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Executive Summary

JISC has made a significant investment in QTI, in particular and most recently Version 2.1, as an open standard in the e-assessment arena and supported the development of QTItools
, a collection of open source tool kits. By significantly enhancing these toolkits and integrating with Maxima
, a computer algebra system (CAS), MathAssess has 
· Handled the specific needs of mathematics
· Unusual symbols and well-formatted equations and expressions

· Delivery of truly randomised questions and tests, a major technical achievement
· Specified the necessary extensions to the QTI2.1 standard

· Carefully attended to user needs as expressed by the mathematics support community

· Diagnostic, formative and summative assessments

· Hints, solutions and feedback available to students at all appropriate stages

· Showed how long-standing problems with lock-in and obsolesence of mathematics e-assessment systems can be overcome by

· Commitment to open standards and use of agile open source software development
· Laying the foundations for development of appropriate open educational resources 
· Created freely-available code which can be taken up by other subject groups
The strengths of MathAssess included 

· An excellent team of users and developers supported by adequate financial resources
· QTI Version 2.1, a well-established open standard

· E-learning and e-assessment firmly embedded as part of mathematics support

· Addressing a real and intractable curriculum issue – “the maths problem”

The opportunities offered to the partners by MathAssess included

· Pioneering work in e-assessment

· High profile of “any-time, anywhere learning”

· Making mathematics accessible is strategically important and stubbornly difficult 
· Raising the profile of mathematics support activities 
The challenges facing MathAssess included

· Avoiding the default conclusion “It cannot be done in six months” 
· Complexity of the management task with seven partners across the UK and the very wide range of knowledge, skills and experience needed for success
· Development of content was out of scope, apart from limited needs of software testing
The threats to success which MathAssess had to address included

· Rendering mathematical formulae in web browsers is tiresome, requiring highly-skilled programmers to provide multi-functional software libraries;
· Handling algebraic issues, such as

“Is 2(x+4) - 3x = 8 – x ?”

is tricky, requiring a detailed understanding of how syntax relates to semantics in mathematics and of the variety of ways in which this can be encapsulated in software;
· Randomising questions is essential 
  “Is 2(x+4) - 3x = 8 – x ?”   and  “Is -3(p-5) + 4p = p + 15 ?” are “the same question”
This is complicated, especially when hints, solutions and feedback to students are required. The generality and significance of this user requirement is sometimes hard to communicate;
· Difficulty in giving end users access to complex technology; MathAssess has not been entirely successful here. 
Background

The “mathematics problem” in the UK is deep seated: too few students are well prepared to continue their studies from schools and colleges into courses in Higher Education Institutions (HEIs) in a whole range of subjects, not only the “obviously” mathematically demanding. Concerns have been raised by those involved in the sector (for example, Savage & Hawkes, 2000)
 and more widely in national reports such as the Roberts Review (2002)
 which focussed on the supply of well qualified graduates in science, engineering and technology and the Smith Inquiry (2004)
 which investigated mathematics in the 14-19 curriculum. The latter report highlighted the shortage of well-qualified students and graduates at every level and called into question the appeal of studying mathematics as often structured in current courses. More recently the Leitch Review of Skills (2006)
 highlighted the potential threat to the UK’s long-term prosperity if the nation’s general skills levels were not raised. In particular, the review identified the high proportion of adults who had ‘difficulty with number’ and the deficit in ‘intermediate and technical skills’ when compared with Germany and France. 

HEIs face a particular challenge with students’ mathematical skills and competencies on transition into higher education and the need to raise the retention rate of first-year students on science and engineering courses. QAA
 noted the “relatively high failure rates … mainly due to the difficulties students experience in acquiring the essential mathematical skills”.   HEIs address this problem in a variety of ways, almost all make use of ICT and a wide variety of materials has been developed.   Electronic resources now exist to support most aspects of learning, teaching and assessment of the mathematical skills of students on transition into engineering and scientific disciplines.
However, most of these resources are either “home grown” with the needs of only one institution in mind and without reference to similar activities in other institutions or focus on one aspect of delivery such as diagnosis, motivation, consolidation or assessment. There are many examples of toolkits developed through a range of funding initiatives, such as TLTP and JISC, which are no longer supported or usable in the current higher education environment.  Confirming this unsatisfactory state of affairs, Professor Adrian Smith's Inquiry into Post-14 Mathematics Education (op. cit.) notes that

“The Inquiry has not been able to identify any clear audit of the current availability and use of ICT delivered learning and teaching resources in support of mathematics teaching.”
For many years, partner institutions on this project, Liverpool John Moores University, and the Universities of Glasgow and Portsmouth, have used e-assessment as a crucial part of the delivery of mathematics courses, particularly for service modules at UK Educational Level
 6 and UK Educational Level 7. The system which they currently use
, CALMAT
, is no longer supported and hence has a limited future. There is an urgent need to provide alternative facilities of comparable scope and flexibility before this legacy software becomes unusable, and, in doing so, to take steps to prevent a repetition of the problems caused by unsustainable approaches to software development
.   In view of the prevalence and intractability of “the maths problem”, this urgency cannot be overstated.

The needs of mathematics go far beyond the obvious requirements for the rendering of properly formatted equations or unusual characters.  In George Polya's famous words
: “Solving problems is a practical art, like swimming or playing the piano; you can only learn it by imitation and practice”.  E-assessment systems for mathematics exploit the technology when they provide students with the opportunity to try each type of problem many times.  This requires that item authoring and test delivery systems support randomisable parameters in questions, in student responses, in judging, and in feedback elements such as hints and solutions
.  Furthermore, students need to learn to input well-formed mathematical expressions in answer to questions; the challenge for the system designer is achieving this without the need for complex mark up such as a professional mathematician might use.  Finally, if x-2 is a correct answer to a problem so too is -2+x or -2(1-x/2) and numerous other variants so judging requires algebraic processing, and feedback could include comments about the style of a student's answer.

Aims and Objectives

In line with the Aims and Objectives agreed at the outset, MathAssess utilized a version of the QTI toolkit
 (ASDEL, AQuRate, Minibix, R2Q2), extended to handle mathematical elements in rendering and previewing during item authoring and rendering and response processing during test delivery.  To enable the use of algebraic expressions within questions, a Computer Algebra System (CAS) was incorporated into the item rendering.  Questions incorporating a CAS into both template processing and response processing calculations have now become possible within MathAssess, as are fully randomised tests.  

Use cases were collected from the community consultant partners and elsewhere and formally expressed as user requirements.  These were used to guide the development of the individual toolkits and to test the new software.  It is also important that work flow between the toolkits is convenient and transparent to a mathematically literate user without the need for a detailed understanding of the technology; the use cases also directed and tested this aspect of the work.

Tools for integration with the Moodle grade book were created and tested.

In addition to these objectives from the partners, aimed at enhancing the student experience and raising achievement by improvements to curriculum delivery, JISC identified higher-level policy issues which would be examined using the outcomes of MathAssess as evidence, namely

1. Is QTI2.1 a practically useful open standard?

2. Can the toolkits continue to be developed in a harmonised way when the needs of a user community form the starting point?   Can the original toolkits and resulting composite application be amended and improved to operate usefully in a third party environment?
3. What lessons can be learned about the management of projects such as this with partners who widely varying geographical location, subject speciality or institutional mission?
Methodology

A design and specification process started with the elicited user needs and, by analysis of these needs, arrived at a number of concrete technological requirements and their representation in terms of new QTI objects which were implemented by enhancing the existing toolkits.   A challenging and vital part of this analysis was an understanding of the relation between appearance and meaning in mathematical notation
:

“A distinguishing feature of mathematics is the use of a complex and highly evolved system of two-dimensional symbolic notations. ...  Mathematical ideas exist independently of the notations that represent them. However, the relation between meaning and notation is subtle, and part of the power of mathematics to describe and analyze derives from its ability to represent and manipulate ideas in symbolic form. The challenge in putting math on the Web is to capture both notation and content in such a way that documents can utilize the highly-evolved notational practices of print, and the potential for interconnectivity in electronic media.”  

MathML is fundamental to MathAssess but it gives rise to two significant software integration challenges for MathAssess.  First, having captured content of a question or answer it is then necessary to manipulate that content in the light of the pedagogic intentions of the question designer and according to the rules of mathematics embodied in the computer algebra system.  Second, “while MathML is human-readable it is anticipated that, in all but the simplest cases, authors will use equation editors, conversion programs, and other specialized software tools to generate MathML”
 a function provided by LaTeX
 in MathAssess.  
The resulting technical capabilities of MathAssess and the work flow implications were subjected to formal testing and evaluation by a learning technologist familiar with the requirements of mathematics who had been insulated from the software development process to preserve her independence.
User needs

MathAssess had available the existing toolkits for e-assessment developed and proven in earlier JISC projects so innovation began with the needs of the user community.  A portfolio of use cases was developed by the community consultant partners, identifying four item and test user cases:

· Item author

· Test constructor

· Tutor

· Student

providing a hierarchy of question types:

1. Fixed response question – here the interactions for both author and student were already provided for in the existing toolkits;
2. Evaluated response question – the new feature here is the need for a computer algebra system within response processing;
3. Randomised question – the new features here are the incorporation of variable parameters and constraints at the time of item authoring and in test delivery.  This created by far the most technically challenging, and at times controversial, aspect of the project.

and adding a further technical challenge

4. Construction of truly randomised tests.
Analysis of student needs when attempting a test highlighted the following
· It should be easy for candidates to input mathematics

· There should be well-defined rules for how mathematics will be interpreted (if using a "lax" notation)

· Candidates' input should be limited with respect to how much it can do when passed to Maxima/CAS.  This will avoid accidental or malicious appropriation of the CAS functionality to, for example, carry out algebraic manipulations which it is intended that the candidate should do.
New software functionality

These user needs showed that new functionality within the existing toolkits was required in order to:

· Input mathematical expressions in a variety of formats

· Display mathematical expressions

· Interpret and manipulate mathematical expressions

· Create randomised items using templates

· Compare input and expected answer algebraically, not just string matching
· Enhance feedback to
· Target student errors – “the coefficient of x3  is incorrect”

· Use mathematical variables in feedback 
QTI processing

Since interoperability is fundamental to MathAssess these new requirements were expressed in terms of QTI processing as follows
· templateProcessing

· Compute mathematical values (in more complex ways than standard QTI allows)

· Use a Computer Algebra System (CAS); Maxima was chosen for this project
· Do not (usually) select from “canned” examples

· Set default values and constants as maths expressions

· responseProcessing 

· Compare variables with mathematical values algebraically:

· Are they equal?  equivalent? greater/less than?

· Compare expressions involving mathematical variables:

· functions, coefficients, terms, ...  

Maths variable for QTI
This conceptual development demonstrates the need for a new variable type within QTI, provisionally called a maths variable.  It must have

· Visual form so that expressions are displayed as mathematics

· Semantic meaning so that expressions can be manipulated

· Input form for students which is as “natural” as possible

· Input form for authors so that they can express meaning though the visual appearance of expressions
so a maths variable needs to contain 
· Input string (if any) as typed by the student in plain text

· Presentation MathML
· Content MathML 

· CAS (e.g. Maxima) code for representing variables in calculations
This is modelled in QTI using a variable of record cardinality containing the four forms of the expression.

Two sequences of (heavily cropped) screen shots from http://www.ph.ed.ac.uk/mathplayground show 
how
A. LaTeX input provided by an item author 

B. ASCIIMathML
 input as a response by a student 
is converted into the related forms for further processing.

A. Conversion of input provided by an item author

a. LaTeX → MathML → Maxima input 
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Input ASCIMathML Demo

Enter a LaTeX math mode expression into the box below and hit co to see the resulting outputs.

LaTeX Math Mode Input: \[ T+1sinx} 1| (6ot ][ Clear |
Presentation MathML Rendered by Browser

1 +sinx

Up-converted MathML

<math xmlns="htop://ww.w3.org/1998/Math/MathML" display="block">
<semantics>
<mzow>

<mn>1</mn>

<mo>+</mo>

<mzow>
<mi>sin</mi>
<mo></mo>
<mi>x</mi>
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Up-converted MathML

<math xmlns="htop://ww.w3.org/1998/Math/MathML" display="block">
<semantics>
<mzow>
<mn>1</mn>
<mo>+</mo> F
<mzow>
<mi>sin</mi>
<mo></mo>
<mi>x</mi>
</mrow>
</mrow>
<annotation-xml encoding="MathML-Content">
<apply>
<plus/>
<cn>1</en>
<apply>
<sin/>
<ci>u</ci>
</apply>
</apply>
</annotation-xml>
<annotation encoding="SnuggleTeX">\[ 1#\sin{x} \]</annotation>
<annotation encoding="LaTeX">\[ 1#\sin{x} \]</annotation>
<annotation encoding="Maxima">1 + sin(x)</annotation>.
</semantics>
</matn>

Maxima Input

1+ singx)

Done
It RS





b. Maxima output → MathML
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(Raw) Maxima OQutput
(202) 1+ sin(x)
Up-converted Maxima MathML Output

<math xmlns="htop://wi.w3.org/1998/Math/MathUL">
<semantics>
<mzow>
<mn>1</mn>
<mo>+</mo>
<mzow>
<mi>sin</mi>
<mo></mo>
<mi>x</mi>
</mrow>
</mrow>
<annotation-xml encoding="MathML-Content">
<apply>
<plus/>
<cn>1</en>
<apply>
<sin/>
<ci>u</ci>
</apply>
</apply>
</annotation-xml>
<annotation encoding="Maxima">1 + sin(x)</annotation>.
</semantics>
</matn>





B. Conversion of student input

a. ASCIIMathML → Presentation MathML

[image: image5.png]6 o e 4 ([ ttpt s ph.ed.oc.sk/mathployground/ascimeth el

121 Most Visted > Gettng Stated 3, Latst Headlines (f3 Advent to pre-Lent 5 North Weles Coast il ] Welsh Highland Rtw.c

| 0 Qtools 5| i3 Math Assess Demo 20090130 x|

AsciiMathML Demo

Input

Enter some ASCIMathML into the box below. You should see a real time preview of this while you type. Hit co: to see the
resulting outputs, which take the MathML produced by ASCIMathML and do stuffto it

ASClIMath Input: -1-sin"2x
Live Preview.
~1+sin’x

Raw Presentation MathML extracted from ASClIMathML

(This is the raw MathML produced by ASCIIMathML.)

<math title=" -1+sin®2x " xmlns="http://ww.w3.org/1998/Math/MathML">
<mstyle mathcolor="blue" fontfamily="serif” displaystyle="truer>
<mo>—</mo>
<mn>1</mn>
<mo>+</mo>
<msup>
<mo>sin</mo>
<mn>2</mn>
</msup>
<mi>u</mi>
</mstyle>
</matn>

Up-converted MathML

Demos

LaTeX Conversion Demo
ASCIIMathML Demo.

Done





b. Presentation MathML → Content MathML 
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Up-converted MathML

<math xmlns="htop://wi.w3.org/1998/Math/MathUL">
<semantics>
<mzow>
<mn>-1</mn>
<mo>+</mo>
<mzow>
<msup>
<mi>sin</mi>
<mn>2</mn>
</msup>
<mo></mo>
<mi>x</mi>
</mrow>
</mrow>
<annotation-xml encoding="MathML-Content">
<apply>
<plus/>
<cn>-1</cn>
<apply>
<apply>
<power/>
<sin/>
<cn>2</en>
</apply>
<ci>uc/ci>
</apply>
</apply>
</annotation-xml>

<annotation encoding="ASCIIMathInput">-1+sin®2x</annotation>
<annotation encoding="Maxima">(-1) + sin(x)"2</annotation>

</semantics>
</matn>





c. Maxima input → Maxima output → MathML
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Maxima Input

(-1) + sin(x)"2
(Raw) Maxima OQutput

2
(202) -1+sin (0

Up-converted Maxima MathML Output

<math xmlns="htop://wi.w3.org/1998/Math/MathUL">
<semantics>
<mzow>

Done
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<semantics>
<mzow>
<mzow>
<mo>—</mo>
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</mrow>
<mo>+</mo>
<mzow>
<msup>
<mi>sin</mi>
<mn>2</mn>
</msup>
<mo></mo>
<mi>x</mi>
</mrow>
</mrow>
<annotation-xml encoding="MathML-Content">
<apply>
<plus/>
<apply>
<minus/>
<cn>1</en>
</apply>
<apply>
<apply>
<power/>
<sin/>
<cn>2</en>
</apply>
<ci>uc/ci>
</apply>
</apply>
</annotation-xml>

<annotation encoding="Maxima">(-1) + sin(x)"2</annotation>

</semantics>
</matn>

Done.





QTI custom Operators and custom Interactions
New customOperators using maxima/CAS in template and response processing were specified

· ScriptRule to compute groups of mathematical expressions

· CasProcess to compute a single mathematical expression
· CasCompare to compare two expressions algebraically
· CasCondition to evaluate a condition
A new customInteraction MathEntryInteraction was specified , allowing a student to input a mathematical expression in string format and view the Presentation MathML form of their input as they type, using ASCIIMathML.
Implementation

Engagement with the user community identified the three key implementation tasks for MathAssess are 

· the incorporation of a CAS 

· the provision of truly randomised questions and tests

· self-authoring and self-editing of questions and tests
Interaction with the Moodle grade book, an objective of MathAssess identified as valuable by those in this community who use on-line summative assessments, is not specific to mathematics and of much wider significance.
The project was set up to extend the capabilities of pre-existing toolkits and this took place as described below.    In addition, throughout the course of this project extensive use has been made of the JAssess QTI XML rendering/responding system developed
 by Dr. Graham Smith and of the SnuggleTex
 package developed by Dr David McKain at Edinburgh University. We begin this section by describing how this contribution to software implementation was made.
J-Assess

JAssess, in its desktop implementation as developed for the earlier Aqurate project, was used in testing the creation of well-formed mathematical exemplars in QTI. As the project progressed this developed into studies of the whole feasibility of incorporating mathematical questions into QTI XML. The advantage of using JAssess to test the experimental XML which has been produced was that the JAssess code itself could be modified directly by its author to accommodate the new ideas. The locally-installed desktop application made it possible rapidly to examine how far standard QTI XML was capable of supporting new directions, and to identify and study the extensions to QTI XML functionality which are required.

During the project, JAssess was enhanced to communicate with the maxima CAS system and to support all the requirements of the MathAssess specifications first agreed on 15th/16th January and as extended since. This has included the interpolation and testing of the "glue code" developed by David McKain, prior to its deployment in the JQTI library.

JAssess will continue to be available to test further ranges of XML as we continue to expand the functionality of the MathAssess tools.
SnuggleTex, ASCIIMathML and interconversion of mathematical formats

There are a number of different formats for communicating and displaying mathematical information and it became apparent that we could not a single format to fulfil all of the aims of this project. Because of this, there is a requirement to be able to safely and reliably translate mathematics between the different forms.  However, in general, this task is impossible as the language of mathematics is exceptionally complex and relies heavily on readers' understanding of the underlying contexts. For example, it is possible for the same concepts to be represented in multiple notations (e.g. differentiation using operator notation or Leibniz notation) and symbols and conventions are often reused for multiple purposes (e.g. e may be the exponential number or the identity in a group; a 2-dimensional vector may be denoted using the same notation as a binomial coefficient).

In order to make this problem manageable within the scope of this project, we decided to restrict the type of mathematics we consider to a subset that satisfies the following conditions:

· Encompasses the type of mathematics we would expect up to a UK Educational Level 7 course
 on calculus 

· Adopts a single common notation for input and output 

· Can be reliably converted between different markup formats using a pre-defined set of conventions (e.g. assuming that 'e' is the exponential number, 'i' is the imaginary number). 

This enables the following subset of mathematics to be safely supported:

· Common elementary functions, using any combination of Latin or Greek variable names 

· Groupings, sums, differences, products, quotients and compositions of these 

· Inverses, integer powers and roots of elementary functions 

· Lists and sets 
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Figure 1: MathAssess tools and functions
MathAssess tools; interactions

Although the existing toolkits for e-assessment had been developed and proven in earlier JISC projects, it was clear from the outset that significant enhancements of each would be required in order to accommodate the user requirements and the special issues relating to mathematics detailed above, particularly the need to integrate Maxima and LaTeX into MathAssess.  The opportunity was also taken to improve and clarify the structure of their interactions with each other and with the user. Figure 1 shows the final outcome of this; details of the individual components follow.
MathAssess tools: MathQurate

MathQurate, the item authoring subsystem, was developed as a re-implementation of AQuRate with the following new features:
· New interface based upon Eclipse

· Use of Java API for XML binding (JAXB)‏ 

· Use of JQTI2 library (see below) for preview

· Question features:

· Templates and randomisation

· Mathematical input via LaTeX 

· customOperator  for CAS computations

· customInteraction for mathematical input

The resulting system supports step-by-step authoring of an item as follows:
1. Create a new question or import an existing one

2. Review and edit metadata

3. Declare template and outcome variables

4. Declare the response variables

5. Edit the item body

6. Edit MathML, including support for re-editing and using SnuggleTex approach

a. LaTeX input

b. MathML output

7. Editing choice interactions to break up XML into digestible information by including
a. Metadata editor

b. HTML and MathML Prompt editor

c. List of simple choices

8. Editing simple choices; these can contain HTML and MathML so requires metadata editing.  This function is particularly important for mathematics as it allows editing of eedback provided to the student inline when this choice is selected.
9. Editing Math Entry Interactions

MathAssess tools: JQTI2 and Validatr2
JQTI2, a newly-released pure Java library, was developed from JQTI as part of MathAssess.  The new version brings many improvements to the handling of QTI assessments and reports, most importantly a complete implementation of the full QTI information model. JQTI2 contains everything required to read, write, validate and process (processing of templates, responses and outcomes are all fully supported) QTI items and assessments. 
Validatr 2 is a graphical tool for examining and validating QTI content; it was constructed by incorporating JQTI2 in the existing Validatr. Validatr can quickly show the locations of problems and issues that are virtually impossible to locate using XML schema validation.    
The capabilities of JQTI2 are such that no changes are required for MathAssess CAS support; the necessary functionality is provided by a plug-in library that just needs to be placed on the classpath.
MathAssess tools: Test Constructr+
Test Constructr+ was created by extending the proof of concept within the original Contructr from the ASDEL project to include these new features:

· Uses JQTI2 library

· Take items from Minibix using the Maths taxonomy

· Package as test and deposit back into Minibix
MathAssess tools: QTIEngine

QTIEngine is a new open source engine developed within MathAssess for playing IMS QTI v2.0 and 2.1 content. QTIEngine utilises JQTI 2 to handle QTI xml, and uses a completely customisable XSLT-based rendering solution to generate the rendered questions and tests. Crucially for MathAssess, it includes the CAS integration which enables algebraic response processing and randomisation.
MathAssess tools: Minibix+

Minibix+ is an enhancement of Minibix with these new features:

· Mathematical capability

· Store both items and tests 

· Better search and metadata editing

· Support organisation by taxonomy

· Support and advice for online testing
MathAssess tools: yet to be implemented
There are still some important and challenging developments to be made which were ruled out of MathAssess because of the limited time available.  Chief among these are

· Live diagrams
· Live graphs
· Graphical interactions in maths items

Outputs and Results

· Portfolio of use cases, including use case diagrams
· Definition of a specification for MathVariable in QTI
· Graded suite of test examples with all the features required by the specification
· Computer Algebra System (CAS) support in item delivery and preview, including detailed work flows between various representations of mathematical elements of item body
· QTIEngine
, a new open source engine for playing IMS QTI v2.0 and 2.1 content
· Upgraded software library for JQTI – incorporating all features of the specification, including the rending and responding to maths items through the use of XSLs and XSLTs, thereby removing any need to use R2Q2. Also included in the JQTI update is the facility to use and CAS-enabled classes.

· Mathematics-enabled item authoring using MathQuRate and the update JQTI libraries, including detailed guidance for authors on 

· Setting up template variables

· Specifying mathematics within item bodies

· Item and assessment banking, utilising Minibix+ for storage, searching using a mathematics taxonomy and version control

· Assessment construction, building on the basic authoring facilities created in ASDEL and using XSLTs for rending and integration with Minibix+,

· Mathematics-enabled assessment delivery using ASDEL and the update JQTI libraries , including detailed consideration of and recommendations regarding

· How candidates will input mathematical responses

· How responses will be processed
· Integration of the authoring and delivery facilities into Moodle

· Protocols and outcomes from user testing of work flows in item creation and editing and test creation and delivery

· Video of part of the user testing mentioned in the previous item

· Training packages for academic users and technical staff deploying the tools,

· Source code and downloads of installable versions of the tools on SourceForge
· A Maven
 repository of development code and tools

Outcomes

Tangible deliverables

· Software demonstrating mathematics enabled assessment work flow from item authoring, item banking, test construction, test delivery, response processing and outcome recording.

· Addition to the existing QTItools and JISC repositories of related and relevant artefacts.

· Reports and documentation.
Intangible deliverables

· A widened community of interest in mathematics-enabled e-assessment including both experienced users and skilled software engineers

· Heightened awareness within the mathematics support community within HE of the potential of and issues surrounding e-assessment from both technological and pedagogic viewpoints.

· An important first step toward sustainability of e-assessment and e-learning in mathematics, being taken forward as part of the FETLAR project
.

Conclusions

We offer some conclusions on the higher-level policy issues which JISC considered might be clarified by the work carried out in MathAssess (see page xx above)

1. Is QTI2 a practically useful open standard?  The importance of the QTI standard is the reassurance it gives that conforming material can be used on a wide variety of platforms and that changing technology will not cause materials in the QTI format to become obsolete or users to find themselves locked into software systems which are no longer fit for purpose.

Two specific extensions of the QTI2.1 specification were identified as necessary for MathAssess:
a. The QTI specification for printedVariable is too restrictive; authors need to be able to print variables with other than single cardinality

b. Mathematics needs a special variable type; MathAssess is producing a well-described set of features.
Whether these are acceptable to the QTI gate keeper for incorporation into the standard is not known at this time; indeed there is no mechanism whereby an individual project such as MathAssess can submit proposals to IMS.    The expertise to create a formal submission is available within MathAssess but not a person or body with the necessary standing to make such a submission.  It appears that this is the responsibility of JISC as the IMS member representing UK higher education.
2. Can the toolkits continue to be developed in a harmonised way when the needs of a user community form the starting point?   The toolkits have continued to be developed in a harmonised way and these developments have gone far beyond the immediate requirements of MathAssess.  The needs articulated by the user community have been fully addressed and valuable cross fertilisation has taken place as a result of the inclusion of SnuggleTex in the project.  
3. What lessons can be learned about the management of projects such as this with widely varying partners – geographically, subject speciality, institutional mission? Responses here are inevitably anecdotal and personal.  The project teams have worked together very well and hence achieved a great deal; this was probably very much the result of the three of the technical partners having worked together closely over a number of years.   In addition, the mathematics community partners are united in their wish to see a sustainable replacement for CALMAT.  Without these pre-existing good relationships, it seems likely that more modest objectives would have been essential.  Managing the project from the mathematics community standpoint has been an exhilarating experience; the technical partners have sometimes had to revise pre-conceived notions about how e-assessment could or should be carried out.
Implications

MathAssess is just the first step toward the long-term aim of developing a comprehensive and sustainable e-learning system to help students, and not just those studying subjects with an “obvious” mathematics content, gain the mathematical skills, knowledge and understanding necessary for success on their chosen courses.  There is extensive experience of this among the partners and elsewhere but the present arrangements are not sustainable in the short-to-medium term.  

Comprehensive central pools of high-quality mathematics teaching materials such as “Just the Maths”
, or via MathCentre
 already exist.  At present these lie between digital assets and learning objects in the learning resources taxonomy
; the challenge is to make the creation from them of learning activities to fulfil a learning design much easier.   Fundamental to this is an assessment system which provides formative assessments linked to learning resources and summative assessments linked to learning outcomes.  These links should exist as metadata stored within the assessment resources; metadata within the learning resources ensure smooth learning paths for students, especially those using the materials for self study. 

The next key objective in this is the assembly from existing on-line assessment systems of a substantial body of QTI-compliant assessment material which MathAssess can be used to deliver in a variety of modes and circumstances.  This is a critical activity within the newly-launched FETLAR
 project within the JISC/HEA Open Educational Resources Programme
.
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