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Abstract

This paper describes redesign of the drill-and-practice-type e-learning system SANNO KNOWLEDGE FIELD (SKF)

and its contents in order to make them compliant with SCORM 1.2 and SCORM 2004 international standards and while maintaining
the learning functionalities. SKF was developed as an ASP-type WBT and its contents have been implemented with the proprietary
specification. Such specification makes the system very suitable and has an advantage in not causing any compatibility problem.
However, it is difficult to deliver the contents to other e-learning systems. Redesigning the contents to be compliant with the
SCORM standards enables them to run on various types of learning management systems worldwide.
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1. Introduction

An e-learning system SANNO KNOWLEDGE
FIELD (SKF) was released in 2001 by the SANNO
Institute of Management("), and it was in use by over 250
companies in 2006. The SKF 1is an ASP-type
(Application Service Provider-type) WBT (Web Based
Training) system on the Internet. Part of it is implement-
ed with the proprietary specification.

At present, software for many LMSs (Learning
Management Systems) has been released as WBT sys-
tems. They are based on SCORM 1.2 (Sharable Content
Object Reference Model 1.2)?), developed by the ADL
(Advanced Distributed Learning) Initiative through the
US Department of Defense.

There are several advantages in using international-
ly acknowledged standards such as SCORM for LMSs.
These advantages include a broadened range of contents
selection, reduced cost and improved quality by mini-
mizing the scope of self-development and expanding the
contents market, and assured quality by helping content
vendors to provide contents, etc. The Standardization
Promotion Committee in the E-Learning Consortium
Japan is promoting the use of SCORM 1.2 by means of
the program of SCORM Assessor and LMS-Contents
certification.

On the other hand, when the SKF project started,
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the first version of SCORM had just been established.
At that time, it was difficult to foresee the technology
trends that would follow SCORM, and we were con-
cerned about potential implementation problems that
might arise by the technical restrictions of SCORM.
Specific problems were lack of learning object sequenc-
ing and insufficient learning history management. We
thought that these problems should be solved to imple-
ment the SKF concept. Therefore we designed and de-
veloped the original SKF system as an ASP-type WBT
without SCORM to avoid its restrictions. The SKF con-
tents were made with the proprietary specification.

As the number of systems based on SCORM 1.2
progressively increased, we got requests from customers
to introduce these LMSs based on SCORM 1.2 to their
situations. We found that, to a certain extent, SKF func-
tions could be implemented with the SCORM 1.2 stan-
dard. In addition, we realized that most of the LMSs
based on SCORM 1.2 were working stably and the mar-
ket for compliant content was expanding quickly.

Thus we designed and developed the SKF contents
based on the SCORM 1.2 standard. The developed con-
tents were designed according to the original SKF sys-
tem and contents with some restrictions on functions for
choosing a way of learning, sequencing of learning ob-
jects and managing of a personal history.

When the latest version of SCORM, version 2004
(SCORM 2004) was developed by the ADL® 7, it had a
definition for content sequencing and provided user in-
terface control navigation, so it had sufficient functions
to make a fully functional SKF system.

Then, we developed a content converter from the
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original SKF contents to contents for SCORM 2004,
and we prepared the prototype SKF contents for
SCORM 2004 using the content converter®.

In this paper, we present how we realized the same
learning as on the original SKF system using the
SCORM international standards and we discuss various
problems encountered in the realization.

Section 2 overviews the SKF system and contents
with the proprietary specification. Section 3 and 4 de-
scribe the content design and implementation for
SCORM 1.2 and SCORM 2004. Section 5 reports on
our evaluation by an interoperability validation experi-
ment. Section 6 gives our suggestions for standardiza-
tion, and Section 7 presents our conclusions.

Hereafter, the SKF original system with the propri-
etary specification is referred to as SKF-ASP, the SKF
contents for the SCORM 1.2 edition is SKF-SCORM
1.2, and the SKF contents for the SCORM 2004 edition
is SKF-SCORM 2004.

2. Outline of SANNO KNOWLEDGE FIELD

First, we show the learning flow of the SKF-ASP,
and then provide the design of the user interface, com-
puter servers, software and content structure, and learn-
er support.

2.1 Learning flow

The SKF-ASP was developed on the basis of pro-
grammed instruction theory®'” which is used in many
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computer-based training systems, and it satisfied the fol-

lowing requirements.

* Small step-sized contents

 Immediate feedback (both positive and negative) to the
learner’s response

» Immediate confirmation by the learner

« Self-paced learning by the learner

Figure 1 describes the flow of the response and
feedback model for the SKF-ASP. A learner reads a
drill, thinks about an answer and makes a choice. Then,
the flow shows an answer (positive or negative) and
gives related references as the feedback. The learner can
confirm the result of his/her choice immediately.

In the SKF-ASP, this flow is called a “UNIT.” One
UNIT has one unit guidance, texts, drills & answers, and
related references. The learner can start, suspend and re-
sume one UNIT independently.

Figure 2 shows the whole learning flow of the
SKF-ASP. The SKF-ASP learning consists of three
phases: “Selection of the Way of Learning,” “Learning,”
and “Certification,” The “Learning” phase has plural
UNITs (generally, there are 10 to 16 UNITs).

First of all, in the “Selection of the Way of
Learning” phase, the learner is shown one course guid-
ance to introduce the course overview by the SKF-ASP
system. After that, the learner is shown a screen to se-
lect the way to learn: “Texts+Drills” (the pattern of
reading the texts first and then trying the drills) or
“Drills” (the pattern of trying the drills only). If the
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learner chooses the “Texts+Drills,” all of his/her UNITs
will be initially set with the flow of reading the text first
followed by trying the drills. If the learner chooses
“Drills,” all of his/her UNITs will be initially set with
the flow trying the drills only. Then each learner is
shown a Pre-test to identify the level of his/her knowl-
edge.

The Pre-test consists of typically questions from
each UNIT, and there is one test per one UNIT. If the
learner passes the test, the SKF-ASP system judges that
he/she has already understood the corresponding UNIT,
and it sets the way to learn to the “Drill-and-practice-
type” to allow the style of learning without reading the
texts. However, if the learner cannot pass the test, the
SKF-ASP system sets to the “Texts+Drill-and-practice-
type” to force the learner to read the texts first. In other
words, in accordance with the correct answer conditions,
there can be mixed flow containing “Drill-and-practice-
type” and “Texts+ Drill-and-practice-type.”

Next, the learner is shown a screen to set up his/her
learning schedule. In this screen, the learner has to de-
cide and input the deadline date for learning him/her-
self, and suitable dates for an end schedule for each
UNIT are generated and shown by the SKF-ASP sys-
tem.

After this procedure, the learner is moved to the
second phase. In the “Learning” phase, the learner is
shown a table of contents (TOC), and the learner learns
these UNITs sequentially according to its order. If
he/she chooses the “Texts+ Drill-and-practice-type,” the
learner is shown the texts first and after that tries the
drills. If he/she chooses the “Drill-and-practice-type,”
the learner tries the drills from the first. When he/she
completes these drills and the score is above the passing
score, the status of this UNIT is set as finished.

After the completion of all UNITs, the learner is
moved to the third phase. In the “Certification” phase,
the learner can try the Post-test. When the score of this
test is above the passing score, the completion screen
appears and the learner is able to download the certifi-
cate PDF file for the SKF course as evidence.

2.2 User interface

In consideration of limitation of expression by the
web browser, we designed the user interface of the SKF-
ASP accordingly, and displayed characters were not
enumerated simply; the number of characters per page
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was restrained; and learners read the content by pressing
a button as though they were turning the page of a text-
book. We divided the layout of buttons into two areas so
as not to confuse learners about the control. The first
area is for controlling the contents and the second area
is for the SKF-ASP system, and the related information
are displayed at a short distance.

Figure 3 shows an overview of the SKF-ASP user
interface. The control buttons for learning (e.g. turning
over the page; responding with an answer) are located at
the bottom of the screen, and the control buttons for the
system (e.g. asking a question; going back to the TOC;
stopping the learning) are located at the top of the
screen. In addition, all these control buttons are also lo-
cated on the right side and the information views are on
the left side. In addition, the text view is at the center of
the screen. The user interface and screen design are
common specifications of the SKF-ASP, therefore, all
designs conform to them.

2.3 Server components

Figure 4 shows the server components of the SKF-
ASP. It has three functions: contents delivery, database
(DB) (contents structure, learner and mail information)
and mail delivery (sending email to encourage the learn-
er).

To deliver the contents, the SKF-ASP has three ap-
plication servers (APl to AP3). When the learner is
connected to the SKF network, the contents are deliv-
ered from the application servers via the load balancer.
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To handle the DB, the SKF-ASP has one DB serv-
er. The DB server is isolated from the Internet for secu-
rity, and the application servers AP1 to AP3 can get in-
formation by connecting to DB server via the firewall.

Figure 5 shows the software components of the
SKF-ASP. The application servers AP1 to AP3 run on
the Windows2000 Server, and the web server software is
11S5.0. In addition, the SKF-ASP uses
ColdFusionMX6.1 as web middleware, and CALTutor
and CyberSchool are running on the middleware.
CALTutor is testing learning platform software and
CyberSchool is learning management platform software
made by NTT Software Corporation. They were cus-
tomized by NTT Software to work as one system.
Furthermore, there is a module for making the PDF file
which creates the certificate for completion of the SKF
course.

To deliver emails, the SKF-ASP runs the appropri-
ate software on the application server AP2. There is one
function to send encouraging emails to the learner auto-
matically or manually by the operators of the SKF-ASP,
and another function to send question emails from the
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learner to the lecturer and to send emails about pass-
word reissue.

The DB server runs on the Windows2000
Advanced Server, and its DB system software is SQL
Server2000.

2.4 Content architecture

Figure 6 describes the content architecture of the
SKF-ASP. The information on content, the learner, and
management are managed by the DB. Scoring and se-
quencing navigation are made by connection to the DB
via ColdFusion API.

Each content file (including directories) is named
by a fixed rule. Course Guidance, Pre-test, Text, Drill
and Post-test are made as separate modules, and they are
managed under another directory.

2.5 Learner support

The SKF-ASP learners are supported by a call cen-
ter and email. They telephone the call center, making in-
quiries mainly about the learning procedure and opera-
tion of the PC. They get information by automatically
sent emails or from the screen information they see.

Table 1 summarizes the automatically sent emails
in SKF-ASP. The targets of the emails are the learners
and training manager (this includes the person in charge
of the training at the customer’s facility and in
SANNO). Warning emails about starting the training
and about the approaching deadline are sent to not only
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Table 1. Summary of Automatically Sent Emails in SKF-ASP.
Object Target Detail
Registration | Learner/ | User registration
Training | Tyaining registration
e Password change
Alarm Learner Opening notice
Warning to start the training
Progress notice (days 10, 20, 30)
Warning of the deadline
Completion notice
Training | Non-completion notice for a learner
manager | (Before the expiration)
Warning to start the training
Warning of the deadline
Completion notice

the learner but also the training manager. Because of
this, when the learning progress conditions are not
smooth, the training manager can work on the learner to
complete the training.

3. Content Design for SCORM 1.2

After a short outline of the SCORM 1.2 architec-
ture, we discuss how to apply it in the SKF-ASP. Then
we provide implementation methods of contents for the
SKF-ASP based on SCORM 1.2.

3.1 SCORM 1.2 architecture

The SCORM 1.2 standard was designed for reuse
and sharing of WBT-type e-learning content. SCORM
1.2 has two sub-specifications.
+The Content Aggregation Model (CAM)® specifica-

tion which defines a data model of the hierarchical
course structure and its binding to the XML.

«The Run-Time Environment (RTE)® specification for
Sharable Content Object (SCO)/LMS communication
which includes the JavaScript Application Program
Interface (API) and the data model.

SCORM 1.2 defines functions of the LMS as
“Show the TOC,” “Deliver the learning resources asso-
ciated/corresponding to the learner’s choice from the
TOC,” and “Receive and store the learner’s progress sta-
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tus, score, etc.”

The roles of content in SCORM 1.2 are to “Display
the learning screen to the learner,” “Decide the learner
status (completed/incomplete/etc.),” “Send the status of
learning to the LMS,” and “Score and send the result to
the LMS.”

Figure 7 is an overview of the SCORM content
RTE. In SCORM 1.2, content launched on the client
side is called a learning resource. Learning resources are
classified into assets and SCOs. Assets are the most
basic form of learning resources consisting of html files,
audio, still images, video, etc. SCOs are learning re-
sources which communicate with the LMS via the
SCORM API on the RTE. An SCO is a minimum unit
of content which can be tracked by the LMS using the
SCORM API.

The only data connections allowed between the
LMS and SCOs are via the SCORM API, and SCOs
must be independent from each other. Only one SCO
can be executed on the system at one time, and execu-
tion of another is not allowed (nested SCO; moving
SCO by SCO control).

Figure 8 is an overview of the SCORM CAM. It
aggregates the learning units (course, chapter, section,
module, etc.) and describes the order of learning con-
tents and their structure.

Figure 9 gives the structure of the SCORM content
package. The content structure of SCORM 1.2 is de-
scribed by a manifest file (imsmanifest.xml), and the
TOC of the course is generated and linkages of the
physical files are established by the manifest. In addi-
tion, the order of learning can be described in the mani-
fest. However, this function is not defined as mandatory
in the SCORM 1.2 standard; therefore, it depends on the
judgment of the LMS vendor whether or not this func-
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tion is supported.
More detailed information about the SCORM 1.2
standard is given in references (3)—(5).

3.2 Study of specifications

We considered how the LMS compliant with
SCORM 1.2 is realized, based on the SKF-ASP system.
Table 2 shows the requirements for implementation and
the supported functions of SCORM 1.2.

The problems in implementation of the contents of
the SKF-ASP on SCORM 1.2 are: inability to customize
the navigation buttons; inability to control the learning
sequencing; inability to implement the function for se-
lection of the way of learning, because the sequencing
function is not defined; inability to move between the
UNITs directly; inability to set automatic sending of
emails and various notices. Among these limitations, we
considered the way to implement the contents of SKF-
SCORM 1.2 with the following results.
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Table 2. Requirements for Implementation and Supported

Functions in SCORM 1.2.

Requirements for
implementation

Supported functions in SCORM 1.2

Divert the content files.

Supported (It is based on the
W3C standard.)

Reproduce the learning
content structure.

Supported (It is possible to
express an equal.)

Manage the learning
personal history.

Partly supported (It depends on
the LMS, because the mandatory
and optional data model are mixed.)

Use navigation buttons.

Partly supported (It is impossible
to navigate between SCOs from
the content side.)

Control the learning order.

Partly supported (Supported
situation depends on the LMS.)

Reproduce selection of
the way of learning.

Not supported (Sequencing
function is not defined.)

Allow movement between
the UNITs.

Not supported (SCO cannot be
called from another SCO.)

Email and various notice
functions.

Not supported (Not defined. It
depends on the LMS.)

» The SKF-ASP content files for texts, drills, certificate
test are diverted to the SKF-SCORM 1.2.

 The included text and drill in one UNIT is shown as
separate SCOs in the TOC.

* The course guidance shown the first time is shown as

one SCO in the TOC.

* The lowest limited data model is used for the learning

history information.

* The navigation buttons are displayed only inside the

SCO.

* The learning order (per SCO sequencing) function is
made available by the learner’s choice.

*The “Selection of the Way of Learning” function is
disabled. Only “Texts + Drills” is allowed.

* The function for automatic sending of emails and vari-

ous notices is removed.
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Table 3. Functions of SKF-ASP Assigned to SKF-SCORM 1.2.

Function SKF-ASP SKF-SCORM1.2

Manifest file
(imsmanifest.xml)

On the DB server
specification

Management of
learning object
structure

On the DB server
with the proprietary
specification

Java script in
learning object file
(done by the asset)

Management of
control information|
(scoring, content
control, etc.)

Communication SKF application SCORM API
with the LMS with the proprietary
specification

(ColdFusion API) |

3.3 Implementation of content

The architecture of the SKF-ASP was changed in
accordance with the principles discussed in the previous
section and summarized in Figure 10. Table 3 describes
the functions of the SKF-ASP assigned to the SKF-
SCORM 1.2.

First, the learning object structure information that
was managed by the DB server was defined in the mani-
fest file. In addition, the learning object sequencing con-
trol function by the web middleware ColdFusion via the
DB was exchanged with Java script control. The related
information files for this control were located under the
same directory with the content files. Furthermore, the
Drill/Test procedure (to evaluate if the answer is correct)
and Scoring procedure (to calculate the percentage of
total score) were processed by Java script, and the files
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and the correct answer information were located under
the same directory.

In addition, the procedure for transmitting these re-
sults to the LMS via the SCORM API was implement-
ed. In the SCO of course guidance and texts which are
judged to be completed by just reading, the status value
of “completed” is set in the SCORM data model value
of cmi.core.lesson_status and the value is transmitted to
the LMS when the learner browses the last page of the
text. In the SCO of drills, when the learner tries and fin-
ishes the drills, the learner’s score is set as the value of
cmi.core.score.raw, and if it is higher than the passing
score, the status value of “passed” is set in the SCORM
data model value of cmi.core.lesson_status. But, if it is
lower than the passing score, the status value of “failed”
is set. After that, the status value is transmitted to the
LMS via the SCORM API.

In the SKF-ASP system, these procedures were re-
alized by the server side script and the DB. However, in
the SKF-SCORM 1.2, all these procedures were realized
by the client side script. The LMS manages only the
learning contents delivery and data connections to the
SCOs.

The scope of the SCOs in SKF-SCORM 1.2 was
designed as given in Figure 11, and the other contents
(Pre-test and the learning pattern of “Drills” in the SKF-
ASP) were removed. The content files of the SKF-
SCORM 1.2 consist of a Course Guidance SCO, Text
SCOs, Drill SCOs, a Post-test SCO and a manifest file
for file binding and definition of TOC.

Figures 12 and 13 are examples of TOC screens for
the SKF-ASP and the SKF-SCORM 1.2. In the SKF-
ASP, both texts and drills were defined together as one
item of the TOC. On the other hand, in the SKF-
SCORM 1.2, both texts and drills were defined as two
separate items. Furthermore, in the SKF-ASP, the course
guidance was shown at the beginning of the first learn-
ing session, not in the TOC. However, in the SKF-
SCORMI1.2, the course guidance was handled as an
SCO, and shown in the TOC.

More detailed information about the SCORM API
procedure is given in Chapter 4 of reference (11).

3.4 Implementation of user interface

In the SKF-ASP, to provide a consistent user inter-
face for learners, the user interface controls for chang-
ing pages and asking questions were unified. Also, the
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user interface of the SKF-SCORM1.2 was designed so
that the learner can control the operation according to
the SKF-ASP. Figures 14 and 15 are text screen views.

In the SCORM1.2 standard, no detailed specifica-
tion about content navigation was defined. Therefore,
every LMS had an original user interface. As a result,
content designers must prepare navigation buttons on
each of their contents to assure a certain movement if
they want to use the screen changing function. For this
reason, the “Next” and “Prev.” buttons in the lower right
corner on the SKF-ASP screen were embedded in the
SKF-SCORM 1.2 contents and placed in the lower right
corner. In addition, the functions to turn to the TOC, di-
rect a question to the SKF, bookmark page and view the
learner’s progress that SCORM 1.2 does not support
were removed from the screen of the SKF-SCORM 1.2.

More detailed information about the guidelines on
the screen specifications is given in Chapter 4 of refer-
ence (11).

3.5 Problems and countermeasures

In this section, we discuss the problems of the
SCORM 1.2 standard and countermeasures through the
implementation of the SKF-SCORM 1.2 contents. The
problems are about the optional data model, the control
buttons, and the manifest file.

The first problem is the existence of optional data
model elements. Nonconformity may exist between the
LMSs and the contents, resulting from the differences in
each LMS’s support situation for optional items. If op-
tional items are being used in the contents but the LMS
has no support for them, the LMS may not operate cor-
rectly. For this reason, only mandatory data models in
the SCORM content RTE were used in the SKF-
SCORM 1.2 contents.

In the SCORM CAM, we decided to use the ele-
ment (adlcp:prerequisites) which was defined as a
“Precondition” as an ADL extension when necessary.
This element was not mandatory in the SCORM 1.2
standard. Therefore the support situation on each LMS
may differ. On the other hand, the contents have to use
this element to customize the content flow according to
specific requests from customers; for example, to use
the contents from the beginning sequentially, or to try
the Post-test after all UNITs are finished. For this rea-
son, we decided to choose whether to use the element
based on requests from the customer. We must rewrite
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the manifest file for each LMS because some LMSs do
not support this function. However, it is not so difficult
because the operation consists of only writing or remov-
ing the line of the element definition in the manifest file.

The second problem is about the navigation control
buttons. Some LMSs constantly display navigation but-
tons. Therefore, if the navigation buttons are displayed
on the content itself, the learner may become confused
because multiple buttons with the same meaning will be
shown by the LMS and the content.

In addition, there is a similar problem about the
content control. On the last page of the SCO, the “Next”
button does not appear on the screen. This may confuse
the learner. In most cases, the correct operation will be
to push the TOC button to go back to the TOC, and
choose the next SCO. However, the function of the but-
ton operation is referred to the LMS in the SCORM
standard. The content cannot recognize the screen de-
sign by itself. Therefore, the learner must find his/her
way from the screen that is shown by the LMS.
However, for most learners, it is difficult to decide based
on intuition. The problem is caused by the screen com-
position difference between the LMS vendors, and the
lack of the SCORM standard to identify the screen situ-
ation from the content side. The only solution to this
problem is to customize the individual content to each
LMS; for example, to display the correct operation on
the individual content to suggest doing so to the learner.

The third problem is the existence of LMSs which
do not work as intended, regardless of the description in
the manifest file. For example, the element (adlcp:mas-
teryscorey to define the passing score for decision of
passed/failed cannot be used directly, because each
movement differs between the LMSs. Therefore, in the
SKF-SCORM 1.2 contents, the description is written in
the manifest file so that problems will not occur on each
LMS, and the Java script command is added for the ir-
regular LMSs.

These problems are caused by the ambiguity in the
definitions of the standard and they cause a heavy bur-
den on the content developer. Therefore improvement of
the standard is needed.

4. Content Design for SCORM 2004

Here we outline the SCORM 2004 architecture and
discuss how to apply it to the SKF-ASP. After that, we
provide implementation methods of contents for the



ADAPTING THE DRILL-AND-PRACTICE-TYPE E-LEARNING SYSTEM
SANNO KNOWLEDGE FIELD TO SCORM STANDARDS AND DEVELOPING ITS CONTENTS

Table 4. Requirements for Implementation and Supported
Functions in SCORM 1.2 and SCORM 2004.

Requlrements‘ SCORM SCORM2004
for Implementation 1.2
Divert the content files. ) Supported (It is based
RApAtEd on the W3C standard.)
Reproduce the learning Sinpeied Supported (It is possible
content structure. to express an equal.)
: Supported (All of the
1 Partl
%??&’%Eltﬁﬁtg%“ ne arty data models are defined
supported
as mandatory.)
Use navigation buttons. Supported (It is possible
Partly to navigate between
supported | SCOs from the content
side.)
Control the learning Supported (Supported
Partly :
order. Wi W7 by the sequencing
PP function.)
Reproduce the selection Supported (Supported
: Not i
of the way of learning. by the sequencing
supported ;
function.)
Allow movement Not Supported (SCO can be
between the UNITs. S called from another
L SCO.)
Email and various Not supported (Not
: : Not
notice functions. sitpre defined. It depends on
PP the LMS.)

SKF based on SCORM 2004.

4.1 SCORM 2004 architecture

SCORM 2004 is the latest version of the SCORM
standard. The SCORM 2004 4th Edition Version 1.1
was released on the ADL website(®).

In SCORM 2004, definitions were added and im-
provements were made according to the problems en-
countered in the SCORM 1.2 standard. Although the
basic concept and design were not changed, there were
many important changes for implementation of the
SKF-ASP contents. The significant changes are as fol-
lows.
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» Adding the sequencing function

* Adding the function to issue navigation commands by
the SCOs

* Adding the function to select display/hide the LMS
navigation buttons

* Changing all data model elements of the Content RTE
to mandatory

* Defining the specifications clearly, and supporting mul-
tiple languages

4.2 Study of specifications

In order to implement the SKF-SCORM 2004 con-
tents in a way that it is similar to the SKF-ASP system,
we considered the requirements and the presently sup-
ported functions. Table 4 shows the requirements for
implementation and the supported functions of SCORM
1.2 and SCORM 2004.

The most significant change is the support for the
sequencing function. By using this, the function of
“Selection of the Way of Learning” that was not sup-
ported on SCORM 1.2 is supported on an environment
other than the SKF-ASP. In addition, the standard for
content navigation was not defined for SCORM 1.2.
Therefore each LMS provided users with an original in-
terface. As a result, learners had many problems with
screen control. However, the SCORM 2004 standard
supports content navigation, and SCORM 2004 can con-
trol the SCO from the content side. Furthermore, the
function to display/not display the control button by the
LMS is supported.

Hence, on the SKF-SCORM version, the following
specifications were added to the SCORM 1.2 version.

* The Pre-test is shown after the Course Guidance.

*Each UNIT type is set based on the Pre-test results
(Texts+Drills/Drills).

* On the last page, the SCO calls the next SCO.

* The navigation buttons by the LMS are not shown and
they disabled while the contents are displayed.

* The learning order is controlled.

4.3 Implementation of content

In the SKF-SCORM 2004, we developed a special-
ized data conversion tool, and it makes the manifest file
automatically from the SKF-ASP data composition table
(MS-Excel file) as shown in Figure 16. In addition, the
control frame inside the content is replaced by changing
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SCORM2004 version
SKF Content Files

Content File
Content Page
(html)
Content File
(peg/gi

Control Frame(SCORM2004)

SCORMA1.2 version
SKF Content Files

Content File
Content Page (flash)
(htmi)

Content File
(peg/gi

Control Frame(SCORM1.2)

Control Frame is
replaced to
SCORM2004.

S el

[Data Conversion Tool]

DaiaTCgrﬂ;;osition Manifest File
S;F 7\&?}2 for SCORM2004
(MS-Excel File L (imsmanifest xml)

Manifest File is created
from Data Composition Table
by conversion tool.

Figure 16. Mechanism of Content Conversion.
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SKF Content Files

Content Page (flash)
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Control Frame(SCORM2004)
(6) Set and Update

I
Learning Status

Rul
Controlled th Se(q:encmg e sqoRM API)
ontrolied the moyement by
Content Suuc(uve}nd Data Data
Sequencing Rule: Transmissiol Reception

LMS
Figure 17. Content Architecture of SKF-SCORM 2004.

Manifest File
for SCORM2004
(imsmanifest.xml)

7

Controlled
by Java Script

(1) Content Control

(on the Asset)
(2) Correct Answer
(3) Drill/Test Procedure
(4) Scoring Procedure

(Update the Record)
(5) Communication

with the LMS

Structure )/

from the SCORM 1.2 standard to the SCORM 2004
standard, and other content files are used as is. We note
that the SKF-SCORM 2004 in this paper was developed
on the SCORM 2004 2nd Edition which was the latest
version at the time.

Figure 17 shows the content architecture of the
SKF-SCORM 2004. The basic mechanism is not
changed much from the SKF-SCORM 1.2. The signifi-
cant changes are: adding sequencing rules in the mani-
fest file to describe the content structure; setting the
function of learning goal by Java script; and adding the
logical script to update the learning status.

The scope of the SCOs in SKF-SCORM?2004 is de-
signed as shown in Figure 18. The content files of the
SKF-SCORM 2004 include a Course Guidance SCO, a
Pre-test SCO, Text SCOs, Drills SCOs, a Post-test SCO
and a manifest file for file binding, definition of the
TOC and the sequencing rules.

In order to implement the Pre-test, we used the
Shared Global Objectives that was defined additionally
as a new function of the SCORM 2004 data model. The
value of the objectives can be set and referred to from
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Course Guidance

Course Guidance

} Unit Guidance |
¥ Texts + Drill-arj d-practice-type

sco |

(Text)

Drill-and-practig

(Drill)
| Unit Feedback (Passed/Failed) |
B8 et | EsiTR e 1 RO i
Certification
- I e suvvan EER B sco

Figure 18. Scope of the SCOs in SKF-SCORM 2004.

all SCOs, and that is important in making adaptive con-
tent. In the SKF-SCORM 2004, the Shared Global
Objectives are used as shown in Figure 19.

At first, the learner takes the Pre-test. After that the
corresponding learner status value (OBJ-x; defined as
the Shared Global Objectives in Figure 19) is set as
passed/failed based on the test result. Then learning is
started and when the text SCO is called by the LMS, if
the OBJ-x is passed, the text SCO will be skipped by the
LMS control. The control is described as sequencing
rules in the manifest file.

As a result, the values of Shared Global Objectives
are set based on the result of the Pre-test, and either
“Texts+ Drill-and-practice-type” or “Drill-and-practice-
type” for each unit will be chosen automatically.

Other sequencing rules are set as follows.

« If the Drills are passed, the UNIT will be set as com-
pleted (controlled by Rollup rule).

«If the UNIT is completed, the learner may proceed to
the next UNIT (controlled by Stop Forward Traversal
rule).
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JSetOBJ LEEEEEL 2 Read OBJ j’

N Course
Course Guidance Sligpnes
Set the result of
Pre-test (passed/failed)
re-test EEEEEEEEEEEEEQ
SCO
Chapter 1 If the OBJ-x is passed,

skip the Text x SCO.

Aggregation

Unit 2

Chapter ?

G
D
D

—G

Post-test

Figure 19. Content Aggregation and Learning Status.

Post-test Shared
SCO Global
Objectives

* When the UNIT is completed, the learner will be able
to try the Post-test (controlled by Rollup rule).

«If the learner passes the Post-test, the course will be
completed.

More detailed information about the Shared Global
Objectives and the movement of sequencing rules in
SCORM2004 is given in Chapter 3 of reference (12).

4.4 Implementation of user interface

In the SKF-SCORM 2004, we improved the user
interface of the SKF-SCORM 1.2 to provide a consis-
tent operating environment.

First of all, the navigation buttons of “Prev.” and
“Next” on the text screen were provided by the content
side, and the navigation buttons of the LMS were hidden
according to the manifest file. As a result, learners do
not become confused by having two buttons with the
same meaning provided by the LMS and by the content.
Figure 20 is an example text screen.

Second, in the SCORM 1.2 standard, the learner
has to go back manually to the TOC from the last page
of the Text SCO. In SCORM 2004, the button to move
to the next SCO was implemented, and the SCO can call
a navigation command to move to the next SCO. As a
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(by Opensource LMS v1.04).

result, the learner can browse the content seamlessly
without being forced to go back to the TOC.

More detailed information about the content navi-
gation on SCORM 2004 is given in Chapter 4 of refer-
ence (12).

4.5 Problems and countermeasures

In the SKF-SCORM 2004, we were able to realize
the functions of “Selection of the Way of Learning” and
control of the learning object, which were implemented
on the SKF-ASP. This was accomplished by the support
of the sequencing function. In addition, the user inter-
face was improved by the support of an additional learn-
ing navigation function and customization. As a result,
in the SKF-SCORM 2004, we could virtually provide
the same learning system and user interface as the SKF-
ASP.

However, there are still problems. In the SCORM
2004 standard, although various kinds of learning con-
tent design became possible, deep understanding related
to the standard in the stage of design and development
of learning content is required. Especially, in the stage
of setting the sequencing rules, we must consider the
structure after understanding the system. Also, descrip-
tion of the manifest file to express the structure became
complicated.

However, all of the SKF courses are designed and
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developed with the same structure, and learning re-
sources are constructed independently for each UNIT.
For this reason, unless a big change is made, we will be
able to re-construct the content by re-using existent
manifest files and file structures, and the changes will be
minimized.

When we look at the SKF not as content but as a
system, we are faced with other problems. For example,
there are functions of automatic sending of email and
some notices that were removed when the ASP-SCORM
1.2 was designed based on the SKF-ASP. These includ-
ed functions of automatically sending emails to encour-
age the learner, to warn the learner to start the training,
and to warn of the approaching deadline. They were im-
plemented on only the SKF-ASP.

These problems are outside of the scope of the
SCORM standards. However, if we broadly consider
learning not only as learning content but also as a learn-
ing system, these problems will become more impor-
tant.

5. Evaluation

Next, we turn to interoperability validation experi-
ments done to confirm the interoperability condition be-
tween the SKF-SCORM 1.2 contents and the LMSs.

5.1 Interoperability validation experiments

The Standardization Promotion Committee in the
E-Learning Consortium Japan is conducting a program
for LMS-Contents certification for the SCORM 1.2
standard. In the program, conformance test tools are
being used and LMSs or contents are being certified as
SCORM 1.2-Conformant if they have no errors.

In addition, the experiments are providing real tests
that check the certified contents on the certified LMSs to
confirm the interoperability between certified products.
We show the results of our interoperability validation
experiment performed in 2005 and 2006. Table 5 shows
the dates and objects of the experiment.

The experiment was conducted according to the
following procedure.

(a) SCORM Assessors provided SCORM 1.2 certified
contents to the Standardization Promotion
Committee and the committee distributed them to
LMS vendors.

(b) The LMS vendors tried the certified contents on
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Table 5. Dates and Objects of Experiment.

Dates June 24, 2005-July 8, 2005 ,
June 19, 2006—June 30, 2006
Objects | SCORM1.2 LMSs and contents

certified by E-Learning Consortium Japan,
LMSs: 10 products (in 2005)+4 products (in 2006),
Contents: 5 products (in 2005)+5 products (in 2006)

their LMS, and confirmed the learning operations.
They checked if any problems occurred.

(c) The LMS vendors reported the results of the confir-
mation to the Standardization Promotion Committee.

5.2 Results

Table 6 shows the results related to the SKF. More
detailed information is available on the website of the E-
Learning Consortium Japan (http://elc.or.jp).

The contents of SKF-SCORM 1.2 worked without
errors on all of the LMSs tested. However, it was found
to be necessary to change the file format of the manifest
file on two LMSs. The reason for this problem was dif-
ferences in file encoding forms. The manifest files of
SCORM 1.2 have to be written in UTF-8, but the file
encoding form of the SKF manifest file was UTF-8 with
Byte Order Mark (BOM), so it was not accepted on two
LMSs. (The two LMSs could accept the UTF-8 file
without BOM.) This problem was outside the scope of
the SCORM standard. This problem was solved easily.
After that we made the SKF manifest file on UTF-8
without BOM.

5.3 Discussion

The SKF-SCORM 1.2 contents were confirmed to
work correctly on all of the LMSs tried in the experi-
ment. The reason for this is that we limited use of the
data model to use only mandatory items.

However, we found that the experiment was not
conducted because unsupported optional items for the
LMS were being used on the content; this occurred for
another company’s contents. This problem occurred
from the differences in the supporting level of optional
items on each LMS. We cannot make sweeping state-
ments about SCORM 1.2 support, because the SCORM
1.2 standard has three LMS compliance levels as LMS-
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Table 6. Results of Interoperability Validation Experiment.

Cortificafion. Certification ID: Vendor name, "
ID: Course Results
LMS name
name
€04-0008: Good | P03-0004: Hitachi Electronics
Business Services, HIPLUS on Web v8
manner
Good P03-0004: Hitachi Electronics
Services, HIPLUS on Web v8
Good | P03-0005: NEC Corporation,
(*1) Cultiivall v1.6
P03-0008: NEC Corporation,
Good | Cultiiva Enterprise Powered by
SumTotal v6
P03-0009: COMPAC LTD,
Good 4
AcademicWare WBT v2
P03-0011: NRI Learning Network.
Good ’
00 NetTutorll v4
Good P04-0001: Wilson Learning
WorldWide, eARTH-LMS v1.0
Good P04-0002: Lecwell, MSTeLMS v2.0
Good P04-OQO3: Koo Inc., Challenge
Learning System v2
Good P04-0004:‘Panasomc Corporation,
Let’s learning v1
P04-0005: Fujitsu Ltd., Internet
Good ] :
*1 Navigware Server Enterprise
) Edition v8
C05-0016: Good P03-0009: COMPAC Ltd.,
Project AcademicWare WBT v3.0
management | Good P04-0002: Liztech, MSTeLMS v2.0
basic Good | P06-0001: KiBAN, eLearning
Manager v3
Good P06-0001: KiBAN, eLearning
Manager v3
(unofficial): NTT resonant, eLC,
Good | NTT, OpensourceLMS/Learning
Engine for SCORM 2004 LMS v1.0

*1: It is necessary to change the file format of the manifest file
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RTE1 to RTE3, and the LMS users have to identify the
differences between the levels and choose the contents
that are correctly supported on their LMSs.

Hence, LMS developers should support all optional
items, and content developers should make all contents
using only mandatory items to assure they work correct-
ly. As a fundamental solution, the transition to SCORM
2004 in which all items have been defined as mandatory
would be the simplest and most reliable way.

6. Suggestions for Standardization

Today, many LMSs are supporting the SCORM 1.2
standard, and it has become a content form standard for
WBT-type e-learning systems. Although there are a few
limitations for the standard, the SKF contents could be
realized the same as with the original SKF-ASP version.
We think it will be used as a de facto standard for some
time to come.

The SCORM 2004 standard has not been popular-
ized extensively, however the numbers of LMS products
supported on the SCORM 2004 are increasing in recent
years. There are reports of LMSs being developed as
open source programs or as systems applied to the stan-
dards in the JSiSE and other organizations as well'*!9.

Although the description of movements of content
with complicated learning design has become possible
in the SCORM 2004 standard, the mechanism has be-
come complicated accordingly. Therefore, we have to
understand the standard deeply to design and develop
the contents. At the present, not many easy tools for de-
velopment of the SCORM 2004 contents have been re-
leased. In the future, the demands for these contents de-
sign and development tools will increase. Essentially,
standards should be made not for system developers, but
for content developers. In the future, standards should
be developed on the basis of “how to design the learn-
ing” rather than “how content designers and developers
should apply it.”

Furthermore, a general support function for learn-
ers is often required when the learning is viewed not
only as learning content but also as an educational sys-
tem. Possible uses have been widened greatly by chang-
ing from SCORM 1.2 to SCORM 2004. There have
been some research studies on expansion of the
SCORM standards to support learners'”'® and also for
a standard to describe learning design'*".

The SKF system sends emails automatically to en-
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courage or prompt and warn the learner to start or com-
plete the training. However, the email function is imple-
mented only on the SKF-ASP, and it could not be imple-
mented on the SKF-SCORM 1.2 and 2004 because it
depends on each LMS’s specifications. If we can de-
scribe the procedure for the email function on the con-
tent side by standardization, we may be able to design a
more effective learning environment. This is a challenge
left for the future.

7. Conclusions

In this paper, we described our original drill-and-
practice-type e-learning system SANNO KNOWL-
EDGE FIELD that was developed by the SANNO
Institute of Management. Then we described the adap-
tion and implementation of the SKF contents to the
SCORM 1.2 and SCORM 2004 standards, and consid-
ered their results and problems.

Although the SKF-SCORM 1.2 contents have
some limitations caused by the specifications, we suc-
cessfully realized the contents in a similar way to the
original SKF-ASP version. Furthermore, we confirmed
that they worked without problems on each LMS prod-
uct.

The learning mechanism and user interface similar
to those of the SKF-ASP were re-constructed on SKF-
SCORM 2004 contents by using additional new func-
tions of learning sequencing and navigation. These
SKF-SCORM 2004 contents have not been released as
commercial products yet. However we will be dis-
cussing this after analysis of market trends, and verifica-
tion of the conformance with some LMSs.

At present, some products based on the SCORM
2004 standard have been released. For expansion of
SCORM 2004, we think content development tools will
become more important after the development of LMSs
based on it.

In this paper, we described the interoperability vali-
dation experiment in the E-Learning Consortium Japan
for confirmation of movement of SKF-SCORM con-
tents. Nevertheless, not only the experiment on SCORM
1.2 but also the experiment on SCORM 2004 will be
necessary, and we also think the experiments from an-
other viewpoint such as user interface aptness in actual
use will be necessary. We would like to work on this in
our future studies.
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