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��1. Introduction

1.1 What does DIAGNOSYS do?

DIAGNOSYS is a diagnostic system designed to help you run existing, modified or new tests on suitable topics.  It has several features that make it particularly suitable for topics of a hierarchical nature and especially those related to mathematics:

�symbol 183 \f "Symbol" \s 10 \h��	choice of questions, and inference of knowledge or ignorance is based on links between skills — an expert-system (or knowledge-based system) is implemented

�symbol 183 \f "Symbol" \s 10 \h��	the initial choice of questions can be based on prior qualifications or some other criteria

�symbol 183 \f "Symbol" \s 10 \h��	the range of topics can be assigned differently for different user groups

�symbol 183 \f "Symbol" \s 10 \h��	input of answers includes a full, easy-to-learn algebraic interface

�symbol 183 \f "Symbol" \s 10 \h��	checking of correct answers permits a variety of algebraic forms

�symbol 183 \f "Symbol" \s 10 \h��	weighting of answers allows for use of hints

�symbol 183 \f "Symbol" \s 10 \h��	'lives' and modification of the format of answers reduce the chance of incorrect inferences based on slips or misunderstandings

�symbol 183 \f "Symbol" \s 10 \h��	run-time generation of algebra and diagrams reduces greatly storage space and load times

�symbol 183 \f "Symbol" \s 10 \h��	forms of output include individual 'profiles', and both lists of group performance and profiles of group knowledge

The DIAGNOSYS system can be used to set tests on almost any topic, as its display, input and evaluation facilities are comprehensive, although there are alternative systems available if the special features offered are not of value.  However, most testing systems require the storage of many large bitmaps, with corresponding requirements for storage and loading, so this too may be of interest.

There are several ways in which the hierarchical structure can be used to test topics, as will be shown in detail in the next section.  One possibility, employed in the principal mathematics implementation of DIAGNOSYS, is a network of topics with carefully identified pre-requisite topics or skills.  

�embed MSDraw \* mergeformat ���

Figure 1  Linked skills

For example, it seems sensible to assume that a student who can expand a double bracket (Figure 1) can also expand a single bracket, whilst, conversely, a student who can't expand a single bracket also can't expand a double bracket.  Therefore, depending on which question is asked first (which may be assigned based on their prior qualifications or other criteria), one question may be asked instead of two, reducing both time and discouragement.

An alternative use is to set single (multi-skill) questions, then offer simpler versions (e.g. with hints) if the first question is too hard (Figure 3 below).

DIAGNOSYS has already been used to construct tests in several other subject areas, including Mechanics and Computer Science.  Good (and valid) design requires some investment of time and experience, but using the program QEDIT and this manual it should be possible to generate a useful test for your own purposes.  It must be emphasised strongly that modifications to any part of the DIAGNOSYS mathematics test (i.e. questions or network) may result in invalid inferences and therefore results unless carefully analysed and validated, let alone the consequences of a hastily designed test on new topics!  Validation, as well as initial design, is considered at length below.

1.2 Limitations of DIAGNOSYS

DIAGNOSYS uses a deterministic expert-system.  That is, inferences drawn from a student's answers are considered to be definite.  Equivalently, we assume that certain skills have well-defined pre-requisite skills.  By careful design of both the network of skills and of the questions that test those skills, useful conclusions can be obtained, but for some subjects, a probabilistic system would be more appropriate.  It should be noted, however, that such expert-systems require extensive design and validation, and can still produce highly questionable results (e.g. in medical diagnosis)!

DIAGNOSYS doesn't have special structures for drawing e.g. chemical diagrams or musical notation (though bitmaps can be loaded for these if desired).  There is also no facility for 'hot-spot' identification, nor for dragging graphical features to chosen locations (though simple animation is possible).

In addition, there is no facility to generate random numbers for use in questions, which is sometimes desired.  The reason for this is that the expert-system inferences, which offer more suitable questions, and quicker results, depend crucially on carefully designed questions of a known level of difficulty.  It is very hard to generate random features for questions whilst maintaining an exact level.  Completely unambiguous checking of answers is also difficult for some topics with randomised coefficients.  However, DIAGNOSYS does permit simple design and input of variant questions that are then chosen randomly.  Combined with the use of previous answers to choose appropriate questions, this means that students will have very few questions in common with each other.

1.3 Extensions planned to the DIAGNOSYS system

Apart from minor improvements and extensions, the principal planned change is to permit a self-test version, in which the choice of range and ordering of topics will be under the student's control, and with brief tutorial material on each topic to help the student revise.  The test, without such choice and tutorials, could be used before and then after the use of this mode to provide a simple, self-contained, revision or remedial course in basic material such as mathematics.

The profiles produced for individuals currently show either bar-charts or lists of all skills tested.  A simple extension may provide a selection only of skills, so that the lists are shorter, whether of known or unknown topics.  The scoring system may also permit scoring compared to an expected score for the group or qualification, rather than as a percentage of all skills tested.  (Note, however, that there is a limited facility for this in version 3.23.  Each topic area in a bar-chart form of profile may have a 'comment' printed directly beneath it, which can be in the form of an expected score for that topic area for one or more groups or qualifications.  An overall comment can explain this, and its presence enables the operation of the whole set of comments.)

Another change may assist in the validation of test designs, by permitting various modes of operation, and also by producing statistics on some features of the questions and results (see section 8).

�2. The network, or list of topics

2.1 The list of topics or skills

The list of topics or skills defines the scope of the Test.  Designing a good network is central to the operation of an expert-system test, which is one of the main features of the DIAGNOSYS system.  Even for tests that do not rely on the expert-system inferences, there will be some implicit or explicit scope of the test, with questions aimed at examining the full range of knowledge or skills, and with limited overlap.  The ordering of simpler and more difficult questions or parts of questions is also important in effective testing.
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Figure 2  Powers or indices - part of the maths network

The first requirement is to identify the list of skills or topics to be tested, arranged by category and by level of difficulty.  Some thought is needed as to how much discrimination is needed.  For example, using the case of indices or powers (Fig 2), it might be sufficient to check that the student understands the manipulation of fractional powers, because this is normally taken for granted in the forthcoming course.  If they don't, then exactly which aspects they need to study can be discovered later on.

On the other hand, it may be that finer detail is desired, in which case the kind of breakdown of component skills shown in Figure 2 will be needed.  At this stage, the links between the skills will not be explicitly shown.

The refinement of the list of skills or topics is one of degree.  It is possible to continue the process, identifying other variants or component skills that may be either definite pre-requisites or rather skills and knowledge that may be needed to answer actual questions.  For example, a question on expanding brackets may be made easier or harder by using small positive integers, larger integers, negative numbers, non-integers, etc.  Furthermore, if the skill is embedded in a 'word problem' or uses unfamiliar symbols, it becomes still harder.  The extent to which such refinement is useful is examined more in the next section.

Another approach may be used if the desired end is a limited number of 'compound' or higher-level questions, known to include component skills and perhaps analysis and synthesis of knowledge.  In this case, the deliberately complex question may be set first for each topic, but hints and/or simpler questions using fewer of the component skills or less analysis and synthesis may be added on failure to answer the first question successfully.  Figure 3 shows one possible sequence, where in practice the questions would be set from 'right to left', as the arrows indicate pre-requisites, not actions.
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Figure 3  Staged question on substitution method for integration

2.2 Linked skills — pre-requisites

The basis of the test is a number of skills, linked to pre- and post-requisites.  For example, a knowledge of how to expand a double-bracket (x+2)(x+3) depends on knowledge of how to expand a single bracket x(x+1).

More than one forward or backward link is possible.  For example, the double-bracket question requires a knowledge of collecting like terms to be completed.  This structure is also shown for indices in Figure 2.

The network, and the expert-system, is deterministic.  That is, pre-requisites are regarded as essential for success with questions.  For this reason, it may be a mistake to build in every possible link, as there are correspondingly serious consequences for a wrong answer (ruling out the possibility of success on any linked post-requisite).  For example, the actual difficulty of questions on expansion of brackets, or solution of equations, depends greatly on the choice of numbers used, the familiarity of the symbols, and whether the problem is expressed in word form.  These are problems also for conventional examinations, and it is perhaps a useful feature of developing tests such as those with DIAGNOSYS that such details are made explicit, especially where variants of questions are provided and must be of almost identical standard!

A further potential difficulty with a deterministic expert-system is that any inaccurate inference may have significant consequences for the course of the test and the overall result.  For this reason, a number of 'lives' are permitted to the student, allowing them to have a second chance (or more) at a question where they believe a slip or misreading led to their incorrect answer.  Incorrectly formatted answers, or those using the wrong variables, can also be corrected.
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Figure 4  Springs - part of a mechanics network

Figure 4 illustrates part of a test on basic mechanics, where the linking of the network has been kept deliberately simple.  Either ignorance of a topic, or spurious results or inferences on this topic, will have no effect on other parts of the test with this simple structure.

All the above examples have skills or topics arranged in a hierarchy of levels, with simpler items to the left and harder ones to the right.  The DIAGNOSYS maths test attempted, in its early design, to assign to one level those skills or questions expected of students with a particular qualification.  Thus level 2 (all items numbered 2xx) corresponds to knowledge of approximately GCSE grade C, and level 3 to grade A.  (In the mechanics example in Fig 4, the levels are indicated by the final digit of each label; this choice is arbitrary.)

�3. Skills and questions

3.1 Relationship between skill and question

Once the list of topics or skills has been established, a set of questions must be designed.  In practice, many skills will be naturally associated with at least outline questions.  For example, 'expand a double bracket' is virtually synonymous with 'expand (x + 1)(x + 3)'.  However, even this example question involves both identified pre-requisite skills such as 'expand a single bracket', others that may or may not be required, such as 'collect like terms' (as acceptable answers may or may not require this simplification), and others easily overlooked, such as skills with negative numbers, non-integers, etc (Fig 5).

Expand the brackets and collect terms:

(2 + v)(3 - v)



Pre-requisite skills for 312, Expanding two brackets:

110, Collect terms               .

112, Simple calculation        .

210, Expanding one bracket.

Figure 5  'Expand double bracket' question, and all pre-requisite skills

A very complex, multiply-interlinked, network could be designed, but it would then require questions testing the double-bracket skill with and without these other skills, it would be more dependent on exactness in all the question and network design, it might be more critically dependent on accurate and representative answering by the student, and so on.  On the whole, it seems better to keep the network moderately simple, and avoid, for example, awkward values for coefficients that are likely to give rise to wrong answers for students with a genuine, but fragile, knowledge of the skill to be tested.  It is largely for this reason that random values for coefficients are not used in DIAGNOSYS; a random choice is made instead amongst variants that have all been designed carefully, and which have been validated for equal difficulty using large groups of students.

Not only must a question be carefully designed to test only the desired skill (but including known pre-requisites), but it must be possible to evaluate it in a way that does check what is known.  Furthermore, all questions and variants used to test any skill should be of approximately the same level of difficulty; additional variants added after validation must be carefully considered.

A check on the equivalence of the standard of all the questions for any skill is simply to look at the success rate on all those questions for a large test group, which should be roughly equal.

Another point to note is that DIAGNOSYS assumes that only one skill (plus its linked pre-requisites) is to be tested by any one question (single-skill questions).  An alternative would be to use multi-skill questions to reduce still further the number of questions to be asked.  However, unless a very much more sophisticated evaluation of answers were available, that was able to identify which component skills were known and which unknown in an incorrect answer, this would lead to still more links in the network, and retain the need for single skill questions to be used in this subsequent stage.  In this respect, 'human' marking is often much superior, though (speaking from experience) it is not always easy to assess what the student knew and what they didn't in a conventionally set and marked examination.

3.2 Question design and input

DIAGNOSYS offers a wide range of input and evaluation types, so that question design is not seriously constrained.  There are seven input types as follows:

	single number, pair of numbers, multiple-choice, list, string, complex, algebraic

Single number input

Single number input may be used for exact or approximate answers, or for simple fractions (entered in the form 'a/b').  Alternatively, if a fractional answer is expected, then the algebra interface may be used.  The 'computer' form of standard (scientific) notation is permitted, viz. -3.45e-4 etc.

Number evaluation is a direct comparison of the input with the correct answer, to within a specified tolerance.  Approximate evaluation permits a value within a range.  The use of these is obvious, and a fractional entry in the form a/b is permitted also.  The tolerance is required for non-integer answers, and may need to be increased (from its default of 10-10) if e.g. the answer 1/3 is expected but 0.333 is entered.

Number pair input

Number pairs may be unordered or ordered.  Unordered answers are arranged so a < b before checking.  A number pair may be used for e.g. two roots of a quadratic (unordered), two coefficients of a quadratic given the roots (pair in order), or two co-ordinates ('ordered pair'), where it is only in the format of the correct answer displayed that these latter two differ.  Again, fractions are permitted, as is scientific notation.

Multiple-choice, list and string input

Multiple-choice input is suitable for some kinds of questions, but a student may eliminate two or three unlikely answers and then guess, so that the conclusion is unreliable unless good 'distracters' are chosen.  In addition, manipulative skills are not easy to test this way (though, ironically, hard manipulation questions are easier to test by m.c.q.s, as answers can't be guessed!).  It's usually wise not to permit second attempts at m.c.q.s.

List input, where the number of correct responses may be given or not, is a generalisation of m.c.q.s.  If the number of correct responses isn't given, then guessing becomes unrewarding.

String input is appropriate only for very short answers, as typing errors will be penalised; a second chance may be needed.  (This format is designed primarily for 'administrative' questions such as name, grades, etc.)

Multiple-choice and list entry questions are checked as simple strings (where the correct answer for a list entry must be in alphabetical order, e.g. 'acd').

Complex input

Complex number input, in Cartesian form, resembles single number input except that the symbol 'i' or 'j' is accepted.  Fractions and scientific notation are accepted.

Complex answers in Cartesian form, with numerical values only, are treated as algebraic expressions with 'i' or 'j' as a variable.  At present, more complicated complex expressions can't be handled.  Since the answer is necessarily linear, a single evaluation is sufficient, but it's usually easier to use the default number (i.e. 3 correct from up to 5 evaluations).

Algebraic input

Algebraic input, which may also be used for fractions, permits a wide range of expressions to be entered in a natural way; experience confirms that most students learn how to use it quickly (with the aid of the initial tutorial).  However, algebraic input questions usually imply algebraic evaluation, which must be carefully considered for valid results.

For complex and algebra type answers, function evaluation is used as the primary check on the student's answer, with two other checks available also.

Up to four variables can be included in an algebraic expression, where the fourth is related (as r is to x and y in 2D polar co-ordinates).  The values of the student's answer and the given correct answer are evaluated at a number of random values of the variables.  If a match is obtained (to within a tolerance) at sufficient points, the functions are deemed 'mathematically equivalent'.  If no other checks are specified, then the result is 'Correct'.

Algebraic evaluation requires careful question design for valid checking, especially when inferences are to be made using the network; a result of 'Incorrect' may lead to an assumption that several post-requisite skills are unknown.

String length checking

To check for e.g. algebraic simplification (such as collecting terms), the lengths of the student's and the correct answers can be compared, and must be the same to within the 'length tolerance'.

Careful design is needed if a zero tolerance is to be used, but the program logic does handle normal variations in string length caused by ordering of terms.  For example, the expressions  (1-x)  and  (-x+1)  are of different lengths.  DIAGNOSYS inserts the (optional) unary plus sign into all expressions to avoid this apparent difference.  Thus the above become  +(+1-x)  and  +(-x+1).  If you choose to view the actual stored answers in student files you will notice this modification.

Substring check

If a substring is specified in the correct answer, then the student answer and the correct answer must have the same number of occurrences of that substring to be deemed correct.  The 'to parse' window shows the internally stored version of the correct answer as a text string.  You may highlight any portion of this, then click 'Select substring and click'.  You will see two underscore characters '_' inserted to mark the substring.  Clicking without highlighting will cancel this feature.

3.3 Examples of skills and questions

Number entry and evaluation

Skill 205 Inverse ratios

If a car takes 5 hours for a journey travelling at 80  miles per hour (mph),

how many hours would it take if it travelled at 25 mph?

This skill or topic is best tested using a number entry question.  There are currently five variants; in all cases the actual numbers are simple enough that a calculator should not be necessary.  With an integer answer, an exact numerical answer can be checked (subject to the default tolerance of 10-10).  Note that if an estimated answer is requested to a question, the 'approx' evaluation method should be used, where lower and upper bounds can be given rather than a tolerance, though if bounds are symmetric the methods are equivalent.

Also note skill 406 (Completing the square) is tested using simple number entry, viz.

If we solve the equation  �embed Equation.2 ���  by completing the square,

we get an answer in the form  �embed Equation.2 ��� .  Enter the number b.

It is hard to evaluate answers in the form of equations, as there are many forms possible, and DIAGNOSYS does not attempt to offer this method.  This particular skill could have used instead a number pair answer, but it is clear that b can not be obtained without solving also for a, so the chosen method is effective.

Number pair entry

Skill 310 Relationship of quadratic roots and factors

The quadratic equation  �embed Equation.2 ��� has roots x = -2 and x = 1.

Enter the values of a and b in that order.

It is common to set a (written) test question 'Solve the quadratic equation .... by factorisation.'  It is hard to test solution by a specific method by computer, so this question was chosen (although it is known to be slightly harder than that quoted).

Alternative number pair answer formats include a pair in any order (e.g. 'find the two roots of the quadratic equation ...', and ordered pair (e.g. 'enter the co-ordinates of the point ....'), where the usual format is (a  b) and this should be reflected in the correct answer if requested.

Multiple-choice entry, string evaluation

Skill 215 Order of operations 

To calculate �embed Equation.2 ���  you press a sequence of keys on your calculator.

Which one of the following would give the WRONG answer?

		�embed Equation.2 ���

This question is designed to expose a common mistake.  For a multiple-choice question to be useful, solution by a process of elimination of wrong answers must be avoided if possible.  In this case, answer (d) is unfamiliar, and hence acts as a good distractor, so that the correct answer (b) is overlooked by those who would indeed make this mistake.

There are two variants currently, but, like all multiple-choice used in the current DIAGNOSYS maths test, no second attempt is permitted owing to the likelihood of getting a correct answer by guesswork with elimination of unlikely answers given two attempts.  The second variant is used only to provide different tests for different occasions or students.

Note that skill 112 Precedence Rules (with typical question: 'What is 17-3�symbol 180 \f "Symbol"��4?') is a pre-requisite for this skill, but uses a number entry answer.  It is hard to see how to test the quotient form in skill 215 except by multiple-choice.

List-entry questions are less likely to produce spuriously correct solutions by elimination if the number of choices to select is not given, but otherwise the criteria are similar to those for multiple-choice questions.  One option, to avoid solution by elimination but also to reduce the chance of a judgement of 'incorrect' for a largely-correct answer, is to say that, e.g. 'between one and three of these five is correct' or variations on this.

Algebraic entry questions

Algebraic entry, used with algebraic evaluation, can be used for the entry of fractions or algebra proper.  The basic form of evaluation is mathematical function evaluation, that is, the value of the answer and of the stored correct answer must be equal at a specified number of randomly chosen points.  To this may be added one or both of checks on the presence/absence of a specified substring and on string length (compared with the correct answer).

Used for fractions entry: Skill 109 Simple fractions

Add:  �embed Equation.2 ��� leaving your answer in the simplest possible form.

When a fraction is expected as the answer, the algebra interface may be used, although the form '5/4' can be entered as a 'number entry' answer.

An additional reason to use algebraic evaluation, which in this context must be used with algebraic input, is to check that the result has been simplified as requested.  The correct answer is �embed Equation.2 ���, but there is also a check that the substring '+5' is present in the answer.  The most likely form otherwise would be �embed Equation.2 ���, where a denominator that is not the lowest has been used; this substring check identifies this omission.  DIAGNOSYS judges the answer 'mathematically correct - in the wrong format' and offers (normally) a re-entry of the answer without using a 'life'.  The other four variants have similar checks.  Note, however, that some choices of fractions could lead to no unambiguous choice of substring for checking.

Algebra checking in simplest form: Skill 321 Equation of a circle

A circle with radius 3 with centre at x = 1, y = 0, has equation

		?   = 9 .

Enter the left-hand side of the equation.

For this question, the form of the answer is perceived as unimportant, and any equivalent mathematical function is sufficient.  It does not matter whether the left-hand side is in bracketed or expanded form, and no further checks are needed.

Algebra with full checks: Skill 209 Simple factorisation

Factorise the following, taking out the highest factor possible:

		�embed Equation.2 ���

Enter your answer in factorised form (with one pair of brackets).

The difficulty in evaluating answers to this kind of question is in ensuring that complete factorisation has been performed.  Two simpler forms of factorisation are obvious.  Moreover, a check on the presence of just one ' ( ' bracket would not only not preclude those but could also permit an answer like �embed Equation.2 ���!

The substring check ' 3z ' is used, as this should appear within the answer.  Additionally, a string length tolerance of zero is used (i.e. the length of the student's answer and the correct answer should be exactly equal) as a further check that e.g. �embed Equation.2 ��� has not been entered.  Careful thought is required to ensure that the only likely answer that satisfies all the criteria is actually that desired.  Of course, it is sometimes possible for answers to be created perversely that evaluate as 'correct' when, in fact, they are not what is wanted.  If the length and substring checks 'fail', but the function is mathematically equivalent to that specified, then 're-entry' of an answer 'in the wrong format' is permitted.

�4. Other features of a test

4.1 Features of the test

Weighting of skills

The standard maths test implemented with DIAGNOSYS has each skill equally weighted (default value 1), so that the percentage scores, both overall and within topic areas, are based on the ratio of skills known (i.e. answered correctly) or inferred to be known (because pre-requisite to a known skill) to all others tested (unknown, inferred as unknown, or unfinished because of quitting the test).

Some experiments have been done in varying these weights, in particular to see if better predictions of subsequent success for a student group can be made, but the evidence found suggests that uniform weighting is as good as any.

However, if the structure used is like Figure 3, where the links relate to hints rather than skills, variable weighting may be needed.  If all questions had three linked hints, and the 'final' question were always asked first, then the maximum score for this part of the network would be 4, and either 3, 2 or 1 if prior hints were needed.  But if other questions have more or fewer hints, then they would acquire higher or lower maximum scores if weighting were uniform.  For this reason, a total score of e.g. 10 for the 'whole' question could be used, made up using weights of e.g. 2, 2, 3, 3 for the four 'skills' linked in Figure 3.  A five-step question could then have weights of 2 each, or the values might vary more if the 'steps' between hints were less even.  It seems sensible, though, to aim at fairly equal steps if effective differentiation between students' levels of knowledge is to be achieved.

Lives and re-entries

The facility to offer several 'lives' is available because, when answering questions that form part of an expert-system on a computer (usually unfamiliar) the student can not go back later and review their answer to reveal careless slips or misunderstandings.  This may be allowed in some computer testing, but in DIAGNOSYS subsequent question choices have already been made on the basis of a first attempt.  The self-testing mode under development will permit review of answers, but not as part of a summative test.  Moreover, the consequences of wrong judgements, made on the basis of a wrong answer, extend beyond that question and skill, as ignorance of higher, linked, skills will be presumed.

For most questions, two attempts are offered from the typically five available, as a simple slip or misunderstanding should not be repeated.  The total number of lives can be varied; five has been found sufficient, as students are not to be encouraged to make too many hopeless attempts.  If the student chooses to see the correct answer to a question, they do not then get a chance of another attempt (except in self-test mode).

Additionally, the student may enter, for an algebra question with additional checks, a mathematically correct answer but which does not satisfy all the requirements of the questions.  For example, it may be unsimplified, or incompletely factorised.  In this case, they will be offered another chance to modify their answer, independently of the use of repeat questions and lives.  More chances can be specified during customisation, but this applies to all questions in the test.

Tutorial questions for entry, initial information screens, briefing generally

It is wise to start the test with a few tutorial questions to instruct the student in how to answer questions, especially algebra questions.  These questions have 'tags' such as tut1, tut2, tut3 (all beginning with 'tut'), and do not contribute to the overall score.

The initial information screens, combined with any briefing you choose to give the students, should prepare them for the diagnostic nature of the test, any materials they should or should not use (e.g. no calculators, but use pen and paper), the use of 'lives', and what will happen after the test.

Topic areas

All skills that are to be used must be assigned to a topic area (there is a maximum of 20 skills in any one area).  They can be assigned to more than one; this will not affect the test operation.  The grouping may be 'vertical', where the whole of certain topics, from high to low level is to be tested, 'horizontal', where a less well-prepared group might be 'shielded' from the high-level questions that would otherwise depress their final scores, or some hybrid (as is used in the standard maths test).

These topic areas can then be used to assign the scope of the test for different user groups and to format the output for individual profiles.

4.2 Features of the output

Resources

Following the test, you will wish the students to follow up any areas in which they are deficient, either through assigned classes or through books, handouts or computer-based materials.  For this purpose, each skill may be assigned a 'resource', which might be a worksheet number, page reference or CAL module.  This will be printed next to any skills that are unknown in the individual profile (the skill name should be short if this is done).  When processing such profiles, an overall comment may be added to all profiles that explains this provision, e.g. the name of the book in which the page references will be found. 

Profile form

The processing mode of DIAGNOSYS offers three forms of individual profile: bar chart (scores in each topic area, as shown at the end of the test), overall list of known and unknown skills, and lists for each topic area in turn of skills.  A facility to print only selected parts of these lists may be offered in a later version, as the complete list can be rather long, and not always comprehensible!

The actual titles of the skills can be edited, to make them more comprehensible, with no consequences for the test operation.  However, they must be not too long.  If resources are to be added for follow-up then the title should be shorter; it will be curtailed otherwise.

Use of 'areadesc'

For each topic area, if the profile is printed in bar-chart form, you may choose to print a single-line comment about the expected level of attainment for that area and any chosen qualification.  This facility has been used to indicate, below each 'bar' an expected level for each of several qualifications, specified in the 'overall comment' that can also be entered.  If this overall comment is not present, then the facility is disabled.  For example, the overall comment might say that GCSE is '1', AS-level is '2', A-level is '3', and then the line could hold the text string:

	.....................................1..........................2....................3

to show where on the bar scale the student should be.

To use this facility effectively requires quite a lot of careful analysis of syllabuses and results.

�5. Editing an existing test

5.1 Adding variant questions

If more variants are to be added to an existing question, in order to increase the variety of test or practice questions, the first step is to study those already provided, either running DIAGNOSYS in 'test' mode or using QEDIT.  Any variants will have the same input and evaluation methods, but normally the correct answer will be different (it might be the same for several variants of a multiple-choice question).  For algebraic input, the same number of evaluations will be used, but the choice of variables, and the ranges of values used for evaluation, may vary.

The most subtle feature of planning new variants, even more important perhaps than in designing a new question, is to attempt to make the skills tested and the level of difficulty as close as possible to the existing questions.

Entering the new variant

After selecting the question concerned and reaching the main editing screen, clicking the 'Next/New' button will go in turn to each existing variant, then finally query whether you do wish to add a new variant.  On accepting this, the number of variants registered will increase, and the new one, visible, will acquire the values of parameters that are common to all (including choice of variables etc. for algebraic cases).  The correct answer, and any other choices are now entered.  

If the question previously had only one variant, then the effect of choosing to enter a new, second, variant is to copy those parameters already present, but recorded and displayed on the 'common to all variants' page, to what is now variant 'a', with the new variant to be called 'b'.  Conversely, if the second of only two variants is deleted, the parameters for what was the first variant are copied to, and displayed on, the 'common' page.

On the page corresponding to any variant, the button 'same as all' resets all variant parameters to the same values as those on the 'common' page.  Note that changing any parameter on the 'common' page will set the same value for all corresponding parameters for all variants, and clicking the 'Defaults' button there resets all parameters to default values.

To enter the correct answer, you may edit the text directly, appropriate for non-algebraic answers, or use the 'Edit Maths' button to invoke the Mathinput input window, from which the 'Enter' key (or the 'tick' button) will return.  If algebraic answers are edited directly in text form, the 'Redisplay' button will show the actual mathematical form.

To select a substring for checking in algebraic answers, highlight any chosen substring, then click the button beneath.  Underscore characters are used to mark the beginning and end of the selected string.

For other features of algebraic answer checking, see sections 3.2 and 3.3, and on-line help from QEDIT.

After setting all the question parameters, the 'Edit question text' button is clicked to enter the new variant question.  General features of editing question text are given in the next section, but it is necessary to know how to specify a variant section.  The command $var{c} , for example, indicates the start of material to be displayed in variant 'c' of the question.  This section of text is terminated by either another variant, or by $var{end}.  Other parts of the text are common to all variants.

5.2 Modifying questions

There are some changes possible to questions that will have little or no effect on the difficulty of the question, such as the use of variables u,v in place of s,t or whatever (though u,v will be slightly more difficult than x,y).  Additionally, minor changes of wording may be considered more suitable for particular groups.  For example, some groups would understand the word 'indices' more readily than 'powers', and vice versa.

However, many changes, even if apparently minor, can affect significantly the difficulty of a question for a typical student.  For example, numeracy skills are relevant to many questions, and the choice of numbers should be carefully considered.  In rough order of easier to more difficult: 1, small positive integers, larger positive integers and smaller non-integers, small negative integers, and so on.

Editing question text

The lower window shows the plain text, including mark-up formatting commands, and the upper window shows the actual form displayed in the test.  Where more than one variant is present, some sections begin $var{..}, and end with another variant or with $var{end}.  Any variant may be displayed using the buttons, and any change to the current variant can be displayed by clicking 'Re-display'.

All commands are in the form $command{......}, where in some cases the argument string is split over more than one line.  The 'Insert Command' button gives both a list of the available commands with some explanation, and a facility to paste in a template for each one.

To enter an algebraic expression in familiar form, click the 'Maths' button, returning using 'Enter' or the 'tick' button.  To edit an existing mathematical expression, position the cursor anywhere within the arguments string (i.e. between the braces in $maths{.......}) and use the 'Maths' button.

Saving changes to a question

On clicking 'Keep' from the main question editing screen, all changes are stored in the internal database of questions.  However, changes are not permanently stored until the 'Save' button is clicked on the previous screen (where questions are selected).

5.3 Varying the topic areas

All skills are assigned to topic areas.  These are used to designate the scope of the test, which may be different for different user groups, and in formatting the output.  'Edit network' followed by 'Topic areas' brings up this option, and 'Save knowledge base' will store any changes made.

Each topic area has a number of skills assigned to it; these may be selected from the list of all skills and added, or deleted, with a maximum of 20 skills in any one area.  A skill may be assigned to more than one topic area.  This will not affect the operation of the test overall including the overall score, but, if both areas are specified then features of the output that correspond to topic areas may be affected.

For the bar-chart form of output, it is possible to specify a single line of commentary below each 'bar'.  This feature will be enabled, and will probably be explained, by the presence of an overall comment also entered on this screen.  Section 4.2 gives more information about this feature, which is not used in the standard maths test with DIAGNOSYS.

�6. Modifying or extending a test

6.1 Editing and adding skills

Each skill has three essential parameters and two optional ones.  The short 'tag' is the internal reference, and is also used in output listings.  The title is descriptive, and is needed for comprehensible output for student or tutor.

The 'level' of a skill is mentioned in previous sections, corresponding either to level of difficulty or stage of learning, which is normally equivalent for test purposes.  The background qualification of the student can be used to assign the initial level of questions, relating to this parameter.  In principle, another criterion could be used, but the question must still be termed the 'qual' question, as it has this special function.

The optional parameters are the weighting and the linked resource.  The weighting is discussed in Section 4.1 and the use of linked resources in Section 4.2.

If a new skill is added, it should be part of some interlinked section of a network, and the forward links must now be added.  Backward links are added automatically to correspond to each forward link.  It is not possible to have unidirectional links in a DIAGNOSYS test.

Once new skills have been added, at least one question to correspond to each must be entered.  Normally the skill and its links will have been conceived with an outline question in mind, but some refinement may be needed to ensure a good 'match'.

6.2 Deleting skills

If a skill is deleted, then any links to subsequent skills will also disappear, as well as any from any prior skills.  It is tedious to re-enter these, so do not delete a skill unless really intended!

Also note that, if a skill is deleted but it still appears in a topic area, then an error message will appear at some point when the test tries to find that skill.

6.3 Modifying links

Adding a new link is done by simply clicking the 'Add link' button, then selecting any skill from the list.  However, the consequences must be carefully examined.  The link implies that (a) if the current question can't be answered, then the newly linked question probably can't either, and (b) if the question linked to can be answered, then the current one can also.  Sections 2.2 and 3.1 discuss the use of links in more detail.

�7. Creating a completely new test

7.1 The basis of a new test

You may be basing your DIAGNOSYS test on a previously-used pen-and-paper test, or you may be considering a completely new test.  The former has the advantage that you will have some experience of the actual difficulty of the questions; the latter avoids the temptation to 'stick to questions you're used to'.  In either case, it is sensible to develop and validate each limited topic area separately, then to add others or extend those already tried.

To test a new topic area, a conventional set of questions must be ordered so that each tests only one skill in addition to any identified pre-requisites.  This requires careful consideration of what is tested by any given question, categorised as a number of fairly distinct skills (see Sections 2 and 3 above).

The network will probably be designed largely on the basis of experience; this will produce a better result faster than a completely naive approach.  However, in principle an unlinked set of questions could be tested with a large group, and links established by association of known and unknown skills from the results, with the assistance of experienced judgement (see section 8.1).

Whole topic areas or single high-level topics

The network may be one or more large areas of interlinked skills (as in the current version of the maths test - see Figure 2) or many small areas (Fig 4).  Another possibility is to have individual high-level skills or problems, with steps towards those regarded as pre-requisite lower-level skills (Fig 3).  Weighting of these components can then be used to reward completion of the higher-level, compound question (implying knowledge of the simpler questions, which amount to hints).

7.2 Examples of creating a simple network from a test

(also see additional notes in Appendix C)

Example 1 - Maths topic: Complex numbers

Suppose we start with a standard type of maths question from a written test, such as:

If  �embed Equation.2 ���, express a / b in Cartesian form

An ability to answer this question requires knowledge of several component skills.  The examiner, in a written test, may assume that such pre-requisites have been tested before; there may be preceding questions in the same test.  Additionally, the mark scheme may allow several marks here, so that partial knowledge can be rewarded.

The pre-requisite knowledge for this question includes (assuming a knowledge of simple arithmetic and algebra, though these could also, in principle, be linked in too): real and imaginary parts, complex addition and subtraction (and scalar multiplication), property �embed Equation.2 ���, complex conjugation, complex multiplication.  These can be ordered in difficulty, or in the sequence in which they would normally be taught.  The following network is one way in which these component skills might be connected in a network, where the initial digit 1, 2 or 3 indicates difficulty/teaching sequence:

�embed MSDraw \* mergeformat ���

Of course, a simpler analysis could have just three 'skills' say, such as Complex add/sub, Complex multiply, Complex divide in a linear sequence, with the other skills assumed to be associated with these.  How fine the subdivision depends on the context of the test and also on its scope.

Once the network is designed, an initial question must be designed to test each skill, incorporating its pre-requisites, but not requiring any skills that are not linked in this way (other than, perhaps, those deliberately not linked, such as knowledge of simple algebra, which might be assumed for a group to be tested on complex numbers).  In practice, of course, the questions tend to be implicit, or even explicit, in identifying skills in many cases, although there are more difficult cases where either the 'normal' type of question actually assumes all sorts of 'hidden' skills, or the 'normal' question is hard to test and evaluate unambiguously on the computer.

As well as entering the list of skills using QEDIT, and an appropriate list of questions, you also need to specify in which topic area each skill lies.  For this example, the whole group might lie within the area 'Complex numbers'.  These topic areas can then be used to assign the scope of the test for different user groups and to format the output for individual profiles.

Example 2 - Mechanics question

An object of mass 2 kg moving at 3 m/s collides with a stationary object of mass 1 kg and sticks to it.  At what speed do the two, fused, objects move off together, and what is the loss of energy in the collision?

�embed MSDraw \* mergeformat ���

Concepts that are involved in answering this question (a standard elementary mechanics problem) include: mass, velocity, movement in one dimension, momentum, kinetic energy.  How far knowledge of and skill with these concepts is broken down into separate skills and separate questions depends on the use to be made of the results.

One approach would be simply to have one linked question/skill that offered a useful hint, namely that conservation of momentum should be considered (the 'skill' would in this case be that of using but not knowing the idea of conservation of momentum).

A more detailed analysis might link skills as follows:

�embed MSDraw \* mergeformat ���

These skills could be classified in four levels of difficulty or four stages of learning, and could thus be numbered 101,102,201,202,301,302 and finally 401 or similarly.

As in Example 1, an initial question must be designed to test each skill, incorporating identified pre-requisite skills, but not others.  In practice, as discussed before, some other skills will be taken for granted, such as familiarity with symbols and numeracy (and of course literacy, though complex vocabulary and syntax are important pre-requisites that may in fact be obstacles to progress).  Additionally, the use or otherwise of units may be significant; if conversions are required, or simply unfamiliar units are used, then the question may become more difficult.

The diagram above has not been used in practice; it is offered as an example, and might form a starting point for a test in this subject area.  Evidence from a similar test in basic mechanics has shown that concepts that logically form pre-requisites can, at least in a precise form, be post-requisites.  For example, although a rough idea of mass is essential to discuss momentum in any quantitative form, a precise definition of mass is easier to comprehend after an elementary treatment of Newton's Second Law.

Finally, note that the use in the original question of a diagram makes the problem simpler; if the ability to interpret spatial information without a diagram is important, then this too might be built in to the testing process.  In the absence of a diagram, more textual description would probably be needed, though this itself adds potential difficulty for some students.  Moreover, what we think is removing ambiguity may in the student's eyes add complexity and thereby increase uncertainty!

7.3 How to create the files

When QEDIT starts, you are asked to select a directory.  For creating a new test, you could start with a copy of the existing files, and delete all or most of the skills and questions.  However, if you know that you want few or none of these, it may be simpler to start from scratch.

If you specify a blank directory, QEDIT will create basic text files for your new test.  Some of these will contain dummy entries (needed because the program will fail with completely empty records!).  You may wish to use some of the existing files whilst changing others.  There are five of these: Q.TXT, ADMIN.TXT, KBASE.TXT, CUSTOM.TXT and PROC1.TXT.  The most likely one to re-use is ADMIN.TXT, which contains the 'administrative' questions and information screens.  CUSTOM.TXT and PROC1.TXT are easily reconstructed, but you might have a complex list of entries for constructing group profiles in PROC1.TXT that you wish to re-use.  If you copy those files you wish to re-use to a new directory, and then specify this on starting QEDIT, only the missing files will be created from scratch.

Even if you are constructing an essentially new test, you might wish to use a few existing questions.  For example, the tutorial questions tut1, tut2, tut3, that teach the student how to enter their answers, would still be useful in a test of physics.  There is currently no facility to copy selected questions between question files.  You could either start with the existing Q.TXT and delete all other questions, or you could copy the appropriate sections of the file into a new Q.TXT file in your new directory using a conventional text editor such as Notepad.  The tutorial questions are at the top of the file, and all questions can be identified as starting with a line like

	$question{tut1,Tutorial on number entry}

and terminating with the line

	$question{end}

If you do copy text directly like this, then it is wise to test the operation of these questions straight away.  They should read correctly into QEDIT, or you could run DIAGNOSYS in 'test' mode to view and try the questions.

If QEDIT creates new copies of files Q.TXT and KBASE.TXT, then they will contain a dummy entry for one question, one skill and one topic area.  These should be either edited, or deleted as soon as you have entered a 'real' item.

See Appendix C for more notes on how to enter these two examples as new tests or new topic areas.

�8. Validating a test

8.1 Validation of the network

The network will normally have been designed on the basis of experience, but could be constructed from the results of an unlinked set of questions.

To take a speculative example, it might be valid to conclude that success with factorisation was almost always associated with a foreknowledge of fractions (because a knowledge of precedence is implied), but if it turned out that for this group a knowledge of Pythagoras' theorem was essential to success in using logarithms, that would imply a link only because of maturity, and not of logic.

For the more normal case, a good validation method is to design a network and questions, starting with a limited topic area, and then run it initially as an unlinked network (but having links planned).  Each proposed link could then be 'tested' by looking at the actual results for that pair of skills, i.e. did all, or almost all, students who succeeded on the higher skill also succeed on the lower, pre-requisite skill?

Another check is to look at the success rates on 'lines' of linked questions.  If the success rate declines fairly uniformly as the sequence is followed from lower to higher in the results, then this suggests that the steps of difficulty are appropriate.  If the success rates at the two extremes are too high or too low, then those skills or questions are inappropriate (though the 'groups' question may be used to set appropriate sub-areas for testing such a group).  If the success rate of two linked skills is too similar, this implies that the notionally higher skill is no more difficult than the lower; it might even be simpler in practice.

8.2 Validation of question variants

Where a question has several variants, these should all be of approximately the same level of difficulty.  After using experience in the design, if a large group (or groups over several sessions) is available, then the overall success rate on each variant can be compared.

Features that affect relative difficulty include the use of larger/smaller numbers, negative/positive and integer/fractional numbers, symbols other than x, number of apparent alternatives, plausibility of distractors in multiple-choice and list questions, interpretation of instructions in words, choice of vocabulary, etc.

8.3 Relation to subsequent or prior testing

There may be data available on previous qualifications, marks, etc, with which test results can be compared.  Similarly, results from later tests can be utilised.  Finally, it would be possible, for validation purposes, to run a conventional test specially before or after the DIAGNOSYS one.  Of these, the last is the most likely to give a valid comparison.  Although the change of testing mode will affect results, the rank order of students, for example, is likely to be similar.  The DIAGNOSYS interface requires little computer literacy, but, even so, students will not perform identically to conventional testing.

Comparison with prior or subsequent testing is useful, indeed one purpose of using DIAGNOSYS may be to attempt to predict later success.  However, two points should be noted:

�symbol 183 \f "Symbol" \s 10 \h��	The correlation between any two tests, even of very similar format, is unlikely to be very high.  For example, in one comparison of first year maths exam results at Newcastle University, the correlation between individual results on a first semester exam and a similar second semester exam was around 0.78 (�embed Equation.2 ���).

�symbol 183 \f "Symbol" \s 10 \h��	Where the intention of a diagnostic test is to help students, they may well improve because they have been told their results, or conversely 'rest on their laurels'.

The original intention of DIAGNOSYS was not to predict individual results, though it has more success in prediction of group performance.  However, a very weak correlation between its results and those of another test of similar or related scope may suggest a poor analysis of ability or knowledge.

�Appendices

A. Features of question design and formatting

Commands available for question formatting, and which influence question design, fall into several catergories: Text positioning, Text fonts etc, Graphs, Drawing, Miscellaneous.  In addition, there is a single command for typesetting maths, but this is best used via the 'Edit Maths' button and Mathinput window.

All commands have the form:   $command{.....}   where the argument string may be split over more than one line (though it's easiest to enter and read if on one line).  They are all listed in a file that can be viewed using 'Insert command', which also gives a brief explanation.  In this Appendix, some are described in more detail if their operation is not obvious.  Most commands are nullified on entering a new question, so it is not necessary to reset features to defaults unless the reset is desired within a question.

Plain text can be entered freely, with line breaks unimportant, as text wrapping is automatic.  However, the spacing between any text and other text etc that has been formatted is not always easy to ascertain in advance.  That is, the space separating the text from a command in the text input window in some cases displays as a space, but in others gets 'lost' in interpreting the command.  It is therefore necessary in some instances to add another space.

Text positioning commands

$newline{}, $newline{x}

$para{}

$tab{n}, $tab{half} 

$abstab{n}

$indent{r}

$margin{r}

$horiz{r}

$columnstart{n}, $column{i}, $column{0}

$justify{left}, $justify{centre/center}, $justify{right}   justify text

$justify{top}, $justify{bottom}		         bitmaps including maths and drawings	

$justify{alltop}, $justify{allcentre/allcenter}	         whole question display

$superscript{string}, $subscript{string}, $up{string}, $down{string}   alternative forms



Text font etc.

$italic{}, $bold{}, $underline{}, $plain{}	switch on formatting, revert to plain text

$italic{string}, $bold{string}, $underline{string}  format this string only

$font{name}, $font{}

$size{n}, $size{ }, $size{0}	font size in points, two forms of reset

$color{normal}, $color{contrast}

$color{col}

  white, black, red, green, blue, yellow, gray, ltgray, dkgray, (or ..grey), aqua, teal, purple,

  maroon, olive, navy, silver, lime, fuchsia

$sym{string}		uses symbol font

$dec{}			displays the current decimal point - translated if needed to '.' or ','

$dollar{}, $underscore{}, $lbrace{}, $rbrace{}	special characters used in formatting



Graphs

$graphregion{xsize,ysize,backcol,bordcol}	define graphing region

$gscales{x1,x2,y1,y2}				

$plot{fun,x1,x2,npts,mark,style,col}		plots a mathematical function

$gaxes{ix,iy,col,xtick,ytick,ixlab,iylab,xfac,yfac}   draw axes after graph because of clipping

$gaxes{ix,iy,col,xtick,ytick,ixlab,iylab,xfac,yfac,xname,yname}  optional extra axis names

$graphbitmap{}				display completed bitmap



Drawing

$drawregion{xsize,ysize,margin,backcol,bordcol}

$dscales{x1,x2,y1,y2}

$daxes{xax,yax,xtick,ytick,xlab,ylab,xfac,yfac}

$pencolor{col}, $penwidth{i}, $penstyle{s}

$brushcolor{col}

$dline{x1,y1,x2,y2}, $darrow{x1,y1,x2,y2}, $dangline{x,y,len,ang}

$dangarrow{x,y,len,ang}, $dcarrow{x,y,r,th1,th2,d}   curved arrow for moments etc.

$drectangle{x1,y1,x2,y2,0/1}, $dtriangle{x1,y1,x2,y2,x3,y3,0/1}

$dpolygon{x1,y1,...,-1/0/1}, $dellipse{x1,y1,x2,y2,0/1}

$dcircle{x,y,rx,0/1}, $darc{x,y,r,th1,th2}, $dchord{x,y,r,th1,th2}, $dpie{x,y,r,th1,th2}

$dtext{x,y,string,just}	can justify three ways in vertical and horizontal

$dmath{.....}, is like dtext but decimal point translates to comma 

$dmark{x,y,n}

$dfont{name,size}



Miscellaneous

$bitmap{filename}	at present loads a bitmap from a named file; it is not possible to 

			retrieve a bitmap from a file containing several

$delay{secs}		this can be used for simple animation

$flush{}		flushes buffers and displays all prior commands rather than waiting for

			completion of text file

�B. QEDIT features - summary of screens and functions

B1. Opening screen

�symbol 183 \f "Symbol" \s 10 \h��	Select directory	Choose existing or new directory/folder containing text files for editing

�symbol 183 \f "Symbol" \s 10 \h��	Edit questions	Edit or create questions (other than administrative questions, which are edited using the 'Customising' mode of DIAGNOSYS itself) - section B2

�symbol 183 \f "Symbol" \s 10 \h��	Edit network	Edit or add skills to the network, also links between skills and topic areas grouping skills for test setting and output formatting - section B5

�symbol 183 \f "Symbol" \s 10 \h��	Check and quit	Check for inconsistencies in the network and question set (e.g. skills with no questions) before quitting.  Only one error message will be displayed out of what might be many, assuming that this will be addressed and then another message displayed if a problem still exists.

B2. Edit list of questions

�symbol 183 \f "Symbol" \s 10 \h��	Edit question	Edit the chosen question (or double-click question) - section B3

�symbol 183 \f "Symbol" \s 10 \h��	Name + skill	Change the reference tag, name or skill for any question (skill usually same as tag, but can be different)

�symbol 183 \f "Symbol" \s 10 \h��	Add, Copy	Add a new question, or copy an existing one for editing

�symbol 183 \f "Symbol" \s 10 \h��	Move, Delete	Move a question up or down the list, or delete a question

�symbol 183 \f "Symbol" \s 10 \h��	Save	Save the list of questions to file

�symbol 183 \f "Symbol" \s 10 \h��	Cancel	Ignore all changes to questions

B3. Edit question

�symbol 183 \f "Symbol" \s 10 \h��	Input and evaluation types	These must correspond; if they do not, an error message will be displayed on exit from this screen

�symbol 183 \f "Symbol" \s 10 \h��	Common features and variants	The first 'tabbed page' shows common features, which may include some evaluation parameters and number of re-attempts

�symbol 183 \f "Symbol" \s 10 \h��	Correct answer	This can be edited directly and then redisplayed, or using the 'Edit maths' button for algebra

�symbol 183 \f "Symbol" \s 10 \h��	Evaluation parameters	These include a selected substring, variables with appropriate ranges, number of evaluations, tolerance

�symbol 183 \f "Symbol" \s 10 \h��	Defaults and 'Same as all'	From the 'common' page, all parameters may be reset to default values.  From variant pages, all parameters may be reset to common values.

�symbol 183 \f "Symbol" \s 10 \h��	Edit question text - section B4	

�symbol 183 \f "Symbol" \s 10 \h��	Keep	Saves the question to the internal database, but not yet to file

�symbol 183 \f "Symbol" \s 10 \h��	Cancel	Abandon all changes to this question

B4. Edit question text

�symbol 183 \f "Symbol" \s 10 \h��	Display area	The upper area show the question as it will appear in the final test

�symbol 183 \f "Symbol" \s 10 \h��	Edit text area	This text can be edited directly, or using the 'Insert command' and 'Edit maths' buttons

�symbol 183 \f "Symbol" \s 10 \h��	Display buttons	After direct editing, 'Re-display' can be used.  Up and down arrows display other variants

�symbol 183 \f "Symbol" \s 10 \h��	Insert command	Displays a text file with all formatting commands (some of which are described in Appendix A).  Each may be pasted in, and the arguments then edited, and is accompanied by a brief description.

�symbol 183 \f "Symbol" \s 10 \h��	Edit maths	Invokes the Mathinput input window to create or edit a mathematical expression

B5. Edit network screen

�symbol 183 \f "Symbol" \s 10 \h��	Edit skills and links - section B6

�symbol 183 \f "Symbol" \s 10 \h��	Edit topic areas - section B7

�symbol 183 \f "Symbol" \s 10 \h��	Save knowledge base

�symbol 183 \f "Symbol" \s 10 \h��	Cancel

B6. Edit skills and links

�symbol 183 \f "Symbol" \s 10 \h��	Select skill	A skill may be selected to view or edit its parameters and links by selecting from the drop-down list, or by double-clicking on any linked skill (the easiest method of exploring the network)

�symbol 183 \f "Symbol" \s 10 \h��	Edit skill	Permits changes to reference tag, title, level and also, optionally, to weight (i.e. significance in final scores) and attached resources (text reference or reference to another package)

�symbol 183 \f "Symbol" \s 10 \h��	Add skill	Add a new skill to the network, initially unlinked

�symbol 183 \f "Symbol" \s 10 \h��	Delete skill	If a linked skill is deleted, all links will be broken

�symbol 183 \f "Symbol" \s 10 \h��	Add/delete link	A forward link may be added to any other skill; this creates a corresponding backward link.  Deletion of a forward link deletes the backward link too.  There is a maximum of five links in either direction.

B7. Edit topic areas

�symbol 183 \f "Symbol" \s 10 \h��	Edit or add topic area	Each topic area has one or more skills allocated to it (maximum 20).

�symbol 183 \f "Symbol" \s 10 \h��	Add/delete skills	Skills are selected from the overall list for addition, or from the area for deletion

�symbol 183 \f "Symbol" \s 10 \h��	Overall comment	This will appear in the profiles (when printed), and can be used to explain the individual area comments.  Its presence also enables those comments, which otherwise do not appear.

�symbol 183 \f "Symbol" \s 10 \h��	Comment on area	This single line will appear in the profile if in bar-chart form, and can indicate the expected level of attainment.

�C. Notes on entry of examples 1 and 2 from section 7.2

Example 1

�embed MSDraw \* mergeformat ���

Suppose this small network forms the first part to be entered of an entirely new network.  Then on starting QEDIT, an empty directory will be specified, or perhaps containing one copied file such as ADMIN.TXT.  The files Q.TXT and KBASE.TXT will be created from scratch, but will start with a single dummy entry in each.  These dummy entries will need to be removed.

Start by entering the list of skills, that is, their reference tags and titles, with the level of difficulty as well.  It may be worth saving at intervals during this process, as with all data entry and typing on computers.  The information to be entered at this stage is the first three columns only of the following table::

Reference tag�Title�Level�Forward links��101�Real and imag parts�1�102,103,201��102�Complex conjugate�1�301��103�Complex add/sub�1�202��201�Property of i*i=-1�2�202��202�Complex multiply�2�301��301�Complex divide�3�-��After entering the skills, the forward links may be entered (given in the fourth column of the table).  Backward links will be added automatically.  Remember that any link, once entered, can be double-clicked to move to that skill for further entry or examination.

Once all skills and links are entered, the topic areas should be entered.  In this case, a single topic area can be added, with name 'Complex' and comprising all skills 101, 103, 102, 201, 202, 301.

The dummy topic area and skill can now be deleted, and the creation of questions considered.  If you exit from QEDIT now, you will get a warning that there are skills in the knowledge base that do not have any corresponding questions, and hence can't be tested.

To test the operation, you may choose to enter representative questions in the first instance.  That is, you might choose initially to have a question that simply says, e.g. 'add 2+3i and 3+4i, answer 5+7i', with no formatting, poor wording, and giving the answer for the present to permit rapid checking of the test operation.  Naturally, for the question in this example, the input and evaluation types will be 'complex'.

Once you have entered a (single) question for each skill, delete the dummy question provided in the originally blank file.

Example 2

�embed MSDraw \* mergeformat ���

For this example, only limited information is given, as most entry features are common to those in Example 1.  The table of information about the network might be as follows:

Reference tag�Title�Level�Forward links��111�Mass�1�211,212��112�Velocity�1�211,212��211�Momentum�2�311��212�Kinetic energy�2�312��311�Cons. of momentum�3�411��312�Energy loss�3�411��411�Impacts�4�-��and the topic area could be called 'Impacts', and would comprise all the skills above, namely 111, 112, 211, 212, 311, 312, 411.

Various kinds of question could be used here. Numeric answer, multiple-choice or list entry are all possible, or algebraic answers could be used to enter chosen symbols (e.g. an answer in terms of a parameter 't').  Pairs of numbers could also be used.
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