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	Abstract

Objective: This study is coming from learner’s point of view; propose a framework to implement CDA example documents provided by HL7 organization and NTUH into SCORM standard, resulting in e-learning teaching materials.

Design: Constructing SCORM compliant materials from examples of CDA documents from HL7 organization and NTUH.

Setting: Doctors who author materials from selected cases in the CDA format.

Methods: We study CDA, SCORM standards, and example documents with the help of doctors.  Then we implement materials from these examples and pass the conformance test of SCORM.  Finally, we make tools according about our implementation to help non-healthcare information uses to implement their materials.

Result: A framework and tools to construct SCORM complaint materials from CDA documents.

Conclusion: This study aims doctors to author their materials from selected cases in CDA format easily.  The resulting materials fully achieve the spirit of SCORM.  Base on this result to produce a HL7-compliant CDA clinical document for teaching or clinical application.



1.  Introduction

The Problem Based Learning is a popular methodology for medical education.  A doctor can select a case of patients as the material for studying in journal seminars among doctors or teaching in classrooms.  When he authors the teaching material, he shall pick raw data from various information systems and reorganizes with the PowerPoint.  This is difficult to reuse and manage that Sharable Content Object Reference Model (SCORM) claims.

The Health Level Seven (HL7) group designs the Clinical Document Architecture (CDA) [1] to accomplish document exchange from various information systems.  Its goal and design principal are to provide a reference standard to store patient medical record and exchange it among institutions.  It also has the following characteristic so that we can use CDA documents for authoring teaching material instead of use raw data as source [1].

1. Persistence: A CDA document continues to exist in an unaltered state, for a time period defined by local and regulatory requirements.

2. Stewardship: A CDA document is maintained by a person or organization entrusted.

3. Potential for authentication: A CDA document is an assemblage of information that is intended to be legally authenticated.
4. Integrity: CDA is suitable for all types of healthcare documents, not limited to local healthcare documents. 

5. Human readability: A CDA document is human readable.

6. Interoperability: CDA definition is broad, includes text, images, and other contents.
This paper referenced SCORM version 1.2.  The SCORM aims to create reusable learning content as “instructional objects” within a common technical framework for computer and Web-based learning.  SCORM describes that technical framework by providing a harmonized set of guidelines, specification and standards.  Borrowing from work of other specification and standards bodies, Advanced Distributed Learning (ADL) developed a model for creating and deploying e-Learning.
SCORM helps define the technical foundations of a Web-based learning environment.  At its simplest, it is a model that references a set of interrelated technical specifications and guidelines designed to meet high-level requirements for learning content and systems.  SCORM describes a “Content Aggregation Model (CAM)” for learning objects to support adaptive presentation of content based on criteria such as learner objectives. [2]
Based on course requirements, one cuts the teaching materials into Sharable Content Object (SCO) or Asset file.  Asset is the smallest element in the material.  Examples such as an image, a video file, sound file, can be viewed as Asset; and SCO is the smallest teaching unit.  A complete course structure is aggregated from SCOs.  See Figure 1.
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Figure 1 SCORM course structure map[2]
In teaching material definition, SCORM describes a teaching material with 9 categories.  It also defines 83 metadata elements for profiling a material via separate XML metadata files.  However, not every element is required.  There are 22 required elements, which appear in the metadata file of each teaching material.
2.  Study Motive and Purpose
This study is coming from learner’s point of view, implement CDA example document structure provided by HL7 organization into SCORM standard, resulting in e-learning teaching materials.  It is also constructed on SCORM-compliant Learning Management System (LMS) platform applications.  Later we are going to introduce the principle of implementation and the implementation tools.  We use an open-source e-learning platform for university hospital LMS as the teaching material implementation, and proceed to actual construction of the Structure Theory assisted learning teaching materials. 
As stated earlier, this study generates SCORM-compliant sharable teaching materials based on HL7/CDA example documents.  The teaching materials provide the following teaching functions:
1.
Provide teaching material tools for the CDA case study.

2.
Assist the hospital to implement clinical document in CDA formats as reference base.
3.
Make use of the reorganize able characteristic of the teaching materials, the users (teachers, physicians, or students) can freely choose, reorganize or edit content on CDA examples, as teaching materials for the classes or reference bases for the patient record implementation of the CDA document.

4. The users can directly edit the content of a CDA document, export into a standard CDA document.  Without reprogramming and understanding of CDA document architecture, the users can compile a CDA document easily. 
3.Study Methods
This study is mainly divided into four stages to be carried out.  And the runtime platform is Microsoft Windows XP operating system.  The development tools are Microsoft Office InfoPath 2003 and XML writer 2.2.  System is Intel CPU 1.7 G, 256 M RAM，40G hard disk.
First of all, in the first stage experiment, we conducted requirement discussion.  In the second stage, we began to gather related literatures to study.  In the third stage, we actually compiled the teaching materials.  Lastly, we implemented the teaching materials on LMS platform application.  Explains as follows:
1. Research Requirement Stage:  
Due to the fact that the teaching materials shall provide convenient learning tools to the end users, in the initial stage, we visit and consult veterans in this domain to avoid producing teaching materials against the teachers’ use habits. 

2. Literatures collection stage:  
This study references the examples on the ADL website.  It also takes CDA examples from HL7 organization and National Taiwan University Hospital (NTUH) as the teaching material examples.  And later we collect SCORM, HL7/CDA related literatures one after another to study.

3. Teaching Materials Development Stage:  
The teaching material development and producing stage is mainly responsible for implementing CDA example documents into SCROM-compliant format.  The implementation focused on the cutting of CDA document and the compiling of SCORM Metadata.

4. Course Implementation on Platform Stage:  
The finished teaching materials are implemented on an open-source e-learning platform for university hospital for actual teaching.  The platform serves as the platform for “2003 e-learning Country Science and Technology Plan –Development E-Learning Center for Medical and Health Education in University Hospital”.  This platform complies with SCORM LMS standard and can be used as the platform interface tool for teaching material management and e-learning.
5. Conformance Test Stage:

The resulting materials have been passed the ADL’s conformance test via its test suit [4].  This stage is to find mistakes in preliminary implementation and to correct methods of transformation.

6. Conversion Tools Implementation Stage:

Since our study result contains too many information technologies to re-implement by a doctor without technical train.  We construct some conversion tools to assist doctor to convert discharge notes into CDA format and to construct materials from CDA documents.  A doctor can just fill domain specific data without the conversion load.

4.  Study Result

CDA document is a clear illustration of a hierarchy structure.  SCORM standard has three types of content, i.e. Asset, SCO, and Content Packaging (CP).  Based on CDA and SCORM structure characteristic, this study implemented HL7/CDA example document into SCROM standard.  Its architecture workflow is explained as follows [Figure 2]: 
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Figure 2 the architecture of constructing a teaching material from a selected case.

1. CDA document generation

At first, we construct CDA documents from examples of NTUH discharge note reports.  We also use the HL7/CDA example document for studying.

2. SCORM-compliant material cutting format

SCORM-compliant course structure is to package together specific learning resources according to a course coverage so that LMS can launch this course.  SCORM content aggregation model includes Content Model, Metadata, and Content Packaging.  A CDA document is cut and repackage according to the standard way.

3. The Transformation between CDA document and SCORM standard
We cut CDA document structure extensively according to CDA specification.  CDA Level One is the root, whose segments are defined as MultipleSCOs.  Level Two includes exam study information with <Section> segments defined as SCO or MultipleSCO elements.  Level Three includes additional tag markups which are smallest SCO elements.  They allow official presentation of clinical content.  For detail methodologies to do the transformation, see [4].

We choose the most suitable Asset, SCO, or Content Aggregation for course compilation according to the element size.  Individual section is cut into a SCORM-compliant MultiSCO or SCO file.  If an image file or medical signal file is encountered, treat it as an Asset file.
Finally, we analyze CDA tag and SCORM tag to compare semantics.  If the semantics meaning mentioned in the CDA document is the same (or similar) to that of SCORM tag, then store CDA tag content directly into SCORM metadata.  In other cases, depending on CDA document content, choose important information content and store it in SCORM metadata “keyword” tag or annotate the special information described in the CDA document with SCORM metadata <note>.
4. Metadata file to generate teaching material
To compile course in metadata files, we use Microsoft InfoPath 2003 to developed SCORM Metadata Edit System (SMES), which complies with SCORM data field.  When we are compiling metadata files, we do not have to understand SCORM metadata specification. We can directly input course information into the status input fields.  The output then becomes course metadata XML files.

5. Manifest file to generate organization course structure
We follow SCORM content packaging standard to package our course, so that course authoring tools can generate a standardized course stored in the content repository, which is accessible by different LMS.  The Manifest file records a course composition structure, the locations of every learning resource, and other related metadata.  This file also records the access sequence of SCO and Assets.

6. Embed SCORM defined CDA teaching material in courseware web page
We use an open-source e-learning platform for university hospital prototype system as uploading platform.  The platform is supported by National Science Council “2003 E-Learning National Science and Technology Project –Development E-Learning Center for Medical and Health Education in University Hospital” subproject -“An Open Source Platform Development for University Hospital” (NSC 92-2524-S-002-002).  In the future, all SCORM-compliant LMS platform can download these courses for healthcare CDA teaching.
5.  Conclusion

This study uses the example document in the CDA specification as e-learning teaching material, which is SCORM-compliant.  It makes the users easier to learn case from HL7/CDA document on the web.  The finished results provide the following conveniences:
1. Provide teaching material tools for the CDA case study.

2. Assist the hospital to implement clinical document in CDA formats.

3. Make use of the reorganize able characteristic of the teaching materials, the users (teachers, physicians, or students) can freely choose, reorganize or edit content on CDA examples, as teaching materials for the classes or reference bases for the patient record implementation of the CDA document.

4. The users can directly edit the content of a CDA document and export it to become standard CDA document.  Without reprogramming and understanding of CDA document architecture, the users can compile a CDA document.

Furthermore, this teaching material cuts CDA example document in details and compiles individual metadata file.  Other SCORM-compliant LMS platform can share and use this teaching material.  It fully achieves the spirit of SCORM, i.e. Reusability, Accessibility, Durability, Interoperability, Adaptability, Affordability and Manageability.  In this study, we produce a domestic patient record in CDA document and make it comply with SCORM standard to become a future domestic reference model course for CDA patient record.  On the other hand, after domestic HL7 skills mature, this result can be subsequently used in HL7 standard implementation for CDA teaching material study.  Base on this result to produce a HL7-compliant CDA clinical document for teaching or clinical application. 
Because the CDA 2.0 was not approved by ANSI, it may be changed to the standard.  A structure change may affect the step two of conversion in the “study result” section above for cutting point selection.  A semantic change may affect the step three for semantic mapping.  But our framework of conversion will not be affected.  The overload is that we should modify affected parameters in our program.

6.  Acknowledge：

This project uses project platform in National Science Council “2003 e-learning Country Science and Technology Plan –Development E-Learning Center for Medical and Health Education in University Hospital”  project, subproject -“An Open Source Platform Development for University Hospital” (NSC 92-2524-S-002-002), supporting SCORM standard, becoming online LMS system learning interface tool. 
7.  Reference

[1]. HL7 Organization, “CDA, Release Two, Committee Ballot 02,” internet article of http://www.hl7.org/Library/Committees/structure/CDA.ReleaseTwo. CommitteeBallot02.Dec.2003.zip, 2003.12.

[2]. Lin, Yao-Chen, “A System Integration Interface of HL7/CDA based Electronic Patient Record” in Chinese, Electrical Engineering, National Taiwan University, Master Thesis 2003.
[3]. Advanced Distributed Learning Organization, “SCORM overview,” internet article of http://www.adlnet.org/index.cfm?fuseaction=scormabt, 2003

[4]. Advanced Distributed Learning Organization, “SCORM 2004 Conformance Test Suite Version 1.3 (Self Test),” internet article of http://www.adlnet.org/index.cfm?fuseaction=DownFile& libid=705&bc=false, 2004.3.
[5]. Lin, Yaw-Jen, Su, Chia-Feng, and Chen, Heng-Shuen, “Construct Teaching Materials from HL7/CDA Documents according to SCORM Standard-Example for NTUH Discharge Note Report” in Chinese, Proceedings of Ming-Chuan University 2004 International Academic Conference, path ccepdf/cce07.pdf of CD-Title.
























� Correspondence: Dr. Yaw-Jen Lin, Assist Professor of Department of Information Management, Yu Da College of Business.  No. 168, Hsueh-fu Rd, Tanwen Village, Chaochiao Township, Miaoli County, 361, Taiwan.






