shown that repositories of learning material grow slowly if there is not strong incentive
for contributing material). We will have the assignments as artefacts and the marking comments as formative
feedback. Issues to be handled are the removal of student identification numbers and names and the separation of
summative from formative feedback.
An alternative process, suitable for fast-tracking the development of the repositories, is to select a representative
sample of paper-based assignments and to re-create electronic copies. We have gained some experience in doing
this by scanning assignments and using a graphics program to erase any marking comments on the electronic
copy. We then used our electronic marking tool to re-create electronic, flexibly removable copies of the original
marking comments. Depending on the quality of the paper original and the image settings during and after
scanning this process results in artefacts of sufficient quality. We felt that the time effort required was bearable
and specifically the re-creating of the marking comments felt surprisingly fast.
One issue that has been raised in context of electronic assignments is the question about the need for printed
copies. Are printed copies required, who is responsible for the printing and who bears the costs? In our current
university system the students print their assignments before submission. In the full electronic system we
envisage the students would submit electronic copies. The electronic copies would be marked without printing
and returned to the students electronically. The students could then decide if they wanted to produce printed
copies. With this approach, the students would certainly not be disadvantaged in regard to their printing budgets.
The university would not incur any costs, as it would not be required to print.
Obviously, electronic assignments depend on the availability of a suitable tool for marking (like our MarkTool)
and on the appropriate support processes. Even with the best tools this approach will not be acceptable for
everyone for every type of assignment. Yet, this should not stop us exploring the possibilities and the
opportunities for learning.

The current status of our work
The implementation of the electronic repositories of marked student work has two main technical components,
the marking tool and the web-based repository. For the marking we have an alpha-release application, the
MarkTool shown first in Figure 1, available. For the web-based repository we have a preliminary design.
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The design of the MarkTool goes back to work by Heinrich and Wang (2003) and technical details of the current
version are described in Heinrich and Lawn (2004). A central idea is that we convert assignments into PDFformat (PDF Reference, 2001). This allows us to basically deal with all types of printable documents and
therefore does not restrict the students either in format or application program. Further advantages of using PDF
are that the documents are protected from change and that formatting and page layout remain unchanged.
MarkTool offers a range of annotation features: graphical highlighting in various shapes and colours, textual
comments optionally linked to the graphical highlighting, and a numeric tool entering and adding marks. All
annotations are automatically stored in a database and the artefacts can be viewed with and without annotations.
All document handling features are as expected from a PDF-reader program, including page management and
zooming. At this stage MarkTool comes with a simple artefact management component. A class list, exported
from our student management system, is imported and used to link artefacts to students. The status of each
assignment can be set to ‘not marked’, ‘in progress’, ‘review’, or ‘marked’. The current work on the MarkTool
focuses on the development of a student-end for the viewing of marked assignments, the implementation of
further features and on end-user testing.
The preliminary design for the web-based repository features fairly standard components of a web server, a
relational database management system and a web-based user interface. The MarkTool currently is implemented
as an application that could be downloaded to the user’s computer. We envisage both online and offline modes to
allow users to work independently from the web. This will require the definition of an XML schema for the
marking information. With this, the marking information could be downloaded to the user’s computer in XML
format, stored there on a local database and uploaded again as XML data. On upload the annotation data have to
be synchronised with other annotations for the respective artefact. This design would allow a student or marker
to download artefacts of interest, do their assessment offline and then synchronise with a central repository.
Besides the technical components we have a small sample of twelve, electronically annotated and marked
assignments from this year’s data modelling class available for use in a first repository. We have gained
informed consent from the authors of these assignments to use their artefacts anonymously in next years
teaching. Now, where MarkTool is ready for use by a wider audience we will quickly gather more artefacts.

Conclusions
A review of the education literature clearly shows the benefits of formative assessment for learning. Many
studies undertaken over the last years have demonstrated that formative assessment can be effectively supported
by utilising web-based computer environments. Characteristic of formative assessment is that it requires openended response from the students and that multiple-choice style tests therefore are not sufficient. As a
consequence automated marking is not possible and the assessment and here specifically the feedback has to be
provided by a human marker. Open-ended responses lead to essay-type assignments that are used across all
disciplines or subject areas.
The literature also shows that both in theory and practice a lot more needs to be done to improve the quality of
formative assessment. One aspect here is the requirement to better educate and train staff providing formative
feedback. Another aspect is the integration of formative assessment into the learning process.
In this context we have introduced the concepts of electronic repositories of marked student work. These
repositories focus on the learning aspect of formative assessment. A central thought behind the repositories is to
regard the students’ marked work as a valuable resource. This resource should not only be used as a ‘one-off’ but
should be retained and used with future students. The artefacts provided by students can serve as examples for
the solution of tasks. As the literature states, both weak and strong solutions are valuable resources. Besides the
artefacts the repositories contain the feedback provided by the marker, originally formulated for the submitting
student. This feedback will guide students through their understanding of the example artefacts.
Besides advocating for the electronic repositories we suggest the marking of assignments in electronic format.
We suggest a conversion of essay-type assignments into PDF-format and the marking of these assignments ‘on
screen’. Electronically stored marking annotations open up various possibilities both for the marking process and
the flexibility in studying the feedback. An important side-effect of using an electronic marking tool is that the
data produced while marking automatically are in the right format for inclusion in the repositories.
The technical implementation issues around on-screen marking and electronic repositories of marked student
work can all be resolved. We already have developed a marking application, called MarkTool that allows
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marking of electronic assignments in a style similar to the familiar ‘pen-and-paper’ techniques. System
architectures with a web interface and database back-end are fairly common. We suggest such a standard
architecture extended by XML data transfer to facilitate the option of working away from a network connection
and subsequent synchronisation of data.
As demonstrated throughout the article the concepts of electronic repositories of marked student work fit in very
well with educational theories. Yet, for this approach to be successful a number of issues have to be carefully
considered. As with any eLearning initiative it is essential to ensure that the technology serves the pedagogy.
The repositories need to be integrated well into the learning process. This includes careful selection of repository
content, a managed process, possibly step-by-step, of granting access to the full repository data, and the
involvement of the lecturer in guiding and monitoring the students. Assignments, feedback and marks need to be
treated confidentially. Ethics requirements mean that permission needs to be sought to include material in the
repositories. Initial informal inquiries among our students have shown that these are willing to give consent for
their work to be used by future students. An important factor will be the level of comfort among lecturers and
markers to expose their marking to a wide audience in a repository. Based on conversations with some of our
colleagues we are prepared for at least an initial feeling of discomfort in this regard. On the other hand, the
literature indicates that confidence in regard to marking grows with increasing knowledge about what constitutes
high quality marking. This is paired with a call for better training of lecturers in marking, an issue taken up for
example by our own university as a focus for staff development in the upcoming year. We see electronic
repositories of marked student work as a tool to assist in this area and are confident that an initial resistance
against using the repositories can be overcome.
To conclude, we see an enormous potential for electronic repositories of marked student work to contribute to
formative assessment and to student learning.
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