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Introduction

Overview

The Shareable Content Object Reference Model (SCORM), published by the Advanced
Distributed Learning (ADL) project, is a de facto standard for e-learning content. This
document describes how to create Web-based content that complies with the SCORM 1.2
specification. Like the SCORM specification, this is a technical document, not an instructional
design document. Like SCORM, it does not deal with the instructional quality of the content,
but with the features that are necessary to make the content portable and conforming to the
SCORM. The document uses functioning examples to illustrate various aspects of the
SCORM specification.

This document is divided into several chapters. Following a brief overview of SCORM, each
chapter builds on the basic SCO model to build progressively more capable and complex
SCORM-compliant learning objects. Finally, a chapter reviews the basics of packaging--how to
assemble the learning objects into a SCORM-conformant package that can be migrated and
deployed on any compliant delivery system.

Audience and purpose

If you are already using a fully SCORM 1.2 compliant authoring tool or development
environment like ToolBook or Aspen 2.1 LCMS, you probably do not need this document
although its introduction may be useful to understand the underlying technology and rules.

Depending on your purpose and interest, you may read this document in different ways:

0 As acompanion to the SCORM specification, to get a better idea of what is and is not
covered by that specification and see examples of how it can be applied in content.

O To understand various technical aspects of the SCORM specification through examples.

O As atechnical guide with a set of examples that may help you save time in the actual
implementation of content.

This document is intended for content developers with different levels of technical expertise. It
may also be useful to instructional designers, quality assurance staff and program managers
who want to understand better what SCORM 1.2 enables and makes difficult. However, this
document is aimed primarily at a technical audience with at least some familiarity with Web
concepts and hands-on basic HTLM and JavaScript experience.

What about SCORM 1.3?

Content created according to the guidelines in this document will not automatically be rendered

obsolescent by SCORM 1.3 or other future specifications because:

O SCORM 1.2 is much simpler than SCORM 1.3 and conformance is easier to verify. Since
there are entire classes of content that do not require the new features introduced in
SCORM 1.3, it is expected that support for SCORM 1.2 for general content delivery,
migration and archival will continue for a long time

O Robust implementation of SCORM 1.3 conformance in commercial products may take
anywhere from 3 to 24 months, if the history of SCORM 1.2 is any guide

O Systems that support SCORM 1.3 content are expected to also support SCORM 1.2
content, either directly or through the use of a generic adapter

O This document describes a layered approach that allows wholesale upgrades of SCORM
content object from 1.2 to 1.3 compliance just by upgrading one or two generic script files
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An update of this document is planned for release after the final SCORM 1.3 specification is
released in late 2003. The plan includes a section that will explain how to update content
created according to this document to be SCORM 1.3 compliant.

About authoring tools

The authoring tool used to develop the examples in this document is a simple text editor.
However, these examples are not populated with the rich content and interactions that a real
authoring tool can facilitate. A tool such as Click2learn's Aspen 2.1 Web-based enterprise
LCMS, or desktop authoring tools such as Click2learn's ToolBook 8.6, does much of what is
described in this document automatically: You just specify that you want to export the content
as a SCORM package and it will do it for you. Those tools are designed specifically to isolate
you from the technical minutiae described in the SCORM specification and in this document,
so that you can focus on what your content shows, tells and teaches.

For example, Aspen Learning Content Management Server (LCMS) is a global, scalable,
100% Web-based application that enables rapid creation, delivery and management of high
quality learning content for your entire enterprise. Aspen LCMS is designed to facilitate the
separation of presentation, logic and behavior in learning objects, providing maximum flexibility
and reusability. The team-based authoring environment allows concurrent development,
allowing instructional designers, subject matter experts, project managers, and reviewers to
work together to create high quality courses quickly. In this big picture, SCORM conformance
plays a small part, although it is a critical one.

Note that if when you use ToolBook, Aspen LCMS or another SCORM-conformant authoring
tool or content generator to create the content, the actual code and Web document structure
those tools generate will be quite different from what is described in this document. There are
many ways to achieve SCORM conformance, which is good because it leaves a lot of room for
creativity.

About the examples

The examples in this document illustrate how content that conforms to the SCORM
specification can be implemented. You may use any of the code included in the samples
described in this document but, if you do, proper credit should be given to Click2learn, Inc.,
including a reference to this document. If you choose to reuse any of the sample code, it is
entirely at your own risk. The sample listings and the code in the companion files in working
examples are not intended to be actual production code and do not represent that Click2learn
is actually implementing such code in its products. Some code and features that could be
useful in an actual product were deliberately not included because they are considered
proprietary, or trade secrets of Click2learn, Inc. In particular, error handling is minimal in order
to keep the sample listings brief. The exhaustive testing that would normally be done for actual
production code, using all the browsers in common use, has not been performed on most of
these samples. The examples have been tested with Microsoft Internet Explorer 6.0 and with
the SCORM 1.2.3 test suite, and should work with other browsers and versions, but "your
mileage may vary." It is highly recommended that you keep the SCORM 1.2 specification
handy for reference as you work your way through these examples.

Your own implementation, coding style and policies may be completely different from what is
shown here. However, that should not prevent them from conforming to SCORM and
interoperating predictably with other SCORM conformant systems. That is the beauty of a
standard. Interoperability is what matters, not how you implemented it.

The actual example files, as well as the most recent version of this document, may be
downloaded from http://home.Click2learn.com/standardswork.
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Chapter 1 - Overview of SCORM

What is SCORM?

SCORM is a set of specifications that describes:

0 How to create Web-based learning content that can be delivered and tracked by different
SCORM-compliant learning management systems

0 Whata SCORM-compliant learning management system must do in order to properly
deliver and track SCORM-compliant learning content

The SCORM specifications are based on various other industry standards and specifications.
The current official version is 1.2.

The SCORM specification does not cover all aspects of a learning enterprise; for example, it
does not specify how tracking information is stored and what reports are generated, what
pedagogical or training models should be used, or how learner information is compiled.

SCORM 1.2 also does not specify how content is sequenced by a runtime service. The most
common assumption is that the user is free to choose any part of the content. Future SCORM
specifications will define how to specify sequencing behavior for content. In the meantime,
SCORM 1.2 provides a robust specification for content that can be packaged and migrated
between systems, installed on an LMS or archived in a plug-and-play manner.

There is a version 1.3 in the works, which will extend on SCORM 1.2 by specifying how to add
prescriptions for sequencing. That new version will probably not become final until sometime in
2003 and content developed to conform to SCORM 1.2 should still be able to function in an
implementation of SCORM 1.3.

What is SCORM-compliant leaming content?

In the SCORM 1.2 specification, SCORM-compliant learning content is either—in SCORM
terminology—a Content Aggregation Package or a Resource Package. A Resource Package
is a collection of learning assets that is not intended for delivery as such, for example to
archive or migrate a collection of asset. This document does not describe how to build or use
Resource Packages; it focuses on deliverable content. A Content Aggregation Package is:

O Intended for delivery to a learner through a Web browser
O Described by metadata

O Organized as a structured collection of one or more learning objects called Shareable
Content Objects (typically abbreviated as "SCO‘”)

O Packaged in such a way that it can be imported by a compliant learning management
system or into a repository used by such a system

SCORM content is made of SCOs aggregated into a content package. The SCOs are a
specialized type of learning object. Each SCO is a unit of content that can be delivered to a
learner by a SCORM-compliant learning management system in order to create a useful
learning experience.

The SCOs used in a SCORM-compliant package may be fully included in the package, or
used by reference. For example, under certain conditions a learning sequence may include
learning objects that reside on another server. Note that the security restrictions implemented
in Web browsers to prevent malicious cross-server exploits make the use of learning objects
that reside on another server more difficult. How to solve this problem is an issue for learning
content management system and content repository vendors to resolve. There is nothing you
can do in the content itself to work around this security barrier.

' "SCO" is commonly pronounced "scd", rather than sounding out the letters as in "&s's&'d
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Kinds of SCORM learning objects

A Web-based learning object that can be included in a package for delivery by a SCORM
compliant learning management system as an individual activity is called a "Shareable Content
Object" (SCO). In practice, SCOs come in two main flavors:

0 A minimal SCO. This is HTML content or a service that can be launched in the browser
window, and uses the SCORM Application Program Interface (API) for minimal
communication with the learning management system. An LMS can track the time
between the launch and the normal termination of such an object. Most generic content
that can be launched in a browser window, but does not contain links to another learning
object, can usually be turned into a SCO by "wrapping" it into a SCO. This could be an
HTML page, an Adobe Acrobat file, or a text file. A collection of HTML pages is also
acceptable, as long as they only link to each other and not to other learning objects.

O Adata-enabled SCO. This is like a basic SCO, but also uses the SCORM API to get or
send data to the LMS. The data may include tracking data, learner information, etc. as
defined in the SCORM 1.2 specification.

The technical requirements for SCOs will be described in more detail in the technical sections
of this document and illustrated with examples.

Online or offline learning objects

Regardless of how many SCORM features they use, SCORM 1.2 compatible learning objects
do not communicate across the Web to a remote server. They only communicate with other
objects within the same browser environment on the client side. The implementer of the
delivery environment provides that object. There is a well-defined way for the content to find
that object and communicate with it using simple JavaScript code or its equivalent. This has
major advantages:

O SCOs can be very easy to implement, because they do not need to include the complex
communication protocol required to send and receive data across the Web.

@ SCOs can be run in an offline environment without requiring a local Web server or proxy
server, because they communicate with other local browser objects rather than with a
server-based object.

The SCORM API implementation is instantiated on the client side by a runtime service before
the SCO is launched. This implementation may vary from vendor to vendor. For example, the
APl may be implemented in an HTML frameset that contains a "stage" frame within which the
learning objects are launched.

Organizing and sequencing learming objects

The person or entity that creates a package of learning objects decides how the learning
objects are organized. However, since SCORM 1.2 does not define any sequencing
information, the learner will be able to choose which learning object to use and in which order.

Future versions of SCORM, starting with SCORM 1.3 will add a more advanced sequencing
model to SCORM 1.2, to allow the implementation of richer pedagogical or instructional
models.

SCORM 1.2 uses the IMS Packaging specification as a foundation for the packaging and
organization of learning objects. A package may contain more than one organization of the
same learning objects. For example, you could define two or more tracks covering the same
subject at different levels of depth, or for different audiences. An LMS can take advantage of
this to allow a choice of the more appropriate organization.

SCORM 1.2 specifies how to build a package, but it does not specify how an LMS uses some
optional features of the package such as multiple content organizations. Once the learner,
manager or learning managements system has chosen an organization within the package,
however, SCORM 1.2 does specify that the learner must be able to launch each of the
learning objects (SCOs) defined in the organization.
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Organizing leaming objects and SCOs

An organization of items

The organization of the SCORM learning objects in a package is described in a hierarchical
tree structure, such as a course structure or hierarchy of content. SCORM does not specify a
particular depth of the tree. Also, SCORM does not specify any particular nomenclature to
name the levels of the tree, such as "course, lesson, topic" or "unit, module, lesson.” You are
free to use whatever nomenclature you like, or none. The length of the branches of the trees
may vary.

Each item in the tree can point to a learning object, or it can contain other items. Each item
must have a title, which a run time environment will display to the learner.

An item in the tree can have children and also point to a learning object. For example, if your
content hierarchy represents sections, chapters and pages, the chapter headings may have
their own "cover page.” However, in SCORM 1.3, only learning objects associated with leaf
nodes in the tree will be launched and tracked as SCOs.

You can mix and match SCOs at all levels of technical compatibility within the same
organization. For example, you can aggregate simple, one-page SCOs created with Notepad
with complex SCOs created with an advanced authoring tool such as ToolBook.

Similarity with other organization models

Older organization models, like the AICC block/AU structure, can be mapped directly into this
organization model.

Content organization models that use directed graphs cannot be represented directly in the
SCORM hierarchical tree structure. However, many directed graphs can be represented by
making multiple items point to another organization in the package, instead of referencing a
SCO. See the description of the packaging manifest (below) and the IMS Content Packaging
specifications for more information on how to achieve this with sub-manifests.

Sequencing
SCORM 1.2 does not define how to sequence SCOs. User-choice sequencing is assumed.

User-choice sequencing

In user-choice sequencing, the runtime service allows the user to choose any item in the entire
learning objects organization. Depending on the implementation, this could be accomplished
through a visual tree, a menu or a set of nested menus. SCORM 1.2 does not specify what the
user interface to choose an item will look like.

For example, a typical implementation with a table of content may work like this: When the
learner selects an item in the table of content, the item is highlighted and the corresponding
learning object is launched in the stage window. If the item has children, but no learning object
of its own, the first child that has a learning object is highlighted and that learning object is
launched.

Special rules for some items

Mastery score

You can assign a mastery score to an activity that uses a SCO. If a score is reported for the
SCO, the runtime service compares the score with the mastery score to set the status of the
activity to "passed" or "failed.” This overrides any status that may have been reported by the
SCO.

Timeout and timeout action

See details in the SCORM specification. The runtime service can unload a SCO when the time
allowed has expired; however this behavior is not well defined and may not be available on all
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implementations because it requires the run time environment to be more complex on the
client side.

Prerequisites

SCORM 1.2 defines a very basic form of prerequisites. A prerequisite references another
element in an organization tree that must be completed or mastered. However, because the
SCORM specification does not clearly define the behavior associated with prerequisites, only a
way to specify them, use prerequisites at your own risk. SCORM 1.3 will include more robust
sequencing rules that will not rely on hard-wired references between items, but that will instead
allow adaptive sequencing decisions based on the status of learning objectives.

Implementing SCORM-compliant leaming objects and SCOs

The runtime service

In order to implement SCORM-compliant learning objects and SCOs it is useful to understand
a little bit of the runtime environment in which they will be used. To distinguish this runtime
service from the rest of the LMS and its login, authentication, storage and reporting services,
we will refer to the runtime environment and the processes that manage it as the "runtime
service.”

The distinction between LMS and runtime service can be useful because an LMS and the user
experience may have, for example, different latency requirements.

The runtime service can be implemented in part on the client side (i.e., on the learner's
computer) and in part on the server side (i.e. somewhere on a server). In an offline situation,
the server side of the environment is emulated by an application that runs on the learner's
computer.

The client side of the runtime service:

O Is provided by the LMS;

O Isimplemented as a Web page or frameset in a browser window;

O Presents some necessary runtime user interface components to the learner, such as a
table of content and/or navigation buttons;

O Launches learning objects in a "stage window" that is either part of the frameset, or a
separate window that it creates as needed;

O Includes an API object instance named "API" that can be found and called by JavaScript
or ECMAScript;

O Is generated or regenerated as needed by the server side.

The server side of the runtime service and the rest of the learning management system are
completely invisible to the scripts in SCORM learning objects. The user interface components
of the runtime service, such as a table of content or navigation buttons, are also completely
invisible to SCORM learning objects. How the client side of the runtime service is
implemented, and how it communicates with the server are totally invisible to the content. The
only parts of the runtime service with which a SCORM learning object can detect and
communicate are:

Q The stage window
aQ The APl adapter
O The functions provided by the API adapter

The learning objects are specifically prohibited from navigating to other learning objects within
the stage window. Only the runtime service can load another learning object in the stage
window. The runtime service uses the content organization defined in the content package as
its guide to manage navigation between learning objects.
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Chapter 2 - Basic SCO behavior

Simplest SCO

Basically, a SCO is some Web-based content that communicates with the runtime service
after it has been launched and again when it finishes.

In its simplest form, such a SCO would be a Web page with a short script. It can also consist of
multiple HTML pages. The samples in the Appendix section of this document show how
simple a single-page or multi-page SCO can be, especially when using "canned" generic
scripts through inclusion.

When the SCO is loaded, the script finds the API adapter, and calls the function
LMBI ni ti al i ze of the adapter.

When the SCO is unloaded, or at anytime before that if the SCO determines that it is finished,
the script calls the function LMSFi ni sh of the API adapter.

LMS client side
run time service

SCO
components

Get and Launch SCO Parameters »

- LMSiInitialize

Monitor SCO status
Manage data transfers
User interface for
inter-SCO navigation

awi L

- LMSFinish

Figure 2.1 — A simple SCO

Behaviors and responsibilities of a simple SCO

0 When launched, find the APl adapter by searching in a specific way.

O Having found the API adapter, call LMBI ni ti al i ze to begin a communication session.
O When finished, call LMSFi ni sh to terminate the communication session.
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Data enabled SCO

A data-enabled SCO calls LMSI ni ti al i ze and LMSFi ni sh like a simple SCO, but it also
exchanges data with the runtime service in between those two calls. SCORM 1.2 uses a data
model called the CMI data model, based on an earlier specification developed by the Aviation
Industry Computer-Based Training Committee (AICC). A data model is a well-defined catalog
of data elements. Both the runtime service and the SCO understand the CMI data model. For
example, if the SCO is a quiz, the score obtained by the learner is a value that can be stored in
a data model element. The SCO can then send this data element to the runtime service, and
the runtime service will know where and how to store the score as tracking information.

LMS client side
run time service

SCO
components
Get and Launch SCO Parameters >
- LMSinitialize
Monitor SCO status R 5‘
Manage data transfers |~ Get/SetValue (X o

User interface for ™

inter-SCO navigation

< LMSFinish

Figure 2.2 — The SCO can call the API adapter to get and set data

Behaviors and responsibilities of a data-enabled SCO
O When launched, find the API adapter by searching in a specific way.
O Having found the API adapter, call LMBI ni ti al i ze to begin a communication session.

O During execution: Call LM5Get Val ue, LMSSet Val ue, LMSConmi t, LMSGet LastError and
LMBGet Error St ri ng as needed throughout execution of the SCO.

Q When finished, call LMSFi ni sh to terminate the communication session.

O If unloaded unexpectedly, attempt to call LM5Set Val ue to communicate any unsaved data
to the LMS, then call LMSFi ni sh. This cleanup should be included in a handler for the
onUnl oad event triggered by the unloading of the SCO. Because the behavior of browsers
during execution of an onunl oad can be unreliable, there is no guarantee that the data will
effectively be received and stored by the LMS. Note that if LMBFi ni sh had been called
previously, all of this will be ignored by the runtime service.

Finding the APl adapter

A SCO must find an API adapter in order to communicate with the LMS. Because a SCO may
be launched in a frame, in a frameset, or in a pop-up window, there is a specific search order.
The search ends as soon as an API adapter has been found: First, if there’s a SCO parent
window, look there, and then in the chain of parent windows until the top window has been
searched. If no adapter was found this way, search in the opener window, if there is one, and
then in the chain of parents of that window until the top window has been searched.

This strict search order is designed to allow future or advanced implementations in which more
than one SCO might be launched at the same time, to guarantee that each SCO will find only
the API adapter instance that was intended to communicate with it.
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SCORM Communication session

Mandatory SCO-triggered events

The only two events specified in SCORM to manage the communication session between the
SCO and the run time environment are LVSI ni ti al i ze and LMSFi ni sh. LMBFi ni sh, is a
"terminal event” in the sense that any communication from the SCO will be ignored by the
runtime service after LMSFi ni sh has been called successfully.

Note that calling LMSFi ni sh only means that the SCO no longer needs to communicate with
the runtime service. The runtime service should not interpret a call to LMSFi ni sh as a signal to
continue to the next SCO. Future versions of SCORM may provide an additional content flag
to specify such automatic advance behavior, but there is no such flag in SCORM 1.2.

Once LMSFi ni sh has been called, a SCO may not attempt to resume communication by
calling LMBI ni ti al i ze again. LMBI ni ti al i zed can be called again only if the SCO is
unloaded and then relaunched.

Unexpected unloading of a SCO

A SCO can get unloaded at any time when the user chooses another SCO. Also, by design,
browsers do not prevent a user to close the stage window in which a SCO is playing at any
time. To minimize the harmful consequences of such unexpected unloading, you should
include an "onunl oad" event handler in the top level of the SCO that calls LMSFi ni sh.

Browsers can be quirky when executing an unload event. There seem to be cases where
scripts triggered by unload do not finish executing, especially if they involve high latency calls
to a server, because the browser loading thread does not wait for the script thread to finish.

Because unload may be unreliable, a handler for onbef or eunl oad called before the unloading
process begins is preferable. Unfortunately, onbef or eunl oad is only implemented in Microsoft
Internet Explorer and is not included in the HTML standard. Also, the use of href to call a

script, which is a common trick found on many Web pages, causes a call to onbef or eunl oad.

The safest method is to call LMBSet Val ue as soon as a significant event occurs in the SCO to
save the information you want to persist, and then immediately call LMSConmi t so that if the
SCO is unloaded unexpectedly, little or no critical information will get lost.

Itis OK to call LMSFi ni sh more than once, but after the first successful LMSFi ni sh the runtime
service must ignore any other communication from the SCO, except calls to the functions to
get error information.

When to call LMSFinish

To ensure that LMSFi ni sh will be called even if the SCO is unloaded expectedly, a properly
initialized SCO should be coded to call LMSFi ni sh at the following times, and under the
following circumstances:

O When it no longer needs to communicate with the runtime service. For example, when the
user clicks a "submit" button at the end of a test and the user will not be allowed to change
responses, a SCO may upload the results of the test with LMSSet Val ue, then call
LMVBFi ni sh.

Q If LMSFi ni sh has not been called successfully yet, when an onbef or eunl oad browser
event is processed (typically, this will only happen if the browser is Internet Explorer).

O If LMSFi ni sh has not been called successfully yet, when an onunl oad browser event is
processed.

Note: A call to LMSFi ni sh is successful if the call returns "t r ue.” The call may return false if the
runtime service determines that a back end error has happened that prevents it from
terminating the communication session normally. How to handle this situation is not defined by
the SCORM specification, but one way to handle it might be to try to set a timer to call

LMSFi ni sh again after a few seconds.
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Chapter 3 - Building simple SCOs

Building the simplest SCO

This SCO implements just the required behaviors. It calls LMSI ni ti al i ze when it is loaded,
and LMVSFi ni sh when it is unloaded.

Sample listing 3.1 — The simplest SCO

<htm >
<head>
<script type="text/javascript" |anguage="JavaScript">
var nFi ndAPl Tries = O;
var APl = null;
function Fi ndAPI (win) {
while ((Win APl == null) & (win.parent !=null) & & (win.parent !'= win)) {
nFi ndAPI Tri es ++;
if (nFindAPI Tries > 500) {
alert("Error in finding APl -- too deeply nested.");
return nul |

}
Wi n = w n. parent
}
return win. APl
}
function init() {
if ((wndow parent) && (wi ndow. parent != w ndow)){
APl = Fi ndAPI (Wi ndow. par ent)
}
i

f ((APl == null) && (w ndow. opener != null)){
APl = Fi ndAPI (wi ndow. opener)

}
if (APl == null) {
alert("No APl adapter found")
} else {
APl .LMBInitialize("")
}
}

function finish() {
if (APl !'=null) {
APl . LMBFi ni sh("")
}
}

</script>

<title></title>

</ head>

<body onload="init()" onunl oad="fi ni sh()">
<h1>Hel | 0 worl d</ h1>

</ body>

</htnm >

Listing comments

0 Most of this script is devoted to finding the APl adapter provided by the LMS in the DOM
environment before the SCO can communicate with it. The search is in a specific order.

O There is an arbitrary limit on the depth of nested windows that will be searched.

O The (w ndow. parent != wi ndow) testis necessary to work around a Microsoft Internet
Explorer oddity.
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A generic script for simple SCOs

If you analyze the script of the simplest SCO above, you will probably notice that a large part of
that script would be the same regardless of the actual content of the SCO. This could be made
into a reusable script. Such a reusable script may look like this:

Sample listing 3.2 — Generic reusable script for simple SCOs

/1 Saved as file "SCORMzneric.js"
/l Ceneric Sinple SQO Script -
/1 Concocted by GO 2002-10-14
var nFi ndAPl Tries = 0;
var obj APl = null;
var bFi ni shDone = fal se;
function Fi ndAPI (win) {
while ((Wn.APl == null) & (win.parent !'=null) & (win.parent !'= wn)) {
nFi ndAPI Tri es ++;
if (nFindAPI Tries > 500) {
alert("Error in finding LM5 APl -- too deeply nested.");
return null
}
W n = w n. parent
}
return wn. APl
}
function API OK() {
return ((typeof(obj API)!= "undefined") &% (objAPI != null))
}
function SCOnnitialize() {
if ((wndow parent) &% (wi ndow. parent != w ndow)){
obj APl = Fi ndAPI (wi ndow. par ent)

}
if ((objAPI == null) && (w ndow. opener != null)){
obj APl = Fi ndAPI (wi ndow. opener)

}

if (TAPLCK()) {
al ert ("Learni ng Managenent Systeminterface not found.");
return "fal se"

} else {
return obj APl . LMBInitialize("")

}

}
function SOCFi ni sh() {

if ((APICX()) && (bFini shDone == false)) {
bFi ni shDone = (obj API . LMBFi ni sh("") == "true")

}
return (bFini shDone.toString())
}

Listing comments

This script ensures that the API's LMSFi ni sh method will not be called again if it has already
been called successfully. A single page SCO that uses that simple script may look like Sample
listing 3.3.
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Sample listing 3.3 — Simplest SCO reusing a generic script

<ht m >
<head>
<script src="SCORM=neric.js" type="text/javascript" |anguage="JavaScript">
</script>
<title>A very sinple SCO</title>
</ head>
<body onl oad="SCO nnitialize()"
onunl oad=" SCCFi ni sh()"
onbef or eunl oad=" SCCFi ni sh() ">
<h1>Hel | 0 worl d</ h1>
</ body>
</htnm >

Listing comments

Notice that the <body> element of this HTML page includes event handlers that call functions
in the generic script after the page is loaded or when it is unloaded. An event handler for

onbef or eunl oad, is also called just before the page is unloaded. Only Microsoft Internet
Explorer supports this event, and thus onunl oad must still be specified as a finish event trigger
for other browsers. Where available, triggering on the onbef or eunl oad event is preferred
because the processing of this event does not collide with the loading of another page which
may be already be taking place while onunl oad is being processed. The generic script
ensures that, whether onbef or eunl oad or onunl oad triggers the finish processing,
LMSFinish will be called only once.
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Chapter 4 - Your SCO as a Web page

As a content developer, you have no control over how your SCO will be launched, and in
particular on the size of the stage window in which the SCO will be launched by a runtime
service. Your SCO will always be launched as a Web page. That is the only thing you can rely
on.

Stage window

A SCO has no control over the type or initial size or adornments of the stage window, and you
should not assume that there is a fully visible table of contents or that a particular color scheme
or layout will be used in the areas of the screen that surround the stage window.

For example, Click2learn's Aspen LMS launches SCOs in a frame. The dimensions of this
stage window are what is left of the actual Aspen window size after display of the table of
contents on the left (200 pixels) and Aspen management bar on the top (50 pixels). If your
package contains only one SCO, no table of contents is displayed and the stage window for
the SCO is as wide as the Aspen window. For compatibility with Aspen, Click2learn
recommends that your content be tested to be usable in a frame as small as 600x550. Other
LMS implementations have similar stage window size constraints.

Future versions of SCORM may include the specification of technical metadata that will allow a
content publisher to specify more about the required and preferred stage window size and
type. However, at this time, work is still in progress within and among standards groups to
define such metadata.

Window management

A SCO may not assume that it will run in a top-level window, or attempt to force itself to run
into a top-level window. It must be designed so as to be compatible with being launched in a
frame that could be nested at any level of depth.

Except for finding and communicating with the API adapter object, a SCO is not allowed to
communicate or manipulate other windows that exist in the environment provided by the LMS.

A SCO may open a dependent popup window but this not considered a best practice. In any
case, the SCO is responsible for closing such a window before it is unloaded. a SCO is not
allowed to leave any trace of itself in the user's environment after it has been unloaded.
Experience has shown that the reliable use of popup windows requires very careful design and
considerable testing with unexpected situations and behaviors, such as the user reactivating
the wrong window, unexpected closing of the opener window, system configurations with
multiple monitors, pop-up window blocking utilities, and so on. On the other hand, a dependent
popup window is the only way to deliver a SCO as a full-screen user experience since the
SCO has no control over the stage window in which it is delivered.

Extensions

A SCO may have extended behaviors that are not specified in SCORM, but that are agreed to
between trading partners. a SCO is conformant only if it can be delivered in a strictly
conformant LMS that does not implement extended behaviors. In other words, if your SCO
depends on specific features of a particular LMS, or if it attempts to distort the normal behavior
of a generic LMS, it is not conformant.
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Chapter 5 - Turning any browser compatible resource into a SCO

Browsers can display various kinds of resources, such as an Adobe® Acrobat® document, a
Macromedia® Flash movie, a text file or a picture file. Those resources cannot communicate as
a SCO. Two techniques can be used to "wrap" almost any browser-compatible resource into a
SCO. One technique is to create an HTML page with an object element that uses the
resource. Another technique, much simpler, is to use a generic frameset that can be used to
display almost any browser compatible resource. The frameset itself is the SCO.

SCO implemented as page wrapping a Web resource

HTML page behaving as a SCO

Web compatible
asset

Figure 5.1 — Using an HTML page to turn a Web-compatible asset into a SCO

This wrapper uses a simple HTML page. The page reuses the simple generic script in Sample
listing 3.2 to turn a picture into a SCO.

Sample listing 5.1 — Simplest wrapper to turn any asset into a SCO

<ht n >

<head>

<script src="SCORM=neric.js" type="text/javascript" |anguage="JavaScript">
</script>

<title>Sone picture</title>

</ head>

<body bgcol or =" #FFFFFF" onl oad="SCO ni ti alize()" onunl oad="SCOFi ni sh()"
onbef or eunl oad=" SCOFi ni sh() ">

<img src="nyi mage.jpg" alt="Caption for ny image" w dth="600" hei ght="400" />
<body>

</htm >

Note: This may seem to be of limited usefulness, but instead of a picture you might embed an
object such as a movie, using the proper <object> tag and parameters, of course.

SCO implemented as frameset wrapping a Web-compatible asset

Frameset behaving as a SCO

Web compatible
asset

Stage frame

Empty HTML page

“Invisible” frame

Figure 5.2 — Using a frameset to turn any Web-compatible asset into a SCO

This wrapper uses a frameset with a dummy page that will, for all practical purposes, remain
invisible. The frameset uses the simple generic script in Sample listing 3.2 to turn an Adobe
Acrobat document into a SCO.
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Sample listing 5.2 — Simple frameset wrapper to turn any asset into a SCO

<ht m >

<head>

<script src="SCORM=neric.js" type="text/javascript" |anguage="JavaScript">
</script>

<title>Some PDF document</title>

</ head>

<frameset border="0" rows="100% *" onl oad="SCA nitialize()" onunl oad="SCOFi ni sh()"
onbef or eunl oad="SCCFi ni sh()">

<frame src="somedoc. pdf" scrolling="AUrToO" />

<frame src="dummypage. htni' />

</ frameset >

</htnm >

This technique may also work best if you want to display an external Web site. Just be careful
that such an external resource does not attempt to assert the top frame, because that would
effectively disrupt the delivery of the SCO in a controlled environment.

Note: The dummy page can be any valid HTML document. Older versions of Netscape may
not display the frameset unless you specify a value of " 100% 1" for the r ows attribute, rather
than " 100% *" . This will result in a one-pixel frame edge that will essentially blend with the
bottom of the frameset window.

Using a SCO wrapper to track use of a resource

You can add a simple script that allows the SCO to report a completed status once it has been
launched, this allows tracking of whether the resource has been launched.

Sample listing 5.3 —Simple wrapper to turn any asset into a SCO and report usage

<ht m >

<head>

<script src="SCORM=eneric.js" type="text/javascript" |anguage="JavaScript">
</script>

<script type="text/javascript" |anguage="JavaScript">

function init() {

if (SCOnitialize() == "true") {
obj APl . LMSSet Val ue("cni . core. | esson_status", "conpl et ed")
}
</script>
<title>Some picture</title>
</ head>

<body bgcol or =" #FFFFFF* onl oad="init ()" onunl oad="SCCFi ni sh()"

onbef or eunl oad=" SCOFi ni sh() ">

<img src="nyimage.jpg" alt="Caption for ny image" w dth="600" hei ght="400" />
<body>

</htnm >

Listing comments

This page calls its own function called init after it is loaded. The init function then calls the

SOA ni ti al i ze function in the generic script. If that function succeeds, i.e. if SCO ni ti al i ze
was able to find an API adapter object and call LMSI ni ti al i ze of that object successfully, init
calls the LMBSet Val ue function of the API object to set the status to "conpl et ed.”
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Advanced uses for SCO wrappers

Translation layer for incompatible learning objects

This wrapping technique can also be used to "wrap" other scriptable Web resources that
cannot communicate directly as a SCO. For example, a Macromedia® Flash movie with built-in
scripted behaviors can be embedded into an HTML page that contains scripts. The Flash
movie can use FSCommands to communicate with scripts on the page. Conversely, scripts on
the page may get data through the SCORM interface and use them to control the Flash movie.
A typical example would be bookmarking, where the SCO wrapper makes the Flash movie go
to the same frame that was displayed when leaving a previous session.

HTML page behaving as a SCO,
includes translation scripts

Web compatible
asset, capable of
communication

Figure 5.3 — SCO wrapper for an incompatible learning object

Translation layer for non-conformant SCOs

The frameset wrapping technique illustrated above can also be used to make SCOs run within
SCOs. While this kind of application may seem perverted, it can be used, for example, to make
incompletely or incorrectly coded legacy SCOs run in any SCORM compliant environment
without having to rebuild them. In this case, the wrapper SCO would instantiate its own API
object that the client SCO would find first. As the client SCO communicates with the wrapper's
API object, the wrapper can massage data as needed before forwarding the calls to the other
API adapter it found in its delivery environment.

Run time environment (in which SCOs are launched)

APl adapter

Frameset behaving as a SCO
API adapter

Non-conformant
SCO

Stage frame

Empty HTML page

“Invisible” frame

Figure 5.4 - a SCO acting as translation layer for another SCO
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Chapter 6 - Building a Multiple-page SCO

Nothing in the SCORM specification prohibits you from using more than one HTML file in a
SCO, and from navigating from page to page within the SCO. Indeed, in many cases a single
page just cannot adequately deliver the desired learning experience.

However, there is a basic problem with using multiple HTML pages to make up a SCO. As you
go from page to page, no state information is retained. For example, if page1.html called

LMSI ni ti al i ze, when you went to page2.html nothing persisted to remember that

LMSI ni ti al i ze has already been called. Since the SCO must remember at least the state of
the communication session with the API, a method must be devised to remember this
information. If such a method exists, it also enables the SCO to keep track of other important
information, like the status of learning objectives, or what the sequence of pages should be.

We will not consider here the case where you would change assets displayed within a
standing HMTL page. There is no problem there since the page itself remains loaded.

Three methods to persist state in multiple-page SCOs

Since no help can be expected from the runtime service in maintaining state information, the
SCO must use a persistence method that can be implemented in a client-side browser. Three
methods have been suggested:

O Using a frameset, in which the separate pages can be displayed without unloading the
frameset.

O Using a separate dependent window that can remain open even as the pages change in
the "stage" window. Typically that window would be "hidden" behind the main window or
moved out of sight beyond the visible boundaries of the screen.

O Using session cookies.

Using a frameset for a multi-page SCO

By far the most robust method appears to be the use of a frameset. Only one frame is really
used as a stage for the pages of the SCO. The other frame, which is required by some
browsers, only displays a dummy page and is shrunk to the smallest possible size so that it is
virtually invisible.

Frameset behaving as a SCO,
managing pages

‘ Page 3

‘ Page 2

Page 1

Stage frame

“Invisible” frame

Figure 6.1 - A multiple page SCO implemented as a frameset

Sample listing 6.1 — HTML Fragment: Structure of a simple multi-page SCO frameset

<frameset rows="100% *">

<frame name="nyStage" title="Learning (bj ect display w ndow' src="pagel. htnt />
<frame src="dummypage. htni title="Enpty Pl acehol der"/>

</frameset >

</htm >
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A complete example
This example of a three-page SCO reuses the generic script for the simplest SCOs illustrated
in Sample listing 3.2. It implements the following features:
0 You can navigate back and forth among the SCO pages without leaving the SCO.
O Pages do not contain complex scripts.
0 The SCO can be forcibly unloaded while on any page.
m}

The example illustrates how a page can set the SCO status to "completed" when it is
reached.

Sample listing 6.2 shows the main HTML file for the frameset.

Sample listing 6.3 shows the dummy page, which a user would normally never see, and the
next three listings show pages 1 to 3 of the SCO. Except for their content and navigation
objects, pages 1, 2 and 3 are identical. The scripts include a paranoid resynchronization
feature, in case a navigation event, such as clicking the Back button in a browser toolbar,
occurs outside the control of the frameset script: Each page confirms its number after loading
so that the navigation script in the frameset cannot accidentally overshoot the bounds of the
page array.

Sample listing 6.2 - HTML Source: Simple multi-page SCO frameset

<ht ni >

<head>

<script src="SCORM=neric.js" type="text/javascript" |anguage="JavaScript">
</script>

<script type="text/javascript" |anguage="JavaScript">
/1 Manage page navi gati on
var znPages=3;
var znThi sPage=1;
function NextPage() {
if (znThi sPage < znPages) {
znThi sPage++;
nySt age. | ocati on. href = "page" + znThisPage + ". htnf
}
}
function Previ ousPage() {
if (znThi sPage > 1){
znThi sPage- - ;
nySt age. | ocati on. href = "page" + znThi sPage + ". htni
}
}
function SetThi sPage(n) {
znThi sPage=n

</script>

<title>Multiple page SCO sanple</title>

</ head>

<frameset rows="100% *" onl oad="SCA nitialize()" onunl oad="SCCFi ni sh()"
onbef or eunl oad=" SCOFi ni sh() ">

<frame name="nyStage" title="Learning (bject display w ndow' src="pagel. htnt />
<frame src="dummypage. htn{" />

</frameset >

</htnm >

<ht m >

<head></ head>

<body>&nbsp; </ body>

</htn >

COOKING UP A SCORM V.1.2 copyricHT ©2003 ClICK Zlearn




19

Sample listing 6.3 — HTML Source: Dummy page in a multi-page SCO frameset

<htm >

<head><titl e>enpty</titl e></ head>
<body>&nbsp; </ body>

</htnm >

Sample listing 6.4 — HTML Source: Page 1 of a simple multi-page SCO frameset

<ht m >

<head><titl e>Page 1</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(1)">

<p>This is page 1</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Next Page() " >Next </ a>
</ p>

</ body>

</htnm >

Sample listing 6.5 — HTML Source: Page 2 of a simple multi-page SCO frameset

<htm >

<head><titl| e>Page 2</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(2)">

<p>Thi s is page 2</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
<a href="JavaScri pt: w ndow. par ent . Next Page() " >Next </ a>

</ p>

</ body>

</htnm >

Sample listing 6.6 — HTML Source: Last page of a simple multi-page SCO frameset

<ht n >

<head><titl e>Page 3</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(3) ">

<p>This is page 3 (the | ast page)</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
</ p>

</ body>

</htm >

Functional issues with framesets

Accessibility is an important consideration. Although the stage frame and the frame of the
window in which the SCO is played will be visually indistinguishable, it is important to give each
frame a title so that users who rely on assistive technologies can identify the main stage for
your SCO. The header of any HTML page you display in these frames must also specify a title.

DHTML vs. framesets

Of course, DHTML can also be used instead of framesets for multi-page SCOs, but such
implementations are rather more complex because different browsers and browser versions
tend to require different, idiosyncratic DHTML content implementations. The frameset
examples shown here have been tested successfully with a range of reasonably recent
browser. Because DHTML is so difficult to code and debug, advanced authoring tools like
ToolBook that generate the DHTML code while allowing you to work in @ much more convivial
interface are often the most appropriate way to implement DHTML based SCOs.
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Chapter 7 - Managing SCO state and communications

Now that we have seen how to implement and manage basic communication with the SCORM
AP, it is time to do some real work. a SCO can exchange data with the runtime service
through the API adapter. Typically, this may be tracking data on learner progress and success.

In the example that follows, we will create a simple SCO that communicates status and score
information to the LMS.

A careful reading of the SCORM specification reveals some specific, sometimes complex rules
and behaviors that govern how and when some data should be communicated. These rules
are based on best practices gathered over years of managing computer-based instruction.

The sample SCO illustrated here contains a simple test item and pushes off most of the logic
that manages the rules for orderly data communication into a reusable script.

A more complex reusable SCO script

This SCO will have to call other API adapter methods besides LMSFi ni sh and

LMBI ni ti al i ze. It must also not get or set data before LMSI ni ti al i ze has been successful,
or after LMSFi ni sh has been called. That kind of logic is common to a lot of SCOs; it makes
sense to embed it in a reusable script.

In addition, SCORM 1.2 specifies certain relationships and behaviors between data elements.
For example, the SCO queries the LMS for the mastery score, and that mastery score
influences the pass/fail value of the status for the SCO. Or, the SCO should provide minimum
and maximum score data when it reports a score, to ensure that the LMS will properly interpret
the score.

The reusable script we will use in this example implements the following features:

0 APl communication session management: Finding the API adapter, calling
LMSI niti al i ze and calling LMSFi ni sh are all done automatically if you put the
appropriate calls in the <body> or <f r aneset > element of your HTML document.

O Page or frameset scripts do not need to know where or what the API adapter object is.
They can call the API through transfer functions: SOOGet Val ue, SCOSet Val ue, SCOCommi t,
SCOCGet Last Error, SOOGet Error Stri ng.

O Initialization: As soon as LMSI niti al i ze succeeds,

0 The script queries the mode through the API and sets a flag if it's "browse."

o Ifthe mode is not "browse," the script queries the status through the APIL. If it is "not
attempted," it is changed to "incomplete."

0 The script checks whether the page or frameset has a SCO ni t Dat a function. If it
finds one, it calls it.

0 The script records the current time so it will be able to report the time elapsed in this
session later.

0 Cleanup: Before calling LMSFi ni sh, the script reports the time elapsed in this session.
Then, it checks whether the page or frameset has a SCOSaveDat a function. If it finds one, it
calls it.

O Reporting session time. The script reports the time elapsed in the session, from the time
initialization was complete to when the SCO finishes. A SCO-specific script may also call
SCOReport Sessi onTi ne() at any time after initialization and before the session finishes.

O Score data sanity: Calls to LM5Set Val ue for score are managed to ensure that score min
and score max are reported along with score raw. By default, raw score is assumed to be
normalized in the range 0. . 100. If you use another range in your SCO, overwrite the
values of SCO _Scor eM n and SCO_Scor eMax by setting them to other values in your page's
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script. Note that this version of the script does not check whether the runtime service
provides other values for score min and max, which would also require a more
complicated adjustment of the actually reported score range and raw value.

O Passed/failed status update: If a nast er yScor e value is available from the runtime
service, whenever your SCO reports a score the passed/failed status is reported
automatically. The default value of the SCO Mast er yScor e pseudo-constant will be used if
no mastery score is available from the runtime service. If SCO_Mast er yScor e does not
evaluate to a number, passed/failed status won't be set at all.

O Completion status logic. Because in the CMI data model "failed" or "passed" status implies
"completed", the script includes some logic to preserve "failed" or "passed" status if set.

Although it is much more complex than the script in Sample listing 3.2, this script can also be

used by the simplest SCO. A simple, single page SCO that uses this complex script is shown

in Sample listing 7.1. The only difference with Sample listing 3.3 are the URL of the included
script, and the addition of a function to set the status to completed:

Sample listing 7.1 — Simplest SCO reusing a more complex script and reporting completion

<ht ni >
<head>
<script src="SCORM=nericlLogic.js" type="text/javascript" |anguage="JavaScript">
</script>
<title>A very sinple SCO</title>
<script type="text/javascript" |anguage="JavaScript">
function SCOSaveDat a(){
/1 this function will be called when this SCO is unl oaded
SCCset St at usConpl et ed()

</script>
</ head>
<body onload="SCAnnitialize()"
onunl oad=" SCCFi ni sh() "
onbef or eunl oad="SCOFi ni sh()">
<hl>Hel | o worl d</hl><p>M/ status will be set to conpl eted when | am unl oaded. </ p>
</ body>
</htnm >

This SCO will automatically update the status and session time information when it runs.

Recording completion with the more complex reusable SCO script

A generic, reusable script should not automatically set cni . core. | esson_st at us to
conpl et ed because there is no way to guess the intent of the designers of different SCOs.

The simple SCO shown above can be considered completed if the user saw it. To record this,
we can just add a SCOsaveDat a function to the SCO to set the status. When SCOFi ni sh is
called as the SCO is unloaded, the generic script will call SCCSaveDat a before it calls

LMSFi ni sh. The SCO in Sample listing 7.1 includes a SCOSaveData function that in turns
calls a function of the generic script to set the status to "completed". It calls that function rather
than setting the status directly because some additional generic validation logic is involved.

Sample listing 7.2 shows the reusable script that does all the work. In addition to more logic, it
includes better error handling than the simple generic script in Sample listing 3.2.

Sample listing 7.2 — Complex script to manage SCO state (long listing runs over several pages)

Saved as file "SCORMznericlogic.js"

SCCRM 1. 2 SCO Logi ¢ managenent script sanple
Copyright 2001, 2002, 2003 d i ck2l earn, Inc.

Thi s version concocted by O aude Ostyn 2003-02- 22

This script inplenments various aspects of

COOKING UP A SCORM V.1.2 copyricHT ©2003 ClICK Zlearn




22

/1 common | ogi ¢ behavi or of a SCO

/1l The SCO can be a HTM. docurent or a franeset.

/1

/1 Change these preset values to suit your taste and requirenents.
var g_bShowApi Errors = true;

var g_strAPlI Not Found = "Managenent systeminterface not found.";

var g_strAPlI TooDeep = "Cannot find APl - too deeply nested.";

var g_strAPlInitFailed = "Found APl but LMSInitialize failed.";

var g_strAPISetError = "Trying to set value but APl not avail able.";

var g_nSCO ScoreMn = 0; /1 must be a nunber

var g_nSQO ScoreMax = 100; /1 must be a nunber > nSCO Score_M n
var g_SCO MasteryScore = 100; // value by default; may be set to null
var g_bMasteryScorelnitialized = fal se;

[1HTTTTTTTT AP I NTERFACE | NETIALL ZATI ON AND CATCHER FUNCTIONS / /111111
var g_nFi ndAPI Tries = O;

var g_obj APl = null;

var g_bl nitDone = fal se;

var g_bFi ni shDone = fal se;

var g_bSCBrowse = fal se;

var g_dtmnitialized = new Date(); // will be adjusted after initialize

function AlertUserOf APl Error(strText) {
i f (g_bShowApi Errors) alert(strText)

function Fi ndAPI (wi n) {
while ((Wn. APl == null) & (win.parent !'=null) & (win.parent '= win)) {
g_nFi ndAPI Tri es ++;
if (g_nFindAPl Tries > 500) ({
Al ert User O APl Error (g_st r APl TooDeep) ;
return null;

}
Wi n = win.parent;
}

return win. APl ;

}

function API OK() {
return ((typeof(g_objAPlI)!= "undefined") && (g_obj APl != null))
}

function SCOnitialize() {
var err = true;
if (!g_blnitDone) {
if ((wndow parent) &&% (wi ndow. parent != w ndow))
g_obj APl = Fi ndAPI (wi ndow. par ent)

}
if ((g_objAPI == null) && (wi ndow. opener != null)) {
g_obj APl = Fi ndAPI (W ndow. opener)

if (TAPLCK()) {
Al ert User O APl Error (g_st r APl Not Found) ;
err = fal se

} else {
err = g_objAPI.LMSInitialize("");
if (err == "true") {
g_bSCOBrowse = (g_obj API . LM5Get Val ue("cni . core. | esson_node") == "browse");
if (!g_bSCOBrowse) {
if (g_obj APl . LMsGet Val ue("cmi.core.|l esson_status") == "not attenpted") {
err = g_obj APl . LMSSet Val ue("cm . core. | esson_status","inconpl ete")
}
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} else {
A ertUserOf APl Error(g_strAPl I nitFail ed)
}
}
}
if (typeof(SCAnitData) != "undefined") {

/1 The SCA nitData function can be defined in another script of the SCO
SCA ni t Dat a()

}

g dtmnitialized = new Date();

return (err + "") // Force type to string

}

function SCCOFi nish() {
if ((APICK()) && (g_bFinishDone == fal se)) {
if (typeof (SCOBaveData) != "undefined")
SCOReport Sessi onTi ne()
/1 The SCOSaveData function can be defined in another script of the SCO
SCCSaveDat a() ;

}
g_bFi ni shDone = (g_obj API . LMSFi ni sh("") == "true");

}
return (g_bFinishDone + "" ) // Force type to string

// Call these catcher functions rather than trying to call the APl adapter directly
function SCOCGet Val ue(nam) {return ((API OK()) ?g_obj APl . LMSCGet Val ue(namtoString()):"")}
function SCOCommit(parm) {return ((API OK())?g_obj APlI.LMSCommt(""):"false")}

function SOOCet Last Error(parm{return ((API OK())?g_obj APl . LMSGet Last Error (""):"-1")}
function SOOGetErrorString(n){return ((API OK())?g_obj APl . LMsGet Error String(n):"No API ")}
function SCOCGet D agnostic(p){return ((API OK()) ?g_obj APl . LM5Get Di agnostic(p):"No APl ")}

//LVMBSet Val ue is inplemented with nore conpl ex data
/I managenent | ogi ¢ through the SCCSet Val ue function bel ow

fal se;
fal se;

var g_bM nScoreAcquired =
var g_bMaxScoreAcquired =
functi on SCOSet Val ue( nam val ) {

/1 Special |ogic to manage sonme speci al val ues

var err ="";
if (PAPIOK()){
AlertUserOQ APl Error(g_strAPl SetError + "\n" + nam+ "\n" + val);
err = "fal se"
} else if (nam== "cm.core.score.raw') err = privReportRawScore(val)
if (err == ""){
err = (g_obj APl . LMSSet Val ue(nam val .toString() + "");
if (err !'="true") return err
if (nam== "cm .core.score.nn"){

g_bM nScor eAcquired = true;
g_nSCO ScoreM n = val
}
else if (nam== "cm . core. score. max") {
g_bMaxScor eAcquired = true;
g_nSCO _Scor eMax = val
}

return err

}

function privReport RawScore(nRaw) { // called only by SCOCSet Val ue
if (isNaN(nRaw)) return "fal se";
if (!g_bM nScoreAcquired)
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if (g_objAPl.LNMsSet Val ue("cm . core. score.nn",g_nSCO ScoreM n+"")!="true"){
return "fal se"

}

f (!g_bMaxScoreAcquired){
if (g_objAPI. LNMsSet Val ue("cm . core. score. nax", g_nSCO Scor eMax+"")!="true"){
return "fal se"

}

}
i

}

i f (g_obj APl . LMsSet Val ue("cni.core.score.raw', nRaw)!= "true") return "fal se";
g_bM nScor eAcqui red = fal se;

g_bMaxScor eAcquired = fal se;

if (!g_bMasteryScorelnitialized){

var nMasteryScore = parsel nt (SCOCet Val ue("cm . student _dat a. mastery_score"), 10);
if (!isNaN(nMasteryScore)) g_SCO MasteryScore = nMasteryScore

if (isNaN(g_SCO MasteryScore)) return "fal se";

var stat = (nRaw >= g_SCO Mast eryScore? "passed" : "failed");

if (SCOCsetVal ue("cm.core.lesson_status”,stat) != "true") return "fal se";
return "true"

function MIIisecondsToCM Duration(n) {
/] Convert duration frommlliseconds to 0000: 00: 00. 00 for nat

}

var hms = "";

var dtm= new Date(); dtmsetTine(n);

var h = "000" + Math.floor(n / 3600000);

var m= "0" + dtmgetMnutes();

var s = "0" + dtm get Seconds();

var cs = "0" + Math.round(dtmgetMIliseconds() / 10);
hns = h. substr(h.length-4)+":"+m substr(mlength-2)+":";
hns += s.substr(s.|ength-2)+"."+cs. substr(cs.|ength-2);
return hns

functi on SCOReport Sessi onTi me() {
/1 SOOReport SessionTinme is called automatically by this script,
/1 but you may also call it at any time also from another SCO scri pt

}

var dtm = new Date();
var n = dtmgetTinme() - g dtmnitialized. getTime();
return SOOSet Val ue("cni.core.session_time", M| I|isecondsToCM Duration(n))

function SCOSet St at usConpl et ed() {

/1 Since only the designer of a SCO knows what conpl eted neans, anot her

[/ script of the SCO may call SCCSet StatusConplete to set conpl eted status.

// The function checks that the SCO was not | aunched in browse node, and

/1 avoids cl obbering a "passed" or "failed" status since those inply "conpleted".

}

var stat = SCOCet Val ue("cmi.core. |l esson_status");
if (!g_bSCOBrowse)
if ((stat!="conpleted") &% (stat != "passed") && (stat != "failed")){
return SCOBet Val ue("cm . core. |l esson_status", "conpl et ed")

}

} else return "fal se"

The next two examples will show how the complex script can be used to greatly simplify the
creation, testing and maintenance of any SCO that reports other kinds of tracking data to an
LMS.
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A more complex SCO that reports tracking data when it is unloaded

The SCO in Sampile listing 7.3 contains a simple assessment, in the form of a multiple-choice
question with different scores associated with different responses. After the user responds, it
sets the score value for the SCO to a value associated with the response. In this example, the
user may change the response as many times as she wants. The status and score are
reported in real time, and may be reported more than once with a different value.

This is only a fairly crude example, of course, and you could implement it in very different
ways. However, this shows how a reusable script and simple conventions can hide the
complexities of managing the communication state for the SCO and tracking score and status
data.

As the user responds, the score is recorded by the SCO in a variable. The score is reported
only when the SCO is unloaded, just before the generic script calls LMSFi ni sh. This happens
when the generic script seeks and finds the SCOsaveDat a function in the script of the SCO.

As aresult, if the SCO uses LMSGet Val ue to get the status from the run time service, it will only

get the last reported value, which may be out of sync with what the SCO knows is the current
score. How to solve that problem? The answer is shown in the following example.

Sample listing 7.3 — Single-page SCO that sets SCORM data when the SCO is unloaded

<ht i >
<head>
<script src="SCORM=nericlLogic.js" type="text/javascript" |anguage="JavaScript">
</script>
<script type="text/javascript" |anguage="JavaScript">
var znScore = 0;
function Eval uateMul tipl eChoi celten(obj) {
znScore = obj.val ue
}
functi on SCOSaveData() {
// this function is called by the generic script before calling LVMSFinish
if (!isNaN(znScore)) {
SCCSet Val ue("cm . core.score.raw', znScore); // this will set pass/fail status
SCCCommit () // to make sure that, no matter what happens, this has been recorded

}
functi on ShowSCORVEB at us(){
alert('Qurrent status is ' + SOOGet Val ue(' cm.core.lesson_status'))

</script>
<title>One question test</title>
</ head>
<body onl oad="SCO nitialize()"
onunl oad=" SCCFi ni sh() "
onbef or eunl oad=" SCCFi ni sh() ">
<formpWi ch of these is the correct answer?<br />
<i nput type="radi 0" nane="ql" val ue="60"
oncl i ck="JavaScri pt: Eval uat eMil ti pl eChoi cel ten{this)" />This, kind of.<br />
<i nput type="radio" nane="ql" val ue="100"
oncl i ck="JavaScri pt: Eval uat eMil ti pl eChoi cel ten(this)" />This, absolutely.<br />
<i nput type="radi 0" nane="ql" val ue="0"
oncl i ck="JavaScri pt: Eval uat eMil ti pl eChoi cel ten{this)" />Definitely not this.<br />
</form
<p>
<f or mp
<i nput type="button" onclick="JavaScri pt: ShowSCORVBt at us()" val ue="Check Status" />
</form
</ p>
</ body>
</htm >
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Sample listing comments

Notice that there is no submit action because that would cause onbef or eunl oad to be called
in Internet Explorer, which in turn triggers a premature call to LMSFi ni sh.. The use of a
construct like <a href ="j avascri pt : xxx() "> was also avoided because it too causes
onbef or eunl oad to be called when the link is clicked. This is only a problem if the HTML
document where those constructs occur is also the SCO itself. Of course, one could just not
use onbef or eunl oad in the <body> tag, but at the risk of maybe making the SCO a little less
reliable.

When you make this design choice, consider that it is good practice to make your Web page
accessible. Assistive features in the browser may not trigger the onclick script events
associated with text fragments; also, text fragments do not get displayed automatically as
hyperlinks.

Less than optimal

Generally speaking, the approach to SCORM tracking shown in Sample listing 7.3, where data
is reported only when the SCO is unloaded, is less than optimal for several reasons:

O Reporting a lot of data with unload as the trigger event may not be robust. Experiments
have shown that in some implementations latency in a back end database may exceed
the time allowed by the browser to finish executing the scripts of the unloaded pages.

Q Ifthere is a catastrophic event, all data recorded by the SCO during the session is lost.

O The information recorded by the run time service and the information in the SCO may get
out of sync. This is typically not a serious problem, but the example shown in Sample
listing 7.3 shows how it may restrict some applications because the information available
through the APl is out of date.

Fortunately, there is a more robust approach, which is to report significant data whenever it
occurs, as shown in the next example.

COOKING UP A SCORM V.1.2 copyricHT ©2003 ClICK Zlearn



27

A more complex SCO that reports tracking data as it occurs

Like the SCO in Sample listing 7.3, the example in Sample listing 7.4 contains a simple
assessment, in the form of a multiple-choice question with different scores associated with
different responses. The difference is that, as the user responds, the score is not only recorded
internally, but also reported immediately through the SCORM API. So, unlike in the previous
example, querying the status will return the last reported value, which will be in sync with what
the SCO knows is the current score.

Sample listing 7.4 — Single-page SCO that sets SCORM data in real time

<htm >
<head>
<script src="SCORM=nericlLogic.js" type="text/javascript" |anguage="JavaScript">
</script>
<script type="text/javascript" |anguage="JavaScript">
function Eval Mul ti pl eChoi celten(obj) {
var v = obj.val ue;
if (lisNaN(v)) {
SCCset Val ue("cm . core.score.raw',v); // this will also set pass/fail status
SCOComm t () // to make sure that, no natter what happens, this has been recorded

}
function ShowSCORVSt at us() {
alert('Current status is ' + SCOOGet Val ue("cm .core.|lesson_status"))
}
</script>
<title>One question test</title>
</ head>
<body onl oad="SCO nitialize()"
onunl oad="SCCFi ni sh() "
onbef or eunl oad=" SCCFi ni sh() ">
<formpWi ch of these is the correct answer?<br />
<i nput type="radi 0" nane="ql" val ue="60"
oncl i ck="JavaScri pt: Eval Mil ti pl eChoi celten{this)" />This, kind of.<br />
<i nput type="radio" nane="ql" val ue="100"
oncl i ck="JavaScri pt: Eval Mil ti pl eChoi celten(this)" />This, absolutely.<br />
<i nput type="radi 0" nane="ql" val ue="0"
oncl i ck="JavaScri pt: Eval Mil ti pl eChoi celten(this)" />Definitely not this.<br />
</ forne
<p>
<f or mp
<I NPUT TYPE="BUTTON' ond i ck="JavaScri pt: ShowSCORMBt at us()" NAME="CheckSt at us"
VALUE=" Check Status">
</ fornme
</ body>
</htm >
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The ambiguities of status

The SCORM 1.2 specification inherited much of the data model used for communication
between the content and the runtime service from the older AICC Computer Managed
Instruction (CMI) Guidelines and Recommendations. The names of the elements reflect this
heritage. For example, "cni . cor e. | esson_st at us" means "the lesson_status element
defined in the core data model of the CMI data model."

One odd aspect of this specification is that the SCO status ("cmi . core. | esson_st at us") can
have only one value, but that value must represent different kinds of status information. The
allowed values that represent completion are "not att enpted","i nconpl et e",

"conpl et ed". The allowed values that represent mastery are " passed" or"fail ed". There
is no way to express "incomplete and passed," for example, since that would require two
values and only one is allowed.

Future versions of the SCORM specification will fix this problem, but in the meantime you must
assume that "passed"” or "f ai | ed" implies "conpl et ed", at least where any single SCO is
concerned.

How and when to set status information

When a SCO is first launched, its status is "not at t enpt ed". SCORM specifies that this is the
value that should be passed to the SCO in this case. As soon as the user can interact with it,
the status of the SCO can become "i nconpl et e". If the user has done everything the designer
of the SCO intended her to do, the status can become "conpl et ed". If there is a measure of
satisfaction involved, which can be summarized as pass/fail value, the status becomes either
"passed" or "f ai | ed", which also means "conpl et ed".

Note that there is at least one case where the status may change beyond the control of the
SCO: If the SCO reports a score, and the runtime service knows of a mastery score, the status
is changed to "passed" or "f ai | ed" by the runtime service by comparing the reported score
with the mastery score. The SCO can get the value of that mastery score and use it to
determine pass/fail status also, but the runtime service will always have the last word.

The reusable script in Sample listing 7.2 manages the status information according to these
simple rules, which is why the scripts for the SCOs themselves can be so simple.
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Chapter 8 - A layered architecture for SCOs

You may have begun to detect a trend in the examples above: The SCO page scripts are
doing only lightweight work; reusable scripts do the heavy lifting. Also, the reusable scripts
themselves tend to isolate the details communication with the API from the logic of what to
communicate and when.

This layered approach is summarized in Figure 8.1.

Applet or object
SCO content, user interfaces, (e.g. simulation or Flash movie)
response processing
(HTML, custom scripts)

Translation functions
(e.g. JavaScript catchers for
Flash FSCommands)

SCO-specific logic
(e.g- navigation, common response processing, state)

SCO generic logic
(e.g. score and status management, etc.)

SCO API method calls
(including data translation or reshaping where necessary)

API object discovery,
management of the communication session with the API object

Figure 8.1 — An approach SCO scripting layers

There are three main reasons why this approach was chosen for these examples:

O Easier customization of the example SCOs. Once one of the lower layers has been
debugged, it can be reused again and again and it saves time to concentrate on the upper
layers.

O Ease of maintenance. By separating the functions into separate layers, layers can be
maintained separately. For example, adding data translation logic to one layer does not
affect the other layers.

Q Future proofing. Future versions of SCORM will probably introduce subtle or not so subtle
changes in the API, the API protocol, the communication data model, or error codes.
Revising only the lower, reusable layers can accommodate most if not all of these
changes. For example, if a future version of SCORM starts using XML to communicate
data "packages" rather than relying on individual calls, the generic, reusable scripts can be
modified to provide the necessary translations. If a future version of SCORM starts using
SOAP instead of the DOM object API interface, this can be managed by replacing only the
bottom two layers in Figure 8.1, thus preserving the investment in the more expensive
custom layers of the content.

The examples that follow will build on this layered approach to add more functionality.
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Chapter 9 - Suspend and resume

An attempt to complete a SCO may require more than one session. SCORM 1.2 allows the
delivery of a SCO to be suspended and resumed in a later session..

Before the SCO session terminates:
O The SCO must report that its exit mode is "suspend".

O The SCO must ask the API adapter to store either suspend data or some designation of a
location. The form and content of suspend data or location data are defined by the SCO.
An LMS or runtime service does not attempt to interpret this information; it must only store
it and make it available to the SCO when it is launched again in a later session. The size
of the suspend data is limited to 4096 characters.

The suspend information is contextual. If a SCO is launched in a different context, i.e. for a
different user, in a new attempt, or because the same SCO is used in a different learning
activity, the suspend information will not carry over to that other context.

When the SCO is launched again in the same context:
O The SCO asks the API adapter whether there was a previous suspended session.

Q Ifthe response is "r esune"”, then the SCO asks the APl adapter for the suspend and/or
location data that were stored during the previous session.

Note that nothing prevents a SCO from immediately declaring that it wants to be suspended
whenever it is unloaded, and from storing suspend or location data at every significant juncture
throughout the delivery of the SCO. Especially in brittle delivery environments, this allows the
SCO to resume from that point if for some reason delivery was interrupted abnormally without
an opportunity to do an orderly shutdown.

A multi-page SCO that can be suspended at any page

The following example is a multi-page SCO that can be suspended at any time, and resume
from the page where it was suspended. For the sake of brevity, the example will only use the
location data element and very simple suspend data, but you can easily expand it to store
other meaningful suspend data as needed.

This example contains a few more components and behaviors than the previous examples, so
we will provide a little more upfront explanation before showing the listings.
Structure

This SCO is built as a frameset, following the model in a previous chapter. However, the page
structure is a little different. The page structure includes a load page, to which the user will not
be able to navigate, and an end page, from which the user cannot navigate to another page.

Page 1 could be a table of content with links to other pages within the SCO, or it could be the
first in a straightforward sequence of pages.

Load page M.<.>.re L
Page| Page 1 - navigable | End page
(page 0) navigable page
. pages p

Figure 9.1 — Structure template for multiple pages

How it works

The frameset is the SCO and scripts to communicate with the APl are managed by the
frameset. The SCO calls the API only after it is fully loaded. Therefore, it cannot find out
whether it is resuming or starting ab initio until a page has already been displayed. If resuming,
it may have to show a page other than page 1. Therefore, when the SCO is launched, it
always starts with a load page, which is not part of the normal page sequence. That page is
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shown as "Page 0" in Figure 9.1. Normal navigation through the pages of the SCO will never
go to page 0. It is used only to display something other than page 1 while the SCO is
initializing. Using a load page also solves a problem with the timing of scripts triggered by load
events, because when the browser initializes the frameset it typically trigger the load event of
the pages loaded into frames before triggering the load event for the frameset itself. If this first
loaded page did attempt to call the API through its parent frameset when it is loaded, it would
fail.

What happens next depends on the data the SCO gets through the API adapter. If the SCO is
not being resumed, or if no location was stored during the previous session, it then goes
immediately to page 1. If it is being resumed, and a valid location is available from the previous
session, it goes immediately to that location without ever showing page 1.

Figure 9.1 also shows an "end page." You may or may not use such an end page in your own
application. If the user does something that you consider "terminal," navigation would go to that
page and the user would not be able to navigate back to another page. For example, if your
page set is a series of questions in a quiz, the end page could display a final score after the
user clicks a "Done" button on another page. Unloading the SCO when that page is displayed
would not set the exit value to "suspend", but it would set the exit to ™ (an empty string), and
report a score and possibly a status of "passed" or "f ai | ed". On the other hand, unloading the
SCO when any other page is displayed would set the exit mode to "suspend", but would also
leave the status with a value of "i nconpl et e."

In this example, each time a navigable page is displayed, the SCO sets some suspend
information. If the SCO is unloaded while on a navigable page, and is later launched again in
the same context, this suspend information will be provided by the runtime service and used to
return to the same page. The end page is used as a destination if the user clicks "All done" on
the last page. If the user chose "All done," the end page is displayed. When the SCO is
unloaded while on the end page, it sets the exit value to ™ (an empty string). The next time the
SCO is launched it will be as if it was a new beginning.

Reusing generic logic

This example reuses the script shown in Sample listing 7.2. It adds its own logic to the logic
defined in that script, in order to manage the suspend and resume functionality. For the sake of
brevity, this example does not include things such as tracking and setting scores, but only sets
completion once all pages have been displayed to the user. Which pages have been visited is
stored from session to session in suspend data. The most current page is stored from session
to session as the value for the location data.

This frameset is almost exactly the same as the one in Sample listing 6.2, with the addition of
logic to keep track of which page have been seen, setting completion, and suspend/resume
behavior.

Sample listing 9.1 — HTML Source: Resumable multi-page SCO frameset

<ht m >

<head>

<script src="SCORM=enericlLogic.js" type="text/javascript"
| anguage="JavaScri pt ">

</script>

<script type="text/javascript" |anguage="JavaScript">
/1 Manage page nhavi gati on
var znNavi gabl ePages=3;
var znThi sPage=0;
var zaVisitedPages = new Array(znNavi gabl ePages)
function NextPage() {
if (znThi sPage < znNavi gabl ePages) {
znThi sPage++;
nySt age. | ocati on. href = "page" + znThisPage + ". htn
}
}
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function Previ ousPage() {
if (znThi sPage > 1){
znThi sPage- - ;
nySt age. | ocation. href = "page" + znThisPage + ". htnt
}

}
functi on GoToPage(n) {
if ((fisNaN(n)) && (n >= 1) && (n <= znNavi gabl ePages)) {
nySt age. | ocation. href = "page"” + n + ". htn{;
}

}
function SetThi sPage(n) { // called by each navi gabl e page when di spl ayed
var i =0; var nCnt = 0
znThi sPage = n;
zaVi si t edPages[n-1] = true;
for (i =0 ; i < znNavi gabl ePages; i++){
if (zaVisitedPages[i]) { nCnt++ }

}
if (nCht == znNavi gabl ePages) {
SCCSet St at usConpl et ed()
}
/1 Make sure this is recorded, just in case
SCCset Val ue("cm . core.exit", "suspend");
SCCSet Val ue("cm . core. | esson_| ocati on", znThi sPage);
SCCset Val ue("cm . suspend_dat a", zaVi si t edPages.join(","));
SCOCommi t ()
}
function Al Done() {
znThi sPage = znNavi gabl ePages + 1;
nySt age. | ocati on. href = "endpage. ht nt

function SCO nitData() {
var loc = 1;
if (SCOGetVal ue("cm.core.entry") == "resume"){
var SuspendData = SCOCet Val ue("cm . suspend_dat a")
if (SuspendData.length > 0) {
zaVi si t edPages = SuspendData.split(",")

var | oc =(parselnt(SCOCet Val ue("cm . core. |l esson_location")));
if (isNaN(loc)) loc = 1;

}
GoToPage( | oc)

functi on SCOSaveData() {
if (znThi sPage > znNavi gabl ePages) {
SCCset Val ue("cm .core.exit","") // this is the endpage, no need to resunme
}
}

</script>

<title>Sanple Miltiple Page SCO with Suspend and Resume</title>
</ head>
<frameset rows="100% *"
onload="SCAnnitialize()"
onunl oad=" SCOFi ni sh() "
onbef or eunl oad=" SCCOFi ni sh() ">
>
<frame name="nyStage" title="Learning (bject display w ndow' src="pageO. htnt />
<frame src="dummypage. htm' />
</ frameset >
</htm >
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Sample listing 9.2 — HTML Source: Dummy page in a multi-page resumable SCO frameset

<htm ><!-- saved as file "dumypage. ht ni -->
<head><titl e>enpty</titl e></ head>
<body>&nbsp; </ body>

</htn >

Sample listing 9.3 — HTML Source: Page 0 of a multi-page resumable SCO frameset

<htm ><!-- saved as file "pageO. htni -->
<head><title>---</title></head>
<body>(ne noment, pl ease. .. </body>
</htnm >

Sample listing 9.4 — HTML Source: Page 1 of a multi-page resumable SCO frameset

<htm ><!-- saved as file "pagel. htni -->

<head><titl| e>Page 1</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(1)">

<p>Thi s is page 1</p>

<p align="right">

<a href="JavaScri pt: wi ndow. par ent . Next Page() " >Next </ a>
</ p>

</ body>

</htnm >

Sample listing 9.5 — HTML Source: Page 2 of a multi-page resumable SCO frameset

<htm ><!-- saved as file "page2. htni -->

<head><titl| e>Page 2</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(2)">

<p>Thi s is page 2</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
<a href="JavaScri pt: wi ndow. par ent . Next Page() " >Next </ a>

</ p>

</ body>

</htnm >

Sample listing 9.6 — HTML Source: Last navigable page of a multi-page resumable SCO frameset

<htm ><!-- saved as file "page3. htni -->

<head><titl e>Page 3</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(3) ">

<p>This is page 3 (the last navigabl e page)</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
<a href="JavaScri pt: w ndow. parent. Al | Done()">A| done</a>

</ p>
</ body>
</htm >
Sample listing 9.7 — HTML Source: End page of a multi-page resumable SCO frameset
<htnml ><!-- saved as file "endpage. htmi -->

<head><title>---</titl e></head>
<body>Al | done! </ body>
</htm >
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Chapter 10 - Tracking objectives within a SCO

SCORM 1.2 allows a SCO to track objectives. A few facts about objectives:

O The SCO objectives are really just small records of the status for something called an
objective that is private to the SCO. There may be one or more objectives tracked by a
SCO. For example, if your SCO includes 3 activities, you can define a SCO objective for
each activity and use that objective data to keep track of whether an activity has been
done already.

O The status information you can use for an objective includes completion and score. You
may use one, both or none of these data elements depending on what the objectives
mean to you.

O The status of objectives is expected to be maintained by the LMS at least from session to
session within an attempt to complete the SCO. But if a new attempt is started, SCORM
does not specify whether this status persists or not. This is a matter of LMS
implementation policy.

0 The SCORM specification does not define whether SCO objectives are or are not related
to a learning objective an author might associate with the use of the SCO.

Q There is no defined relationship between the status of an objective and the overall status
of the SCO, or between the status of an objective and the status of interactions in a SCO.
If you choose, you may create such a relationship, but what they are and what they mean
is not defined by SCORM. For example, you might decide that a SCO will be considered
completed when all the objectives you defined for the SCO are completed. Or you might
decide that a SCO will be considered completed when a score of 80% has been achieved
for 67% of the objectives. Or you might use the objectives just to keep track of whether
certain pages have been seen and not define any relationship with the SCO as a whole.

a ltis not defined whether the objectives correspond to actual educational objectives that
may be tracked outside the context of delivering this particular SCORM package. One
could envision an implementation where the tracking status information for an objective
may be preset before launching the content, based on existing information in the learner's
profile. But there is currently no standard way to specify or expect this.

O Not every LMS keeps track of objective data. SCORM 1.2 conformance statements define
this feature as optional, which means that a conforming LMS may not implement it. It has
been verified that Click2learn Aspen LMS does implement it.

How objectives differ from suspend data

Suspend data and location data are opaque to an LMS. The LMS is not expected to be able to
interpret the information in those data elements. Objectives, on the other hand, use a well-
defined, standardized data model. This allows an LMS to read and possibly even set the
objective data.

Another difference is that suspend data and location should not be maintained by an LMS
between attempts, but only between sessions during the same attempt. As soon as the
attempt is deemed completed, the suspend data and location can be discarded. Objective
data, on the other hand, may or may not persist beyond the life span of an attempt. This is
determined by the policies that govern the LMS.

A practical example

The example in this chapter is almost identical to the previous example that was using
suspend data and location. The difference is that it uses objectives to keep track of whether
the user has performed a couple of specific actions while traversing the SCO. With actual
content, this action might be completing a practice exercise or playing a demonstration, or
demonstrating mastery of a particular objective. To keep the example simple, we will just make
the action the clicking of some page elements on pages 2 and 3.
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What it does

As the user navigates from page to page, the appearance and behavior of pages 2 and 3
change, depending on the status of objectives related to those pages. On page 2, the user is
invited to click a link if she has not done it before. If the user arrives on page 2 and that link had
been clicked previously, the invitation is no longer displayed but rather a confirmation that the
action had been done previously. Page 3 does the same thing, but with two actions which it
tracks as two different objectives. Page 3 reuses the objective from page 2, so you can see
how completing the same objective in different pages can work even when objective data is
recorded out of sequence. The user may navigate backward and forward between pages 1, 2,
and 3, and forward only from page 3 to the end page, which shows the final status of the

objectives.
Page 2 Page 3
Lo pe:)ge Page 1 Action to | Actions to | End page
(page 0) satisfy satisfy
Objective A| Objectives

A and B

Figure 10.1 — The pages in a SCO that keeps track of some individual objectives

Technical notes about the example

This example relies on the LMS to keep track of the status of the objectives. If this SCO is run
in an LMS environment that does not support SCO objectives, then it will not work properly.

This example uses the same files as the previous example, except pages 2 and 3, which have
additional behavior, and the frameset itself that includes another script fragment to manage
SCO objectives. Only that script fragment, which should be included in the frameset, and
pages 2 and 3 will be shown entirely in the listings below. Refer to the previous example for the
other components of the SCO.

Technical notes about the reusable script

Each objective has a unique identifier, but a record about each objective is stored in the
equivalent of an array. Because SCORM does not specify whether the order of the records will
be the same from run to run, the unique identifier should be used instead of the position in the
array. Note also that an objective record can only be added to the array by specifying a
position that is in sequence with existing objective records for the SCO. In other words, you
cannot add an objective at position 3 unless there are already objectives at positions 1 and 2.

The SCORM 1.2 specification states that the objective ID is optional. That was a mistake that
will be corrected in SCORM 1.3. Without the objective ID, you would have to rely on the
relative position of the data in the objective array, which may not be reliable, in order to get the
objective data. The reusable script avoids this pitfall by using the ID as the key every time you
get or set objective data. If you get data about an objective, it looks for the objective record that
has that ID. If you set data for an objective, it looks for the record for this objective. If it exists, it
updates it. If it does not exist, it adds a record for this objective. You can see by inspecting the
scripts for pages 2 and 3 and the end page how this simplifies the managing of objectives. The
only thing you need to remember is to give different objectives distinct values for the ID.

Some LMS implementers have interpreted the Objectives information model as a journaling
model, i.e. they create a new record for each change to an objective, rather than updating an
existing record. The script works with either implementation, but always attempts to update an
existing record first, and if that fails it attempts to append a record. In case the implementation
already has an objective array instantiated before the SCO starts, searching for an existing
objective data record among the existing records is done in reverse, to always find the latest
record for that objective in case there is more than one record with the same ID value.
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Sample listing 10.1 — A JavaScript fragment to manage SCO objectives

/1 Saved as file "SCORMXDj ectivelLogic.js"

function SCOSet oj ectivebData(id, elem v) {

var result = "fal se";

var i = SC0CGet vj ecti vel ndex(id);

if (isNaN(i)) {
i = parsel nt (SCOGet Val ue("cni . obj ectives._count”));
if (isNaN(i)) i = 0;
if (SCCBetVal ue("cm .objectives.” +i + ".id", id) == "true"){

result = SCOGet Val ue("cm .objectives." +i +"." + elem v)

} else {
result = SCCSet Val ue("cmi .objectives.” +i + "." + elem v);
if (result !'= "true") {
/1 Maybe this LMS accepts only journaling entries
i = parselnt (SO0t Val ue("cm . obj ectives._count"));
if (lisNaN(i)) {
if (SCOsetVal ue("cm .objectives." +i + ".id", id) == "true"){
result = SCOBet Val ue("cm .objectives." +i +"." + elem v)
}
}
}
}

return result

}

function SCOCGet oj ectiveData(id, elen {
var i = SC0Cet vj ecti vel ndex(id);
if (tisNaN(i)) {
return SCOCGet Val ue("cni.objectives.” +i + "."+elem

}

return ""

}

function SCOCGet (nj ecti vel ndex(id){
var i = -1;
var nCount = parsel nt (SCOCet Val ue("cm . obj ectives. _count"));
if ('isNaN(nCount)) ({

for (i = nCount-1; i >=0; i--){ //walk backward in case LNM5 does journaling
if (SCOGetVal ue("cm .objectives." +i + ".id") ==id) {
return i
}
}
}
return NaN
}
Sample listing 10.2 — Fragment of a frameset modified to include objective logic
<htm >
<head>
<script src="SCORM=nericLogic.js" type="text/javascript" |anguage="JavaScript">
</script>

<script src="SCORMMDj ectivelogic.js" type="text/javascript" |anguage="JavaScript">
</script>
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Sample listing 10.3 — HTML and JavaScript: Get and set data for an objective

<htm ><!-- saved as file "page2. htni -->

<head><titl e>Page 2</titl e></head>

<body onl oad="wi ndow. par ent . Set Thi sPage(2) ">

<p>Thi s is page 2</p>

<p align="right">

<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
<a href="JavaScri pt: wi ndow. par ent . Next Page() " >Next </ a>

</ p>
<script type="text/javascript" |anguage="JavaScript">
var s = "<p>";

var objectivel D = "nyUni queChj ecti veNane001";

function MarkADone(){
wi ndow. par ent . SCOSet Chj ect i veDat a(obj ecti vel D, "status", "conpleted");
wi ndow. par ent . SCOCommi t () ;
w ndow. | ocat i on. hr ef =wi ndow. | ocat i on. hr ef ;

if (w ndow. parent.SCOCGet Cbj ecti veDat a(obj ectivel D, "status") != "conpleted") {
s = 'Please click <a href="JavaScri pt: Mar kADone() " >here</a> for objective A"

}

else { s = 'You already conpl eted objective A" }

docunment. wite('<p> + s + '</p>')

</script>

</ body>

</htm >

Sample listing 10.4 — HTML and JavaScript: Get and set data for more than one objective

<htm ><!-- saved as file "page3. htni -->
<head><titl e>Page 3</titl e></head>
<body onl oad="wi ndow. par ent . Set Thi sPage(3) ">
<p>This is page 3 (the I ast navigabl e page)</p>
<p align="right">
<a href="JavaScri pt: w ndow. par ent . Previ ousPage() " >Pr evi ous</ a>
<a href="JavaScri pt: w ndow. parent. Al | Done()">Al| done</a>
</ p>
<script type="text/javascript" |anguage="JavaScript">
function MarkQoj ectiveConpl et ed( obj ecti vel D) {
wi ndow. par ent . SCOSet (hj ecti veDat a(obj ectivel D, "status", "conpleted");
wi ndow. par ent . SCOCommi t () ;
wi ndow. | ocat i on. hr ef =wi ndow. | ocat i on. href;

}

var s = "";

var objectivel D = "nyUni queChj ecti veNanme001";

i f (w ndow. parent.SCOGet Chj ecti veDat a(obj ectivel D, "status") != "conpleted") {

s = 'Please click <a href="JavaScri pt: Mar kCbj ecti veConpl eted(\" " ;
s += objectivelD +'\")">here</a> to conpl ete objective A"

el se {
S = 'You al ready conpl eted objective A’

}

document. write(s + '</p><p>');

obj ectivel D = "nyUni queChj ect i veNane002";

if (w ndow. parent.SCOGet Cbj ecti veDat a(obj ectivel D, "status") != "conpleted") {
s = 'Please click <a href="JavaScri pt: Mar kCbj ecti veConpl eted(\"'";
s += objectivelD + "\")">here</a> to conplete objective B.'

}

else { s = 'You already conpl eted objective B." }

docurment . wite('<p> + s + '</p>')

</script>

</ body>

</htm >
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Sample listing 10.5 — HTML and JavaScript: Get and display data for more than one objective

<htnm ><!-- saved as file "endpage. htm' -->
<head><title>---</title></head>
<body>

<p>Summary of how you did on objectives: </ p>

<script type="text/javascript" |anguage="JavaScript">

var s = "";

var stat = "";

/l Get the status for one objective, and turn it

/1 into sone text to display

var objectivel D = "nyUni queChj ecti veNane001";

stat = w ndow. parent. SCOGet (bj ecti veDat a(obj ecti vel D, "status");
if (stat !'= "conpleted") stat="not conpleted";

s += '<p>Status for objective A° ' + stat + '</p>;

/l Get the status for the other objective

/1 and append that to the text to display

obj ectivel D = "nyUni queChj ect i veNane002";

stat = w ndow. parent. SCOGet (bj ecti veDat a(obj ecti vel D, "status");
if (stat !'= "conpleted") stat="not conpleted";

s += '<p>Status for objective B: ' + stat + '</p>';

documnent . wri t e(s)

</script>

</ body>

</htn >
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Chapter 11 - Displaying a SCO in full screen mode

A SCO may not assume that it will run in a top-level window, or attempt to force itself to run
into a top-level window. It must be designed so as to be compatible with being launched in a
frame. However, there are some situations where it is desirable for a SCO to run full-screen.
Certain types of content, such as a game, might work best as a full-screen experience.

Since the SCO may be launched by the runtime service in a frame, the only way to provide a
full-screen experience is for the SCO to open a full-screen window. Nothing in the SCORM
specification prevents a SCO from opening such a dependent popup window, but this can be
risky. In any case, the SCO cannot leave such a window open after it terminates, even if the
termination is abnormal. Also, experience has shown that users can get very confused if they
inadvertently activate another window.

This example shows a way to handle this problem in a reasonably robust way. It is a full-
screen version of the example in Chapter 10 -Tracking objectives within.

There are many ways to do this. In this case, since most of the required scripts are already
available, part of the solution is to run a SCO within a SCO, as shown in Figure 11.1.

Client side browser environment

API Adapter provided by the RTS

Stage window provided by the RTS Full screen window created by the
"Master" SCO
"Master" SCO
"Slave" SCO

API Adapter provided by |
the "Master" SCO

Figure 11.1 — Launching a slave SCO in a full-screen window

The actual SCO that is launched by the runtime service—let us call it the "master" SCO—acts
as a mini runtime service for another SCO—let us call this one the "slave" SCO. The "master"
SCO launches the "slave" SCO in a window it creates. When the "slave" SCO is launched, it
seeks and finds an API adapter, which is actually part of the "master" SCO. This API adapter
that is instantiated by the "master" SCO intercepts API calls from the "slave" SCO. Most of
those calls just get forwarded to the "real" API adapter that is provided by the runtime service.
Because the "master" SCO does initialization and finish in its own way, when the "slave" SCO
calls LMBI ni ti al i ze and LMSFi ni sh the fake API adapter just returns "t r ue" but does
nothing.

The SCORM rules do not allow a SCO to link to another SCO, or to go to another SCO within
the same window. In this case, however, the rules are not violated because the "slave" SCO
does not replace the SCO launched by the runtime service, but is launched in a window that is
"owned" by that SCO. In fact, the runtime service does not even know that the "slave" SCO
exists, because the only SCO it sees running is the "master" SCO. And the "slave" SCO sees
only the runtime service provided by the "master" SCO and is totally unaware of another
runtime service beyond the "master" SCO.

User interface considerations

When the browser opens a full-screen window, it does not provide any means of closing that
window; the browser's page stage fills the entire screen. Therefore you must provide a way to
close the window, otherwise the user is "stuck” in that full-screen window. The example shown
here just adds an "Exit" command on the end page. Clicking Exit actually closes the window.
The user may also use Alt+F4 to close the window, but that is rather inelegant. A more
elaborate example might use a different method. Note that, if the "master" SCO is unloaded for
any reason, its script will ensure that the full screen window is closed automatically.
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There is also the problem of window activation. In the Windows environment, for example, you
cannot prevent the user from using Alt+Tab to activate another window. Also, you cannot
prevent the user from closing the full-screen window by using Alt+F4. The script in this
example uses a function triggered by a recurring timer to watch over the full-screen window.
This ensures that a relevant prompt is always displayed in the "master" SCO's stage window.

SCO structure

This SCO uses two framesets. The main frameset is the "master" SCO which displays an
empty page that gets updated dynamically. The second frameset and the associated pages
make up the "slave" SCO. The second frameset will be displayed in a separate, full-screen
window when the first frameset is launched in the runtime service's stage window.

Frameset ("Master” SCO)

Stage frame

Prompt page
(updated depending on
status of slave window)

Frameset ("Slave” SCO)

Stage frame

— > > =

Page 2 Page 3

Load page | page 1 Action to | Actions to | End page

(page 0) satisfy satisfy
Objective A| Objectives
Aand B
14 /  Eiaad y

Figure 11.2 — Pages in a SCO that keeps track of some individual objectives

The main frameset—the "master" SCO—is shown in Sample listing 11.1. The prompt page
used by the "master" SCO to inform the user is in Sample listing 11.2.

All the pages that make up the "slave"” SCO are exactly identical to those in Chapter 10 -
Tracking objectives within, and will not be repeated here. There is one exception: The end
page, which is shown in Sample listing 11.2, is modified from that previous example because it
must contain a user interface device to close the full-screen window.

Sample listing 11.1 — The "master" SCO

<htm >

<head>

<script src="SCORM=nericLogic.js" type="text/javascript" |anguage="JavaScript">
</script>

<script type="text/javascript" |anguage="JavaScript">

/1 1f all goes well this |ocal object named APl will becone the
/1 SCORM APl adapter found and used by the "slave" SCO

var APl = null;

function dummylnitialize(){ return "true" }

function dummyFinish(){ return "true"}

I/l This part of the script ensures that the user knows
/1 what's going on in 3 different states:
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/1 (1) while the SCOis creating the full frame popup w ndow

/1 (2) while the full frame window is displayed, in case the

/1 user inadvertently activates another w ndow

/1 (3) after the full frame w ndow cl oses.

// It uses a timer to control the display of a pronpt in the "main"
/1 wi ndow.

var zPopupStageTinerID = nul | ;
var zbQ her W ndowPr onpt Shown = fal se;

function D splayPrompt () {
var s = '<htm ><head>";
s += '<style type="text/css">body {background-color: silver; color: blue;";
s += 'font-size: small;font-famly: Verdana, Arial, Helvetica, Sans-Serif}';
s += ' </ styl e></ head><body><h3>%s</ h3><p>96</ p>' ;
s += '</body></htm >';
var re = / %/
for (i=0; i < D splayPronpt.argunents.|ength; i++){
s = s.replace(re, D spl ayPronpt . argunents[i]);
}
franeM/St age. | ocati on. href = "dunmmypage. ht nt;
f raneMySt age. docunent . open() ;
franeM/St age. docunent . wri te(s);
f raneMy/St age. docunent . cl ose()

}

function PopupSt ageFocus() {
if ((zwndSl ave) && (!zwndSl ave. cl osed)) {
zwndSl ave. f ocus()
}
}

function PopupStageFocusTimer() {
/1 called by tiner while a popup stage is open
if ((zwndSl ave) && (!zwndSl ave. cl osed)) {
if (!zbQ her WndowPr onpt Shown) {
Di spl ayPronpt (' This content was | aunched in anot her w ndow. ',
"dick <a href="javaScri pt:w ndow parent. PopupSt ageFocus()">" +
"here</a> to reactivate it.");
zbQx her W ndowPr onpt Shown = true;
}
} else {
Ki | | St ageFocusTi ner();
franeM/St age. | ocati on. href = "dumypage. ht n¥
i f (zbQ her W ndowPr onpt Shown) {
D spl ayPronpt (" Fi ni shed",
"The full screen content wi ndow is now cl osed.")
zbQx her W ndowPr onpt Shown = true;

}
zbQx her W ndowPr onpt Shown = fal se;

}
}

function Start StageFocusTimer() {
if (zPopupStageTimerl D= null) {
cl ear | nt erval (zPopupSt ageTi ner | D)

}
zbQx her W ndowPr onpt Shown = f al se;
zPopupSt ageTi mer | D= set | nt er val (" PopupSt ageFocusTi ner ()", 500);

}

function Kill StageFocusTi mer() {
if (zPopupStageTinmerID != null) clearlnterval (zPopupStageTi merlD);
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}

/1 The actual work begins here
function init() {
Di spl ayPronpt ("One nonent, please...","Preparing a w ndow...");
SCAnnitialize();
it (APTOK()){
APl = new hj ect();
[/ W are handling overall SCOinitialize and finish in this script
/1 Make the methods called by the slave no-ops
APl .LMBInitialize = dumylnitialize;
API . LMBFi ni sh = dumyFi ni sh;
// Add the functions instantiated by the generic script to this APl adapter
APl . LMBSet Val ue = zobj APl . LMSSet Val ue;
APl . LMBGet Val ue = zobj APl . LMSGet Val ue;
APl . LMBCommit = zobj APl . LMSConmi t;
APl . LMBGet Last Error = zobj APl . LMSGet Last Error;
APl . LMBCGet Error String = zobj APl . LMSGet Error Stri ng;
APl . LMBGet D agnosti c = zobj APl . LMSGet Di agnost i c;

/1 Now | aunch the actual content in full screen w ndow

var url = "franmeset.htm ; // Note: could be read froma paraneter.

/1 QOpen wi ndow with a bl ank page because it may take a | ong

// time to |l oad the actual content; psychologically it is

I/ better to see the wi ndow conme up as fast as possi bl e.

zwndSl ave = w ndow. open( " dumrypage. ht ', " SCOFul | Scr eenSt age”, "ful | screen=yes");
zwndS!| ave. | ocation. href = url;

zwndSl ave. focus();

St art St ageFocusTi ner ()

}

function SCOSaveDat a(){
Ki | | St ageFocusTi ner () ;
/1 Make sure that the slave windowis not |eft behind
if ((zwndSl ave) && (!zwndSl ave. cl osed)) {
zwndSl ave. cl ose()
}
}

</script>

<title>Sanple Full Screen SCO</title>
</ head>
<franeset rows="100% *" bor der="0"

onl oad="init()"

onunl oad=" SCCFi ni sh() "

onbef or eunl oad=" SCCFi ni sh() ">
>
<frame name="frameM/St age" title="Expl anation" src="| oadpronpt page. htm{' />
<frame src="dumypage. htn{" />
</frameset >
</htn >

42
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Sample listing 11.2 — Initial prompt page displayed while the full-screen window is opening

<htm ><!-- saved as file "|oadpronptpage. ht i -->
<head>
<style type="text/css">
body {background-col or: silver;
col or: bl ue;
font-size: small;
font-famly: Verdana, Arial, Helvetica, Sans-Serif}
</styl e>
<title></title>
</ head>
<body>
<h3>ne nonent, please...</h3>
<p>Preparing a wi ndow. ..</p>
</ body>
</htm >

Sample listing 11.3 — End page with a user-interface device to close the full-screen window

<htnm ><!-- saved as file "endpage. htni -->
<head><title>--</title></head>

<body>

<script type="text/javascript" |anguage="JavaScript">
var s = "<p>Status: ";

var stat ="";

// Get the status for the SCO
stat = w ndow. parent. SCOGet Val ue("cm . core. | esson_status");
switch(stat) {
case "": s += w ndow. parent. SCOCGet Di agnosti cs(""); break;
case "conpleted": s += "conpleted (you visited every navi gabl e page)"; break;
default: s += stat
}
s += "</ p><p>Summary of how you did on objectives: </ p>"
/l Get the status for one objective, and turn it
// into sone text to display
var objectivel D = "nyUni queChj ecti veNanme001";
stat = w ndow. parent. SCOGet Ohj ecti veDat a(obj ectivel D, "status");
if (stat !'= "conpleted") stat="not conpleted";
s += '<p>Status for objective A ' + stat + '</p>';
/1 Get the status for the other objective
// and append that to the text to display
obj ectivel D = "nyUni queChj ect i veNane002";
stat = w ndow. parent. SCOGet Ohj ecti veDat a(obj ectivel D, "status");
if (stat !'= "conpleted") stat="not conpleted";
s += '<p>Status for objective B: ' + stat + '</p>';
document . wri t e(s)
</script>
<p><a href="JavaScri pt: w ndow. parent . cl ose() " >Exi t </ a></ p>
</ body>
</htnm >
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Chapter 12 - Packaging SCORM-compliant content

Having built some SCOs, it would be nice to see them in action in a real delivery environment.
SCORM specifies how to package your SCOs so that they can be aggregated, stored, copied,
moved, archived, uploaded and eventually delivered to a user by any SCORM-compliant
management system. A package may contain one SCO, or many SCOs.

IMS & SCORM content organization model

The IMS Global Learning Consortium (www.imsglobal.org) has developed a packaging
specification for learning content that provides a useful blueprint to generic content
organization in the form of a manifest included with the package. The manifest is used to
inventory the content of the package, but also to describe it through metadata. The manifest
may also be used to show how the content is organized. SCORM 1.2 content packaging is
based on the IMS specification.

An IMS packaging manifest is an XML document that contains several parts:
O Metadata that describe the package.

O Organizations: Zero, one or more structural maps that describe how the content is
organized. Each item in such a map can reference a resource in the package. For
SCORM content for delivery to an end user, the manifest must contain at least one
organization.

O Resources, which specify actual chunks of content that can be used. More than one
organization item can reference the same resource. A resource can also have its own
metadata. A SCO is typically described by a resource.

O Sub-manifests (nested manifests), which describe a subset of the content in a package. A
sub-manifest can have its own metadata, organizations and resources.

Manifest
‘Meta-data

Organizations

Table of Contents ||Some other
s organization

External

Packaged learning assets (files) /

Figure 12.1 — The IMS Content Packaging model

For example, if you were to display an organization as a table of contents, by selecting an item
in the table of contents you could launch or open the corresponding resource.

Instead of an atomic resource, an item in an organization may reference a sub-manifest, and
thus an entire other organization. This can be very useful if the same organized "chunks" of
content are used in more than one place in a course, for example. This also makes the
packaging of organizations in the shape of a directed graph more convenient. Because they
are self-contained and can have metadata, sub-manifests can also be useful as a way to
identify the parts of a package that can be extracted and reused in another context.
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This packaging model is the foundation for the SCORM 1.2 content structure and organization.
SCORM 1.2 extends the package definition by specifying additional data elements. In the XML
document, those extensions are identified by the namespace prefix adlcp:

Where to put the metadata

SCORM requires metadata for the package. You put this metadata at the top level of the
manifest. SCORM also adds the option to reference a separate metadata file included in the
package. To conform to SCORM 1.2, you may either include the metadata in the manifest
directly, or use the SCORM-defined extension to reference an external metadata file. You
cannot do both, i.e. you may not have both inline metadata in the manifest and a reference to a
metadata file. SCORM also allows additional metadata as defined by the IMS schema.

To create a SCORM package
Create an XML manifest. This is an XML file with a header as specified in SCORM 1.2.

O Add a resources section and describe each learning object (SCO) as a resource element
in the resources section.

O Unless you are referencing external resources, identify all the files that are needed for
each learning object as file elements in each resource.

O If several learning objects use the same files (for example, the same graphic), consider
using the dependency element, and making that element reference a common resource
that is a collection of assets, rather than repeating the lists of files several times.

O Add an organizations section above the resources section.

O Create one or more organization trees that contain item elements that reference the
resources.

O Add a metadata section above the organizations section.

O Add metadata elements as specified in SCORM 1.2 to describe the package and its
content.

Create a zip file that contains the manifest, the XML control files (XSD, etc.) and all the files
included in the package. You can use subdirectories, but the manifest must be in the base
directory of the directory tree. See the IMS Content Packaging Best Practices guide for
instructions. SCORM conformance and interoperability requires that you include the XSD files
specified in SCORM 1.2. Those are not the most recent XSDs posted on the IMS Web site.

Content paths and directories

When the SCORM content you created is installed in an LMS or repository, it will probably not
end up in the same directory as on your development system, or have the same access rights
associated with it. Therefore you must follow these rules in the organization of any internal
links in your Web content:

O Allfiles used, linked or referenced by any web content in the package must be in a
directory that is either the base directory of the package, or a descendant of that directory.

O All references must be relative. You may not hard wire paths relative to either the disk root
directory or a specific disk drive or volume. For example, the values of href and src
attributes in HTML files may not begin with a "/" (forward slash), or specify a relative path
that goes further toward the root than the base directory of the package.

SCORM 1.2 defines the metadata element Location as mandatory. However, since a package

can be moved from system to system, the only value that makes sense for that element is ".",
meaning "wherever this metadata happens to be."

Organizing SCOS

You can associate a SCO with any item in the organization tree. Note however that the Simple
Sequencing model for SCORM 1.3 will probably allow SCOs only for leaf nodes in the tree.
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Appendix: Miscellaneous resources and implementation notes

Sequence diagram

Note: The implementation of the LMS and

RTS (a.k.a. APl adapter) can vary and is

included in diagram only to indicate possible }—Q
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GetValue(...) “

(value)
. e ,>

R
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SetValue(...)

R ——

H

LMSCommit()

throughout its execution. Depending on Commit() b
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values or forwards all unsaved data to the Embibetnt o
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Finish()

LMSFinish()
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Depending on implementation, client side
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|
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|
|
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Etc. until the next RTS navigation event.
Figure 12.2 — SCO execution sequence with no surprises
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Figure 12.2uses a flavor of UML to represent the life cycle of a SCO launched by a runtime
service. This example is probably a rare one. It assumes that the SCO finishes normally
(whatever that means to the author of that SCO) and reports all its data to the LMS before the
user thinks of going to another SCO. In reality, a SCO may be forcibly unloaded at any time, as
shown in Figure 12.3. Note: RTS stands for "Runtime service".

Note: The implementation of the LMS and :LMS (server side)

RTS (a.k.a. APl adapter) can vary and is
included in diagram only to identify possible
latency issues and other dependencies.

The RTS opens the SCO in a stage window

SCO calls LMSInitialize (usually triggered by
onload event)

SCO calls LMSGetValue, LMSSetValue,
and/or LMSCommit while executing WA/WWﬁ%
(not illustrated)

Some navigation event in the client side
RTS navigation user interface forces
unloading of the SCO by closing the stage
window or loading another SCO.

Based on available data, the RTS
determines whether the destination SCO is
valid.

The browser prepares to load an other page
in the stage window and and calls the
onunload handler in the SCO.

SCO calls LMSSetValue one or more time to
save any unsave data. Depending on
implementation, client side RTS caches the
value or forwards the Setvalue call

SCO calls LMSFinish once when it
determines that there is nothing else to save
Depending on implementation, client side
RTS manages the event or or forwards all
unsaved data to the LMS in a private commit
and finish process.

The onunload handler complete, the
browser finishes unloading the SCO and
loads the next SCO

The next SCO begins to execute,
etc.

The next SCO
continues to run
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Figure 12.3 — SCO execution sequence with forced unloading of the SCO
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The most likely scenario is that the browser summarily unloads the SCO whenever some
browser event occurs, over which the SCO has no control. For example, this happens when
the user chooses another SCO. The diagram below shows how such a scenario might occur in
an implementation. Note that the browser is already processing the URL of the other SCO—
and who knows what else—even as the SCO is being notified that it is being unloaded. This is
why it may be a good idea to save any critical data while the SCO is being executed, rather
than waiting for an unload event.
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Sample SCORM 1.2 package manifest

XML manifest for a single SCO

This manifest can be used together with the files that make up the multiple-page SCO
example above. All that is needed to complete the package is the set of XML schema files that
are referenced in xsi:schemalocation, and you have a complete SCORM 1.2 package. Note
that every file used by the SCO must be listed in the manifest. The SCORM test suite does not
actually check for this—it only checks whether the files listed here do exist. It is good practice
to create a complete inventory of the required files in the manifest. Note that SCORM 1.2
requires a number of data elements that are optional in the IMS Content Packaging and
Metadada specifications.

You can reuse this manifest to package any single SCO, such as a single-page SCO and the
graphics it uses, or a single-page SCO wrapper in which a Flash file would be embedded, for
example. The parts of the manifest you would replace with your own data are indicated in bold
in the sample.

Note that the <location> element is required in for SCORM metadata, but should always be "."

<?xm version="1.0"?>
<mani fest identifier="Sanpl eCont ent Mani fest" versi on="1. 2"
xm ns="http://www. i nsproject.org/xsd/inmscp_rootvliplp2"
xm ns: adl cp="ht t p: // ww. adl net. or g/ xsd/ adl cp_r oot vip2"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xsi : schermalLocati on="http://wan i nsproj ect. org/ xsd/ i mscp_r oot viplp2
i mscp_r oot vliplp2. xsd
ht t p: // www. i msgl obal . or g/ xsd/ i msmd_r oot vip2pl i nsnd_r oot vip2pl. xsd
http://ww: adl net . or g/ xsd/ adl cp_r oot vlip2 adl cp_rootvlp2. xsd">
<net adat a>
<schema>ADL SCORMW/ schena>
<schemaver si on>1. 2</ schenaver si on>
<l om xm ns="http://ww. i nsgl obal . or g/ xsd/ i msnd_r oot vip2pl" >
<gener al >
<cat al ogentry>
<cat al og>Your favorite Catal og</catal og>
<entry>
<l angst ri ng>Sanpl es- SCOL2- A</ | angst ri ng>
</entry>
</ cat al ogent ry>
<title>
<l angstring>Sanpl e Mil ti pl e page SCO</| angstri ng>
</title>
<descri pti on>
<l angstring>This nulti-page SCO i npl enents the foll ow ng features:
(a) You can navigate back and forth anong the SCO pages wi thout |eaving the SCO
(b) Pages do not contain conplex scripts.
(c) Can be forcibly unl oaded while on any page.
(d) Illustrates how a page can set the SCO status to "conpl eted" when it is
reached. </1 angstri ng>
</ descri pti on>
<keywor d>
<l angstri ng>Sanpl e</ | angst ri ng>
</ keywor d>
<keywor d>
<l angst ri ng>SCO</ | angst ri ng>
</ keywor d>
</ gener al >
<l'ifecycl e>
<ver si on>
<l angstring>1. 0</| angstri ng>
</ ver si on>
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<st at us>
<sour ce>
<l angstring xm:|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xn: | ang="x-none">final </| angstri ng>
</ val ue>
</ st at us>
<contri but e>
<rol e>
<sour ce>
<l angstring xm :|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xm :|ang="x-none">aut hor </ | angst ri ng>
</ val ue>
</rol e>
<centity>
<vcar d>
BEGA N: vCard
FN d aude Gstyn
ORG dick2l earn, Inc.
END: vCar d
</vcard>
</centity>
<dat e>
<dat et i me>2002- 02- 26</ dat et i me>
</ dat e>
</ contri but e>
</lifecycl e>
<net armet adat a>
<met adat ascheme>ADL SCORM 1. 2</ net adat aschene>
<l anguage>en- US</ | anguage>
</ met anet adat a>
<t echni cal >
<f or mat >t ext/ ht m </ f or mat >
<l ocation type="URl">.</|ocation>
<r equi r enment >
<t ype>
<sour ce>
<langstring xm :|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xm :|ang="x-none">Browser </ | angstri ng>
</ val ue>
</type>
<nane>
<sour ce>
<l angstring xm :|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xn: | ang="x-none">M crosoft Internet Explorer</|angstring>
</ val ue>
</ nare>
<m ni munver si on>4. 01</ m ni nunver si on>
</ r equi r enent >
</t echni cal >
<ri ght s>
<cost >
<sour ce>
<l angstring xm:|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
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<l angstring xm :|ang="x-none">No</| angstri ng>
</val ue>
</ cost >
<copyri ght andot herrestri cti ons>
<sour ce>
<l angstring xm:|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xm :|ang="x-none">Yes</| angstri ng>
</val ue>
</ copyri ght andot herrestri cti ons>
<descri pti on>
<l angstring>Can be used freely but author retains copyright.</|angstring>
</ descri pti on>
</rights>
<cl assi fication>
<pur pose>
<sour ce>
<l angstring xm :|ang="x-none">LOW1. 0</| angstri ng>
</ sour ce>
<val ue>
<l angstring xm :|ang="x-none">Educat i onal Cbjective</|angstring>
</val ue>
</ pur pose>
<descri pti on>
<l angstri ng>Recogni ze a SCO Packagi ng Mani f est </l angstri ng>
</ descri pti on>
<keywor d>
<l angst ri ng>SCO</ | angstri ng>
</ keywor d>

<keywor d>
<l angst ri ng>Package nani f est </| angstri ng>
</ keywor d>
</cl assi fication>
</l on»

</ met adat a>
<organi zati ons defaul t="0ne">
<organi zation identifier="0ne">
<title>Sanple Miltiple page SCO</title>
<itemidentifier="itenl" identifierref="SCOL" isvisible="true">
<title>Sanple Miltiple page SCO</title>
</itenp
</ organi zati on>
</ or gani zati ons>
<r esour ces>
<resource identifier="SCOL" type="webcontent"
adl cp: SCORM ype="SC0" href="nul ti page_SCO sanpl e. ht m' >
<file href="multi page_SCO sanpl e. ht '/ >
<file href="dumypage. ht M/ >
<file href="pagel. ht n{'/ >
<file href="page2. ht n{'/>
<file href="page3. ht n{'/>
<file href="SCORML_2Ceneric.js"/>
</ resource>
</ resour ces>
</ mani f est >
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