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Executive Summary

The aim of the JELFAD project was to integrate a variety of forms of automated assessment questions and engines that are pre-existing outputs of internal development and other JISC projects.  The approach was to demonstrate a system that incorporated results from three JISC projects: APIS (‘Assessment Provision through Interoperable Segments’), ISIS (Integrating Simple Sequencing) and ASAP (Automated System for the Assessment of Programming). The demonstration system provided a means of delivering assessment items embedded in a learning context; they were stored and presented IMS SCORM and QTI 2.0 using open standards.  To provide the required demonstration, some ‘Player’ software was developed to orchestrate the delivery of the content, since this component was not available from third party sources at the required time. Content was authored for three high stakes trials in August 2005, in which students underwent retake examinations. Throughout the project there was close consultation with staff involved in the JISC funded Reference Model for Assessment (FREMA). A demonstration of the system, content and software for download are all available via the project website http://asap1.king.ac.uk/. 

The project found that successful delivery of innovative content was possible using the componenets of the JISC e-Learning Framework. There were some difficulties and limitations, such as the lack of authoring tools for QTI2.0, the relatively small range of QTI questions that were successfully rendered and processed by the APIS software, and the scope for varied and adaptive sequences of learning activities was limited by the support provided by the sequencing engine. Also, the project team encountered a frustrating but understandable ‘institutional reluctance’ to allow innovative components to be 

In conclusion, the project was successful in highlighting some capabilities and deficiencies of the components that it demonstrated. It successfully deployed a system built from these components in a high-stakes test environment, and made the results available to the wider community.

1. Background

1.1 Existing Work from ASAP project

The ASAP Project (Automated System for the Assessment of Programming) (ASAP 2004) was funded by the JISC Distributed e-Learning Strand and, as well as production of tools for assessment, has also generated a resource of questions that are being presented to students at both Kingston University and Dublin City University (Daly 1995).  These constitute the ‘Student Generated Response Questions’ and the ‘Automatically Generated Questions’.

The ‘Student Generated Response Questions’ are marked by an automated marking system (assessment engine) currently using a simple XML response protocol.  The marking system corresponds closely with a Unit-testing approach and has two interfaces – one via the Blackboard VLE and another via the uPortal system.  

The ‘Roboprof’ Web Service generates questions with controlled random modifications. Currently they are all of the QTI 2.0 ‘text Entry’ fixed response type. The output format is any of QTI1.1, QTI2.0 and HTML specifications and they can be marked by the normal QTI method (Smythe et al. 2005). 

1.2 Existing Work from other JISC e-Learning Projects

The JELFAD demonstrator, where possible, aimed to integrate components developed as part of other JISC projects, according to the e-Learning Framework philosophy.  At the start of the project a range of candidate projects were identified that could be used in conjunction with the outputs of the ASAP project to produce an e-Learning Framework assessment demonstrator.

· APIS: Assessment Provision through Interoperable Segments. One of the outputs of APIS is a web service and set of tools designed to support the rendering and processing of QTI2.0 content (APIS, 2004). 

· Reload: Reusable eLearning Object Authoring and Delivery (Reload, 2005).  One of the outputs of Reload is the Reload Editor a modified version of which allows the creation and authoring of SCORM-2004 compliant IMS content packages (Smythe et al. 2004) that can incorporate IMS Simple Sequencing rules (ADL Reload, 2005).

· ISIS: Integrated Simple Sequencing.  One of the outputs of the ISIS project is a simple sequencing engine called Icodeon (Icodeon, 2005) that can interpret IMS Simple Sequencing rules that are embedded in SCORM-2004 (SCORM, 2005) compliant content packages (ISIS, 2004).

· ASSIS: Assessment and Simple Sequencing Integration Services.  One of the outputs is the ASSIS player which is a web service that can be used to orchestrate the delivery of materials contained within a content package (ASSIS, 2004).

In addition to the above, other JISC e-Learning Project outputs were evaluated as candidates for inclusion in the JELFAD project including:

· The RQP (Remote Question Protocol) protocol produced as part of the Serving Maths Project (RQP, 2005).

· SLeD (Service based Learning Design) Toolkit for using IMS Learning Design as an alternative to IMS Simple Sequencing (SBLDS 2004).

1.3 Other Background

Whatever tools the project used for handling the creation, delivery, marking and rendering of the assessments and related content there was a requirement for them to be hosted via a single user agent.  In an institutional context this is typically a web-browser interface to a VLE (Virtual Learning Environment).  The ASAP project developed user agents for two such systems to allow access to the assessment resources:

· uPortal (JASIG 2005): using JSR-168 compliant portlets (JCP 2003)

· Blackboard (Blackboard Inc. 2004): using Blackboard Building Blocks

The same approaches were considered for the JELFAD demonstrator.

2. Aims and Objectives

This project aimed to demonstrate the operation of the E-Learning Framework tools to render, deliver and process a sequence of learning materials, including questions stored in QTI2.0 format. The corresponding objective was to evaluate this operation in a real-world scenario, involving high-stakes assessment activities. This would illustrate how these tools perform in the compilation, delivery, marking and grading of an assessment consisting of at least three different types of QTI question sets.  Ideally the questions in a ‘formative’ assessment would be delivered as part of a design that includes instructional material. A second objective is the evaluation of the success with which outputs from sequencing or learning design projects (e.g. ISIS) can be integrated with the outputs from the assessment projects. 

The eLearning Framework tools that were considered likely to be employed in this demonstration, were the outputs from APIS, ISIS (and ASSIS), ASAP and RELOAD projects.   

In particular, the aim was to use three different sources of QTI questions:

1. Student Generated Response Questions.  Assessment questions in the form of programming tasks that test student’s ability to produce source code in conformance to a programming specification.  These tasks have been developed in the course of the JISC Distributed eLearning tools project (Automated System for the Assessment of Programming – ASAP) and are marked by an automated assessment engine.

2. Automatically Generated Questions.  QTI questions that are randomly generated variants of a template question on request.  These questions can either be generated in a batch mode as an item bank – or, preferably, in real-time from a user-generated seed value (Daly 1995).

3. Pre-authored Objective Response Questions.  Sets of questions that have been developed with active lecturers and tutors who have worked in association with the learning technology unit at Kingston University using standard MCQ authoring tools (ASAP 2004).

It was proposed to use these question sets, each from different types of sources, to demonstrate the operation of the eLearning Framework software. 

On their own, self-assessment questions are of limited value and need to be presented within a learning context that includes instructional content.  It was proposed to evaluate the effectiveness of the user agents that could potentially be employed to provide access to the question sets and other material. 

A third aim for the project was to provide data and feedback to the FREMA eLearning Framework (FREMA 2005) Assessment Reference Model as part of a parallel JISC initiative.  A final aim for the project was to publish all the QTI2.0 material and other related content along with the tools required for its deployment, so that any higher education institution to evaluate, assess and use. Throughout the course of the project the overall aims and objectives did not change. However, there were some changes in intermediate objectives, as a consequence of the limitations encountered in the software to be demonstrated.

3. Methodology

3.1 Summary

The overall approach was to assemble a series of e-Learning Framework components (Figure 3.1a) along with content developed for a specific purpose, and use these in a high stakes assessment activity. Software would be developed as necessary to address any requirements not satisfied by the existing tools. 
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Figure 3.1a Key components used in the JELFAD demonstrator

As in the ASAP project, two approaches to the creation and delivery of the assessment for the teaching and learning user groups were considered. Firstly, the proprietary, institutional Blackboard VLE could be used; secondly, the open source, JSR 168 compliant uPortal system deployed specifically for this activity.  In the end, the latter approach was chosen, since it allowed a greater customisation of the software, primarily due to institutional constraints for the Blackboard system.

3.2 Detail

The first stage of the project plan was a consultation with tool developers and other members of the CETIS assessment Special Interest Group, to determine an appropriate suite of software to trial in the proposed activity. This required liaison with the proposed end-users (in this case, the three module leaders with responsibility for the summer exam resit activity). 

There were several possible candidate suites of software systems to deliver the material, including:

a) Integrating Simple Sequencing (ISIS)

b) Service-based Learning Design (SLeD / Coppercore)

c) Informal content-links and bespoke portlets delivered via uPortal

The third choice was regarded as a back-up choice, since it did not demonstrate as many eLF tools (the primary aim of the project). Thus, the decision was essentially of one Simple Sequencing vs. Learning Design. Following presentations and discussions at the Assessment Special Interest Group Quarterly Meeting (Southamption, May 2004), the decision was taken to use the delivery method proposed as part of the ASSIS project (see figure 4a). Here, an orchestration component (or ‘player’) forms the central node of communication to the other components – user agent, content package, question rendering and processing, and sequencing engine. This, it was hoped, could provide a rich structure to the sequence of activities that students chose and were guided towards, in their workshops. The chosen metaphor was of the activities taking place in rooms, that were linked via corridors, and were all grouped into given floors. Access to any given room (or floor) was only granted if a given set of assessments had been successfully completed (to put it another way, the appropriate key had been found).  The rules which determined the navigation through the floors, corridors and rooms were encoded by tags in the content package using IMS Simple Sequencing elements.

The four main elements that constituted the methodology behind the creation of the demonstrator were:

1. Content – either inherited from the ASAP project or newly created in the JELFAD project

2. Pre-existing tools and services – derived from ASAP or other JISC projects

3. In house development – where required to achieve the aims of the JELFAD project

4. Re-factor project design and requirements

In order to asses the feasibility of the theoretical approach proposed for project the first stage was to  investigate and validate the external software resources packages with internal tests using typical content assembled into standardised content packages. Any issues that could not be resolved by dialogue with the original developers either required in-house enhancements to the software, the development of new piece of software that met the requirements of the demonstrator or a re-factoring of the project design and requirements.

After the validation of the tools to be used in the project, a final set of project requirements and design was established.  Software development and content development then proceeded in parallel to complete the demonstrator prior to the high stakes institutional trial (as part of the summer examination retakes).  The content development proceeded according to the supervision, specifications and raw material provided by the academic staff responsible for the corresponding examinations and workshops.  However, the actual content development i.e. the construction of the content packages and the addition of the sequencing rules, was done by the project staff.  

The approach described allowed in-house testing of the demonstrator towards the end of the project in consultation with the teaching user groups prior to two high stakes trials:

1. One day user trial – consisting of a formative workshop and summative examination for small group (< 10) 2nd year undergraduates

2. Four day user trials – consisting of formative workshops and summative examinations for larger group (> 50) 1st year undergraduates

Some typical examples of content used in these trials are shown in Appendix C.  In conjunction with high stakes user trials and evaluation there were three other dissemination activities:

1. Consultation and input into FREMA - e-learning Framework REference Model for Assessment funded under JISC e-Learning Program

2. Internal dissemination event at Kingston University (27/10/2005)

3. Publication of demonstrator content and related packages on the project website (http://asap1.kingston.ac.uk) and the project SourceForge site (http://sourceforge.net/projects/asapkingston/ )
3.3 Specific Issues

The initial evaluation and feasibility study on e-Learning Framework software undertaken on the external software addressed some key issues and, where possible, was done in consultation with one or all of: the software developers; FREMA; CETIS Assessment SIG.  Some of the key issues to be addressed were:

· Could the range of QTI 2.0 questions required (Appendix B) be rendered by APIS?

· Could IMS Simple Sequencing elements be embedded into IMS Content Packages using the RELOAD editor?

· Could the enhanced QTI 2.0 question sources (developed in the ASAP project) be included in IMS Content Packages?

· Could the Icodeon Sequencing Engine deliver the items from the content packages according to the requirements of the teaching and learning groups?

· Could the ASSIS player orchestrate the requests from the user agent(s) and respond with the required items? 

The result of this evaluation raised some specific issues that impacted upon the direction taken in the project implementation.  In general, dependencies upon external software that could not fulfil the requirements of the demonstrator project resulted in more time to be spent on development that was originally anticipated.  The main impacts were:

· The need to replace the ASSIS player with the development of a new piece of software: JELFAD player (on advice of the ASSIS developers) as a WSDL-compliant web service (W3C,2001)

· The need to use uPortal as the primary user agent and the consequent need to develop a prototype gradebook and simple authentication system

· The need to extend the content types outside of the IMS Content Package Specification 

4. Implementation

Following on from the results of the ASAP project, a requirement to integrate the automated marking and question generation into an assessment framework was identified. It was also identified that the user needed to be guided through the assessment experience in a sequential manner. In addition some development was required to present the rendered QTI2.0 outputs as web content.  Where possible the additional requirements were to be implemented using pre-existing JISC tools, toolkits and services.

After the initial feasibility studies described in Section 3 the broad requirements of the project were to:

· Integrate Automated Java Marking (AJM) and ‘RoboProf’ questions into the QTI2.0 stream and IMS Content Packages before being rendered by APIS

· Sequence the provision of learning content using IMS ‘Simple Sequencing’ elements inserted into IMS Content Packages delivered by the Icodeon Sequencing Engine

· Implement an assessment orchestration service to perform similar tasks to the ASSIS player

· Customise portlet technology to provide a user interface via uPortal and provide a simple gradebook and authentication service
· Produce assessment content suitable for the demonstrator system and evaluation in a high stakes university test through the uPortal system 
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Welcome to the Jelfad Demonstration Content Package

This content package includes sample material developed at Kingston Uriversity to introduce students to e-learning for programrming modules

The material includes:

« Mutiple Choice Questions (MCQs) in IMS GTl 2 format

MCQs in IMS QTI 2 format incorporating images

Text entry cuestions inIMS QT 2 format

Roboprof (randornly generated) text entry questions in IMS GT1 2 formeat
Autornatic Java Marked (AJM) questions

The following content uses samples taken from an introductory course to the Java programming language. The sample material is orgarised as follows

+ 2 Text based MCQs (Question Topic: Arrays)

Feedbackis provided after each attempt and muliple attempts are possible. The option to continue through the content package is given regardless of whether the answer gi
not.

2 Text based MCQs using images (Question Topic: Co-ordinate Systems)

Feedbackis provided after one attempt. Only one atternpt is possible. The user continues through the content package regardless of the answer given

2 Text Entry questions (Question Topic: Arrays)

No feedback is provided and only one atterpt is permitied. The user continues through the content package regardiess of the answer provided

4 Roboprof questions (Question Topic: Operator Precedence)

No feedback is provided bt if the question is answered correctly the user is taken to the next Roboprof question that is of a difficuity rating higher than the current question It
Roboprof question in the sequence is incorrect, the User is presented with a new question of the same dificuly rating until a correct answer is given

1 AJM question to construct a Java class to solve a simple problem

The user is quided through the task of constructing a Java class to solve the problem. Once finished, the user uploads the Java source file and waits for feedback from the Aut
Marker. Feedback is provided on whether the class compiled correctly and succeeding that, whether the source file met the the requirements of the question Muliple atternpte
the user is allowed to exit the content package after at least one atternpt
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Figure 4a shows the existing ASSIS (Assessment and Simple Sequencing Integration Services) architecture which JELFAD aimed to enhance.

The conceptual architecture of the system that was needed to fulfil the requirements of the project was based around the approach that had been adopted by the ASSIS (ASSIS 2004) project (Figure 4a) with the caveat that the ASSIS player was not yet suitable for adoption as a software component in the JELFAD demonstrator.

The user experience of ASSIS was as follows:

1. The user logs onto the appropriate URL / address in their web browser

2. The Portal on the web server allows the user to interact with the ASSIS Player.

3. The user request to start the Assessment is passed to the Player via the Portal,

4. The Player requests sequence information from the sequence engine.

5. The sequence engine specifies the part of the assessment and passes this back to the Player

6. The Player fetches the relevant content from the Content Package and sends it to APIS

7. APIS renders the QTI 2.0 code into HTML .

8. The Player displays the HTML in the Portal.

9. The user participates in the assessment.

For the JELFAD project, further functions and services were to be added to the ASSIS framework. 

A method of providing access to the Automated Java Marking Service and the Question Generation Service (RoboProf) within the assessment was required in order to give immediate feedback to the user and to allow the request for a new variant of a question.  In this regard, a specific requirement was identified to randomise the values and corresponding answers to reduce the possibility of plagiarism during group assessment. Finally, there needed to be integrated authentication and result storage to identify who the users are and also what their exam results were.

These enhancements were to be integrated as follows:
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Analyze the following code

puwblic class Test {

public static void main(String(] args) {
ine[10] % = new int(3](1;

x[0]
x[1]
x[2]

systen.

out.

inel] (9}
incl] (2,3):

inel] (4,1,5);

printin(x[2](2] is " + x[2][2]);

has & syntax error because new int[3][] is wrong
has a runtime error because x[2][2] is null

runs and displays x[2][2] is 3

runs and displays x[2][2] is 1

runs and displays x[2][2] is 5.
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Figure 4b shows the JELFAD architecture consisting of enhancements to the ASSIS / ISIS (Assessment and Simple Sequencing Integration Services / Integrating Simple Sequencing) architecture.

The user experience of the JELFAD system (Figure 4b) is:

1. The user opens a web browser and types in the relevant URL / address

2. The portal asks the user to authenticate with a username and password

3. The portal initiates custom ‘Portlet’ code which then interacts with the database and the JELFAD player

4. Once the user is authenticated, a request can be sent to the JELFAD player to start the assessment.

5. The Player sends a request to the Sequence Engine, which responds with an instruction to commence the first part of the test.

6. The player sends a request to the content package manger which extracts the required resources from the content repository and depending upon type, is processed by either APIS and possibly RoboProf or AJM.

7. In the trial, Fixed Response Questions were randomised by RoboProf before being sent to APIS for rendering to HTML.

8. When an AJM question is answered, it is passed from the portlet to the Player, is marked by the AJM web service and the result and accompanying feedback is passed to APIS for rendering and a progress instruction is passed to the sequence engine.

9. Once the student has completed the assessment, the final result is passed to the ‘gradebook’ database.

The approach adopted was to continually test the system using indicative learning content from the ASAP project as well as the content developed for the user trials during the course of the JELFAD project.  The type of learning content used during the project is summarised in Table 4a, and examples of that content are shown in Appendix C.  

	Name 
	Description
	Tools used to compose
	Tools used to compile

	Static
	A variety of fixed resources, such as HTML, DOC, ZIP and PDF
	Various Applications
	Reload Fork + Text Editor for XML

	Multiple Choice Question
	A question where several possible answers are given and the student has to pick the correct answer.
	Respondus 
	Text Editor for QTI v2.0 + Reload Fork

	Fixed Response Question – generated by the RoboProf Service
	A question where the student must give an answer which matches the prepared answer
	Text Editor + Java Compiler
	Text Editor for QTI v2.0 + Reload Fork + RoboProf Question Generation Service

	Upload (File) Question – required by the Automated Java Marker Service
	A type of question where responses are examined by Java and corrections or hints are automatically given.
	Text Editor + Java Compiler
	Reload Fork + Text Editor for XML + AJM Marking Service

	HMJ Question
	A question where the invigilator has to validate whether the students outcome is correct.
	
	


Table 4a Types of Learning Content included in the extended IMS Content Packages during the JELFAD project.

In order to be able to include the QTI 2.0 content that relied upon external services for the generation or marking of the questions, there was a requirement to extend the content types that could be handled by the IMS Content Package.  This meant that some editing was required of the XML in the manifest that described the contents of the package (imsmanifest.xml) and also that the IMS Content Package standard was not adhered too.  The non-standard nature of these modifications is an issue that requires further attention in the future and currently limits the use of the packages to the software associated with the JELFAD demonstrator.

At the time of development the APIS system was able to render a subset of QTI2.0 question types (Appendix B) however these were suitable for the proposed high stakes trials.  A more major restriction was the lack of a QTI 2.0 authoring tool and the method of creation was either by authoring in QTI 1.1 using the Respondus Software and then converting to QTI 2.0 using a conversion script plus a simple text editor or writing the QTI 2.0 questions directly using templates and a simple text editor.  There are implications and limitations for instructors who wish to create their own content and the content was authored by research staff using the specifications provided by the teaching staff. 

The Icodeon Sequencing Engine is freely available to the Higher Education Community as a product but the source code is not accessible and this provided some limitations in the context of this project.  For example it would have been preferable to be able to:

· Provide the student with an overview of their current location in the sequence of materials

· Provide a way of handling multiple content package selection

· Provide a way of allowing the instructor to jump directly to any location in the content package

Kingston University currently uses the Blackboard 6.x Learning Management System as the institutional virtual learning environment and, as such, this would have made the ideal user agent for access to the project developments for the high stakes user trial.  One of the unforeseen restrictions was the inability to negotiate a sufficient level of authorised access to the institutional Blackboard development server to allow the project developers to iteratively solve implementation problems without having to go through a third party that had no stake in the project success.  This problem only became critical when attempting to create a user agent that needed to interact with web services developed on Apache Axis.  As a result all the user agent development was done on the Open Source uPortal system which has its own limitations and niche user community.  In these type of development projects there is a potential conflict between the producing a system that conforms to the aspirations of the wider community and achieving the functional requirements of the specific project.  Only if the project achieves the former can it be widely adopted, but only it achieves the latter would anyone want to adopt it.

5. Outputs and Results

The main focus of the project was the production of a set of tools and content that could be evaluated in a live student assessment context.   Taken together these materials constitute the JELFAD demonstrator that will be made available to the wider community via the project website.  Thus the three main outputs are:

1. Content: Assessment items and supporting materials

2. Software: The portal with linked tools and services

3. Evaluation: User trials involving teachers and students 

After the internal user testing two real-life trials were arranged for an examination of the systems performance.  Students who were about to take summer re-sits were invited to take part in the JELFAD trial as part of their revision preparations before being presented with the examination programming tasks through the same interface.

The assessment content (see Appendix C) was written for this purpose and concentrated upon programming skills, Java language basics and graphics. The trials were conducted over the course of a day, with a 3 hour morning session which consisted of a revision workshop, then a 2 hour ‘exam condition’ assessment period.

During the ‘workshop’, the participating students were able to familiarise themselves with the JELFAD interface and discuss the questions and concepts that were included in the exercises. During the assessment, students were given similar exercises to complete as were in the workshop, but were not allowed any communication between each other. The students were instructed to log into welcome screen using usernames and passwords supplied (Fig 5a i). The structure of the test was outlined in the menu page before commencement of the assessment (Fig 5a ii). The Sequence engine then instructs the JELFAD player to select the first content objects from the Content Package.  The content packages contained examples of the three different kinds of assessments:

· pre-authored objective response questions (Fig 5a iii, iv, v)

· automatically generated Roboprof questions (which use a common ‘seed’ to generate different questions for each student) with fixed responses (Fig 5a vi)

· automatically marked program tasks with student generated file uploads (Fig 5a vii and viii).  

There a various types of feedback scenarios and rules for navigating through the sequence of materials that can be set by the instructor.
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Figure 5a – Interface to the JELFAD Demonstrator through uPortal: Screenshots showing range of content

Users were asked to complete post assessment questionnaires which examined their experiences of the JELFAD system. The questionnaire concentrated upon the user interface and accessibility of the system, but also queried the user’s view of the assessment content.

	Question asked
	Average result
	Proportion of maximum scores (%) / Yes 
	Proportion of minimum scores (%) /  No
	Notes

	How easy was logging onto the system? 

(1 = very difficult, 5 = Very easy)
	3.8 / 5.0
	30%
	7%
	-

	Was the Material easy to View Online?

(1 = very difficult, 5 = Very easy)
	4.0 / 5.0
	33%
	0%
	-

	Was the material easy to save to disc?

(1 = very difficult, 5 = Very easy)
	3.9 / 5.0
	30%
	10%
	-

	Was there a logical flow to the assessment?

(1 = Very illogical, 5 = Very logical)
	3.9 / 5.0
	27%
	7%
	-

	The MCQs helped us to prepare for the Test.

(1 = Not at all, 5 = Very useful)
	4.4 / 5.0
	63%
	7%
	(users had trial run before the assessment)

	Was there the right amount of assessment material?

(1 = No not at all, 5 = perfect amount)
	4.4 / 5.0
	50%
	3%
	

	Was the test free from technical difficulties?

(Y =Yes, N = No)
	n/a
	31%
	62%
	(7% returned ‘no response’)

	Would you be happy to use the system in the future?

(Y =Yes, N = No)
	n/a
	53%
	17%
	(30% returned ‘no response’)


Table 5a – Results from student responses to the post assessment questionnaires after the user trials

The results of the post assessment questionnaires are given shown in Table 5a.

· Students involved in the trial were taking part in a “re-sit” workshop and some were hoping not to be in a similar academic situation in the future. This may have influenced some responses.

· In one of the trials, there were server problems that caused the connection to “time-out” after a period of inactivity. This caused some operation problems.

In general the results of the user trials were a success in so far as the system successfully supported the delivery of the workshops and examinations in a format that achieved the goals of both the lecturers and the students.  However, in order to achieve this there was the onsite support of the JELFAD project team.  There is further usability work that would be needed before the system would be capable of achieving the same results ‘out of the box’ or in a way which seamlessly linked with the other systems within the university, such as the administrative system or the institutional VLE.   

6. Outcomes

The first project aim was to demonstrate the operation of the E-Learning Framework tools to render, deliver and process a sequence of learning materials, including questions stored in QTI2.0 format.

In this respect, the outcome of the project was successful. Tools from the e-Learning Framework were used, adapted and integrated to make a demonstration assessment system. Knowledge about the tools and the framework were gathered and documented.

Its corresponding objective was to evaluate this operation in a real-world scenario, involving high-stakes assessment activities.

This objective was achieved: the system was used over five full days of retake workshops and examinations. There were some difficulties, including occasional brief server failure and re-organisation of content to adapt to what was possible to include. Nevertheless, the discipline required to meet the strict pedagogic and timetabling constraints was a useful factor in the demonstration of the software.

The project aimed to use three different sources of QTI questions. 

In this aim the project was also successful, the three sources were:

· Standard pre-authored Questions in QTI2.0 format including images where appropriate.

· Dynamically generated ‘Roboprof’ questions (also in QTI2.0 format), allowing some variation in question, to enable repeated use.

· Programming Assignments, authored as custom response QTI2.0 questions, where the student submission is automatically marked.

A further aim was to provide feedback to the FREMA eLearning Framework Assessment Reference Model as part of a parallel JISC initiative.

Two face-to-face consultations occurred during the project, at the beginning and end. In addition these provided useful material for both projects, with the approach, concepts and results of the JELFAD project being fed-back to the FREMA team.

A final objective for the project was to publish all the QTI2.0 material and other related content along with the tools required for its deployment, so that any higher education institution to evaluate, assess and use. 

This objective was realised, as there is an on-line demonstration, downloadable content packages, software and documents to assist in the creation of a similar system.

7. Conclusions

Broadly speaking, the Demonstrator Project succeeded in its aims and objectives. The e-Learning Framework tools were used to deploy innovative teaching material in a high-stakes real-life environment. 

The balance between these aims was sometimes difficult to get right, in that project staff sometimes had to make decisions that affected these outcomes in different ways. One example is the choice of investing time in configuring third-party software to work correctly, against the choice of writing bespoke software that addresses the specific need. Another example is the balance between pedagogic and technical innovation: it was useful to develop novel prototypes in both respects. Furthermore, the decision to demonstrate the tools in a high-stakes summative assessment created rigid deadlines and academic constraints. 

The project workers encountered an ‘Institutional Reluctance’ to allow innovative components to be introduced into their the University Enterprise Services (such as allow the Project System to verify Authentication Credentials, or to allow Project Software to be installed as a component the main VLE (Blackboard). This reluctance is understandable, given the existing Service Level Agreements, the lack of any specific agreement to allow such allowance or installation, or the scarcity of the specialist knowledge and time necessary to guarantee that the existing system would not be compromised in any respect. This did not directly affect the outcomes of the project, since alternative authentication systems and VLE were commissioned and used for the project. However, it does illuminate the difficulty of introducing innovative open source systems into increasingly sophisticated institutional IT systems. 

Several third-party open source projects were used in the Demonstration Project. However, no attempt was made by the project staff to alter this software. The principal reason was that this was not part of the project plan; project staff did not see it as part of their mandate to change these tools, but rather to make alternative solutions where the existing tools did not fit the requirements. Another reason was that these third-party tools were still undergoing development in follow-on projects, and so additions for a particular Project purpose may have been difficult to synchronise with that development. 

The content was actually authored, marshalled and tested by research assistants, under the supervision of academic staff. One reason for this was difficult to gain familiarity with the tools (RELOAD, and QTI2.0 authoring software) in a short space of time. Another reason was that the research assistants had available time, where as the academic staff had far less available time. The implication of this situation is that it is difficult for the expertise gained by project staff (in preparation of objective questions, and organisation of content packages) to diffuse into the institution at large. 

A particular point of difficulty was QTI2.0 authoring. The research assistant found the most effective method of authoring questions to be editing the native XML in a text editor. There did not appear to be any viable alternative. For more widespread adoption of these standards, the tools do need to be available. 

Finally, the demonstration system did not achieve the range of features that were initially expected. The range of objective questions that could be rendered and processed was small. The scope for varied and adaptive sequences of learning activities was limited by the support provided by the sequencing engine. The sequence was restricted to a linear progression, with no choices of route available. Nevertheless, once these features have been extended, we regard the tools to have the potential for extremely useful roles within the teaching environment. 

8. Implications

Firstly, there were some specific issues arose during the project.  In the process of making use of the available standards, services and tools to support the delivery of the automatically marked and generated questions various circumstances arose with the potential for feeding back use-case scenarios to the relevant development groups.  For example, the project made use of IMS/SCORM2004 Content Packaging to encapsulate the materials in the demonstrator.  However, there was a need to extend the standard to support the new assessment content types.  There is a potential for these use-case scenarios to be used for generalising or extending the standard to cover similar requirements from the assessment domain.  Similarly there were requirements identified for the Icodeon sequencing engine so that it can handle choice selection for content packages, adaptive modification to content packages, a synoptic view of location within the sequence, and random access to content packages for instructors.

One omission that was identified during the course of the project was the availability of QTI2.0 authoring tools and the completeness of the QTI 2.0 rendering tool.  For all users and producers in the assessment domain, QTI 2.0 aspires to be the common standard.  The availability of QTI 2.0 authoring and rendering environments are fundamental in its success in this regard.  Any future developments of the project’s automated assessment services will need to identify or develop these capabilities in order to increase their usability.

The successful use of the demonstrator in the high stakes workshops and examinations demonstrated its utility but also highlighted further work and development that is needed:

· Better authoring and content management tools for the creation and administration of the new automated assessment techniques

· Better user agents for use of the new automated assessment services both inside and outside of an institutional VLE

· Extension of educational standards to support novel automated assessment approaches

· Further development of a pool of content for automated assessment

· Extension of automated assessment of computer programming to handle more complex testing scenarios and different programming languages

· Establishment of a formal typology for different types of automated assessment scenarios in the computer programming domain

Secondly, there were issues that may have wider implications for the JISC e-Learning projects in general. On the one hand, the project demonstrated that resources and tools surrounding the assessment domain, that have been developed as part of the JISC e-Learning Framework, can be integrated together to produce e-Learning resources to support pedagogical goals.  On the other hand, it also demonstrated that this task currently requires an amount of time and expertise that is probably outside the scope of the majority of academic staff.  This certainly has implications for the future development and dissemination of e-Tools within the overall vision of an e-Learning framework.  The JELFAD demonstrator project was designed to fit together various components in the assessment domain in order to produce a working resource for deployment in a real teaching situation.  The notion of the e-Learning Framework is that peripheral services can be provided by other ‘bricks’ in the framework, however, if these bricks do not exist, or are difficult to use, then the utility of the system will be compromised.  In particular any services in the assessment domain heavily rely upon authentication and grading services.  There are implications surrounding the independence and inter-dependence of the individual components of the framework and their practical usability.

Another issue that arouse during the development process was the role of WSDL compliant web services (W3C 2001) as interfaces for e-Learning components.  It was felt that, while the notion of a standard interface for a service component was a potentially powerful one, the motivation for defining a web service is the ability to host a service that could perform a task for a number of remote users (i.e. be a service provider).  Any such service would have to be hosted and maintained for the benefit of the remote users.  This is not necessarily relevant for all e-Learning components especially if they are primarily designed to provide functionality and services to local systems.  The components themselves can still conform to a service-orientated architecture without having to be defined in a WSDL.  This might have the effect of tying the service to a specific implementation of the standards which may change in the future. 

9. Recommendations

The general observations in the previous section (Implications) raise some questions that, if addressed, may be of significance for the uptake of JISC project outputs by the JISC e-Learning tools community:

· How can professionals identify whether a tool or service is fit for purpose before they attempt to adopt it in their teaching or developments?

· Can key services be identified which are fundamental and required by many other services for their operation?

· Are some services more appropriate for WSDL interfaces than others and how will these services be identified and supported?

· Can mutually beneficial partnerships of inter-dependent services be identified?

The answers to these questions may be of use in the production of some recommendations for future JISC funding of e-Learning tools projects.
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Appendix A – Glossary of terms and acronyms 

AJM

Automated Java Marker.  A web-service for automatic marking of Java programs developed as part of the ASAP project.

APIS

Assessment Provision through Interoperable Segments.  A JISC funded project to provide tools and services for the rendering of QTI 2.0 questions

ASAP

Automated System for the Assessment of Programming.  A JISC funded project to provide tools for the automated assessment of computer programming tasks

ASSIS

Assessment and Simple Sequencing Integration Services.  A JISC funded project for orchestrating the delivery of assessment items in a sequence with other learning content.

Blackboard

An industry-leading company producing a commercial VLE for educational establishments.

Icodeon Sequence Engine

A sequencing engine for delivering items in an IMS Content Package according to sequencing rules.

IMS Content Packaging

A standard for the packaging of learning content referenced by an XML manifest file (imsmanifest.xml).

IMS Learning Design

A standard for the pedagogical description and expression of learning materials.

IMS Simple Sequencing 

A standard for the sequential ordering of learning materials within a content package.

IMS QTI (Question and Test Interoperability)

A standard for the representation of assessments and items

ISIS

Integrated Simple Sequencing.  A JISC funded project for bringing together tools to allow the creation, integration and presentation of materials using IMS Simple Sequencing elements.  This includes the Icodeon Sequencing Engine.

Reload

Reusable eLearning Object Authoring and Delivery.  A JISC funded project for the addition of materials to a standard content package.

Respondus (QTI1.x)

A piece of software for managing and creating questions and tests in a variety of formats including QTI 1.x

RoboProf

A system for the automatic generation of computer programming questions in QTI1.x, QTI2.x and HTML formats

Scorm 2004

Sharable Content Object Reference Model 2004.  A standard from the Advanced Distributed Learning Initiative for the aggregation of learning content including content packages

uPortal

An open source web portal that is JSR-168 portlet compliant and has been adopted by higher educational establishments, mainly in the USA

VLE

Virtual Learning Environment – a system for the management and delivery of learning materials to members of an educational institution

Appendix B – APIS support for QTI 2.0 Questions 

	Name
	Example
	Must have
	Would be nice 
	Probably not
	Rendered in APIS from Respondus
	Rendered in APIS from IMS template
	Feedback Worked in APIS from Respondus 
	Feedback Worked in APIS from IMS template

	choice 

	'never leave luggage unattended'
	Yes
	
	
	Yes, but not formatted correctly
	Yes
	No
	Yes

	choiceMultiple 
	'which of the following'
	
	Yes
	
	Yes but with error messages, untidy format
	Yes
	No
	Not sure how to go about this one yet.

	order 


	'can you rearrange them'
	
	Yes
	
	No, not an option 
	No, did not render – no error message either
	No
	No

	associate

	‘can you match each character to his adversary?’
	
	Yes
	
	No, not an option
	No, did not render – with error message ( QTI basetype ‘Pair’ not implemednted for responseDeclaration)
	No
	No

	match
	Match the following characters and plays
	
	Yes
	
	No not really. Uses multiple choiceInteraction tags instead of the matchInteraction tag. Renders but looks untidy
	No, did not render – with error message ( QTI basetype ‘directedPair’ not implemented for responseDeclaration)
	No
	No

	gap_match
	‘identify the missing words’
	
	Yes
	
	No, not an option
	No, did not render – with error message ( QTI basetype ‘directedPair’ not implemented for responseDeclaration)
	No
	No

	inline_choice
	‘identify the missing word’
	
	Yes
	
	No, not an option
	Renders but does not display choices in a dropdown box, simply prints all options as part of text
	No
	No

	text_entry
	‘identify the missing word’
	Yes 
	
	
	No, used ExtendedTextEntry and didn’t render
	Yes, uses TextEntryInteraction
	No, stringMatch not supported
	Yes, used Match

	extended_text
	Postcard
	
	Yes (but with AJM  response processing)
	
	No, missing prompt/p tag within the extendedTextInteraction tag
	Yes, supported extendedTextInteraction 

but could not render image
	Out of scope
	Out of scope

	hottext
	‘Select the error’
	
	
	Yes
	No, not an option
	No, did not render – no error message
	No
	No

	hotspot
	Which one is Glasgow
	
	
	Yes
	No, not an option
	No, did not render – no error message
	No
	No

	Select_point
	Where is Edinburgh
	
	
	Yes
	No, not an option
	No, did not render – with error message ( QTI basetype ‘point’ not implemented for responseDeclaration)
	No
	No


Appendix C – Sources/Examples for JELFAD Content 

C1: Table of Content Types

	Name 
	Description
	Tools used to compose
	Tools used to compile

	Static
	A variety of fixed resources, such as HTML, DOC, ZIP and PDF
	Various Applications
	Reload Fork + Text Editor for XML

	Multiple Choice Question
	A question where several possible answers are given and the student has to pick the correct answer.
	Respondus 
	Text Editor for QTI v2.0 + Reload Fork

	Fixed Response Question – generated by the RoboProf Service
	A question where the student must give an answer which matches the prepared answer
	Text Editor + Java Compiler
	Text Editor for QTI v2.0 + Reload Fork + RoboProf Question Generation Service

	Upload (File) Question – required by the Automated Java Marker Service
	A type of question where responses are examined by Java and corrections or hints are automatically given.
	Text Editor + Java Compiler
	Reload Fork + Text Editor for XML + AJM Marking Service

	HMJ Question
	A question where the invigilator has to validate whether the students outcome is correct.
	
	


C2: Example of Static Content
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C3: Examples of Multiple Choice Question
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C4 Examples of Automatically Generated Fixed Response Questions 
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C5 Example of Upload (File) Question
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C6 Example of HMJ (‘Human-Marked Java’) Question

Graphics Programming exercise

1. 
Make an applet that draws a green square, 200 pixels by 200 pixels, that always stays in the centre of the applet window. Use the SquaresApplet.java file to get you started. Get this checked off by a helper before going to the next stage. 

[image: image24.png]Applet Viewer: SquaresApplet.class





2. 
Put a red square on top of the green square. The red square should be 150 pixels wide. Get this checked off by a helper before going to the next stage. 

[image: image25.png]< Applet Viewer: SquaresApplet.class.





3. 
Put a green square, of size 100 pixels, in the middle of the red square. Get this checked off by a helper before going on to the next stage. Make a back-up of this stage, and get this checked off by a helper before going to the next stage. 
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What is the result of the following expression.
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AJMDrinksMachine

Easy question. Write a java class that solves the following problern
Write & class DrinksMachine that represents a vending machine that can sell cans of drink to a user. A user can put money into
the machine, and then press a button to buy a drink, o to returmn the money inserted. Payments into the machine are made in
pence. Drinks cost 50 pence
The class should have the following constructor
« public DrinksMachine()
This constructor should create a new DrinksMachine object with a balance of 0
The class has the following methods
« void insertCoin(int money) - adds an integer to the balance of money held in the machine
« boolean buyDrink() - Atternpts to buy a drink. If there is currently 5O pence or more inserted into the maching, the method

retums true, and reduces the balance by 50. If there is less than 50 pence in the machine, the method retums false
« int returnCoin() - retUMs an integer representing any balance currently in the machine, and sets the balance to O
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Feedback

Beginning assessment of DrinksMachine
Corrpiling DrinksMachine...OK

Constructing DrinksMachine...OK

Inserting Coin...OK

Getting refund...error - refund was incorrect amount

Asking for second refund, should be no money left in machine...OK, refund was 0
Getting a Drink...error - could not get drink

Asking for another drink...OK, not enough money for second drink

Getting refund...error - incorrect amount in machine after buying drink

Testing finished

Final Score: 5 out of 8
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What is the result of the following expression.
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