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A transformation tool for adapting SCORM documents into Mobile

environment.

Student: Chia-Feng Lin Advirsor: Shuan-Ming Yuan

Institute of Computer Science and Engineering
National Chiao Tung University

Abstract

Nowadays, the field of E-Learning becomes more and more popular. At
the same time, M-Learning expand .the ability of E-learning. Due to
SCORM is the most widespread used-technology for exchanging user’s
profile and learning resource under E-Learring platform, we will pay
close attention to the appliance 0f SCORM on Mobile devices. In fact, the
rule of presentation and navigation® do not defined in SCORM
specification, it dependents on the learning management server. In this
thesis, we major focus on how to adjusting SCORM content in order to
overcome the restriction while learning from mobile device. At the same
time, we analysis the common cases when reading SCORM base
document on Mobile device and design a transformation tool for adapting

SCORM documents into Mobile environment.
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Chapter 1 Introduction

1.1 Preface

Electronic learning (e-learning) becomes an important learning style for a long time.
Recently years, the issue about M-learning becomes more and more popular because
of the improvement on both computing power and memory storage for mobile device.
M-learning is a development from E-learning which for its part originates from
E-learning. The rapid growth of information and communication technologies makes
it possible to develop new forms of this, education. Today's student knowledge of

mobile devices makes the entrance of mobile learning possible.

1.2 Motivation

In our research, we will use a widely used E-learning sharable standard SCORM
(Sharable Content Object Reference Model) which was developed by ADL [1] and
supported by American government to executing on mobile device. We will discuss
with the restriction while apply SCORM to mobile device and bring up our method to
solve these problem. In addition, we collect many existing SCORM document
developed by different organization and analysis what happen when they adjust to the

size for pocket PC.

1.3 Research Contribution

Atoolkit is designed and implemented based on these objectives, there are many



problems encountered in the process. This paper provides an impermanent solution to

solve those problems. For major contributions of this paper are listed below:

1. We debate with related research about applying SCORM document into Mobile

device. And then we figure out their advantage and limitation.

2. Extend SCORM usability: In the past, the SCORM document is design for
normal personal computer (PC) which had enough display space and specific
multimedia function support, but in Mobile World it does not well supported. In

this paper, we will take some method to overcome this situation.

3. Reduce developing time. Editors do not need to authoring a new document for

mobile device version while using our transformation tool Kkit.

4.  Simply to use: With the implementation_of graph user interface platform, a new

user will be quickly familiar'with the transformation process.

1.4 Outline of thesis

This thesis is composed of five chapters. Chapter 1, this one, is introductory.

In Chapter 2, we introduce the background of SCORM and related works about
applying SCORM mobile devices. In the meanwhile, pro and con of various design
decisions is also debated here. In Chapter3, we confer the detail design of our System
Architecture. In Chapter 4, we presented our transformation tool and showing up the
process of how to use it. Finally, in Chapter 5, we bring some conclusion and brief

discussion on future works.



Chapter 2 Background and Related Work

2.1 Chapter introduction

In this chapter, we introduced what was SCORM in our point of view. Chapter
2.2 introduced about Mobile Learning, which is more and more popular recently. In
chapter 2.3, we brief introduced the SCORM specification whose is related to our work
portion. In chapter 2.4, SCORM Run-time environment was presented here due to
SCORM document is tightly interacted with RTE. In the last few years, several articles
have been devoted to the study of applying SCORM to mobile device. In chapter 2.5 we
discuss with related research. We also collect.over twenty different existing SCORM
document published by different organization, chapter 2.6 will present the result while
adjust to small size layout after-a simple.analysis. Finally, in chapter 2.7 we give a brief

discussion and conclusion here.

2.2 Mobile Learning

The advancement for mobile device and wireless has growing in an amazing rate.
Almost everyone have a mobile phone or PDA today. The ability of computing power
and software supporting for mobile device are more and more close to personal
computer. In the mean time, 3G and Wireless LAN become popular everywhere. Mobile
Learning is next generation of E-learning, not only substitute for Mobile Learning.
However, learning anywhere and anytime is not all of Mobile learning. While transfer
from E-learning to Mobile learning, we may make some mistake. For example, if we
transfer a content presented in PC being to mobile device without any adaptation, there
may be getting into some trouble. Similarly, if we use the same learning material but

3



different input equipment (e.g. no keyboard for input), what should we change?

2.3 SCORM Introduction

SCORM is a collection of standards and specifications adapted from multiple
sources to provide a comprehensive suite of e-learning capabilities that enable
interoperability, accessibility and reusability of Web-based learning content. There are
many groups researching about sharing mechanism for teaching material, and has
published many teaching material standard. For example, Sharable Content Object
Reference Model(SCORM) has published by ADL( Advanced Distributed Learning),
Universal Learning Format(ULF) [] has published by Saba, Aviation Industry CBT
committee(AICC)’s  Computer  Managed Instruction(CMI)  data  model[],
IMS( Instruction Management System) Global'L earning Consortium’s teaching material
standard[] and Learning Object Metadata(LOM) publish by IEEE Learning
Technologies Standardization ‘Committee(LTSC).:. etc. Along the knowledgeable
teaching material’s expansion, SCORM:becomes the most complete and the most cited
standard. ADL hope to building a sharable, reusable and interoperable teaching material
developing mechanism to reduce course developing time and cost. Besides, all on-line
teaching material could play on different learning platform and learning device easily.
SCORM emphasize that base on WBT (Web-based Training) and cite current
specification from AICC, IMS, IEEE/LTSC... etc, integration by XML and Java. These

standards suit for the follow demands.

(1) Reusable: learning content can modify and reuse easily in different tool.

(2) Accessible: learning object can be searching in different system platform.

(3) Durable: when system software changed, no necessary to modify program and



teaching material.

(4) Interoperable: teaching material can used on different platform.

(5) Adaptable: adjust learning content according to user’s situation.

(6) Affordable: make up teaching material in a low cost way.

In order to a standardizing course authoring tool, SCORM defines content aggregation

model (CAM) and run-time environment (RTE). They already has mature specifications,

we will give a brief introduction as follow

2.3.1 Content aggregation model (CAM)

Content Aggregation Model

Content PFackaging

Content Madel

< organization/ =

</adlcp:location=

=< /metadata>

<metadata >
=adlcp:locatign =civil.xoml

=</adlcp:location>

<resource aglooiscormtype="sco "

Gl'ﬂp!ll_:‘? Text

JavaScript

Java Applet

Asser

Tetadata - 4

-"[=general=

" l=general=

T Reyword =

=/ keyword =

1 =description=
Bending Moment '_.:::::. a rotating logo

</description=

E==s

Fig 2-0-1 Example of Content Aggregation Model

Figure 2-1 is an example of CAM. Content aggregation model provides how to descript




and define a learning content, and descript how to combine different learning subject
with a course. In this way, the course becomes a shareable learning resource, and can be
applying into different learning management system and learning repository []. CAM
includes three subjects: (1) Content Model: the definition of SCORM learning object

content model.

(2) Meta-data: the information of learning elements.

(3) Content Packaging: it defines how to packaging and combine several learning

element as a course structure format (CSF)

The detail of CAM can refer to the specific “SCORM Content Aggregation Model”

publish bye ADL.

We will give a brief introduction.as below:

[] Advanced Distributed Learning (ADL) initiative, “SCORM Specifications - SCORM

Version 1.3 Application Profile Working Draft Version 1.0”, March 26, 2003

2.3.1.1 Content model

Content model includes three kinds of learning objects, they are Asset, SCO and

Content Aggregation.

A. Asset

Asset are the basic element in learning objects, they includes Movie, Text, Picture,

Sound, html files which can be transfer as web client format.



Asset
JavaScript
Functions

Asset
HTML
Fragment

Document
Image

Fig 2-0-2 Content Model — Asset

B. Sharable Content Object (SCO)

SCO are the collection of one or several assets, in addition, they includes the
ability to communicate with:'LMS. SCO are thé. primitive learning object which can
be tracking by run-time environment, and the smallest subject can be learned from

LMS. A concept of SCO is'showing as-figure?.

SCOs must Initialize and Finish
communication with an LMS. The list
below details the SCO provided

functionality:
. Find the LMS Provided API
Adapter.

Sharable Content Object (SCO)

. Use the API Adapter to Initialize
SCO Communication with the LMS
Asset +  Optionally use the APl Adapter to
JavaScript Get and Set Values
Functions *  Usethe API Adapter to Finish
Communication with the LMS

Asset XML
Fragment

Fig 2-0-3 Figure 2-3 Content Model — SCO

SCO could operate API via APl Adapter (the element who implement API), at least
include the API LMSInitialize (*””) and LMSFinish (*”’), which is the ability to opening
and closing SCO. We will illustrate the method to communication with LMS in chapter
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2.4

C. Content Aggregation

As the picture ? Content Aggregation are the course structure of content, they
includes several SCO or Asset, and turn into a meaningful learning unit. (e.g. a
chapter in a course) They provide the LMS for designing the course material while
combine with the Content Aggregation Mata-data whose descript the sequence of
SCO or Asset in these learning elements, and becomes a complete course. In brief,

Content Aggregation is also called Content Structure.

| Content Aggregation |

Resource
(SCO) Resource
(Asset)
Y,
(Asset)
R esource
._' (Asset)
(Asset)
[tem fT—
(SCO)
Resource
(SCO)

Fig 2-0-4 Content Model — Content Aggregation

| Content Structure |

Y

Organization

2.3.1.2 Meta-data

The SCORM Meta-data Profiles represents a mapping and recommended usage of the
IEEE Learning Technology Standards Committee (LTSC) Learning Object Metadata
(LOM) elements for each of the SCORM Content Model Components. In general,
guidance is provided for meta-data to be applied to Assets, SCOs, Activities, Content
Organizations and Content Aggregations to describe them in a consistent fashion such

that they can be identified, categorized, searched for and discovered within and across



systems to further facilitate sharing and reuse.

The mechanism for binding the Content Model components that were discussed earlier
to the matching Meta-data application profile is the Content Package as described in
SCORM. There are currently five places meta-data can be applied within a content

package:

» Manifest: Meta-data at the manifest level describes the content package as a whole.

Meta-data placed at the manifest level is SCORM Content Aggregation Meta-data.

* Organization: Meta-data at the organization level describes the Content Organization
as a whole. This may be a course, unit, lesson or any other organized instructional unit.

Meta-data placed at the organization level is SCORM Content Organization Meta-data.

* Item: Meta-data at the item Jevel describes a ‘nested hierarchy of Activities in a
context sensitive manner. When  associated with" an item, the SCORM Activity

Meta-data definition must be used.

» Resource: Meta-data at the resource level describes a SCO resource or an Asset
resource in a context insensitive manner. This meta-data is bound by either the SCORM
SCO Meta-data or Asset Meta-data definitions (Determined by the type of resource -

adlcp:scormType attribute).

* File: Meta-data at the file level describes an Asset in a context insensitive manner.

This meta-data is bound by the SCORM Asset Meta-data definition.

2.3.1.2 Content packaging

Once learning content is designed and built, there is a need to make the content
available to learners, authoring tools, repositories or Learning Management Systems

(LMSs). The IMS Content Packaging Specification was designed to provide a standard



way to structure and exchange learning content.

The purpose of the Content Package is to provide a standardized way to exchange
learning content between different systems or tools. The Content Package also provides
a place for describing the structure (or organization) and the intended behavior of a

collection of learning content.

Figure 2-5 is a conceptual diagram that illustrates the components of a Content Package.

A Content Package contains two major components:

* A special XML document describing the content structure and associated resources of
the package called the manifest file (imsmanifest.xml). A manifest is required to be

present at the root of the content package.

» The physical files making up the content package:

Content Package—— Manifest
Meta-data

Manifest File Organizations

(imsmanifest.xml)

Resources
(sub)Manifest(s)

Y

Physical Files

(The actual Content, Media,
Assessment, and other file)

Fig 2-0-5 Content packaging conceptual diagram

Figure 2-5 is also called Package Interchange File (PIF). PIF is a binding of the content
package components in the form of a compressed archive file. The PIF contains the
imsmanifest.xml, all control files and the resources referenced in the content package
(those that are local to the PIF, i.e., contained in the content package). SCORM

recommends that content packages be created as PIFs. The PIF provides a concise Web

10



delivery format that can be used to transport content packages between systems.

2.3.1.3 imsmanifest.xml

As show in figure 2-5, the tag <organization> defines the relationship between course
structure and each learning element hierarchy. Tag <item> is the learning element whose

”

attribute “identifierref” map to <resource> (e.g “I” in figure 2-6). Tag <resource>
point out learning element’s physical files location. Tag
<adlcp:location>something</adlcp:location> (e.g “ 1 "in figure 2-6) would link to

SCO’s or Asset’s meta-data XML file. The detail argument for imsmanifest.xml can

refer to the document SCORM CAM chapter 3.4[]

<manifest=>
o, <organizations>

I E <organization= Content Structure
i <title /> Information Model
<item identifier="10">

— | <jtem identifier="T1" identifierref="F_01" /=
<item 1dentifier="12" identifierref="F_02
<{ltem=
<{organization=
<Jorganizations=>
“resources=>
<resource href="index. htm™ g 5
— wdentifier="R_01" I
adlep:scormtype="sco"=> : )
<metadata=
<schema>=ADL SCORM</schema=
<schemaversion=1.2</schemaversion= SC0
[zadlep:location=R_01.xml</adkp:location> = Meta-data
</metadata=
=file href="index.htm" />
<file href="imagel.jpg"=>
<metadata=
<schema=ADL SCORM=/schema=
<schemaversion=1.2</schemaversion> Asset
| <adlcp:location=imagel .xml</adlcp:location= | Meta-data
</metadata=
</file=
</resource>
</resources=

Fig 2-0-6 Overview of content packaging in the file “imsmanifest.xml”

~

wee,
o .,

F===""1

SCO

-~

''''''

Aszset

»
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2.3.1.4 Sequencing

For different use, it will be more powerful if providing different learning activity
sequencing. IMS bring up SSS (simple sequence specification) to enhance the power of
SCORM. It includes a series of different kind sequencing rule, e.g. “No Sequencing
rules”, “Linear”, “Constrained”, “Knowledge paced” and “Remediation”. All of them
will be described by the file “imsmanifest.xml”. In our thesis, we do not spend time to

do more discussion about sequencing.

2.3.2 SCORM1.2 & SCORM 2004

In fact, the SCORM specification is still upgrading now. The newest version of SCORM
is SCORM2004 while the most popular-version before is SCORM version 1.2. The
mainly different between SCORM?2004 and SCORM1.2 is Content Aggregation Model
and Run-time Environment. In:Content-Aggregation Model, they add the sequencing
rule so that is becomes more complex. As to the Run-time environment, IEEE team
modified some API and model. If somebody want to upgrade a course from SCORM1.2
to SCORM2004 without adding sequencing rule, the most important point is the
Run-time environment portion. This is because the learning record will get into some

trouble. Actually, this difference can be solved by program.

2.3.3 Plugfest

Because ADL only publish the specification of SCORM, every organization can
implement their LMS and SCORM document. In order to testing whether a SCORM
teaching material produced by organization A can suit for LMS design by organization

or opposed side. ADL hold a platform named “Plugfest” annually. In this place is the

12



best time to verify their product.

2.4 Run Time Environment (RTE)

Except for CAM, SCORM also define the run time environment. It includes three parts,
(1) Launch mechanism: how the learning management system startup up learning
content (2) Application Program Interface (API): the communication model between
learning management system and learning elements (3) Data Model: the data format to
communication between learning management system and SCO. We will give a brief

introduction as follow.

(1) Launch mechanism
Every learning management system follow the model “Launch” startup the learning

resource which is suit for SCORM - data-type.through API.

(2) Application Program Interface (AP1)
API could show LMS the SCO’s state. Learning elements could also obtain the
parameter for showing material resource through API. For example, require
student’s information from LMS, and according to student’s grade and ability
providing for different level learning material. SCORM define 8 kinds of different

API as show in Figure 2-7

13
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Fig 2-0-7 The process of API adapter
Table 1 The definition of SCORM API
API Func tion Meeded
Execution LLIEInitialize Learning resoutce opennthe |V
state communication with LhZ
LS F inish Learning resource close the (W
comirnadcation with LIS
Data LIS GetWalue Reqguest some parameter in
Iransmission Diata Model from LIS
LhIEEetValue Setting some parameter it
Diata MModel from LS
LMEC ommit After using LWESetValue,
ask LIS store up the sralue
i1 cache
State LIS GetLastError | Getting error message from
last API
management
LMEGetErrorBtring | Gettitng the ertor thessage
description
LMEDHagnostic Gretting LIS s internal error
message description

According to the course structure configure in content package, LMS present course material in user’s
browser, and follow by sequence( Refer to imsmanifest.xml in tag <organization> configuration ) to
launch Asset or SCO.

For the type of Asset, LMS will present directly through HTTP protocol. The communication between
SCO and LMS will be control by API mechanism.

SCO communicate with LMS through calling API, such as calling LMSInitialize API when the
communication starts and calling LMSFinish APl when communication is ending. They also call
LMSGetValue APl and LMSSetValue API to exchange some data as data model format between LMS and

14



SCO. The SCORM specification also stipulate that LMS must provide “API Adapter” to implement these
API function. While a SCO were browsed, it would hierarchical searching the APl Adapter location
recursively for taking API from the web page’s location. In this way, course editor do not need to take
care the communication problem when author teaching material. They only needs to add the user

interface such as JavaScript files provide by LMS to applying API. The architecture is show as figure 2-8.

LMS

Server

3

Launeh Client Side
1 Browser ,

Diata Model
A iual data

sent back ancd .
forth betwesn API .Iﬂ\'.'lbL‘]'lpl SCA
SCO and LME Adapter

[ Sequence Engine ]_1

Fig 2-0-8 Run-Time environment

(3) Data model

Data model is a common data format for transmitting data between LMS and learning
resources. With this common format, LMS could control learning resource’s state or
student’s learning portfolio. SCORM integrate AICC CMI Data Model standard
specification, and define eight kinds of data type. In our thesis, data model do not take

into consideration.

2.4 Related research

2.4.1 Packet SCORM

In year 2004, Lin published the Packet SCORM [4] prototype. They build their own

15



SCORM LMS Server cooperating with specific packet SCORM RTE in mobile device
side and show in Figure 2-9 and Figure 2-10. The added more assist function to keep the
data while the server is offline and lake of storage. But they only published a prototype
especially focus on client side. The evaluation and detail about this system is not yet
published so that we only have an elementary draft. We can not find out how they solve
the problem about JavaScript with Java Applet support. Without JavaScript support, this
system will as like a set of static html files. Besides, they do not discuss about the
accept rate and problem while exporting their course to other LMS and importing

course from other LMS.
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Fig 2-0-9 The system architecture of Packet SCORM
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Fig 2-0-10 The run time snapshot of Packet SCORM

In [7] discuss about the reflow method for Packet SCORM. Reflow mechanism is an
important function for Packet SCORM-which: increase the readability of the mobile

device. In our paper will use the_ifx'r'_}-fhéthéﬂ(}t’iﬁgf]imw,;écoRM document.

g
=

2.4.2 CCU new architect'i;g}g Y

In year 2002, Professor Hsu published a SCORM-based e-learning Environment for
Mobile device [5]. They discuss about due the lack of JavaScript supporting, if
somebody use a mobile device connecting to LMS server, the result will as like the

Figure 2-11.
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Fig 2-0-11 The result of use mobile device connecting to LMS server

In order to solve this problem, they bring up a new architecture as show in Figure 2-12.

DataModel Learning Management System (LMS)
Actual data send
Back and forth LMS

Between SCO and

LMS SERVER
H_ﬁa Server Side

il lient Side

APl Adaptor e N —
Java Servlet Browser —!
1
DhtaModel |
Mid(lle::k HTML oF e '
Launch |
7 MavaScript i T : | i
o] | -
AP| Adaptor - T i i i

JavaScript L T _— - R '

APl Communications Link
Between SCO and LMS)

Fig 2-0-12. SCORM-based e-learning Environment for Mobile device architecture

2.4.3 Opera8.5 for mobile device

We try to finding out a real mobile device that supporting the JavaScript ability. From
now on, the most suitable mobile device browser we find is “opera8.5 for mobile device
version”. It almost supports every function, but still gets into some trouble that can not

present the document on client side well.
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2.5 Document Presentation Format Analysis

In order to transform an existing SCORM format documents, we have already collect
some common used SCORM document with taking their snapshot. And that try to
summarizing they general type while adapting to small size. Table 2-1 list the result

after we analysis.

Table 2 Common SCORM document type analysis

Type Action

Typel: Flash base type Do nothing
Type2: Html base type Danothing
Type3: Chaotic type Authoring this file
Type4d: Unknown type Do nothing

2.5.1 Description for all of these sample type

® Typel: Flash base type:
A Flash base presentation type usually integrated a Flash file into html document.
Figure 2-13 is an example source code for Flash base document. In this document,
html body only present a Flash file (named fofts2_component.swf ). Figure 2-14
shows original snapshot on PC, and Figure2-15 is a file after resize it’s pixel to 300
* 200. In summary, Flash base document can not modify the presentation size. It
needs sidelong scroll bar to browsing the page. Unless edit a new document which

is suit for specific mobile device.
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</HEAD>

<BODY bgcolor="#FFFFFF" hackground="../sharedassets/by. jpg™>

<CEnters
<0BJECT classid="clsid:DZ27CDESE-AEGD-11cf-56653-444553540000"
codebase="http://download.wacromedia. cow’ pub/ shockwave/cabs/ flash
ID=allfunction WIDTH=615 HEIGHT=350>
<PARAM NAME=movie VALUE="foftsZ components.swi'>
<PARAM NAME=quality VALUE=high>
<PARLM NAME=menu VALUE=false:
<PiRAM NiME=bgcolor VALUE=§FFFFFF>
<ENBED src=
</EMEED>
</OBJECT> <hr»
<font face="Verdana, Airial, Helwvetica, sans-serif" size="1" colo
of Aoronyms</ar | Text COnly Rlternate Pages for <a href="compone

guality=high bgcolor=#FFF

| <& href="#" onClick="MM_openBrWindow('../sharedassets/credits.
This Course</font:

</rcenter>

</ BODT>

</ HTHL>

Fig 2-0-13 A Flash base document source code.
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Best Practices Scen Aviation Fuel Service

Best Practices (2 of 2)

® #1 est practice: follow 0SS

]
procedures a
* Develop CO-approved procadurs for
any transfer evolution not covered in
0SS, including a highlighted fiow
d
ially inspect all flange
connections and valves assemblies
along intended flow path for leaks
= Note and annotate all tank levels
* Ensure all level alarms are tested
4

* Verify storage and drain tanks have
sufficient room to receive flushed
and strioped fuel

[ [ — -
Scrall through the list of best practices and click on

those that would have most significantly helped
prevent the incident. Click Done to continue.

Glossary of Acronyms | Text Only Alternate Pages for Best Practices | About This Gourse

Fig 2-0-14 Type 1: flash base presentation format

Fig 2-0-15 Typel:flash base format resized

® Type2: Html base type

Html base presentation type stand for writing html code as simple as possible. In
this way, we can calculate a page’s width, and rewrite a page. For example, if a

picture was putting in a html document and the width is not enough, we can take
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some process so that suit for reading. As show in Figure2-16 and Figure2-17,

after resize the page’s pixel, the document will adjust it self.

‘ file: A DCSLab/SCORMASCOR M/ S8 BEFIERIZ onrse/Lesson/H _Lessonl_2/H_Lessonl_2 htm
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Fig 2-0-16 Type2:html base presentation format
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Fig 2-0-17 Type2: html base format resized

® Type3: Chaotic type
Chaotic type means this kind of document can not be resizing. This is because
the relative position in the document is fixed. May be they use many blank space
to edit the document. After changing the pixel, the presentation becomes
confused. The only way to overcome this drawback is write this course material

again. Figure 18 and Figure 19 is the examples.
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Fig 2-0-18 Type3:Confused presentation format
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® Typed: Unknown type E
Some SCORM documeht type was I'ayout by specific mechanism, even we
look into the source code, it hard to understanding how they write. They control

the layout style not only using blank word. We do not research any more about

this type because of the time.

| Operating System Windows XP Features

An operating system |s software that helps applications Interact with a computer's
hardware. It manages four key aspects of a computer’s cperation: hardware

. softvane . mumary . and data manage
Rall your cursor over each of these four aspects 1o lean more about it
Provides & mechanim for Software
Inétiating processes. Management
Memory Data
e

Fig 2-0-20 Type4:Unknown presentation format
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Fig 2-0-21 Fig2-21 Type4: Unknown format after resized

2.6 Discussion and Conclusion

The system architecture about “Packet SCORM” [4] and [5] implement not only the
server side framework of LMS but also client side structure. Therefore, if we use their
own authoring tool to editing a new course and execute on their LMS, these processes
are sure to getting less problem. But«if we neéd:to export the course material to another
LMS and the user still use mobile device; we need to design a new SCORM document.
It wasted time and resource. In this paper, we try-'to focus on how to utilizing the
content side to reduce overhead for-authoring a.new document again. Next chapter will

discuss about our system architecture and method of thinking.
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Chapter 3 System Architecture

3.1 Chapter Introduction

In this chapter, we will introduce the framework of our system. Ch 3.2 discuss with our
system architecture. Ch3.3 discuss with the toolkit composition of every component.
Include the flow chart of transformation process. Ch3.4 introduced the content

adaptation component.

3.2 System overview

iy,

/ Transformation tool \

] - @
!
: Value
o d ITEM-ABSBI2E2-C700-9.
‘‘‘‘‘ Re .. w0 bt
: :
7 : ot e
x Rewrite et
=

specific
Page

Fig 3-0-1 Toolkit architecture of our system.
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The workflow of our transformation tool parsing a file with SCORM document
format, do some authoring process and export the document. As depicted in Figure 3-1.

In this chapter, each part of the architecture will be detail described.

3.3 Toolkit composition

Figure3-2 and Figure3-3 show the workflow of our processes.

I | Import &
SCORM L Unzip

[ Authoring process }

) .

Zip & SCORM Mobile M
Output course

A

Fig 3-0-2 Workflow of toolkit

/ Authoring process \

Import Attribute ImsManifest Resource
— —> —>
Table Component component

Content Export

Adaptation

Fig 3-0-3 Toolkit authoring process
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In face, a SCORM base document has two level ranking. First level is resource view
which each file is unique. And then we transfer target file individually. We use resource
component to handling it. The second level is manifest view which control by the file
“imsmanifest.xml”. This level identity the architecture of SCORM document, and we

use Manifest Component to handling it.

Roughly, our system does follow steps:
Step 1: Import an existing SCORM format document or create a new document.
Step 2: Configure system parameter.
Step 3: Edit the file “imsmanifest.xml”, and add a new SCO head page
(named top.htm) which includes original structure over original structure.
Step 4: Add hyperlink “previous page” ~. ”’next page” and “top page”
to every.html( or .htm) format page!
Step 5: Apply “page rebuild” and “picture edit” for html format page
Step 6: Preview whole documentfrom top-page

Step 7: Export document or edit every html page from source code editor.

3.3.1 Attribute Table Component

In order to adapting for different kind of mobile device, attribute table configuration
needs to access first. The most important thing here is pocket PC’s pixel setting. With

appropriate setting, the transformation job con process well.

3.3.2 Manifest Edit Component

As show in Figure3-4, the left side of frame will provide navigation ability. This

function is convenient in general PCs but lack user friendly while browse on mobile
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device. While browse on mobile device, this navigation portion waste space. In order to
reducing the left navigation frame page, we parse the “imsmanifest.xml” file, change
document structure as show in Figure3-5 and Figure3-6, it means we divided original

page as show in Figure 3-4 into two pages.

SCORM 2004
Sample Run-Time Environment
Version 1.3.3

[BLOCKED] page

Fig 3-0-4 The original page of SCORM SRTE

MMM b

SCORM 2004
Sample Run-Time Environment Version 1.3.3

[BLOCKED] page

Fig 3-0-5 The snapshot after reduce left navigate page

NIRRT T E s | TR
| ARAEDY 2] http:/i140.112.85.198:8020d Lruntime/L MEMain htm

AL

51423 LMS Test Course 1 - APT Test

=[] assetLaunch Implementation Test
B rrplementation Test 1

D Implementation Test 2

B iavasrrint T h T TON2" g

Fig 3-0-6 The navigation of SCORM

3.3.2 Resource View Component

Resource view component response for individual file level handling. In order to
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cooperate with Figure 3-5 and 3-6, we add three links in every .html format page in

resource view. They are “navigation page”, “previous page” and “next page” which

enable user to browse between SCO and return to main page.

3.3.3 Content Adaptation Component

There are many related transferring method about adapt to mobile device while browse
web site. This is resource level modification. The Content Adaptation Component
responsible for this portion. In fact, even the default browser, pocket IE, have support

partially page adaptation.

3.3.4 Preview Component

We use preview mode to form.a.temporality html document and automatic open
browser for examination with particular pixel size format. In preview mode, the

JavaScript will also be supported so that it can simulate as if in mobile device.

3.4 Content Adaptation

SCORM specification does not define what kind of source file it should be, it only
provides for the rule for communication and appear sequence. Therefore there are too
many possibility that source will be. As the document presentation format analysis is
chapter2.5, some document format can not be transformed well due to the original

design. For example, a Flash base SCORM document is hard to decompose unless
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design on mobile device at beginning. In order to simplify our research, we actually deal
with html postfix document. There are many research discuss with how to adapting
document on mobile device. In our thesis, we will deal with picture first. Other further

mechanism will not mention here.

3.4.1 Picture transform

While a picture’s pixel size is large than pocket PC, it will cause difficult to browsing.

Therefore, we provide the functionality to resizing this picture by editor.

3.5 Limitation for Mobile device

Due to the storage and computing. power of mobile device becomes more and more
powerful, some limitation before can-be-overcome now. After all, there are still some
problem needs to be solve because’of the difference between mobile device and PC. We
will bring up some assumption to achieving the presentation of SCORM on mobile
device. Include the connection problems, browser functionality support and storage

limitation.

3.5.1 Connection problems

Due to the key point that we focus on handling content side first, we assume that the
mobile device is always online to simplify the system complexity. In fact, the
specification of SCORM supposed that the run time environment wad web base
architecture, the LMS side need keep tracking client side’s activity and refresh

information. It is hard offline unless rewrite the LMS architecture. This is out of our
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objective. In this way, we suppose that server side and client side are always connected.

We use pocket PC with wireless supported to keeping the connection.

3.5.2. JavaScript and Java Apple supportability

In general, the browsing functionality in mobile device seldom supported either
JavaScript or Java Apple method due to the restriction of computing power and

operating system support.

It’s an unsolved problem in this papéer so-that.we assume the JavaScript will work in

future version of mobile device browser.

The first reason is that the operation of JavaScript immediate involve with LMS side. If
we want to adjust the functionality of JavaScript, LMS side middleware must be added.

This is out of our base key point to focus on content side.

The second reason is that after a series of testing, we find out the mobile device browse
“Opera 8.5” could partially support this functionality. We suppose the newer version of
the software will overcome the JavaScript restriction. The base requirement for

SCORM is:

®  First, support JavaScript version 1.2.

® Second, the browser support Java VM to load Java Applet.

® Third, Java VM needs supporting the JavaScript calling Java Applet method.

Owing to reason one and reason two mention above, we use browser IE6.0 and execute
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on personal computer. But resize the display of browse to simulate mobile device

display.

3.5.3. Storage limitation

We do not deal with temporary storage problem because we expect that the file
size of single SCO is small. In general, SCORM document will be parsing in server side
and then deliver single page as server-client mode. Unless the page it invoke external
file such as movie or PowerPoint file, otherwise the document will not cause storage

limitation.
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Chapter 4 Implementation

4.1 Developing environment — “Reload Editor”

Due to SCORM specification is complex and needs much time to implementation all
of the mechanism. We use an existing open source software “Reload editor” [7] as
show in figurel0. This software is implementation by Java language. We use their

document structure handler and parser to accomplish our mechanism.

AEE]

File Edit Tool: Wiew Window Help
D E w | BR X+ &% | B o
. SCORM Package - templl
ElFies & i X

Fig 4-0-1 Snapshot of Reload Editor.

4.2 System view

@ empl 1
|2 adicp_rootv p2 xsd =
] 1t ':<> IMS Cantert
2] C2 ppt @22
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2] C4 ppt [0 Main
] 5t c-0 s
] F1 et O o
] F2 ppt 0 c2
2] F3 ppt 0 c3
2] P4 ppt 0 cs
—ﬁ F5 ppt 0 cs b
—| 2] imscp_v1pt xsd 0 s
&= imsmanitest xml El—% Resources
|| imsmd_v1p2p2 xsd =4 C1ppt
2] im=_eml zesd LB 1 ppt
—g e zip & C2ppt j
Manifest
The Manifest node of
if.. MANMIFEST-164... | - the Cortert Package

We use wireless802.11 to keeping the connection. In this way, we do not care about

the connection problems. The Figure 4-2. and Figure 4-3. are the snapshot of our

mobile device toolkit.
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Fig 4-0-2 The plug-in snapshot of our toolkit

& Reload Editor 2004 CEEX

File Edit Debug Options View Window Help Mobile
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Fig 4-0-3 The snapshot of source code ed-i'ting.fl]nfft'ior'\ indite

4.2.1 Resource view component modification

In resource view component, we add three links to html document, they are:

1. We add a hyperlink (Top) to return top.html page. The html code is as follow:
<P align="right"><a href="top.html">Top</a></P><P>&nbsp;</P>

2. Add a JavaScript control code in first page of every SCO
SetValue("adl.nav.request”, "continue™)

3. Add a JavaScript control code in last page of every SCO

SetValue("adl.nav.request”,"previous"™)
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As show in Figure4-4, we use a SCORM 2004 data model function ~
---adl.nav.request ” navigate browsing. This function enable browse from one SCO to

another SCO.

Unit

Root Aggregation

First Page: Asset—1- - Asset -2 . Asset -3 . Lastpage

html html il himl himl

Fig 4-0-4 Example SCO for modification

4.3 Rte view

As the picture show in Figure 4-4, we create a page “top.html” represent the
document structure and combine with Assets. In Fiure4-5, we add a link “Top” at left
side of document. There are no existing navigational frames, in order to browse this
teaching material, the additional link is necessary. Although this link decrease

browsing convince, but save space.
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4.4 Discussion

In this chapter, we had demonstrated our transformation tool and sample result.
However, there are many existing problems while implement this tool. For example,
we want to design this tool and browsing on pocket PC. But there comes the problem
that the pocket IE do not support the JavaScript invoke Java Applet well. They either
only support Java Applet function or JavaScript function partially. Other research
implement their owe RTE and framework to overcome this problem, but we do not
want to build up our own RTE due to the limitation of time. We believe that this
problem will be solved soon due to the advancement of software version support. The

other problem is sometimes when we export SCORM document to another LMS RTE,
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our document can not adjust to their configuration. Maybe this is because there are

some conflict setting between “Reload Editor” and the RTE.
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Chapter 5 Conclusion

There are growing amount of people start to enjoying distance education courses
not only using their PCs but also using mobile devices such as Pocket PCs. Because
Pocket PCs are easy to carry, these devices are considered as a proper platform for
E-learning. In this thesis, we focus on the issue of transferring the current PC based
Sharable Content Object Reference Model (SCORM) document to particular mobile
device. Because we focus on document itself, there are related restriction such as
connection needs to keeps alive and JavaScript functionality needs to be supported.
We develop a transformation tool kit to “re-write existing document. It saves

developing time and makes the existing doecument more powerful.

5.1Conclusion

The main purpose of crafting this toolkit is to reduce the efforts of developing
applications for multiple mobile devices. For this reason, we discuss them in two
criteria: rapidly development and write once, generate multiple application

user-interfaces.

From the rapidly development aspect, it is important to reduce the efforts of
learning how to use a new toolkit for developers. Therefore, the toolkit is provided

with the simply steps as the interaction medium.

From the write once, generate multiple specific document aspect; it is completely
feasible through our toolkit by using the transform technology. While a new mobile
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device appear, we only need to change the parameter setting and a new SCORM base

document can be easily produced.

5.2Future work

There are multiple improvements available for our system. First, since the version of
SCORM 2004 supports sequencing control, most SCORM base document support this
functionality. We need to do more discussion about sequencing control rules. Second,
the JavaScript and Java Applet support need to solve so that our tool kit can really
running on mobile device. Third, the media format support should be more clearly

and efficiently, since the variety of SCORM document format.
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