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e-Framework Service Usage Model Name

· Name: QTI Rendering and Response Processing Services
· Alternative Names: R2Q2
Rationale

At the Autumn 2005 JISC/CETIS conference it was recommended that the community needed to 'kick start' the use of the IMS Question and Test Interoperability version 2.0 specifications. At this meeting it was felt that in order to achieve this there needed to be a robust set of tools and services that conformed to the QTIv2 specification.
R2Q2 was a JISC funded project that developed some tools and services which provided rendering for IMS QTI v2.0 XML instances. The approach of the project was to examine work that had already been undertaken by other projects working in the same area, and crucially, refactor the QTI specification into services. The project built a number of web services, all of which were private to the project and not exposed for public consumption. These web services were then used as components to build the R2Q2 web service; available through a consumable WSDL interface.

This SUM has been created post R2Q2. The project ended on 31/08/2006.
Project website: http://www.r2q2.ecs.soton.ac.uk/
Project demonstrator: http://denebola.ecs.soton.ac.uk:8080/r2q2/home.jsp
Service Usage Model Definition

Classification
,
,

	To be provided by the submitter:

	SUM Type
	[X] Domain
	[ ] CORE (a commonly recurring SUM; designation requires e-Framework Integrity Group approval)

	Domain(s)
	[X] Learning &
    Teaching
	[ ] Research
[ ] Libraries
	[ ] Administration
[ ] IT Services
	[ ] Common

	Maturity
	[X] Immature
	[ ] Mature
	
	

	Purpose(s)
	[ ] Exemplar
	[ ] Application
	[ ] Modelling
	[ ] Toolkit

	XOR (exclusive “or”)
	[ ] Service Genres
	[ ] Service Expressions
	

	Development Status
	[ ] Proposed
	[ ] Developmental
	[ ] Prototype
	[X] Production

	Deployment Scale
	[X] Isolated
	[ ] Ubiquitous
	
	

	State Behaviour
	[X] Stateful
	[ ] Stateless
	
	

	Transactional Behaviour
	[X] Transactional
     and ACID
	[ ] Transactional
     but Non ACID
	[ ] Non-Transactional

	Batch Behaviour(s)
	[ ] Individual
	[ ] Batch
	
	

	Time-Constraint Behaviour
	[ ] Hard Real Time
	[ ] Soft Real Time
	[X] None
	

	Service End Point
	[ ] Provider
	[ ] Requestor
	[ ] Transcoder (both requests 
     and provides)

	Authentication/
Authorization Dependency
	[ ] Auth-Dependent
	[X] Auth-Independent
	

	Protocol Binding(s) (only applies to service expression-based SUMs)
	[X] Web Service
[ ] SOAP
	[ ] REST
[ ] HTTP
	[ ]Other 
	

	To be determined by the e-Framework:

	Status
	[ ] Approved
	[ ] Placeholder
[ ] Unapproved
	[ ] Superseded
[ ] Withdrawn
	

	Confidence Level
	[ ] High 
	[ ] Medium
	[ ] Low
	


Version

· e-Framework Service Usage Model Version: v1.0

Version History

	Version 
	Date
	Author
	Description
	Organization / Project

	v1.0
	08.05.2007
	PJN
	Initial Draft
	JISC

	V1.1
	22.10.07
	PJN
	Updated
	JISC

	
	
	
	
	


Description
The R2Q2 project was a response to feeling in the general assessment community that there was little incentive to move to the new version of IMS QTI that had been released. The community felt that the implementations of IMS QTI v2 were incomplete and difficult to use. There was a lack of robust tools and services that conformed to the new specification, and this was a barrier to entry. A central function required by many assessment systems is that of rendering questions and responding to users answers. The R2Q2 project produced a core set of web services to provide this functionality. 

R2Q2 provides a complete rendering and response engine to all of the IMS QTI v2 question types. In itself it is likely to be a component of interest to other developers working in the assessment area – such as those working on authoring tools, question banks or learning environments for example.
In essence, consumers can send QTI instances to the SUM, and in response will receive a rendered version of the instance. This rendered version can then be displayed to the end user. Additionally, the R2Q2 SUM allows for users to respond to the rendered instance and will process the user’s response. 

In other words, QTI allows users to view a question, answer the question, and then receive feedback.
The SUM allows users to step backwards and forwards through the question itself, can display quizzes where multiple questions are rendered, and can deliver scores and feedback. The SUM can consume QTI XML files directly, or from content packages. 
R2Q2 only deals with the question parts of the IMS QTI v2.0 specification.
R2Q2 has been implemented as a web service, and a java server pages (.jsp) demonstrator has been built. The demonstrator includes a range of sample QTI instance files; alternatively users can submit their own files.

The following diagram presents the e-Framework view of the R2Q2 SUM:
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Terms: 
The following terms are widely used within R2Q2:

IMS QTIv2, QTI, IMS QTI: Are used interchangeably to mean the Question Constructs from the IMS QTI version 2.0 Specification.

Outcome Variable (OV): These are the variables that are declared in the QTI instance as server-side variables. These variables may be set at any time within the SUM. For example, the “SCORE” attribute is treated as a variable within R2Q2 as shown in the following XML fragment:

<outcomeDeclaration identifier="SCORE" cardinality="single" baseType="integer">

<defaultValue>

<value>0</value>

</defaultValue>

<outcomeDeclaration>

Template Variable (TV): These are the variables that are declared in the QTI instance as server-side variables, but unlike Outcome Variables, they can ONLY be set during the construction of questions. Template Variables, post template processing, become constants (as noted in the QTI specification).
Response Variable (RV): These are variables that are set by the user when responding to a question. R2Q2 notes that Response Variables can contain a correct answer as part of their specification, as shown in the following example (“RESPONSE”):
    <responseDeclaration identifier="RESPONSE" cardinality="single" baseType="identifier">

        <correctResponse>

            <value>ChoiceA</value>

        </correctResponse>

    </responseDeclaration>
As noted in the QTI specification, Response variables are declared in the <responseDeclaration> block and then referred to in the <itemBody> of the question.

References:

“R2Q2 Project Homepage”,  

http://www.r2q2.ecs.soton.ac.uk/
“R2Q2 Design Document”

http://www.r2q2.ecs.soton.ac.uk/blog/DesignDocumentv2.pdf
“IMS Question and Test Interoperability Overview”, Lay S. et al, IMS GLC 2006

http://www.imsglobal.org/question/qtiv2p1pd2/imsqti_infov2p1pd2.html
Usage Scenarios [optional]
<type text here>
Applicability [optional]
<type text here>

Functionality

This SUM allows users to render and respond to questions. From a business process point of view, there are a number of processes that the SUM fulfils:

Render Question
The primary function of the R2Q2 SUM is to render a question. The requester needs to provide the question in a suitable format, and should indicate which format the SUM should return the question in. The SUM then returns the question in the format indicated. Exceptions are generated if the SUM does not recognise the selected rendering format, or if the question is not correctly specified (technically). Internally, the SUM initialises a number of variables (Outcome variables and Response Variables) for the question rendered, so that user interactions with the question can subsequently be captured. Following this initialisation, the SUM also processes all included templates declared in the question. 
Once a question has been rendered, an iterative process of response processing and rendering occurs until the interaction is complete (as defined by the value of the “completion_status” outcome variable).
Process Response
The SUM also allows users to send responses to the questions. Sequentially, the SUM must have provided a rendering for a question before a user can attempt to send an answer. Responses are sent to the SUM as Response Variables, as noted in the terms. The response variables are then processed and used to update the outcome variables (usually as directed by the included templates in the question). (E.g. A response variable is a candidate’s answer to a question. An outcome variable is the candidate’s score on the question. If the answer is correct, the score will be increased). 

The SUM requires that users are allowed to access a previous state of interaction with the question. The SUM notes that this requires storing not only the outcome variables, but also “the stage of the interaction where those variables were generated”.

As noted in the Render Question functionality, the Render Question and Process Response functionality are envisaged to be called iteratively until the question is completed.
Accept Test

The SUM allows requesters to enter sequences of questions for use in a test scenario. R2Q2 does not re-order the questions, processing each received QTI instance in turn. In this case, each instance is stored in memory for later rendering. Users can then interact with the test using the rendering and response processing described elsewhere in the SUM.
Restore State
The SUM allows requesters to return to a previous system state. For example, a requester can ask to “roll back” their response to a QTI question. 
Structure & Organisation

Diagram
The following diagram shows the conceptual structure of the SUM, as reproduced from the project website:
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Services
The SUM makes use of a number of different services in order to fulfil requests. These are:

NOTE: The Project included a top level Service (Router) which hides the functionality of the underlying services and how they are used. In e-Framework terms, the Router service is a Service Expression which makes use of the other services as part of its own structure. This document is detailing the SUM that the router service is hiding. The router is included for completeness.

· Initialiser – this service is used to process the incoming QTI instances and create the variables that will subsequently be used when users interact with the question. These are the Outcome Variables and Response Variables. This service is only used once for each question. This service accepts one message: “initialiseQuestion”.
· Renderer – this service is used to perform rendering – that is the conversion of the QTI instance from XML into another format (e.g. HTML, Flash etc). This service accepts only one message: “Render”.
· Processor – this service uses the templates as defined in the QTI specification to determine if a user has correctly answered the question. In addition, this service examines the responses that users make to questions – and then updates the Outcome Variables as appropriate. This service accepts two messages, “processTemplate” and “processResponse”.
· Unpacker – this service is used to extract QTI instances from Content Packages. Requesters MAY send QTI instances to the SUM within Content Packages. This service accepts two messages: “Unpack”, and “collateFiles”.

Data Sources
The SUM makes use of one internal data source to hold state information. 
The SUM also stores the templates as defined in the QTI specification, which are used to determine if a user has sent a correct response to a question.
Messages

Initialiser:
Initialiser is a web service which creates a number of variables that are used internally in the SUM. At the time of writing there is no Service Genre which describes what this service does.
· initialiseQuestion: - This request is issued to initialise a number of variables as described in the QTI XML file. The variables themselves are passed back in attribute-value pairs in a container.
Renderer:

· Render: - This request is issued to transform the QTI instance from XML into HTML. This service is an implementation of the Transform Service Genre.
Processor:
Processor is a web service which updates and returns a set of variables on the basis of logic held within the service. At the time of writing there is no Service Genre which describes what this service does. 
· ProcessTemplate: - This request is issued to parse the rules contained in QTI templates, and sets the values of Template Variables which are then used in rendering or to check user response. 
· ProcessResponse: This request is issued when a requester has attempted to answer a question. This request essentially updates variables and passes them back for subsequent rendering. The precise algorithms for update are based in the QTI instances – as described in the included templates.
Unpacker:

· Unpack: This request is issued if the QTI instance to be rendered is held within a Content Package, rather than being sent as a standalone file. This service unpacks the content package and locates the file to be used. This service is an implementation of the Pack/Unpack Service Genre.
Coordination
The services need to be co-ordinated and data preserved in sessions between calls to different services. 

The following description relates to use within a session. It is important that system state for each stage of an interaction with a particular question is stored.
This was handled in the project by the use of the Router service.

Creation of a new session:
Requesters begin their interaction with the SUM with an initial question in hand and the rendering format into which the question needs to be translated.

If the question is located within a content package, then the “unpack” request SHOULD be issued to the Unpacker service. 

Following any content unpacking that may be required, the “processTemplate” request SHOULD be issued to the Processor Service.

Initial Rendering:
Once the question has been ‘loaded’ as above, the “initialiseQuestion” request SHOULD be issued to the initialiser service, followed by issuing the “Render” message to the Rendering Service.

These two requests result in the rendered version of the question being generated.

Interact Forwards:
Once the question has been rendered (it is assumed that the calling application will undertake the rendering, perhaps by sending the rendering output to a web browser screen), there is no further interaction until the requester decides to interact further with the question (e.g. by answering the question).

The “processResponse” request SHOULD be issued to the Processor service with the requester’s answers to the question; this will then compare the input answers with the rules expressed in the question template (i.e. the Processor will ‘mark’ the answer). The “Render” message SHOULD be issued to the Rendering service to enabled the rendered output to be received. (i.e. so that the results of the question can be displayed). 

Interact Backwards:
The SUM allows requesters to ‘backup’; that is, to call a rendering for a previous state of interaction within the session. The session handler will need to be able to internally reset the state of the session to a previous stage. 
The “Render” message of the Rendering Service SHOULD be issued to provide a user viewable rendering.
Terminate Session:
The session handler will need to delete any internal objects. 
Applicable Standards [recommended]
IMS Question and Test Interoperability: http://standards-catalogue.ukoln.ac.uk/index/IMS_QTI
IMS Content Packaging: http://standards-catalogue.ukoln.ac.uk/index/Content_Packaging
Design Decisions & Tradeoffs [optional]

The documentation describes in detail the issues in performance encountered when full XML documents need to be passed around several web services, as opposed to fragments of XML. Whilst the former is more desirable for wider interoperability and service re-use, the latter leads to faster performance. The project resolved this by building an interface whereby users could send fragments or full documents; a number of exceptions were defined to handle the cases where the underlying service could not process the incoming data. 
Implementation Guidance & Dependencies [optional]

<type text here>

Known Uses [optional]
There is a jsp based demonstrator. 
Related Service Usage Models (SUMs) [optional]
<type text here>

Services Used

The following Service Genres are used by the SUM:
· Format Conversion (Rendering)

· Validator (updating variables based on user responses)
· Pack/Unpack
CORE SUMs Used [recommended]
<type text here>

Submitting the Service Usage Model Description 

For guidance in preparing the Service Usage Model description, refer to Guidelines for Submitting a Service Usage Model to the e-Framework
 and the technical definitions of the Service Usage Model Description Elements.

For further assistance, contact the e-Framework editor at: editor@e-framework.org

Prior to submitting a description, please read the e-Framework Intellectual Property Rights statement.

When you have completed the Service Genre description, go to the Submit Service Usage Model
 page at www.e-framework.org. Click on “Upload your submission” and follow the directions.

�  Classification categories shown in Bold are required.


�  Optional classification categories can be deleted from the table if not used.


�  See definitions of the Service Usage Model Classification Scheme categories and their allowable choices at :�   � HYPERLINK "http://www.e-framework.org/Services/ServiceClassificationScheme/ClassificationSchemeForSUMs/tabid/817/Default.aspx" ��http://www.e-framework.org/Services/ServiceClassificationScheme/ClassificationSchemeForSUMs/tabid/817/Default.aspx� 


�  Guidance for using this template: � HYPERLINK "http://www.e-framework.org/SUMs/OriginatingaSUM/tabid/744/Default.aspx" ��http://www.e-framework.org/SUMs/OriginatingaSUM/tabid/744/Default.aspx� 


�  Service Usage Model Element Definitions:�   �HYPERLINK "http://www.e-framework.org/Services/SUMs/SUMElements/tabid/745/Default.aspx"��http://www.e-framework.org/Services/SUM/SUMElements/tabid/745/Default.aspx�


� Intellectual Property Rights Statement:  � HYPERLINK "http://www.e-framework.org/About/Policies/tabid/611/Default.aspx" ��http://www.e-framework.org/About/Policies/tabid/611/Default.aspx�


� Submit Service Usage Model template:�   � HYPERLINK "http://www.e-framework.org/SUMs/SubmitSUMs/tabid/715/Default.aspx" ��http://www.e-framework.org/SUMs/SubmitSUMs/tabid/715/Default.aspx�





Revised 2007/04/11  © Copyright, JISC, DEST & e-Framework Partners, 2007
3

_1241513339.vsd
Render a QTI question – accept the question from the user, and then return the question in a format suitable for interaction (e.g in HTML or Flash)


Allow a user to return to a previous state of question response.


Accept a series of QTI questions in order to render a test – a sequence of questions.


Accept a response from a user to a QTI question. Process the response in relation to the question and then render the result.


Render Question


Process Response


Accept Test


Restore State


Initialiser [extract varaibles]


Validator


Format Conversion?


Initialiser [extract varaibles]


Format Conversion


Format Conversion


Format Conversion


Response Data


Question Data


Pack/Unpack


Pack/Unpack



