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This paper focuses on a traditional educational skill, namely the assessment of
student work. Whereas ICT has left a considerable mark on, for instance, the
administrative support of educational activities and on the use of legal sources, other
parts of legal training have seen almost no alterations in the past few decades. One
such area is the grading of essay or open question student assignments. Although
writing essays is an important aspect of student work, particularly in legal education,
because of the necessity to train language skills, little has been done in this field.
Now, however, a program is available to assist teachers in assessing and marking
essays.
The CODAS Text Grader tool, described here, can be used to alleviate the task of
marking essays. Does the use of this tool mean that a teacher can be replaced by a
computer with respect to the marking of essays? The answer is negative; teachers
still have an essential role. What changes is the ‘level’ at which the assessment of
the student work takes place: from individual to survey, from marking to ranking. The
software is capable of ranking essays based on concepts formed from a limited
number of ‘example documents’ and helps to mark them. As a consequence,
deviations become apparent immediately.
The CODAS software complies with the requirements of efficiency and reliability. It
can also be used for a related task: it can assess the assessors. It contains functions
to assess – and if necessary correct – the marks for comparable essays awarded by
one specific teacher or even by a team of several teachers. Bringing transparency to
the process of grading can only be of benefit to the education system.
Introduction
Like many other western countries, the Netherlands has been a knowledge economy
for many years. Well-trained professionals are a must for this type of economy,
therefore a growing number of students receive education for a longer period of time.
Apart from this, the demand for education has increased as a result of globalisation.
The number of students from China, Indonesia and Eastern Europe is already
considerable in every Dutch university. The financial benefit universities receive from
this has become a substantial part of their funding. The potential market share for
traditional as well as distance education for foreigners is enormous.
As education is so important from an economic point of view and because
competition between those who offer it has increased greatly, quality and efficiency
have become of vital importance. An aspect of education that is crucial here is the
assessment of student achievements. Assessment is important for the educational
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process, as it provides feedback to students and teachers. Furthermore, reliable and
valid assessment procedures are essential for the reputation of educational
institutions and the certificates issued by them. In this paper, two new computer
applications are described. These include an application that can be used by
teachers to assess student assignments and an extension of this application that
makes it possible to analyse and compare assessment results from different teachers
and/or different groups of students (possibly from several different years) with each
other and draw conclusions from the analysis.
Grading Assignments
Teachers usually consider the assessment and the grading of assignments, essays
and examinations to be a burden. Consequently, they often rely on assignments that
can be checked quickly or even automatically, for instance in the form of multiplechoice questions, especially when the number of students is high. Nevertheless,
most teachers agree that essay questions are, in most cases, more suitable to gain
insight into the knowledge and skills of students. This question type is usually
considered superior for educational goals like ‘improving skills to express oneself in
writing’.
Until recently, automation in this area was only possible when using multiple choice
questions or questions with very short answers. However, the Centre for Computers
and Law at the Erasmus University has now developed a computer application that
changes this. The Centre has been involved in research on the subject of reading
and – to a certain extent – interpreting texts by computer for over fifteen years. This
has been mainly aimed at the development of more effective, so-called conceptual
retrieval systems for legal databases.1 As a spin off of this research, an application
that can serve as an aid in the assessment of (electronically supplied) essay
assignments was developed some time ago. It has been in use for several years now
and has been amended and improved in various ways since its original introduction.
The CODAS software
The CODAS software – CODAS stands for ‘Conceptual Document Analysis
System’ – is based on the following principle: even though it is not yet possible to
make a computer ‘understand’ the meaning of a text, it is possible to use a computer
to analyse the form of the text, specifically the word use in it.2 It has been shown that
assignments that are similar at the word use level have, in most cases, a similar
content as well. More specifically, student essays or open question assignments that
show similar word usage also show similar content and receive comparable grades.
This implies that there is a clear connection between the form of an assignment
(expressed in word use characteristics) and its content or meaning.3
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For a general introduction to conceptual retrieval of legal documentation, see Bing 1987. For
an example of a practical application of such techniques, see Wildemast & De Mulder 1992
and De Mulder et al. 1993.
Van Noortwijk & De Mulder 1996.
Shermis & Burstein 2003; Combrink-Kuiters et al. 1999; De Mulder 1995.
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This principle is utilized in the computer aided grading of assignments and
examinations using CODAS. This does not mean that the grading process is
completely automatic, however. The teacher is in control and determines the final
results. How this works in practice is described in the following section.
Grading assignments in practice using CODAS
CODAS can be used for the grading of ‘open’ or ‘essay’ questions in an assignment
or examination. Especially when the number of assignments is high (for instance,
more than fifty), the amount of time that can be saved with this system can be
significant. The grading process progresses in the following way.
Availability of assignments
For CODAS to be applicable, all student assignment must be available in electronic
form, in other words, in the form of a computer file. Usually this can be achieved by
requesting students to type in their assignments with a word processing application
and to hand in the saved file. Handing in can take place by means of (attachments
to) electronic mail, but it is usually more efficient to use a so-called ‘Upload-script’ (on
a web-page) or a specific program. It is then possible to make sure that the name of
every document that is handed in is unique, for instance by using the student’s ID as
the name of the uploaded document. Furthermore, repeated uploading of the same
assignment can be prohibited and assignments can be grouped together in a specific
directory on a network server, ready to be processed by the teacher.
The form of assignments
When this first hurdle has been cleared, the current version of the software usually
requires one extra step to be taken before the actual grading can start. All
assignments must not only be available in the original format of the word processing
program, but also in a ‘pure text’ form. This usually makes it necessary to convert the
documents. The program Microsoft Word contains a dedicated routine for this, which
makes it possible to convert the whole series of assignments in one go. The Txt files
that are the result of this step can be read by the CODAS software, whereas the
original documents stay available to the teacher. These original versions are
displayed whenever he/she requests the on-screen viewing of an assignment from
the program.
Ranking the assignments
After the material has been prepared as described above, the CODAS modules can
be applied.4 Using the Text Grader module, the teacher can rank the assignments
and award a grade to them. In this phase, it is essential that the teacher grades a
series of assignments ‘by hand’ (although on the computer screen) and indicates
examples of really good and really bad assignments. The program assists with this
by calculating an initial score and provisionally ranks the documents according to this
score.
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It is often useful to start with the separate CODAS Fraud Finder module that is capable of
identifying possible plagiarism by students. In this paper we will not describe that module, as we
concentrate on the grading process and its assessment.
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The initial score
This first score is based purely on the similarity scores of the documents.5 To
calculate the initial score, the average is taken of the similarity scores of a document
with all other separate documents. The idea behind this procedure is that on
average, students will have found the correct answer. Therefore, an assignment that
most resembles all the others will presumably be among the better assignments
while an assignment that is dissimilar to all the others is probably one of the worst. In
practice, this assumption has been found to hold better for the bad assignments than
for the good ones. This implies that the worst assignments are usually indeed found
at the bottom of the initial ranking, while the best assignments are not quite at the top
of the list. Therefore, although not perfect, this initial ranking can be a useful aid to
the teacher in his task of finding examples of good and bad assignments.
Locating examples and counter examples
Of the assignments that have caught the attention of the teacher because of their
ranking in the initial score list6, a selection is graded in the ‘old fashioned’ way. An
assignment the teacher assesses, while searching for examples and counter
examples is always awarded a grade. Furthermore, when indeed it proves to be a
clear example of a good or bad assignment, it is marked with a ‘+’ (for a good
assignment or ‘example’) or ‘–’ (for a bad assignment or ‘counter example’)
respectively. After some (at least three) examples and counter examples have been
identified, the ‘recalculation’ function can be activated. This produces a new ‘grade
score’ for every document. This score, based on a statistical analysis of the word
use, indicates the extent to which a document resembles the examples and is
different from the counter examples. For the calculation of the score, Bayesian
statistics are applied.7 Therefore, the score of a document in the set represents the
Bayesian ‘odds’ of that document, in this case equivalent to the probability that the
document should receive a high grade. The list of documents is sorted according to
this new score, which is visible in a separate column (see figure 1). This means that
the ranking of the documents now reflects their calculated status. Generally, this
ranking will become higher when a document contains a lot of words that can also be
found in examples. It will become lower when the document has a lot of words in
common with counter examples. In literature, this technique is often referred to as
‘naïve Bayesian ranking’ or ‘naïve Bayesian retrieval’, because of the implicit
assumption that words appear independent of each other in a document. Although
this is usually not the true for natural language texts, the results of the technique can
be very convincing. This is illustrated by the fact that certain ‘spam filter’ applications
for the blocking of unwanted e-mail messages are based on it.8
Applying grades
Of course, the teacher must now check the validity of this provisional ranking. This is
achieved by opening and grading additional documents, at the top as well as at the
bottom of the list. Usually, this will lead to the identification of additional examples
and counter examples. Next, scores can be recalculated and changes in the ranking
5
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See Van Noortwijk & De Mulder 1997.
Another practical solution to the problem of quickly finding some ‘good’ and ‘bad’ assignments can
be the addition of assignments from earlier years / courses with a grade that is already known.
A useful introduction to Bayesian statistics is given in Lindley 1971. There are many other
examples of the application of Bayes’ Theorem to the ranking and /or retrieval of documents.
See for instance Elkan 1997, Mitchel 1997, Lewis 1998 and Eyheramendy et al. 2003.
For an evaluation of this, see Androutsopoulos et al. 2000.
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of documents can be evaluated. This process can be repeated, until the teacher
decides that the ranking is stable and forms a valid basis for the grading of the whole
group. Finally, the borderlines between ‘good’, ‘sufficient’ and ‘insufficient’ (or any
other desired level) assignments must be identified after which a grade can be
applied to all remaining assignments.
The method works best when assignments have a certain minimal size, usually of at
least some 500 words. This gives the software sufficient material to compare and to
base the ranking on. Furthermore, it is desirable that the subjects in the assignments
are not too divergent; preferably they should contain the answers to the same set of
questions. When these requirements are met, the results are usually remarkably
good.

Figure 1 – Assignments with marks (A, B, C) and example status indication (+, –)

Other systems for the grading of essays
The subject of automatic essay grading has received considerable attention in the
past few years. Educational Testing Service (ETS), an organisation for educational
measurement, has played an important role here with the development of tools like
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E-rater and C-rater.9 Although the purpose of these systems might be similar to that
of CODAS, the techniques that are used are often rather different. The C-rater
application for the recognition of concepts in short-answer free responses, for
instance, has to be trained to recognise all different forms and variations of every
separate answer. The E-rater application is primarily intended for longer essays and
evaluates these according to criteria like syntax, discourse, topical content and lexical
complexity. Another application to assess essays automatically has been promoted
by Landauer10 and is based on so-called ‘Latent Semantic Analysis’, a technique to
derive the meaning of words (in an essay) from the context they appear in. The use
of Bayesian statistics, applied using example and counter example documents, is
specific to CODAS. The algorithm used by the program has been fine-tuned for
optimal results in an educational environment.
The traditional skills of the teacher
From the above sections, it will be clear that the CODAS software can by no means
function autonomously. The teacher has an essential role. During the grading
process, the examples selected by him or her are the single basis for the ranking and
subsequent grading of the set of assignments. On several occasions, the system
appeals to the specific skills of the teacher. This is the case at the beginning of the
grading session, when a set of good and bad assignments must be indicated before
the system can produce an appropriate ranking. In the phase that follows, the
selection of examples and counter examples to be included in the set is of vital
importance. The final result is completely dependant on this process. Finally, the
teacher is the person who decides that the ranking of assignments is stable and valid
and who specifies the grades that will be given to each of them.
This implies that ‘computer aided grading’ is by no means the same as ‘grading by
computer’. It is still the teacher who makes the decisions at every crucial stage in the
process and remains responsible for the grading. There are some new skills involved
in this process, however. Grading assignments and examinations no longer just
implies ‘Take the first one from the pile, read it, mark it and put it away’. Instead of
this, the work is done at a different level. The teacher attempts to rank the whole set
of assignments correctly. At least the very best and the worst assignments have to be
identified. During the grading session, the set is reordered continuously. The session
only ends when the ranking is considered to be stable and correct.
Assessing the assessors
The different ‘level’ at which the assessment of the student work takes place is even
more apparent when more than one teacher is involved in the grading process of the
group. Many teachers will recognize this type of situation from practice, for instance
because they have been responsible for the establishment of a final grade from the
grades of several other teachers. Due to the increasing importance, in society as well
as economically, of education and therefore also of the assessment of student
results, the number of organisations and institutions that have specific responsibilities
9
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for the quality and efficiency of this assessment has grown considerably in the past
decade. Computer aided grading can provide interesting possibilities for this specific
task as well.
The CODAS Text Grader module already contains a number of facilities that enable
the user to evaluate the consistency of the ranking of a series of assignments that
has already been established by a teacher. For instance, when an assignment that
has been marked with a + or – does not change position after this marking but
instead stays in the middle of the ranking, this should raise suspicion. Also, large
differences between the grading scores of example or counter example documents
and the other documents that have a ranking close to these are an indication that the
number of examples and / or counter examples is not yet sufficient. The Text Grader
module contains some graphical tools to make phenomena like these clearly visible.
Another possibility offered by the module is to make the results of the grading work of
the different teachers who have been involved in the assessment process visible,
even if these teachers have not graded the same assignments. This will be illustrated
by some examples.
The first example is rather trivial. When one of the assessors has marked an
assignment as an example (+) and the other has not, the following pattern can
become visible (see figure 2). In this chart, the assignments are shown as crosses.
The colour of the first assessor (horizontal axis) is blue, that of the second assessor
(vertical axis) is green. Completely yellow crosses without any blue or green lines
represent assignments that have not been used as examples or counter examples.

Figure 2 – Assessments of two teachers compared
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The second example represents the case that both assessors apparently have a
different opinion as to the quality of the assessment: what should be characterised as
a good and a bad assignment (see figure 3). Their judgements vary considerably in a
number of cases.

Figure 3 – Many differences between teacher A and B

Finally, it is also possible to view the coherence and consistency of the results of
three different assessors in one chart (figure 4). In this case, the data points should
appear more or less in one line or should be more or less ‘cigar-shaped’. If not, one
or more discrepancies between the assessors should be suspected. As this type of
chart is sometimes a bit difficult to comprehend, the program contains options to
rotate and/or tilt it to make it possible to judge the relative positions of the data points
more easily. Furthermore, the ‘shade’ of the data points can be projected against any
of the ‘walls’ of the chart (visible at the bottom of the ‘cube’ in figure 4), to illustrate
the relationship between two of the three dimensions (teachers).
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Figure 4 – Results of three teachers compared

Future developments
The assessment of assessors is not the main function of the CODAS software that is
available at the moment. The two and three-dimensional charts were originally
intended for the individual teacher to enable him or her to assess student work from
different points of view and make those results visible. Nonetheless, the results of up
to two colleagues can be reviewed, as described above. In the near future, this
assessment functionality will be developed further. Options that are planned for this
include the calculation of ‘virtual’ correlation scores between teachers, without the
need for each of them to grade the complete set of assignments.
Another plan is to use the underlying CODAS algorithm for the identification of the
‘author’ of an assignment or essay. In a way that is similar to the way in which the
ranking of assignments is based on examples by the Text Grader module, a list could
be compiled that is ranked according to the probability that the documents are written
by the same author. Such a module could be useful in distance education, where
students produce materials without direct teacher supervision. The module would
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complement the existing Fraud Finder module, which calculates the similarity of all
pairs of documents in a set.
Furthermore, a number of users have asked for a ‘feedback module’. Such a routine
could retrieve the most relevant paragraphs (again, based on word use
characteristics) from examples and counter examples, as indicated by the teacher.
By comparing these paragraphs with any individual assignment from the set,
students could be given relevant feedback on their work: ‘An important issue that is
missing in your assignment is …’. A prototype of this module has already been
developed and is currently being tested in practice.
Conclusion
In this paper, some possibilities for using computers for the assessment of essays
and assignments have been outlined. Assessment is a task that is considered to be
increasingly important but is also very time consuming. The CODAS software assists
the teacher in ranking a series of student assignments. Prerequisites for this are:
− the assignments must be available in electronic form (computer files);
− assignments must have a certain minimal size while the subjects they
contain should not be too divergent;
− only a sample of the assignments needs to be graded in the ‘old fashioned’
way;
− the computer then ranks the assignments from good to bad;
− assessment becomes more consistent and reliable;
− considerable time savings are possible – the more assignments, the higher
the time saving per assignment;
− the system makes it possible to compare results, between different years
or different teachers.
The use of this tool requires, apart from traditional grading / assessing skills, also
certain new proficiencies, for instance the ability to locate irregularities in the ranking.
It is expected that computers, equipped with this type of software, will gain
importance as a tool for checking and improving the quality of assessment in the near
future.
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