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ISO (the

International Organization for Standardization) and IEC (the International Elect
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Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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nnical committees collaborate in fields of mutual interest. Other international organizations, go
non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of
nnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
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vernmental
nformation

rt 2.

The main task of the joint technical committee is to prepare International Stahdards. Draft Ipternational
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ndards adopted by the joint technical committee are circulated to national bodies for voting. Pu
nternational Standard requires approval by at least 75 % of the national bodies casting a vote.

xceptional circumstances, the joint technical committee may propose the publication of a Techrn
ne of the following types:

type 1, when the required support cannot be obtained faor the publication of an Internationa
despite repeated efforts;

type 2, when the subject is still under technical deyelopment or where for any other reason {
future but not immediate possibility of an agreementon an International Standard;

type 3, when the joint technical committee has collected data of a different kind from that which
published as an International Standard (“state of the art”, for example).

hnical Reports of types 1 and 2 are.subject to review within three years of publication, to deci
y can be transformed into International Standards. Technical Reports of type 3 do not necessa
reviewed until the data they provide are considered to be no longer valid or useful.

ts. ISO and IEC shall not'be held responsible for identifying any or all such patent rights.

/IEC TR 29163-4/ which is a Technical Report of type 3, was prepared by the Advanced
rning (ADL) Initiative (as SCORM® 2004 3rd Edition Sequencing and Navigation Version 1.
pted, under«a\special “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1,
hnology, invparallel with its approval by the national bodies of ISO and IEC.

/IEC TR 29163 consists of the following parts, under the general title Information technology -
htént-Object Reference Model (SCORM®) 2004 3rd Edition:
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SECTION 1

SCORM® Sequencing and Navigatio
(SN)

From-IEEE Std. 1484.11.1-2004 |EEE Standard for Learning Technology — Data Model for Content to Learning Management System
Communication, Copyright 2004 IEEE; IEEE Std. 1484.11.2-2003 IEEE Standard for Learning Technology — ECMAScript
Application Programming Interface for Content to Runtime Services Communication, Copyright 2003 IEEE; IEEE Std. 1484.12.1-

i i ata_Copyright 2002 IFEFE: and IFFE Std 1484 12 3-2005 IFEF Standard for | darning
Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
2005 IEEE. All rights reserved.

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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1.1. Introduction to the SCORM Sequencing and
Navigation (SN) Book

The Sharable Content Object Reference Model (SCORM) is often described as a set of
books on a bookshelf. The Sequencing and Navigation (SN) book is one of a set of
baooks (rpfpr 1o I:igurn 11a:The qulmnr‘ing and N;-'n\/igm“inn Book as Part of the SCORM
Bookshelf). More information on the other SCORM books and their relationships-ta)pne
another can be found in the SCORM 2004 3rd Overview book. The SCORM SNjboqgk
describes how SCORM conformant content may be sequenced to the learnenthrough|a
set of learner or system-initiated navigation events. The branching and flow of that
content may be described by a predefined set of activities.

e N

L
WTTTTTTTTT “ B enaior o WS
& Behawior firom MS)
Sequencing & Navigation Key SCORM® Technolog

* Activity Tree

= Learning Activities

= Sequencing Rules

* Navigation

» Nawvigation Data Mok

Figure 1.1a The Sequencing and Navigation Book as Part of the SCORM Bookshelf

1.1.1. . What is Covered in the SCORM Sequencing and
Navigation Book?

There are several key concepts that are introduced in the SCORM SN book. The bogk
covers the essential Learning Management System (LMS) responsibilities for sequenging

allowing SCOs to indicate navigation requests. In addition, guidance is offered for
providing navigation controls to learners. General subjects discussed include:

e Sequencing Concepts and Terminology (e.g., Learning Activities, Activity Trees,
Clusters)

e Sequencing Definition Model (i.e., detailed descriptions and requirements of the
sequencing information that can be applied to learning activities)
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e Sequencing Behavior Model (i.e., detailed descriptions of LMS behaviors to
prescribed sequencing information and learner’s experience with learning content)

e Navigation Controls and Requirements

e Navigation Data Model

Communication between content and LMSs facilitates use of SCORM Sequencing and
Navigation to present content to learners based on learner choices and performance at

ess while content is presented to the learner. This book describes in detail how
sequencing behaviors are applied to track learner progress.

1.1{2. Using the SCORM Sequencing and Navigation Book

This|book should prove useful to LMS and authoring tool vendors wishingto support
SCJORM in their products, and to anyone wishing to understand howsequencing
interjtions can be applied to content and the relationship between sequencing intentions
and LMSs, such as SCORM content developers.

Early portions of this book, Section 1: SCORM® Sequencing and Navigation (SN) and
Sectjon 2: Sequencing Concepts, cover the concepts that-apply to SCORM Sequencing.
Thege sections are recommended reading for those seeking an introduction to the
condepts behind SCORM Sequencing and who may not wish to delve into deep technical
detalls.

Sectjon 3: The Sequencing Definition Modélis the first section providing thorough
technical details about Sequencing. This:Section explains each piece of sequencing
infofmation that may be used to describe sequencing strategies during content
development as well as examples ef-how they may be used.

Sectjon 4: Sequencing Behaviors describes in detail what information is being tracked for
sequencing purposes and how learner progress with content objects affects the tracking
infofmation. This sectienrcovers SCORM sequencing behavior in detail, which includes
specjfic LMS behayiorrequirements for applying sequencing information to the tracking
infofmation.

Sectjon 5: The)SCORM® Navigation Model describes a run-time data model that enables
content objects to query the LMS for sequencing state and to indicate to the LMS desired
navigation requests. This section also provides guidance to LMSs for providing

nitata naviaation aanteraloc +4 loarnaro
appreptiateravgatoh-€ottrorStoeanesfs:

In addition, Appendix C provides updated and detailed, normative, pseudo code that
explicitly defines SCORM Sequencing Behaviors.
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1.1.3. Relationship with other SCORM Books

The SCORM SN book describes the responsibilities of LMSs for sequencing content
objects for a learner at run-time. In the context of SCORM, content objects are either
SCOs, which may communicate during run-time, or Assets that do not communicate
during run-time. The SCORM SN book describes how sequencing information can be
applied to define various sequencing strategies, how sequencing information is
interpreted at run-time to make sequencing evaluations and how navigation requests,

triggered through a learner’s interactions with content objects, are processed to identiffy
the next content object for delivery (launch). The actual launch of the identified-content
object is out of scope of this book, but is described in the SCORM RTE book [4].

D

The following sections explain the relationships between the SCORM SN.book and the
remaining SCORM books. In addition, frequently used terminology will be introducgd at
a high level to eliminate the need for the reader to become an expert in'the entire
SCORM to understand this book. It is strongly recommended that LMS vendors, corjtent
developers and authoring tool developers read each SCORM ®ook to fully understand the
purpose, details, relationships and advantages of all of the.<SCORM components.

1131 The SCORM Content AggregationiModel (CAM) Book

The SCORM Content Aggregation Model (CAM) book contains information on
Metadata, Content Packages, and ADL Sequercing and Navigation Content Package
extensions. There are several dependencigs:-between the SCORM CAM book and the
SCORM SN book.

174

Metadata is “data about data.” Simply put, Metadata is information that describes the
different components (Content Aggregations, Content Organizations, Activities, SCQs
and Assets) of the SCORM content model. Metadata is necessary for search and

discovery of content objects.” At this time, the SCORM SN book does not define a
relationship with metadata; metadata has no impact on processing navigation requests or
sequencing behaviors.

A Content Paekage, in a general sense, bundles content objects with a prescribed confent
structure. A'SCORM Content Package may represent a SCORM course, lesson, module
or may simply be a collection of related content objects that may be stored in a SCORM

repositary. All SCORM Content Packages contain the imsmanifest.xml file. This file

describes the contents of the package and may include an optional description of the
content structure.

SCORM Content Packages may Include additional information that describes how an
LMS is intended to process the Content Package and manage its contents. Some of the
information is utilized by the SCORM SN book.

e Several elements in a SCORM Content Package affect initialization and
management of a content object’s run-time data model. These elements have no
effect on the behaviors described in the SCORM SN book.
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e Other elements in a SCORM Content Package describe initial values for specific

elements of a content object’s run-time data model. Sequencing only identifies a
content object for delivery; therefore, these elements have no effect on the
behaviors described in the SCORM SN book.

e Content object launch locations and launch parameters are also described as

elements in a SCORM Content Package. Again, sequencing only identifies a
content object for delivery; therefore, these elements have no effect on the
behaviors described in the SCORM SN book.

Tof
SCQ

1.1.3

The
and
SCQ

When a SCORM Content Package includes a description of content structure,
sequencing information may be added to define an intended approach to
sequencing the package’s content objects. The SCORM SN book defines haow the
defined content structure, in the content package, is to be interpreted as an
Activity Tree — a fundamental structure used for sequencing purposes.

A SCORM Content Package may include User Interface (Ul) elementsithat are
intended to provide guidance to an LMS on how certain Ul navigation controls
are to be presented, enabled and/or hidden. The sequencing behaviors described
in the SCORM SN book do not rely on which or how Ul navigation controls are
enabled or triggered (navigation events), it is only concerned with the processing
of LMS-invoked navigation requests.

Llly understand how sequencing- and navigation-specific elements are specified in a
RM Content Package, it will be necessary to reference the SCORM CAM book [3].

2 The SCORM Run-Time Envirenment (RTE) Book

SCORM Run-Time Environment (RTE).book describes the responsibilities of LMSs
content objects during run-time. In the context of SCORM, content objects are either
s, which may communicate during-run-time, or Assets that do not communicate

during run-time. The SCORM RTEEbook describes a common content object launch

mec
and

aspe
exan
mec
com
lowe

nanism, a common commuaication mechanism between content objects and LMSs,

h common data model for;tracking a learner’s experience with content objects. These
Cts create an environment where several of the ADL “-ilities” are satisfied. For

nple, content objeets‘that communicate through the standardized communication
nanism can be moved from LMS to LMS without modification to their

munication methods; this increases learning object portability and durability, thereby
ring the cest of development, installation and maintenance.
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1.2. SCORM Sequencing Overview

Parts of the SCORM SN book are based on the IMS Simple Sequencing (SS)
Specification [1] which defines a method for representing the intended behavior of an

authored learning experience such that any LMS will sequence discrete learning activities

in a consistent way. IMS SS is labeled as simple because it defines a limited number

widely used sequencing behaviors, not because the specification itself is simple. 1IMS
is not all-inclusive. In particular, IMS SS does not address, but does not necessarily
preclude, artificial intelligence-based sequencing, schedule-based sequencing, sequen
requiring data from closed external systems and services (e.g., sequencing-of‘embedd
simulations), collaborative learning, customized learning or synchronization between
multiple parallel learning activities.

IMS SS recognizes only the role of the learner and does not define Sequencing

capabilities that utilize or are dependent on other actors, suchas instructors, mentors pr

of
SS

cing
ed

peers. The SCORM SN book does not prohibit usage in canrtexts involving other actors;
however, it does not define roles of other actors or sequéncing behaviors that result from

participation of other actors.

The SCORM SN book defines how IMS SS is applied and is extended in a SCORM
environment. It defines the required behavigfs.and functionality that SCORM
conformant LMSs must implement to proeess sequencing information at run-time. M
specifically, it describes the branching and flow of learning activities in terms of an
Activity Tree, based on the results of-alearner’s interactions with launched content
objects and an authored sequencing Strategy.

SCORM does not place any requirements on an LMS-related to how or when Activit
Trees are created, the internal representation of Activity Trees or the management of
Activity Trees at run-timg. However, the SCORM CAM book defines one represente
of sequencing information via extensions to a SCORM Content Package, providing a
interoperable mechanism to exchange content structure and sequencing information
between different run-time components or LMSs.

ore

tion

In summary, SCORM Sequencing depends on: a defined structure of learning activitigs,

the Activity Tree; a defined sequencing strategy, the Sequencing Definition Model; a
the application of defined behavior to external and system triggered events, SCORM
Sequencing Behaviors.

nd
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1.3

The

. SCORM Navigation Overview

SCORM SN book also describes how learner- and system-initiated navigation events

can be triggered and processed, resulting in the identification of learning activities for
delivery. Each learning activity identified for delivery will have an associated content
object. The SCORM RTE book [4] (Section 2.1.2: Launching Content Objects describes

how

identified content objects are launched. The sequence of launched content objects,

for a given learner and content structure, provides a unique learning experience (learner
interaction with content objects); the SCORM RTE book describes how the LMS

man
may

Nav
Theg
learr]
navi
for d
toin

The
pres
acce
inter
look
outs
inter
pres
provi
resu

hges the resulting learning experience for SCOs and how that learning experignce
affect the Activity Tree.

gation assumes the existence of user interface devices to trigger navigation events.

e devices may be provided by the LMS or embedded in content objects. When a

er triggers such a device, the LMS translates the event into its corresponding

jation request, processes the request, and then may indicate thelnext learning activity
elivery. The SCORM SN book describes a run-time data imodel that SCOs may use
dicate desired navigation requests to the LMS.

SCORM SN book imposes no requirements on thedype or style of the user interface
bnted to a learner at run-time, including any userinterface devices for navigation or
5sing auxiliary services. The nature of the user. interface and the mechanisms for
action between the learner and the LMS are.intentionally unspecified. Issues such as
and feel, presentation style and placement’of user interface devices or controls are
de the scope of SCORM. Various recommendations are provided to help reduce
pretation of the SCORM Navigatigty Model until a formal navigation (and

bntation) specification or standard'is developed. However, an LMS is required to

ide user interface devices that trigger navigation events whose processing would

t in the identification of a.deliverable content object.
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SECTION 2

Sequencing Concepts

From.EEE Std. 1484.11.1-2004 |EEE Standard for Learning Technology — Data Model for Content to Learning Management System
Communication, Copyright 2004 IEEE; IEEE Std. 1484.11.2-2003 IEEE Standard for Learning Technology — ECMAScript
Application Programming Interface for Content to Runtime Services Communication, Copyright 2003 IEEE; IEEE Std. 1484.12.1-

2002 IEEE Standard for Learning Object Metadata, Copyright 2002 IEEE; and IEEE Std. 1484.12.3-2005 |EEE Standard for Lgarning

Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
2005 IEEE. All rights reserved.

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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2.1. Content Structure and the Activity Tree

A Content Structure diagram is a common tool used by the instructional design
community to describe the hierarchical relationship of a learning experience. IMS SS
defines and utilizes a similar concept called an Activity Tree to describe a structure of
learning activities. The Activity Tree allows the SCORM SN model to describe

informational and processing requirements such as sequencing algorithms and behaviors
in an implementation independent manner. Figure 2.1a represents an example ofian
Activity Tree. The root of the Activity Tree is Activity A — the root of an Activity Tree is
also a learning activity as defined above and more specifically a cluster (ip, most caseg).

@
¢ ¢
0000 e

®©

Figure 2.1a:¢An Example of an Activity Tree

It is anticipated, but not required,that systems implementing sequencing will have an
internal proprietary representation of the Activity Tree, which may or may not be a trge
data structure. SCORM deés not define when or how an Activity Tree is created within
an LMS. In addition, SCORM does not require that an Activity Tree ever be a static
structure. Implementations are free to dynamically alter the structure of an Activity Tree
and the sequencing information applied to activities in the Activity Tree as they see f|t, so
long as the Seguencing Definition Model (refer to Section 3: The Sequencing Definitijon
Model) and Sequencing Behaviors (refer to Section 4: Sequencing Behaviors) are adhered
to. If andmplementation chooses to dynamically modify an Activity Tree while a leayner
is intefacting with content objects associated with its activities, it is recommended that
the lLMS does so in a manner that does not disrupt the current learner experience.

Again, it is not the intention of SCORM to mandate how authoring tools and LMSs

implement AcCtivity Trees, or how instructional design methodologies are to be modified
to focus on an Activity Tree. Rather, an Activity Tree is a general term that represents an
instance of hierarchical learning activities and the corresponding sequencing information
for the interoperable application of specified sequencing behaviors.
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2.1.1. Deriving an Activity Tree from a Content Package

The SCORM CAM [3] defines a structure that provides for the hierarchical organization
of learning content. This is in the form of a Content Organization that is represented in
the content package as a single <or gani zat i on> element. Each item in the structured
hierarchy represents an instructionally relevant unit of learning. ltems can be nested to
any arbitrary depth and can have learning taxonomy labels applied to them. For example,
an item can represent a course, a module, a unit, a lesson, etc. The hierarchical content

strugture has traditionally been specified in terms of an organization in a content package
for ipterchanging content.

Because the SCORM Sequencing Behaviors are defined in terms of structured learning
acti\iities, a meaningful content structure provides the necessary starting point for.
deriying an Activity Tree. In terms of sequencing, a Content Organization represents
one, |interoperable, structure of an Activity Tree. The Content Organization

(<orlgani zat i on> element) is the root of the Activity Tree and each of<itS<i t enw
elerments correspond to a learning activity. Sequencing Definition Model Elements can
be applied to items to define a specific sequencing run-time behawviar consistent with the
desited learning experience.

e OO0

Figure 2.1.1a: Relationship between a Content Organization and an Activity Tree
The relationship between a Content Organization and an Activity Tree is depicted in
Figure 2.1.1a and can be summarized in the following manner:

1. An Activity Tree represents the conceptual content structure that results from the
content design, authoring and aggregation processes. Ultimately, the Activity Tree is
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represented as a Content Organization (<or gani zat i on> element) ina SCORM

Content Package to enable interoperable exchange of sequencing information. For

example, an authoring tool may implement an internal data structure that represents

the content hierarchy in a proprietary format. This structure results from an
instructional design process or method the developer engaged in to define the
intended learning experience. Upon completion of the development process, the
authoring tool will translate its proprietary format into the format defined in the
SCORM CAM to be imported by any system that understands SCORM Content

Packages; specifically those adhering to the Content Aggregation Packaging
Application Profile [3].

2. A SCORM conformant LMS translates Content Organizations into ActivityTrees.

An Activity Tree represents the data structure that an LMS implements+o reflect the

hierarchical, internal representation of the defined learning activities, ihcluding th

tracking status information for each activity in the hierarchy on a)per learner basis.

D

3. When a learner chooses to interact with the content represented by an Activity Trge,

the LMS evaluates sequencing and tracking information to determine the relative

sequence of learning activities, as well as the eligibility.for learning activities to be

attempted by a learner on a conditional basis. In this.context, each learner’s
experience with the same content structure may.be different, based on the sequen¢
information that was defined by the content developer and the learner’s specific
interactions with experienced content objects:

2.1.2. Using Sequencing Collections

As described in Deriving an Activity Tree from a Content Package (refer to Section
2.1.1.), the SCORM CAM [3].defines a structure that provides for interchange of
structured learning content.(Each node in the structure represents a Learning Activity

that will make up the derived Activity Tree. It is often the case that common sequengi

intentions reoccur throughout an Activity Tree, resulting in patterns of Sequencing

ng

Information. In these cases similar if not identical sets of Sequencing Information willl be

applied to multiple Learning Activities within the Activity Tree.

To minimize-fedundant declaration of Sequencing Information across multiple nodes|in a
SCORM €ontent Package, the SCORM CAM [3] provides a container for declaring this

common set of Sequencing Information. The <sequencingCollection> element all

WS

identified sets of Sequencing Information to be referenced and reused by multiple noges

in the content structure.

When deriving the Sequencing Information that applies to a specific Learning Activity,

the following rules apply:

e Referenced Sequencing Information from the <sequencingCol lection>
shall be “merged” with any Sequencing Information applied directly to the
Learning Activity. This “merging” only occurs at the “top-level” IMS SS

XML elements, e.g., Sequencing Control Modes, Sequencing Rules, Rollup

Rules, Objectives, etc.
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e “Top-level” IMS SS XML elements applied directly to a Learning Activity
(an <item> or <organization>) shall take precedence over identical
elements defined in the referenced Sequencing Information. That is, if a “top-
level” XML element occurs in both the node and the Referenced Sequencing
Information, the referenced element and all of its descendants shall not be
“merged”.

e When Sequencing Information is “merged”, the merged element and all of its
descendants shall be considered part of the Sequencing Information applied to

the Learning Activity.

e ADL namespace (adlseq and adlnav) extension elements shall be considered
“top-level” elements and are merged in the same manner as IMS SS XML
“top-level” elements.

2.113. Cluster

A cluster is a specialized form of a learning activity that has sub-activities; the term is
used|in various sequencing behaviors. A cluster includes a single\parent activity and its
immediate children, but not the descendants of its children. The-children of a cluster are
eithgr leaf activities or other clusters. A leaf activity is not‘a cluster.

Figure 2.1.2a represents five sample clusters. Each cluster is defined by a dash-outlined
roungded rectangle. The “Course” cluster, Cluster Aycontains only four activities: the
“Courrse” activity and the parent activity of the clusters B, C, and D. Each “Module”
cluster, Clusters B, C and D, consist of the “Medule” activity” and the module’s
“Legsons.” All of the “Lesson” activities, except “Lesson 2” of “Module 3” are leaf
learning activities, which have associatedicontent objects. “Lesson 2” of “Module 3” is a
cluster consisting of two “Chapter” leaf learning activities.

The cluster is considered a basie building block of the Activity Tree and many elements
of the Sequencing Definition-Madel (refer to Section 3: The Sequencing Definition
Model) apply specifically to-elusters. The parent activity in a cluster will contain the
information about the sequencing strategy for the cluster. The non-cluster children (leaf
activities) of a cluster.will have associated content objects that will be identified for
deliyery according to'the defined sequencing strategy.
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Figure 2.1.2a: Cluster Example

2.1.4. Using (Sub) Manifests in a Content Package

The SCORM CAM [3] no longer requires support for (sub)manifests in Content
Packages. Therefore the use of sequencing information in (sub)manifests and the
derivation of Activity Trees from Content Packages that include (sub)manifests is

cloftta | ANAC o $at $n Ant £ A h th oy

madefinad g mnlamantatiane ta Antarmaing f on OAAL PXVRVYT t
oo CTICOU I IS ICTr tU CIvio P e maaroT S to—Ue e et oVt y Vit SUPPY r

(sub)manifests.

ADL Note: The IMS Global Learning Consortium, Inc., is working on a new versionf of
the IMS Content Packaging Specification. One of the major issues that IMS'is resolving
deals with (sub)manifests, their use, requirements of use and XML syntax’requirements.
At this time, ADL recommends not to use (sub)manifests until completion of the IMS
work. Any questions, concerns or further recommendations on (sub)manifests should be
sent to ADL.
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2.1.5. Learning Activity

IMS SS relies on the concept of learning activities. A learning activity (Figure 2.2a) may
be loosely described as a meaningful unit of instruction; it is conceptually something the
learner does while progressing through instruction. A learning activity may provide a
learning resource to the learner or it may be composed of several sub-activities.
Throughout this document, the term *“activity” is used synonymously with “learning

actiyity.”

Take a Pre -Test

Experience Content

Take a Final Test

Figure 2.2a: Sample Learning Activity

gure 2.2a, the “Take Lesson” activity is composed\of three sub-activities: “Take a
Pre-Test”, “Experience Content” and “Take a Final“Test.” The learner will experience
the sub-activities in the context of experiencing the*Take Lesson” activity.

Sub4activities may consist of additional sul-activities to any level of nesting. Sub-
actiViities that do not consist of additional:sub-activities are called leaf activities. Leaf
acti\ities will have a content object assg¢iated with them. The LMS will identify
learning activities for delivery in a sequence determined at run-time based on the
progress made by the learner in-previously experienced learning activities, learner
interjtion and the authored sequencing information.

Content objects are experienced by a learner in context of a leaf learning activity. When
an aftempt begins on@leaf learning activity, its associated content object will be
launched for the learner and both a learner attempt and a learner session will begin for
that pontent objéct.” The series of content objects experienced by a learner is called a
learning experience.

All learriing activities have the following characteristics:

e Learning activities have a diSCrete start and finish.
e Learning activities have well-defined completion and mastery conditions.
e Learning activities can consist of sub-activities, nested to any depth.
e (Attempts on) Learning activities occur in context of (attempts on) their parent
activity, if one exists.
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2.1.6. Attempts

An attempt is defined as an effort to complete an activity, and during that effort, zero or
more learning objectives may become satisfied. Attempts on activities always occur
within the context of attempts on their parent activity(ies). It is important to note that for
a given Activity Tree one and only one leaf activity can be attempted at any given time
and all attempts on all of the leaf activity’s ancestors (through to the root) will be in
progress while the leaf activity is being attempted. When a leaf activity is being

attempted, it can be assumed that the activity’s corresponding content object has beer
launched.

An attempt begins when the activity is identified for delivery and ends whilethe LM$’s
sequencing implementation attempts to identify the next activity for delivery. An att¢mpt
on an activity is closely related to learner attempt on the activity’s asseciated content
object; the SCORM RTE book[4] (Section 2.1: Run-Time Environment (RTE)
Management) describes the temporal model for content objects indetail. It may not
always be possible to complete an activity in a single attempt. There are many situations
when a learner may wish to suspend the activity and resumgdit later. In most cases,
encountering a suspended activity should be a continuation of the current attempt on the
activity rather than a new attempt.

As the result of an attempt on an activity, or thrgugh some outside administrative action,
the tracking status for an activity can change<{refer to Section 4.2: Tracking Model).
When the tracking status of an activity changes, the tracking status of its ancestors may
be affected — this is called Rollup (refer‘to’Section 4.6: Rollup Behavior).
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2.2

. Starting and Stopping a Sequencing Session

A Sequencing Session is the time from when an attempt on the root activity of an
Activity Tree begins until that attempt ends; outside of the context of a Sequencing
Session the Current Activity is considered to be undefined. The SCORM Sequencing
Behaviors only specify which navigation requests can begin a sequencing session, but

they
LMS
logir
to a
requ

In sg
valid
resp
A se
actiy
navi
Behd

do not specify when or how those navigation requests are triggered. Generally, the
will issue a Start navigation request in recognition of some system event, e.g., a

, begin course, etc. It is recommended, if the previous sequencing session ended due
Suspend All navigation request, the LMS should issue a Resume All navigation

est instead of a Start.

me cases, neither the Start nor Resume All navigation requests will succeed, only a
Choice navigation request will start the sequencing session. It is the.LMS’s
bnsibility to provide some mechanism to invoke a valid Choice mayigation request.
guencing session ends when an Exit sequencing request is procéssed from the root
ity in the Activity Tree. This can be caused by an Exit All©ona Suspend All

jation request, or an exit action sequencing rule (refer to-Section 4.5: Termination
wvior) successfully applied to the root of the Activity Tree.
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2.3. Activity Status Tracking

The SCORM Sequencing Behaviors rely on values within the sequencing Tracking Status
Model (refer to Section 4.2: Tracking Model) to control sequencing behaviors. For each
attempt on an activity by a learner, that activity shall have associated tracking status data.
Learner interactions with a content object may affect the tracking data of the activity to

which the content object is associated. Tracking data is used during the various
sequencing processes to affect their behavior.

2.3.1. Communicative and Non-communicative Content

SCORM Sequencing differentiates between communicative and nen-Communicative
content. Communicative content may communicate information.about the learner’s
interactions with the content through the SCORM Run-Time'Environment Applicatign
Programming Interface (API) [4] (Section 3: Application Programming Interface), while
non-communicative content does not utilize the SCORM-Run-Time APl. SCORM
Sequencing supports both forms of content on an activity-by-activity basis.

SCOs are responsible for communicating learperprogress via the SCORM Run-Timg
API and the SCORM Run-Time Environment Data Model [4] (Section 4: SCORM Run-

Time Environment Data Model). The LMS'may not make any assumptions about learner
progress information that is not communicated. For assets, the LMS will automatically
assume learner progress information®ased on defined default values and behaviors.

2.3.2. Suspendingtand Resuming Activities

An attempt on an activity may be suspended and later resumed. Resuming a suspended
activity does not count as a new attempt on that activity. Other activities may be
attempted while:the activity is suspended. More than one activity may be suspended jt
any given time:

Suspending the attempt on the root activity of the Activity Tree causes the LMS to
rememper the last activity experienced by the learner in the Activity Tree and end thg
sequencing session in a suspended state. The learner may later resume the attempt or) the
root of the Activity Tree, at which time the last activity experienced by the learner will

1 la ol
dlisSU UT TTSUITIEU.

2.3.3. Data Persistence

It is necessary to persist control, tracking and state information at least until the current
attempt on the root activity of the Activity Tree ends. Such an attempt may span one or
more sequencing sessions. Neither SCORM nor IMS SS specifies how and where to
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store the data that must persist during an attempt (e.g., sequencing information and
tracking status data). This is also true for data that is persisted during sessions and
between sessions. There is no requirement that control, tracking and state information
persist after an attempt on the root activity of the Activity Tree ends. LMS policies
should govern whether such information is retained for purposes such as, for example,
auditing, analysis or historical records of learner activity. Such policies are beyond the
scope of SCORM.

2.3

4. Learning Objectives

Learning objectives are separate from learning activities. SCORM does not place.any

restr,

ctions on how learning objectives are associated with learning activities nor-does it

define how content objects are to use learning objectives. The SCORM Sequencing
Behaviors make no assumption as to how to interpret learning objectives{e.g’, is it a

com
pers
obje

petency, is it a mastery or is it simply a shared value, etc). From a‘tracking
pective, a set of objective status information (objective satisfaction status and
Ctive satisfaction measure) is maintained for each learning objeetive associated with

a learning activity.

Acti

/ities may have more than one objective associated with them. However, the

SCQRM SN model makes no assumptions about the semiantics or meanings of multiple

obje

Ctives associated with an activity. By default, the objective status information

maintained for an activity’s objectives is local to that activity. To share objective status
information, an activity may reference multiple globally shared objectives. Multiple
activiities may reference the same global shared objective, thus sharing its objective
status information. Shared global objectives may be shared within a single Activity Tree

or th
restr

ey may be shared across multiple/Activity Trees within the LMS. There are two
ctions on how an activity maycreference shared global objectives:

1. Alocal objective can-@btain (“read”) objective status data from one and only
one shared global objective.

2. For the set of local objectives defined for a given activity, no two local
objectives can’set (“write”) objective status data to the same shared global
objective;
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SECTION 3

The Sequencing Definition Model|

From.EEE Std. 1484.11.1-2004 |EEE Standard for Learning Technology — Data Model for Content to Learning Management System
Communication, Copyright 2004 IEEE; IEEE Std. 1484.11.2-2003 IEEE Standard for Learning Technology — ECMAScript
Application Programming Interface for Content to Runtime Services Communication, Copyright 2003 IEEE; IEEE Std. 1484.12.1-

2002 IEEE Standard for Learning Object Metadata, Copyright 2002 IEEE; and IEEE Std. 1484.12.3-2005 |EEE Standard for Lgarning

Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
2005 IEEE. All rights reserved.

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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3.1. Sequencing Definition Model Overview

The SCORM Sequencing Definition Model is an information model derived from the
IMS SS [1]. The IMS SS Sequencing Definition Model defines a set of elements that can
be used to describe and affect various sequencing behaviors. In addition, several
SCORM specific elements have been defined that provide extended, application profile

specific, behaviors and restrictions beyond those currently defined by IMS SS.

The SCORM Sequencing Definition Model defines a set of elements that mayhe-usefl by
content developers to define intended sequencing behavior. The definition model
elements are applied to learning activities within the context of an Activity-Tree. Eagh
element has a default value that is to be assumed by any sequencing implementation in
the absence of an explicitly defined value. The effects of the SCORM Sequencing
Definition Model elements only apply during the application 0f<SCORM Sequencing
Behaviors (refer to Section 4: Sequencing Behaviors). A SCORM conformant LMS ust
support the behaviors that result from the values associatedwith all of the defined
Sequencing Definition Model elements, including both explicitly declared and defaulf
values. The normative sequencing behavior is detailed-in the Sequencing Behavior
Pseudo Code (refer to Appendix C).

SCORM does not require or imply that the valués of Sequencing Definition Model
elements applied to an activity are, become.or remain static for any period. So long 3
the value space of an element is adheredte, an LMS may alter the element’s value as
desires. However, some groups of Sequencing Definition Model elements are highly,
coupled to one another through the, SCORM Sequencing Behavior. It is strongly
recommended that LMSs take great care when altering values of SCORM Sequencing
Definition Model elements, especially during an active learner experience.

72

it

SCORM does not placeany requirements on when or how SCORM Sequencing
Definition Model eléments are applied to learning activities. However, the SCORM
CAM book [3] dees describe how these elements are applied to a Content Organizatipn
included in a SCORM Content Package. As described in Section 2.1.1: Deriving an
Activity Tree from a Content Package, it is recommended that SCORM Sequencing
Definition:Model elements be applied to activities in a derived Activity Tree when th
Content.Package is processed. This allows author time declaration of intended
sequencing behaviors to be communicated through a Content Organization so that
seguencing information can be interoperably transferred between systems using SCORM
Caontent Packages

(1%
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3.2. Sequencing Control Modes

The Sequencing Control Modes allow the content developer to affect how navigation
requests are applied to a cluster and how the cluster’s activities are considered while
processing sequencing requests. Sequencing Control Modes may be applied, as needed,
to constrain a desired learning experience. The control modes are used in the following
ways:

4 During processing of a navigation request (refer to Section 4.4: Navigation
Behavior) to determine whether or not the request will translate into a valid
sequencing request.

4 During various sequencing request subprocesses (refer to Section 4.8: Seguéencing
Behavior) to affect how activities will be considered for delivery.

4 During various sequencing behaviors to affect how tracking status’information is
managed (refer to Section 4.2: Tracking Model).

Table 3.2a describes the Sequencing Control Modes that may be applied. Sequencing
Control Modes may be applied to any activity in the Activity Tree, however the
Seqgyencing Control Choice, Sequencing Control Flow and<Sequencing Control Forward
Only modes will have no effect if applied to leaf activitiesi’Multiple modes can be
enaljled simultaneously to create combinations of control mode behaviors. In no
circumstances do the Control Modes of one activity-affect another activity — Control
Modes are not inherited. If Control Modes are notexplicitly defined for an activity, the
defalilt values defined in Table 3.2a will apply:

Table 3.2a: Description of Sequencing Control Modes

Description Value SpaceDefault
Value

1 [Sequencing Control Choice Indicates that a Choice navigation request is |boolean True
permitted (True or False) to target the
children of the activity.

2 [equencing Control €hpice Exit |Indicates whether the activity is permitted to [boolean True
terminate (True or False) if a Choice
navigation request is processed.

3 |§equencing Control Flow Indicates the Flow Subprocess may be boolean False
applied (True or False) to the children of this
activity.
4 [3equeneing Control Forward Indicates that backward targets (in terms of |boolean False
Qnly Activity Tree traversal) are not permitted
(True or False) from the children of this
activity.
5 [Use Current Attempt Objective [Indicates that the Objective Progress boolean True
Information Information for the children of the activity

will only be used (True or False) in rollup if
that information was recorded during the
current attempt on the activity.

6 [Use Current Attempt Progress  [Indicates that the Attempt Progress boolean True
Information Information for the children of the activity
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will only be used (True or False) in rollup if
that information was recorded during the
current attempt on the activity.

Source: IMS Simple Sequencing Behavior and Information Model [1]

3.2.1. Sequencing Control Choice

The qullnnr‘ing Control Choice element indicates that the learner is free to choose any

activity in a cluster in any order without restriction. This element contains a boolean
(True/False) value. By default, any activity, in the entire Activity Tree whose parg
has Sequencing Control Choice defined to be True is a valid target for a Choice
navigation request. In some cases, a content developer may wish to allow &’learner tg
choose activities, but only under certain conditions. Valid targets of Chaice navigatig
requests can be conditionally constrained by applying the Sequencing,€ontrol Choicg

Exit element (refer to Section 3.2.2: Sequencing Control Choice/Exit), elements of th¢

Constrained Choice Controls (refer to Section 3.3: Constrain/€hoice Controls) or a
Hidden From Choice Pre Condition Sequencing Rule (refef.to Section 3.4: Sequencir]
Rule Description).

An LMS must provide some mechanism (user interface navigation control such as a
“menu”, "map” or “table of contents”) for learners'to “choose” activities that would 1
in Choice navigation requests for activities who)have parent activities in which the p3
activity has Sequencing Control Choice set.to True. When the learner chooses an
available activity, the Sequencing Behawior (refer to Section 4.8.6.7: Choice Sequenc
Request Subprocess) attempts to travefSe the Activity Tree to the desired activity. Th
desired activity will be identified for-delivery, unless other sequencing information
prevents it, and the activity’s associated content object will be launched for the learng

The Sequencing Control Choice control mode has no effect when defined on a leaf
activity.

kY
Activity A
Sequencing Control Modes
, = Sequencing Control Choice: frue

’ + Sequencing Control Choice Exit: true
# * Sequencing Control Flow: false

@ + Sequencing Control Forward Only: false
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Figure 3.2.1a: Default Sequencing Control Choice Behavior
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Figure 3.2.1a depicts the default behavior of the Sequencing Control Choice element.
Activity A has a Sequencing Control Choice set to True, so Activities 1, 2 and 3 are
valid targets for a Choice navigation request. Activity A would not be a valid target for a
Choice navigation request, unless its parent also has a Sequencing Control Choice set to
True, or it is the root activity in the Activity Tree.

If the learner chooses a cluster that is a valid target of a Choice navigation request, one of
only two results may occur:

1. Asdepicted in Figure 3.2.1b, the target of the Choice navigation request (Activity.
B) has a Sequencing Control Flow defined to be True. This requires its children
activities to be considered, in a preorder tree traversal, until a leaf activity is
identified for delivery. In this example, Activity 1 is identified for delivery:

VAN
| Retivity R
1| Sequencing Control Modes
,‘ » Sequencing Control Choice: true
¢ |+ Sequencing Control Choice Exit: true
,' + Sequencing Control Flow: false
l: » Sequencing Control Forward Only: false
‘f
_ = Activity B &
- - Sequencing Control Modes
P -7 * Sequencing Control Choice: false
° « Sequencing Control Choice Exit: true
flow to + Sequencing Control Flow: true
| /2 Sequencing Control Forward Only: false
;
© @G
Figure 3.2.1b: Choosing a Cluster Activity with Flow Enabled

4. As depicted imKigure 3.2.1c, the target of the Choice navigation request (Activity
B) has a Sequencing Control Flow defined to be False. In this case, no activity
can be identified for delivery (clusters cannot be delivered). Because Activity B
has Sequencing Control Choice defined to be True, an LMS shall provide some
meehanism for the learner to select (trigger a navigation request for) one of
Activity B’s children directly, but not Activity B.
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[ Activity A
Sequencing Control Modes

*» Sequencing Control Choice: true

» Sequencing Control Choice Exit: true

» Sequencing Control Flow: false

= Sequencing Control Forward Only: false

" Activity B
~| Sequencing Control Modes

+ Sequencing Control Choice: true

+ Sequencing Control Choice Exit: true
flow to + Sequencing Control Flow: false

+ Sequencing Control Forward Only: false

Figure 3.2.1c: Choosing a Cluster Activit{zwith Flow Disabled

3.2.2. Sequencing Control Choice Exit

The Sequencing Control Choice Exit element, hereafter referred to as Choice Exit,
indicates whether a Choice navigationgrequest can target activities that are not

descendents of the affected activity;thereby causing the affected activity to terminate,
Choice Exit only applies to active-dctivities. This element contains a boolean
(True/False) value. The default value for Choice Exit, if not explicitly defined for|the
activity, is True. This indicates that while an activity is active, the learner has the ablility
to trigger Choice navigation requests that target non-descendent activities.

For example, in Figure 3.2.2a the learner is currently experiencing Activity 3, which pas

Choice Exit defined as False. Although the parent of Activity 3 has Sequencing Coptrol
Choice defined-as True, neither sibling of Activity 3 is a valid target of a Choice
navigation:request. Allowing either Activity 2 or Activity 4 to be identified for delivery
wouldFesult in Activity 3 terminating, violating the intention of the Choice Exit contfol.
In this‘example, Activity B also has Sequencing Control Flow (refer to Section 3.2.3:
Sequencing Control Flow) defined as True, so the learner may trigger a Continue or p
Previous navigation request from Activity 3 to progress through the learning experience.

It is recommended that LMSs do not provide enabled mechanisms for learners to
“choose” activities that would result in a Choice Exit control mode violation.
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Activity A
S ing Control Modi

q9 )

» Sequencing Control Choice: true

* Sequencing Control Choice Exit: true

* Sequencing Control Flow: false

* Sequencing Control Forward Only: false —

L §
---- + Activity B
m :l Sequencing Control Modes
£
~ l’ * Sequencing Control Choice: true
’ * Sequencing Control Choice Exit: true

’ * Sequencing Control Flow: true

£
@ * Sequencing Control Forward Only: false
% - :
- »
i ’,
’,
s

Activity 3

Sequencing Control Modes L

,

4
* Sequencing Control Choice: true

* Sequencing Control Choice Exit: false

* Sequencing Control Flow: false

+ Sequencing Control Forward Only: false

Figure 3.2.2a: Choice Exit Example

3.2]3. Sequencing ControtFlow

The Bequencing Control Flow element indicates that system directed sequencing through
the ghild activities of a clusteris’'supported. This element contains a boolean
(Trye/False) value. The default value for Sequencing Control Flow, if not defined
explcitly for an activity;\is False; that is, a sequencing implementation will not
automatically evaluate-the order in which the activity’s children should be experienced
basef on Continue.and Previous navigation requests.

If the Sequencing Control Flow control mode is defined as True for a cluster, an LMS
must pravide some mechanism for the learner to indicate their desire to “Continue” to the
next|activity or to go back to a “Previous” activity.

In some cases, content developers may wish to trigger Continue and Previous navigation
requests from within the content object. If the Sequencing Control Flow control mode is
defined as True for a cluster and the content developer has indicated that the content
provides its own mechanism for issuing Continue or Previous navigation requests, it is
recommended that the LMS does not provide a redundant mechanism for the learner to
indicate Continue and Previous navigation requests — doing so may result in two sets of
navigation controls, which may confuse the learner.
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The Sequencing Control Flow control mode has no effect when defined on a leaf activity.

In Figure 3.2.3a, Activity A has a Sequencing Control Flow set to True, so beginning
with Activity 1, Activities 1 — 3 will be sequenced by the LMS’s sequencing
implementation in response to Continue and Previous navigation requests.

ADL Note: In this example, if Activity A is the root of the Activity Tree, a Previous
navigation request would be invalid (not honored) while the learner is experiencing
Activity 1, because it is the first leaf activity in the Activity Tree. While the learner is

experiencing Activity 3 a Continue navigation request would still be valid; this behayior
helps to maintain a consistent flow-based learner experience. However Activity 31s the
last leaf activity in the Activity Tree, so if the learner triggers a Continue navigation
request from Activity 3 the LMS will process an Exit All navigation requestending the
learner’s current attempt on the Activity Tree.

\
Activity A
Sequencing Control Modes

= Sequencing Control Choice: false

+ Sequencing Control Choice Exit: true

* Sequencing.Control Flow: true

* Sequencifng Control Forward Only: false

| Continue |—)[ Coutinue |—)| Continue ]—)
<_| Previous |(_| Previous |

Figure 3.2.3a: Sequencing Control Flow Behavior

3.2.4. Sequencing Control Forward Only

The Sequencing Control Forward Only element, hereafter referred to as Forward Only,
indicates that system directed sequencing through the child activities of the cluster is
constrained to disallow Previous navigation requests and to disallow Choice requests|that

would move in a backwards direction. This element contains a boolean (True/Falde)
value.The default value for Eorward ﬂnlyl if_not defined pylnli(‘ifly for the n("ri\/i'ry1 ils

False.

It is recommended that an LMS not provide a mechanism to allow the learner to indicate
a Previous navigation request if Forward Only is defined as True for the cluster the
learner is currently experiencing.

The Forward Only control mode has no effect when defined on a leaf activity.
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In Figure 3.2.4a, the Activity A has Forward Only defined to be True, so the learner can
only experience Activities 1 — 3 in a continuous (forward) direction, beginning with
Activity 1. In this example, any Previous navigation requests will not be honored
because they are invalid due to a Forward Only control mode violation.

. L
Activity A
Sequencing Control Modes

* Sequencing Control Choice: false

T SeEquencing Control Cholce EXIT TuE
* Sequencing Control Flow: true
» Sequencing Control Forward Only: true

Figure 3.2.4a: Sequencing Control Forward Only Example

If Forward Only is defined as True for an activity, traversal of the*children of that node
is alyays in forward order. For example, when entering a cluster as the result of a
Previious sequencing request, the first child activity, rather than the last child activity, will
be considered first. Also, if both Forward Only and Sequencing Control Choice are
defined as True on the cluster a learner is currently.€xperiencing, the learner cannot
target an activity that is a previous sibling of the activity currently being experienced with
a Choice navigation request

3.2]5. Use Current Attempt<Objective Information

The Use Current Attempt Objective Information element indicates how Objective
Progress Information (refer to.Section 4.2: Tracking Model) for the children of the
actiyiity will be managed and-used during the various sequencing behaviors; this behavior
is summarized in Table.3:2.5a [1]. This element contains a boolean (True/False)
valug. The default value for Use Current Attempt Objective Information, if not defined
explicitly for the activity, is True.

If the Use Current Attempt Objective Information element on a cluster is defined as
False, the.MS will use the Objective Progress Information from the most recent
attempt.on'the cluster’s child activities, even if that information was recorded during the

prev ols-attempton tho ol jster

O OCTT I T O T~ CToot

If this value is defined as True (default), then evaluation of the Objective Progress
Information of any child activity that has not been recorded during the current attempt on
the cluster shall result in the default (“unknown’) value.

If this value is defined as False, then evaluation of the Objective Progress Information
of any child activity that has not been recorded during the current attempt on the cluster
shall result in the value recorded in the previous attempt of the child activity.
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The Use Current Attempt Objective Information element has no effect when defined on a
leaf activity.

Table 3.2.5a: Evaluation of Tracking Information based on Use Current Objective Information

The parent’s |~ When the Recorded How Obijective Status is Evaluated

Use Current | Activity’s Objective For the activity’s pre-, | For the parent’s
Attempt Objective Progress post-, exit Sequencing | Rollup Rules
Objective Information is and Rules
Linfn smimn mdi NanAawAdad NRAnn~nniiwmn
Before the current True True
attempt of the False False Unknown
True cluster Unknown Unknown
During the current | True True True
attempt of the False False False
cluster Unknown Unknown Unknown
True True True
False Does not matter False False False
Unknown Unknown Unknown

3.2.6. Use Current Attempt Progress.information

The Use Current Attempt Progress Informationéelement indicates how Attempt Progress
Information (refer to Section 4.2: Tracking Model) for the children of the activity will be
managed and used during the various sequencing behaviors; this behavior is summarized
in Table 3.2.6a [1]. This element contains’a boolean (True/False) value. The defgult
value for Use Current Attempt Progress Information, if not defined explicitly for the
activity, is True.

If the Use Current Attempt Progress Information element on a cluster is defined as
False, the LMS will use the' Attempt Progress Information from the most recent attempt
on the cluster’s child activities, even if that information was recorded during the prevjous
attempt on the cluster.

If this value is-defined as True (default), then evaluation of the Attempt Progress
Information(of any child activity that has not been recorded during the current attempt on
the clustershall result in the default (“unknown’) value.

If this-value is defined as Fal se, then evaluation of the Attempt Progress Informatioh of
any child activity that has not been recorded during the current attempt on the cluster
shall result in the value recorded in the previous attempt of the child activity.

The Use Current Attempt Progress Information element has no effect when defined on a
leaf activity.
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Table 3.2.6a: Evaluation of Tracking Information based on Use Current Attempt Progress Information

The parent’s
Use Current

Attempt

When the

Activity’s Attempt

Information is

Recorded

Attempt
Status

How Attempt Status is Evaluated
For the activity’s pre-, | For the parent’s
post-, exit Sequencing | Rollup Rules

Progress Recorded Rules
Information
Before the current True True
attempt of the False False Unknown
True cluster Unknown Unknown
During the current | True True True
attempt of the False False False
cluster Unknown Unknown Unknown
True True True
False Does not matter False False False
Unknown Unknown Unknown
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3.3. Constrain Choice Controls

By default, IMS SS allows all activities anywhere in the Activity Tree whose parents
have Sequencing Control Choice defined as True to be valid targets of a Choice
navigation request. While this flexibility is useful in some sequencing strategies, it is a
significant problem in others. ADL has defined a set of Constrained Choice Controls

(refer to Table 3.3a) that place further conditions and behaviors on how Choice
sequencing requests are processed.

Table 3.3a: Description of Constrain Choice Controls

No. Name Description Value Space Default

Value

1 |Constrain Choice Indicates that a Choice sequencing requests “¢boolean Falsg
should only allow activities that are logjcally
next in a “flow” from the activity to be
identified for delivery.

2 [Prevent Activation Indicates that a Choice sequenging-request  |boolean Fals
should only allow descendents.of the activity
to be identified for deliveryif the activity is
already active.

11

3.3.1. Constrain Choice

A Constrain Choice element defined as True on an activity indicates that only activities
that are one activity logically,“next” and “previous” in the Activity Tree, relative to the
constrained activity, and.the descendents of these activities, may be successfully targgted
by a Choice sequencing:request. The activity with a Constrain Choice element defingd
as True may be encountered on any active ancestor of the Current Activity while
processing a Choice Sequencing Request Subprocess (refer to Section 4.8.6.7: Choicq
Sequencing Request Subprocess). Although a Choice navigation request may be alloyed
to target any:valid activity, an encountered Constrain Choice element defined as Tru
prevents-the target activity from being identified for delivery. This element contains
boolean (True/False) value. The default value for Constrain Choice, if not defineg
explicitly for the activity, is False.

B

— D

Fheptrpose-forthe-Constrain-Chotceelementistoconstrainthe-vatic-setof“Choic
targets to those that are logically next (in either direction) in the Activity Tree from the
“constrained activity” (Constrain Choice equal to True); this prevents a learner from
“jumping” too far into the content without first experiencing some prerequisite activity.
The targets that are logically next from the “constrained activity” can be determined by
processing the Choice Flow Subprocess (refer to Appendix C — SB.2.9.1) in a Forward
and Backward direction from the “constrained activity”. The activities identified by the
Choice Flow Subprocess and their descendents are the only available activities as choice
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targets, pending the evaluation of other Sequencing Information. For example, in Figure
3.3.1a, the intended sequencing strategy is for the learner to attempt the activities in
order: Activity B, Activity 4, Activity 5 and Activity C, in that order, without skipping
any activity. Constrain Choice is defined as True on Activity B so that the learner
cannot “jump” from the subactivities of Activity B to the subactivities of Activity C.
While an attempt is being made on Activity B (Activity B is active), only Activities 1, 2
and 3 will be successful targets of a Choice sequencing request. To move past Activity
B, the learner must continue (flow) from Activity 3 to Activity 4.

ADL Note: Application of the Constrain Choice element reduces the set of valid Choice
navigation requests. For example, while an attempt is being made on Activity B, all of
the subactivities of Activity C are not valid targets for a Choice navigation request. 'An
LM$ must honor the Constrain Choice element by not enabling User Interface pavigation
devices to target (trigger a Choice navigation request for) activities that would. not result
in the identification of an activity for delivery.

The [Constrain Choice element has no effect when defined on a leaf activity.

i

Activity A
Sequencing Control Modes
- Sequencing Control Choice: lalse
* Sequencing Control Choice Exit: trus
= Sequencing Control Flow: true _
< " = $equencing Control Forward Only: Julic
- Y - . s
Activity B Activity €
Sequencing Control Modes Sequencing Comtral Modes
- Sequencing Control Choice: tue * Sequencing Control Cholce: true
» Sequencing Control Choice Exit: Lruv - Sequencing Contrel Cheice Exit: false
» Sequencing Control Flow: lrue * Sequencing Control Flow: true

+ Sequencing Control Forward Only: false . * Ssquencing Contral Farward Only: falee
= Canstrain Chalee: trur
P (8) 4 5

Cohstrain Choice: true

.
In]
=]

Figure 3.3.1a: Constrain Choice Example

3.3]12. Prevent Activation

A Prevent Aetivation element defined as True on an activity indicates that an attempt on
the gctivity-should not begin because of a Choice sequencing request targeting a
descgndent of the activity. That is, descendents of the activity with the Prevent
Activation element defined as True will not be identified for dpli\/pry unless the

“prevented” activity has already been reached (e.g., the activity is active or the activity is
the Current Activity). This element contains a boolean (True/False) value. The
default value for Prevent Activation, if not defined explicitly for the activity, is False.

The purpose for the Prevent Activation element is to constrain the valid set of “Choice”
targets to the immediate children of an activity; this prevents a learner from “jumping”
too deep into the content without first reaching some prerequisite activity. For example,
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in Figure 3.3.2a, the intended sequencing strategy is for the learner to reach Activity C
before being allowed to choose a subactivity of Activity C.

ADL Note: Application of the Prevent Activation element reduces the set of valid
Choice navigation requests. For example, while an attempt is being made on any activity
in the Activity Tree, the subactivities of Activity C will only be valid targets for a Choice
navigation request; after first reaching Activity C,. An LMS must honor the Prevent

activity for delivery.

The Prevent Activation element has no effect when defined on a leaf activity.

" Activity R
Sequencing Control Modes

» Sequencing Control Choice: false

» Sequencing Control Choice Exit: true

* Sequencing Control Flow: true

» Sequencing Control Forward Only: false,

AN
Activity B -
Sequencing Control Modes

*» Sequencing Control Choice: false
» Sequencing Control Choice Exit: true

* Sequencing Control Flow: true
* Sequencing Control Forward Only: false |~ . _ _ - |
& Z
d) @ 7 ctiviye

Sequencing Control Modes

+ Sequencing Control Choice: true
+ Sequencing Control Choice Exit: true
3 [ 4 + Sequencing Control Flow: true
« Sequencing Control Forward Only: false]

« Prevent Activation: true

* Prevent Activation: frue

Figure 3.3.2a: Prevent Activation Example
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3.4. Sequencing Rule Description

IMS SS employs a rule-based sequencing model. A set of zero or more Sequencing
Rules can be applied to an activity and the rules are evaluated at specified times during
various sequencing behaviors (refer to Appendix C: Sequencing Behavior Pseudo Code).
Each Sequencing Rule consists of a set of conditions and a corresponding action. The

conditions are evaluated using tracking information (refer to Section 4.2: Tracking
Model) associated with the activity. The behavior associated with the rule’s action is
performed if the rule’s condition-set evaluates to True. Figure 3.4a depicts the structure
(if [condition_set] then [action]) ofa Sequencing Rule.

/ \ [ Precondition Postcondition
j i Ski Exit Parent
Attempted Objective Measure p
Known
Objective Status | Objective Measure Disabled Exit All
Known Greater Than -
P Hidden From Retr
If Satisfied Objective Measure >Then< Choice Y
(not) Less Than
— Stop.Forward Retry All
Activity Progress Always Traversal Y
Known
Attempt Limit Continue
Previous
k / Exit

Figure 3.4a: Sequencing Rule Conditions and Actions

3.4]1. Condition Combination

Individual conditions can be-combined to create a set of conditions for evaluation such
that any one individual condition must be True or all conditions must be True in order

for the resulting actionto be triggered. The Condition Combination element is defined in
Table 3.4.1a for Seguencing Rules:

4 All (default value): The condition set evaluates to True if and only if all of its
individual conditions evaluate to True [1]. Acts as a logical And.

4 /Any: The condition set evaluates to True if any of the individual conditions

avabiiataoc tn Teiin 11 Actc ac a2 lnaical O
CVUATUULILUO TU T T UG LJ-J- “ lvglvul 7T

7 Yoo

Table 3.4.1a: Condition Combination Description

Description Value Space Default

How rule conditions are combined in evaluating the
rule.

e All - The overall rule condition evaluates
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to True if and only if all of the individual
rule conditions evaluate to True (logical
and).

e Any - The overall rule condition evaluates
to True if and only if any of the individual
rule conditions evaluates to True (logical
or).

Source: IMS Simple Sequencing Behavior and Information Model [1]

3.4.2. Rule Conditions

The Rule Conditions element contains a set of conditions that are evaluated in:the context

of the activity for which the Sequencing Rule is defined. The Rule Conditions eleme
consists of one or more individual Rule Condition elements that are combined as defi

ned

by the Condition Combination (refer to Section 3.4.1: Condition Combination) appligd to

the Sequencing Rule. Each Rule Condition element must be oné member of the set o
restricted vocabulary tokens (refer to Table 3.4.2a) that are based on elements in the
Tracking Model (refer to Section 4.2: Tracking Model).

ADL Note: SCORM does not require LMSs to manage or maintain duration-based
tracking information, therefore, the evaluation of duration-based conditions may not
honored. Sequencing implementations are free€e ignore all or some duration-based

DE

conditions when evaluating a Sequencing Rule./ If a Sequencing Rule only uses duration-

based conditions, sequencing implementatiens are free to ignore the entire Sequencin
Rule. Content developers should be aware that applying a duration-based condition t
Sequencing Rule might not be honored-by the LMS.

Table;34.2a: Description of Rule Conditions

Condition Description

Satisfied The Condition evaluates to True if the Objective Progress Status for
the objective associated with the activity (indicated by the Rule
Condition Referenced Objective) is True and the Objective Satisfied
Status for the objective associated with the activity (indicated by the
Rule Condition Referenced Objective) is True.

0 a

Objective Status Known The Condition evaluates to True if the Objective Progress Status for
the objective associated with the activity (indicated by Rule Conditioj
Referenced Objective) is True.

Objective Measure Known | The Condition evaluates to True if the Objective Measure Status for
the objective associated with the activity (indicated by Rule Conditioj

Referenced Objective) is True.

Objective Vieasure Greater | 11e Condition evatuates to 1 rue 1f the Objective vieasure Status for
Than the objective associated with the activity (indicated by the Rule

Measure for the objective associated with the activity (indicated by
Rule Condition Referenced Objective) is greater than the Rule
Condition Measure Threshold.

Condition Referenced Objective) is True and the Objective Normalized

Obijective Measure Less The Condition evaluates to True if the Objective Measure Status for
Than the objective associated with the activity (indicated by Rule Conditio

Referenced Objective) is True and the Objective Normalized Measure

n
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for the objective associated with the activity (indicated by Rule
Condition Referenced Objective) is less than the Rule Condition
Measure Threshold.

Completed The Condition evaluates to True if the Attempt Progress Status for the

activity is True and the Attempt Completion Status for the activity is
True.

Activity Progress Known The Condition evaluates to True if the Activity Progress Status for the

activity is True and the Attempt Progress Status for the activity is True.

Attempted The Condition evaluates to True if the Activity Progress Status for the

CHWH WIS u T mal Aoty Addopmant oy nt £oy CITU SR PV 11
aCtrviIty 15— ot anu A Ctvity AccprCoartt o tae—attvity 15 posStive

(i.e., the activity has been attempted).

Attempt Limit Exceeded The Condition evaluates to True if Activity Progress Status for the

activity is True and the Limit Condition Attempt Limit Control for the
activity is True and the Activity Attempt Count for the activity is equal
to or greater than the Limit Condition Attempt Limit for the activity.

Al

\Ways The Condition always evaluates to True.

Sourg

3.4

The

spec
defin
Rule
whid

If an
obje
Objg

ADL

e: IMS Simple Sequencing Behavior and Information Model [1]

3. Rule Condition Referenced Objective

Rule Condition Referenced Objective element (refer to Table 3.4.3a) applies to a

fic Rule Condition. It is used to identify which objective, out of the set of objectives
ed for the activity, should be used during the evaldation of the Rule Condition. The
Condition Referenced Objective element is only used for the following conditions,

h apply to Objective Progress Information (refer to Section 4.2: Tracking Model):

Satisfied

Obijective Status Known
Objective Measure Known
Objective Measure Greater Fhan
Objective Measure Less-Than

y of the above Rule Conditions, for a Sequencing Rule, do not explicitly reference an
ctive, the objective with Objective Contributes to Rollup (refer to Section 3.10:
ctive Description)defined as True for the activity is used by default.

L Note: The.Rule Condition Referenced Objective element has no effect if defined

for F

ule Conditions other than those defined above.

Table 3.4.3a: Description of Rule Condition Referenced Objective

No. Name Descripiion Vaiue Deiauii Vaiue
Space
2.2 |Rule Condition The identifier of an objective associated with [Unique None
Referenced Objective [the activity used during the evaluation of the |ldentifier
condition.
If a rule for an activity does not explicitly
reference an objective by identifier, the rule
references the objective that contributes to
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| | [rollup for an activity by default. | | |
Source: IMS Simple Sequencing Behavior and Information Model [1]

3.4.4. Rule Condition Measure Threshold

The Rule Condition Measure Threshold element (refer to Table 3.4.5a) applies to a
specific Rule Condition. It is used in conjunction with the Rule Condition Referenced

Objective efementtodefimeameasure threshotd-usedfor comparisorrduring the
evaluation of the Rule Condition. This element is only used with the following
conditions:

e Objective Measure Greater Than: [objective measure] > [meastré threshold]
e Objective Measure Less Than: [objective measure] < [measure threshold]

The content developer should keep in mind that the comparisons gerformed with the Rule
Condition Measure Threshold element are greater than (>) and 1ess than (<). There i$ no
explicit rule conditions defined that allow the greater than or.equal to (>=) or the less
than or equal to (<=) comparison operators, however, these can be performed by negating
(applying the “Not” operator (refer to Section 3.4.5: Rule“Condition Operator) to the
appropriate condition.

ADL Note: The Rule Condition Measure Threshold element does not have any affeqt if
defined for Rule Conditions other than Obje€tive Measure Greater Than and Objective
Measure Less Than.

Table 3.4.4a: Description of Rule Condition Measure Threshold

Description Value Default Va

Space

2.3 [Rule Condition The value used as a threshold during measure- [Real [- 0
Measure Threshold, ;{based condition evaluations. 1.0..1.0]
Precision of
at least 4
significant
decimal
digits

Source: MMS Simple Sequencing Behavior and Information Model [1]

3:4.5. Rule Condition Operator

The Rule Condition Operator element is an optional element that may be applied to each
Rule Condition element. It indicates a unary logical operation to be applied after the
evaluation of the Rule Condition. Table 3.4.5a describes the two unary logical operations
supported by IMS SS.

e NO-OP (default value): The result of the Rule Condition evaluation should be
used as is.
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e Not: The result of the Rule Condition evaluation should be negated before it is

used.

Table 3.4.5a: Description of Rule Condition Operator

Description Value Default Value

2.4 [Rule Condition
Operator

Space

The unary logical operator to be applied to the [Vocabulary NO-OP
condition evaluation

e Not - The negated condition
evaluation result is used for rule
evaluation.

e NO-OP - The condition evaluation

result is used for rule evaluation.

Sourge: IMS Simple Sequencing Behavior and Information Model [1]

3.416. Rule Action

The Rule Action element (Table 3.4.6a, 3.4.6b and 3.4.6¢) represents the intended action
or bghavior that the LMS is responsible for during the various-Sequencing Behaviors,
when a Sequencing Rule’s condition set is True. The set gf actions are categorized by
threq evaluation timing situations:

4 Precondition Actions: Apply when traversing the Activity Tree to identify an
activity for delivery.

4 Post Condition Actions: Apply when‘an attempt on an activity terminates.

4 Exit Actions: Apply after a descendant activity’s attempt terminates.

Table 3.4.6a: Precondition Rule Actions
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Description

Default
Value

Value Space

Precondition Actions

3 Rule Action

The desired sequencing behavior if the rule
evaluates to True.

Skip — The activity is not
considered a candidate for delivery

durina-a Flow seauencina reguest
pv) | < |}

'Vocabulary

Ignore

Disabled — The activity may not be
the target of any sequencing or
delivery request.

Hidden from Choice — The activity
may not be the target of a “Choice”
sequencing request.

Stop Forward Traversal — The
activity will prevent activities
following it (in a preorder traversal
of the tree) from being considered
candidates for delivery.

Source: IMS Simple Sequencing Behavior and Information Model [1]

Table 3.4.6b: Post:Condition Rule Actions

Post Condition Actions

3 Rule Action

The desired Sequencing behavior if the rule
evaluates to True.

Exit Parent — Process an Exit
Parent termination request.

Exit All — Process an Exit All
termination request and return an
Exit sequencing request.

Retry — Return a Retry sequencing
request.

Retry All — Process an Exit All
termination request and return a
Start sequencing request.
Continue — Return a Continue
sequencing request.

Previous — Return a Previous

'Vocabulary

Ignore

sequencing request.

Source: IMS Simple Sequencing Behavior and Information Model [1]

Table 3.4.6¢: Exit Rule Actions
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Exit Actions

3 Rule Action 'The desired sequencing behavior if the rule [Vocabulary  |Ignore
evaluates to True.

Exit — Unconditionally terminate the
activity.

Source: IMS Simple Sequencing Behavior and Information Model [1]

ADL Note: SCORM does not utilize the Stop Forward Traversal Rule Action when
procgssing flow-based sequencing requests (Continue, Previous, Start and Retry); this
actign only applies when an activity forward (in a preorder traversal) from the Cusrent
ActiVity has been targeted by a Choice sequencing request. Furthermore, the sequencing
behgviors have been updated to remove the respective evaluations of the Step-Forward
Traversal Rule Action (refer to Appendix C).
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3.5. Limit Conditions

A content developer can define limit conditions that describe conditions under which an
activity is not allowed to be delivered. Limit conditions can be associated with activities
and are conditional based on an activity’s tracking status information (refer to Section
4.2: Tracking Model). When a limit condition is met or exceeded, the activity becomes

unavailable for delivery.

SCORM only requires the support for the Limit Condition Attempt Limit element:
SCORM does not require the evaluation of any time-based limit conditions. "Fherefore,
LMSs are not required to manage data for or honor the evaluation of any;0Pthe optional
portions of the Limit Conditions Check Process (refer to Appendix C-UP.1).

3.5.1. Attempt Limits

There may be use cases where a content developer wants 1o limit the number of attempts
that a learner is permitted on a given learning activity.~The Limit Condition Attempt
Limit element contains a non-negative integer valuesthat specifies the maximum number
of attempts that may be taken on the associated-activity for which the Limit Conditiof is
applied. If the content developer does not define a Limit Condition Attempt Limit valpe,
then there is no constraint on the number of-attempts that may be taken on the activity.
Table 3.5.1a defines the Limit Condition Attempt Limit element.

Table 3.5:1a: Description of Attempt Limit

Description Default
Value
1 Limit Condition Indicates that a limit condition on the number of [boolean False
IAttempt Control attempts for the activity has been established (True

or False) for the activity.

If the value is False, there is no constraint on how
many times the activity may be attempted.

2 Limit Condition [The maximum number of attempts for the activity.[Non 0
Attempt Limit /A zero value indicates the activity may not be Negative
accessed. Integer

The value is unreliable unless Limit Condition

IAttempt Control is True.

Source: IMS Simple Sequencing Behavior and Information Model [1]

ADL Note: The description of the Limit Condition Attempt Limit element utilizes a data
model pair — one element describes the intended limit and the other describes if that
intended limit is valid. For example, Limit Condition Attempt Limit describes what the
attempt limit on the activity is, and Limit Condition Attempt Control describes if the
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value of Limit Condition Attempt Limit is valid. It is the LMSs responsibility to initialize
and ensure that these two elements remain synchronized.

3.5.2. Attempt Absolute Duration

There may be scenarios where a content author wants to limit the duration that can be
spent in a single attempt of a learning activity. The Attempt Absolute Duration Limit

element contains a value that specifies the maximum duration that a learner i1s permitted
to spgend on a single attempt on the activity for which this value is specified. This
duration is the period of time from when the LMS starts the attempt on the activity until
the gttempt ends, regardless of system or learner actions during that time. If the contént
authpr does not define an Attempt Absolute Duration Limit for a learning activity;then
therg is no constraint on how long the learner can spend on the activity.

ADL Note: SCORM does not require the evaluation of duration-baseddimit conditions.
The Attempt Absolute Duration Limit element is included strictly to enable the activity’s
assotiated SCO’s cmi .max_time_al lowed run-time data model element [4] (Section
4.2.15: Maximum Time Allowed) to be initialized. LMSs are nat yequired to honor the
evallation of this element during the Limit Conditions Check Process (refer to Appendix
C:Up.1).

Table 3.5.2a: Description of Attempt Absolute Duration Limit

Description Default
Value
Limit Condition Indicates that a limit condition on the maximum  |boolean False
IAttempt Absolute time duration that;aslearner is permitted to spend
Duration Control on any single attempt on the activity has been

established (Tyrue or False) for the activity.

If the value is False, there is no constraint on how
long the learner may spend on the activity.

2 Limit Condition The maximum time duration that a learner is Duration — [0.0
/Attempt Absolute permitted to spend on any single attempt on the  |Accuracy
Duration Limit activity. This limit applies to the time the activity (0.1 second

is active — from the time the activity begins until
the time the activity ends, including any time the
activity was suspended. A zero value indicates the
activity may not be accessed.

The value is unreliable unless Limit Condition

IAttempt Absolute Duration Control is True.

Source: IMS Simple Sequencing Behavior and Information Model [1]

ADL Note: The description of Limit Condition Attempt Absolute Duration Limit element
utilizes a data model pair — one element describes the intended limit and the other
describes if that intended limit is valid. For example, Limit Condition Attempt Absolute
Duration Limit describes what the attempt limit on the activity is, and Limit Condition
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Attempt Absolute Duration Limit Control describes if the value of Limit Condition
Attempt Absolute Duration Limit is valid. It is the LMSs responsibility to initialize and
ensure that these two elements remain synchronized.
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3.6. Auxiliary Resources

An activity may have Auxiliary Resources associated with it that provide the learner with
additional services or resources. IMS SS does not define any semantics or meanings for
these Auxiliary Resources. IMS SS does not define which resource may be made
available or how the resources are used. The only thing that IMS SS provides is a means

for the Auxiliary Resources to be associated with an activity.

SCQRM does not require LMSs to support Auxiliary Resources. If an LMS chooses tQ
implement or provide Auxiliary Resources, there is no guarantee of interoperability.
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3.7. Rollup Rule Description

Cluster activities are not associated with content objects, therefore there is no direct way
for learner progress information to be applied to a cluster activity. IMS SS provides a

way to define how learner progress for cluster activities is to be evaluated. A set of z
or more Rollup Rules may be applied to a cluster activity and the rules are evaluated

ero

during the Overall Rollup Process (refer to Section 4.6: Rollup Behavior). Each Rell

Rule consists of a set of child activities to consider, a set of conditions evaluated agaiifst

the tracking information of the included child activities, and a corresponding dction t

sets the cluster’s tracking status information if the set of conditions evaluates'to Trus.

Figure 3.7a depicts the structure (if [condition_set] True for,[fechild
activity set] then [action]) of a Rollup Rule.

Rollup Rules have no effect when defined on a leaf activity.

ip

at

(. "\ € Child Activity A a
Objective All .
Attempted Measure Known Satisfied
I Objective Activity Any Noti
(not) Status Known | Progress Known >For< >Then< Satisfied
None
Satisfied Completed Complﬁted
imi At Least Count
Never At;i?ep: d';'g"t Incom;JIete
At Least
\ / \ Percent / \

Figure 3.7a: Rollup Rule Child Activity Set, Conditions and Actions

3.7.1. Condition Combination

For each activity-included in rollup, individual conditions can be combined to create
of conditions.such that any one individual condition must be True or all conditions n
be True'The result of evaluating the Condition Combination for each activity inclug
in rolup is evaluated against the Rollup Rule’s defined Child Activity Set to determin
thewresulting action should be triggered. The Condition Combination element is defir
in-Table 3.7.1a for Rollup Rules:

h set
nust
led
e if
ed

e All: The condition set evaluates to True if and only if all of its individual
conditions evaluate to True [1]. Acts as a logical And.

e Any (default value): The condition set evaluates to True if any of the individual

conditions evaluates to True [1]. Acts as a logical Or.
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Table 3.7.1a: Description of Condition Combination

No. Name Description Value Space Default

Value

1 Condition How rule conditions are combined in evaluating the [Vocabulary  |Any
Combination rule.

e  All — The rule condition evaluates to True
if and only if all of the individual rollup
conditions evaluate to True (logical and).

hd AI Iy - ThC |u=c CUI Id;t;UII l:voduafca tU TI utc
if any of the individual rollup conditions
evaluates to True (logical or).

Sourge: IMS Simple Sequencing Behavior and Information Model [1]

3.7)2. Rollup Conditions

The Rollup Conditions element contains a set of conditions that are evaluated in the
context of each activity included in the evaluation of the Rollup Rule./The Rollup
Condlitions element consists of one or more individual Rollup Condition elements that are
combined as defined by the Condition Combination (refer to Seetion 3.7.1 Condition
Compbination) applied to the Rollup Rule. Each Rollup Condition element must be one
member of the set of restricted vocabulary tokens (referto-Table 3.7.2a) that are based on
elements in the Tracking Model (refer to Section 4.2:<Tracking Model).

ADL Note: SCORM does not require LMSs to manage or maintain duration-based
tracking information, therefore, the evaluation.of duration-based conditions may not be
hongred. Sequencing implementations arefree to ignore all or some duration-based
conditions when evaluating a Rollup Rule: If a Rollup Rule only uses duration-based
conditions, sequencing implementations-are free to ignore the entire Rollup Rule, and use
the gefault Rollup Rules instead (refer to Section 4.6: Rollup Behavior). Content
developers should be aware that-applying a duration-based condition to a Rollup Rule
may|not be honored by the EMS.

Table 3.7.2a: Description of Rollup Conditions

Condition ‘ Description

Satisfied The Condition evaluates to True if the Objective Progress Status for
the rolled-up objective associated with the child activity is True and
the Obijective Satisfied Status for the rolled-up objective associated
with the child activity is True.

Objective Status Known The Condition evaluates to True if the Objective Progress Status for

the rolled-up objective associated with the child activity is True.
Objective Measure Known The Condition evaluates to True if the Objective Measure Status for
the rolled-up objective associated with the child activity is True.
Completed The Condition evaluates to True if the Attempt Progress Status for the
child activity is True and the Attempt Completion Status for the child
activity is True.

Activity Progress Known The Condition evaluates to True if the Activity Progress Status for the
child activity is True and the Attempt Progress Status for the child
activity is True.

SN-3-28 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

is positive (i.e., the child activity has been attempted).

Attempted The Condition evaluates to True if the Activity Progress Status for the
child activity is True and Activity Attempt Count for the child activity

Attempt Limit Exceeded The Condition evaluates to True if Activity Progress Status for the
child activity is True and the Limit Condition Attempt Limit Control
for the child activity is True and the Activity Attempt Count for the
child activity is equal to or greater than the Limit Condition Attempt
Limit for the child activity.

Source: IMS Simple Sequencing Behavior and Information Model [1]

3.7.3. Rollup Condition Operator

The Rollup Condition Operator element is an optional element that may be-applied to
each Rollup Condition element. It indicates a unary logical operation-to-be applied af
the evaluation of the Rollup Condition. Table 3.7.3a describes the two unary logical
operations supported by IMS SS.

e NO-OP (default value): The result of the Rollup Condition evaluation shoulg
used.
e Not: The result of the Rollup Condition evaluation should be negated.

Table 3.7.3a: Description of Rallup Condition Operator

Description Value Default Va
Space
3.2 [Rollup Condition The unary logical operator to be applied to the [Vocabulary NO-OP
Operator condition evaluation.

e _Not - The negated condition
evaluation result is used for rule
evaluation.

e NO-OP - The condition evaluation
result is used for rule evaluation.

ter

be

Source: IMS Simple Sequencing Behavior and Information Model [1]

3.7.4. Rotlup Child Activity Set

By default, tracking status information for all children of a cluster is considered in th
rollup-evaluations of the cluster. A content developer may explicitly restrict how and
vhen an activity should be included during rollup evaluations:

e By defining Tracked (refer to section 3.13.17 Tracked) 10 be False: This
indicates that the activity does not maintain any tracking status information,
therefore the activity is never included during rollup.

e By defining Rollup Objective Satisfied (refer to Section 3.8.1: Rollup Objective

Satisfied) to be False: This indicates that the activity is not included in the
evaluation of Rollup Rules having a Satisfied or Not Satisfied Rollup Action.
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e By defining Rollup Objective Measure Weight (refer to Section 3.8.2: Rollup
Objective Measure Weight) to be 0.0: This indicates that the activity’s measure
does not contribute to the average weighted measure of its parent.

e By defining Rollup Progress Completion (refer to Section 3.8.3: Rollup Progress
Completion) to be False: This indicates that the activity is not included in the
evaluation of Rollup Rules that have a Completed or Incomplete Rollup Action.

e By defining Measure Satisfaction If Active (refer to Section 3.9.1: Measure

Satisfaction If Active): This element indicates when an activity’s rolled-up
objective measure will be applied to the rolled-up objective satisfaction.

4 By defining various Required For Rollup Elements (refer to Section 3.9.2:
Required For Rollup Elements): These elements indicate, conditionally,\when an
activity is included in the evaluation of Rollup Rules having specified-Rollup
Actions.

The Rollup Conditions are applied to all of the included activities (based-on the criteria
descfibed above) during a rollup rule evaluation. The Rollup Child Aetivity Set element
(refdr to Table 3.7.4a) defines how the results of the included activity’s condition
evalliations are used to determine if the Rollup Action appliesc-Fhe Child Activity Set
consjists of a fixed vocabulary describing when the Rollup Action should be applied:

4 All (default value): If all of the included activities have a Condition Combination
that evaluates to True, then apply the specified Rollup Action.

4 Any: If any of the included activities have'a Condition Combination that
evaluates to True, then apply the specified Rollup Action.

4 None: If none of the included activities has a Condition Combination that
evaluates to True, then apply the;specified Rollup Action.

4 At Least Count: If at least the number, indicated by the Rollup Minimum Count
element, of the included.activities have a Condition Combination that evaluates to
True, then apply the specified Rollup Action.

4 At Least Percent: If-at least the percentage, indicated by the Rollup Minimum
Percent element, of the included activities have a Condition Combination that
evaluates to, True, then apply the specified Rollup Action.

Table 3.7.4a: Description of Rollup Child Activity Set

Description Value Space Default
Value
1 Roflup Child The set of children of the activity whose data values [Vocabulary Al
Activity Set are used to evaluate the rollup condition.

e All - The rollup rule evaluates to True if and
only if all of the children have a rollup
condition (the result of the Condition
Combination) value of True.

e Any - The rollup rule condition evaluates to
True if any of the children have a rollup
condition (the result of the Condition
Combination) value of True.
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e None - The rollup rule condition evaluates to
True if none of the children have a rollup
condition (the result of the Condition
Combination) value of True.

e At Least Count - The rollup rule condition
evaluates to True if at least the number of
children specified by the Rollup Minimum
Count attribute have a rollup condition (the
result of the Condition Combination) value of

Trin
Tots

e At Least Percent - The rollup rule condition

evaluates to True if at least the percentage of

children specified in the Rollup Minimum

Percent attribute have a rollup condition (the

result of the Condition Combination) value of]

True.
Source: IMS Simple Sequencing Behavior and Information Model [1]
When the At Least Count vocabulary is used in describing.the/Rollup Child Activity (Set,
the value of the Rollup Minimum Count element is utilized:*The Rollup Minimum Cqgunt
element is an integer value indicating the minimum number of activities that must haye
the Condition Combination of Rollup Conditions evaluate to True — this functions
similarly to a quorum. The default value of the Rollup Minimum Count element is O.| If
the value is left unspecified, no activities will4grequired during the rollup evaluation,
forcing the Rollup Action to be applied unconditionally.
When the At Least Percent vocabulary is used in describing the Rollup Child Activity
Set, the value of the Rollup Minimum Percent element is utilized. The Rollup Minimyim
Percent element is a real value indicating the minimum percentage, rounded up, of
activities the must have the Condition Combination of Rollup Conditions evaluate to
True. The default value ofithe Rollup Minimum Percent element is 0.0. If the value(is
left unspecified, no activities will be required during the rollup evaluation, forcing th¢
Rollup Action to be applied unconditionally.
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3.7.5. Rollup Actions

The Rollup Action element describes the desired action that should be applied to the
cluster activity that defines the Rollup Rule. The Rollup Action is applied during the
Rollup Behavior (refer to Section 4.6: Rollup Behavior) if the condition set applies to the
activities included in the rollup evaluation as defined by the rule’s Rollup Child Activity
Set. The Rollup Action may affect the tracking status model (refer to Section 4.2:
Tracking Model) for the activity the Rollup Rule is associated with, as defined in Table

3.7.5a.

Table 3.7.5a: Description of Rollup Actions

llup Action Description of Action
Satisfied (default value) Set the:
e  Objective Progress Status for the rolled-up objéctive
associated with the activity to True.
e Objective Satisfied Status for the rolled-up objective
associated with the activity to True.
Not Satisfied Set the:
e  Objective Progress Status for, the,rolled-up objective
associated with the activity to TFrue.
e  Objective Satisfied Status fer the rolled-up objective
associated with the agtivity is set to False.
Completed Set the:
e Attempt Progress Status for the activity to True.
o Attempt Completion Status for the activity to True.
Ingomplete Set the:
e Attempt Progress Status for the activity to True.
e  Attempt Completion Status for the activity to False.

Sourge: IMS Simple Sequencing Behavior and Information Model [1]
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3.8. Rollup Controls

IMS SS enables a content developer to conditionally restrict, at a broad level, if an
activity contributes to its parent’s rollup. Table 3.8a details the three types of tracking
status information (refer to Section 4.2: Tracking Model) that are permitted to be
restricted during rollup.

Table 3.8a: Description of Rollup Controls

Description Value Space Default

Value

Rollup Objective  |Indicates whether the activity contributes to the boalean

Satisfied evaluation of its parent’s Satisfied and Not Satisfied
Rollup Rules.
2 Rollup Objective  |A weighting factor applied to the Objective Real [0..1] |1.0

Measure Weight  [Normalized Measure for the objective (whichthas  [Precision of
the Objective Contributes to Rollup equal toTrue) |at least 4
associated with the activity used during(ollup for  [significant

the parent activity. decimal digits
3 Rollup Progress  |Indicates whether the activity contributes to the Boolean True
Completion evaluation of its parent’s Completed and Incomplete
Rollup Rules.

Source: IMS Simple Sequencing Behavior and Infofmation Model [1]

3.8.1. Rollup Objective Satisfied

The Rollup Objective Satisfied\element indicates if the activity’s tracking status
information (refer to Sectien4.2: Tracking Model) will be applied to its parent’s Rollup
Rules, having Satisfied and Not Satisfied Rollup Actions. This element contains a
boolean (True/False) value. The default value for Rollup Objective Satisfied, if nqt
defined explicitly for the activity, is True.

If the Rollup-Qbjective Satisfied on the activity is defined as Fal se, the LMS will not
consider thedctivity’s tracking status information in any of its parent’s Rollup Rules that
have a<Satisfied or Not Satisfied Rollup Action, even if the activity has tracking statug
information recorded.

3.0.2. Rollup Objective Measure Welght

The Rollup Objective Measure Weight element indicates how Objective Normalized
Measure (refer to Section 4.2: Tracking Model) for the activity will be used during the
evaluation of its parent’s Objective Normalized Measure. This element contains a real
number ([0.0..1.0]) value. The default value for Rollup Objective Measure Weight, if not
defined explicitly for the activity, is 1.0.
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The Rollup Objective Measure Weight element provides a way for content developers to
specify that the measure attained in one activity is more or less relevant than the measure
attained in another activity. The Measure Rollup Process (refer to Appendix C: RB.1.1.)
will calculate the weighted average measure of all of a cluster’s children to determine the
normalized measure of the cluster. If the Rollup Objective Measure Weight on the
activity is defined as 0.0, the LMS will not consider the activity’s Objective Normalized
Measure during the Measure Rollup Process, even if the activity has an Objective
Normalized Measure recorded.

3.8/3. Rollup Progress Completion

The Rollup Progress Completion element indicates if the activity’s tracking status
information (refer to Section 4.2: Tracking Model) will be applied to its pareats Rollup
Rules, having Completed and Incomplete Rollup Actions. This element centdins a
boolean (True/False) value. The default value for Rollup Progress Completion, if not
defined explicitly for the activity, is True.

If the¢ Rollup Progress Completion on the activity is defined as False, the LMS will not
consjider the activity’s tracking status information in any of. its-parent’s Rollup Rules that
havg a Completed or Incomplete Rollup Action, even if the activity has tracking status
infofmation recorded.
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3.9. Rollup Consideration Controls

By default, IMS SS states that all children activities are included in their parent’s rollup

unless:

e the activities are not tracked (refer to Section 3.13.1: Tracked), or

e the activities do not contribute at all to rollup (refer to Section 3.8: Rollup

Controls)

If an activity is included in the rollup evaluation but it’s tracking status information bging

evaluated (Rollup Condition) is “unknown”, then, in most cases, the rollup-evaluation
will result in an “unknown” value. Through implementation and community feedbagk,
ADL discovered this behavior was too strict for many common rollup’scenarios. ADL
has defined a set of Rollup Consideration Controls as defined in‘Table 3.9a that furth
refine the conditions under which an activity contributes to therollup of its parent.

Table 3.9a: Description of Rollup Consideration Controls

No. Name

Description

Value Space

1%

r

Default
Value

Measure Satisfaction If Indicates that the activity’s rolled-up measure|boolean Trug
Active should be evaluated ‘against the activity’s
Minimum Norimalized Measure even if the
activity is still active.
2 [Required For Satisfied Indicatesawhen the activity’s tracking 'Vocabulary: always
information contributes to the rolled-up
Satisfied status of its parent.
e always — the child always
contributes to the rollup evaluation
of its parent
o ifNotSuspended - the child
contributes to the rollup evaluation
of its parent if it has been attempted
but is not suspended at the time of
the evaluation
o ifAttempted — the child contributes
to the rollup evaluation of its parent
if it has been attempted at the time
of the evaluation
e ifNotSkipped — the child contributes
to the Tottup evatuation of its parent
if it is not skipped at the time of the
evaluation
3 [Required For Not Satisfied |Indicates when the activity’s tracking \Vocabulary: always
information contributes to the rolled-up Not
Satisfied status of its parent.
o always - the child always
contributes to the rollup evaluation
of its parent
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o ifNotSuspended - the child
contributes to the rollup evaluation
of its parent if it has been attempted
but is not suspended at the time of
the evaluation

o ifAttempted — the child contributes
to the rollup evaluation of its parent
if it has been attempted at the time
of the evaluation

—ifNotSkippet—the-chile-contribttes
to the rollup evaluation of its parent
if it is not skipped at the time of the
evaluation

4 [Required For Completed  [Indicates when the activity’s tracking \Vocabulary: always

information contributes to the rolled-up

Completed status of its parent.

o always - the child always
contributes to the rollup evaluation
of its parent

o ifNotSuspended — the child
contributes to the rollup evaluation
of its parent if it has been attempted
but is not suspended at the timgof
the evaluation

o ifAttempted — the child<ontributes
to the rollup evaluatiénof its parent
if it has been attempted at the time
of the evaluatjon

o ifNotSkipped —the child contributes
to the rollup-evaluation of its parent
if it is not Skipped at the time of the
evalyation

5 [Required For Incomplete  |Indicates when the activity’s tracking \Vocabulary: always

information contributes to the rolled-up

Incomplete status of its parent.

e always — the child always
contributes to the rollup evaluation
of its parent

o ifNotSuspended — the child
contributes to the rollup evaluation
of its parent if it has been attempted
but is not suspended at the time of
the evaluation

o ifAttempted — the child contributes
to the rollup evaluation of its parent
if it has been atfempted at the time

of the evaluation

o ifNotSkipped — the child contributes
to the rollup evaluation of its parent
if it is not skipped at the time of the
evaluation

Source: IMS Simple Sequencing Behavior and Information Model [1]
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3.9.1. Measure Satisfaction If Active

Evaluation of a defined measure threshold (Objective Satisfied by Measure) is
conditional. The Measure Satisfaction If Active element indicates when an activity’s
rolled-up objective measure will be applied to the rolled-up objective satisfaction. This
element is applied whenever the activity’s satisfaction status is required and the status is
determined through a measure threshold evaluation (Objective Satisfied by Measure).
This element contains a boolean (True/False) value. The default value for Measure

Satisfaction If Active, if not defined explicitly for the activity, is True.

If the Measure Satisfaction If Active element is defined as Fal se, the LMS will only
apply the Objective Minimum Satisfied Normalized Measure to the activity’s.xolled-up
objective when the attempt on the activity ends and the activity becomeszinactive. Until
that time, the satisfaction status of the activity’s rolled-up objective shall be consider¢d
“unknown”.

®
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©

Figure 3.9.1a: Measure Satisfaction If Active Example

An example will illustrate how this value affects the evaluation of an objective’s

satisfaction. Consider the cluster, Activity B, shown in Figure 3.9.1a. As a learner
experiences the children of Activity B, rollup is invoked each time an attempt on a child
of Activity B (Activity 1, Activity 2) or a descendant of Activity C ends. Each child
activity will contribute some amount of measure toward the satisfaction of Activity B’s
objective, thus changing the measure associated with Activity B.

When the rollup process is invoked due to one of Activity B’s child activities ending,
Activity B is still active. If the Measure Satisfaction If Active element is True (the
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default) for Activity B, Activity B’s objective’s rolled-up measure is compared against its
Objective Minimum Satisfied Measure and Activity B’s objective will become Satisfied
or Not Satisfied. In this case, after any one of Activity B’s child activities has been
attempted, Activity B’s objective status cannot be “unknown”. This behavior may not be
desired if the satisfaction of Activity B’s objective is to be based on ALL of its children.

In contrast, if the Measure Satisfaction If Active element is False, the satisfaction of
Activity B’s rolled-up (primary) objective will not be evaluated until Activity B becomes
NactivE—ituwitt : " H e FACtivt
children. One way for Activity B to become inactive is for it to be explicitly exited by a
Seqyencing Exit action rule applied to Activity B evaluating to True.

When the desired behavior is to exit a cluster once its objective has become Satisfigd, but
not tp consider the objective Not Satisfied until all of the cluster’s children have been
attempted, the following steps are recommended:

1. Set the Measure Satisfaction If Active element to False for the activity.
4. Define the Objective Minimum Satisfaction Measure elemeént for the objective.

A

3. Apply a Sequencing Exit action rule with the condition-Objective Measure
Greater Than that has the same value used for the Qbjective Minimum
Satisfaction Measure.

3.9]2. Required For Rollup Elements

The IMS SS Overall Rollup Process does not perform rollup evaluations if any of the
contfibuting children have a status of “unknown”. This behavior causes several
problems when activities may be or become skipped, suspended or disabled. To enable
content developers to provide more:explicit instructions on when to include a child
acti\{ity in its parent’s rollup evaluation, four elements have been added:
requiredForSatisfied, requitedForNotSatisfied, requiredForCompleted, and
requiredForincomplete.

Thege Required forcRoHup elements indicate the circumstances under which the
assogiated activitywill be included in its parent’s rollup evaluation for the Rollup Rule
specjfied. These-elements are evaluated during the Check Child for Rollup Subprocess
(refdr to Section 4.6: Rollup Behavior). The values of these elements include:

4 “always (default): The child always contributes to the rollup evaluation of its
parent:

e ifNotSuspended: The child contributes to the rollup evaluation of its parent if it
has been attempted but is not suspended at the time of the evaluation.

o ifAttempted: The child contributes to the rollup evaluation of its parent if it has
been attempted.
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e ifNotSkipped: The child contributes to the rollup evaluation of its parent if it is
not skipped at the time of the evaluation.

The Required for Rollup elements will have no effect on an activity that is explicitly not
included in its parent’s rollup by defining Tracked, Rollup Objective Satisfied or Rollup
Progress Completion to be False.

The Required for Rollup element only affects children that contribute status information
dllring mllllp The F?nllnln Child Ar‘ti\/ity Set_for each evaluated Rnllllp Rule defines

how the contributed status information is applied during Rollup Rule evaluation.
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3.10.0bjective Description

With the introduction of IMS SS into SCORM, there is a mechanism now in place to
associate learning objective(s) with an activity. An activity may have one or many
learning objectives associated with it. Each learning objective must be described using
the elements shown in Table 3.10a.

Table 3.10a: Description of Objective Description

Description Value Space  Default

Value

The identifier of an objective associated with |Unique None
the activity. Identifier Required

Obijective ID

The ID is a link to the corresponding
Objective Progress Information.

2 Objective Satisfied by|Indicates that the Objective Minimum Satisfied|boglean False
Measure Normalized Measure is to be used (True or
False) in place of any other method to
determine if the objective associated with the
activity has been satisfied.

3 Objective Minimum (Indictes the minimum satisfaction nieasure for |Real [-1..1] 1.0
Satisfied Normalized [the objective, normalized between'<1..1 Precision of at
Measure (inclusive). If the Objective Measure Status [least 4

for the objective is True and\the Objective significant
Normalized Measure for the objective is equal [decimal digits
to or exceeds this valug, the Objective
Progress Status is set to True and the
Objective Satisfied/Status is set to True.

If the Objective Measure Status for the
objective isTrue and the Objective
Normalized Measure for the objective is less
than this value, the Objective Progress Status
is'set to True and the Objective Satisfied
Status is set to False.

The value is unreliable unless Objective
Satisfied by Measure is True.

4 Objective Indicates that the Objective Satisfied Status  [Boolean False
Contributes to Rollupfand Objective Normalized Measure for the
objective are used (True or False) during
rollup.

Sourge™MMS Simple Sequencing Behavior and Information Model [1]

SCORM does not describe how a learning objective is defined, used or interpreted, but
for sequencing purposes, each learning objective associated with an activity will have a
set of tracking status information that allows learner progress toward the learning
objective to be tracked, thus enabling conditional sequencing decisions. Figure 3.10a
shows the relationship between the Objective Description and the set of Objective
Progress Information associated with the activity’s use of the learning objective.

SN-3-40 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

|
A Y R ' Tracking Model
Activity A ' i
Objective Description
Objective Progress Information
« Objective ID: [Globally Unique Identifier] defines | )
* Objective Satisfied By Measure: [True/False] > + Satisfied Status: [True/False] 1
+ Objective Mini Satisfied M [-1.0..1.01 ! » Normalized Measure: [-1.0..1.0] '
* Objective Contributes To Rollup: [True/False] i
/ Activity Progress Information
e

yd

= Absolute Duration: [Duration]

Each Objective Description consists of the following.information:

&~

A trackedfor | ——————
)y

+» Experienced Duration: [Duration]
» Attempt Count: [Non-negative Integer] |

P Ty

j - Completion Amount: [0.0..1.0]

» + Completion Status: [True/False] I

1 Experienced Duration: [Duration] I
@ | . Absolute Duration: [Duratibn] '

[ () W —— -

Figure 3.10a: Objective Description and Objective Progress.Information Relationship

Objective ID: The Objective ID element acts as a link between the
corresponding Objective Progress Infermation and the activity. There is no

default value defined for the Objective ID element. The Objective ID element i

only required if an Objective Map.(refer to Section 3.10.3: Objective Map) is
defined for the objective.

ADL Note: Although the data type for the Objective ID is a globally unique
identifier, the data type dees not imply that Objective IDs must be unique acrg
all activities in an Activity Tree, but only unique within the scope the objectiv
will be used (accesseéd). By default, an activity will only be able to access
Obijective Progress Information for the set of learning objectives defined for t
activity — these are called “local” objectives. For a given activity, all of its
Objective lDs must be unique to ensure unambiguous resolution of Objective
Progress Information during sequencing evaluations. Two or more activities
within the Activity Tree may define an objective with the same Obijective ID.

Objective Satisfied by Measure_(False — default value): The Objective Satig
by Measure element indicates whether or not the Objective Minimum Satisfied
Normalized Measure element, along with the objective’s measure (e.g. score)

fied

should be used to evaluate the abjective’s satisfaction, in place of any other

method to determine if objective is satisfied (refer to Section 4.2.1.2: Objective

Progress Information).
If Objective Satisfied By Measure element is True:

o0 If the Objective Measure Status for the objective is True and Objective

Normalized Measure for the objective equals or exceeds the Objective
Minimum Satisfied Normalized Measure, then the Objective Progress
Status is set to True and the Objective Satisfied Status is set to True.
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3.1

Lean

o If the Objective Measure Status for the objective is True and Objective
Normalized Measure for the objective is less than the Objective Minimum
Satisfied Normalized Measure, then the Objective Progress Status is set to
True and the Objective Satisfied Status is set to False.

o If the Objective Measure Status for the objective is Fal se, the Objective
Progress Status is set to False.

Ohiective Minimum Satisfied Normalized Mea 0 0— defa lue): ho
Objective Minimum Satisfied Normalized Measure element indicates a threshold
for attaining satisfaction of the objective. This element contains a real value
between —1.0 and 1.0, inclusive. The default value for the Objective Minimum
Satisfied Normalized Measure element, if not defined explicitly for the activity, is
1.0.

Objective Contributes to Rollup (False — default value): The Objéective
Contributes to Rollup element indicates whether the Objective Normalized
Measure and Objective Satisfied Status for the objective are used during rollup
evaluation.

ADL Note: Although this element is defined in the IMS-SS Sequencing
Definition Model, it cannot be directly set or altered. The XML element
<primaryObjective> in a SCORM Content Package (see the SCORM CAM
Book, Section 5.1.7.1: <primaryObjective> Element) is used to indicate the
single objective that contributes to rollup...For an activity, only the objective
defined as the <primaryObjective> wilkcontribute to rollup (have Objective
Contributes to Rollup equal to True)

D.1. Local Objectives vS. Shared Global Objectives

ning objectives represent:a.set of locally and globally scoped data items, each with a

set of Objective Progress Information (refer to Section 4.2: Tracking Model), and they are

cons
acce
actiy
the (
an Q
obje

idered separate from:learning activities. By default, an activity will only be able to
55 Objective Progress Information for the set of learning objectives defined for the
ity — these are ‘ealled “local” objectives. Other activities cannot directly reference
Dbjective Progress Information associated with another activity’s objectives, however
bjective’Map may be defined to relate a local objective to a globally shared
ctive-“Activities may have more than one associated local objective and may

reference multiple shared global objectives. Multiple activities may reference the same
shareg-globat-objectivethussharing-the-sets-of- Objective-Progresstnformation—An

example of this is shown in Figure 3.10; all objectives except Objective 5 are local to
their associated activities; Objective 5 is a shared global objective shared between
Activity B and Activity C.
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Figure 3.10.1a: Sharing Objectives Example

3.10.2. Objectives Global to System

The Objectives Global to System element applies toithe Activity Tree and indicates th
scope of shared global objective 1Ds referenced.in the Activity Tree. It also defines t
lifetime of Objective Progress Information (referto Section 4.2: Tracking Model) for
shared global objectives associated with an attempt on the Activity Tree. However, i
does not specify how to manage sets of Qbjective Progress Information or how resoll
of local and shared global objective IDs is performed. This element contains a boole
(True/False) value. The default value for Objective Global to System, if not defing

explicitly for an Activity Tree, is;True; shared global objective information will exist

learner for the lifetime of the learner in the system.

e
ne
the

tion
hn
d

per

If the Objectives Global-to System element on an Activity Tree is defined as False, the

LMS will maintain ang resolve shared global objective IDs scoped to only one attemj
the Activity Tree, ‘Shared global objective information will exist per learner per atten
on the Activity-Free.

The Objectives Global to System element has no effect when defined on any activity;
only applies to an Activity Tree.

ADLNote: When deriving an Activity Tree from a SCORM Content Package (refer
Section 2.1.1: Deriving an Activity Tree from a Content Package), there will be zero

ine Clahal ta Svctn ala nt dofined an-theo aloamant hh
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ing

used to derive the Activity tree; this element defines the scope of all objective IDs used

within that Activity Tree.
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3.10.3. Objective Map

Table 3.10.3a, describes how the LMS should relate local objectives with shared global
objectives and when the LMS should access referenced sets of Objective Progress
Information.

Table 3.10.3a: Description of Objective Map

NAafanls
LiuuIt

Activity Objective
ID

The identifier of a local objective associated with
the activity.

Note: There is no default value defined for the
Activity Objective ID. If an objective map is being
defined for the activity, the Activity Objective ID is
a required value.

Unique
Identifier

Value

None
\Value is
Required

Target Objective
ID

The identifier of shared global objective targeted for
the mapping.

Note: There is no default value defined for the
Target Objective ID. If an objective map is being
defined for the activity, the Target Objective ID js'a
required value.

Unique
ldentifier

None
\Value is
Required

Read Objective
Satisfied Status

Indicates that the Objective Progress Status and
Objective Satisfied Status values for the identified
local objective (Activity Objective ID),'should be
retrieved (True or False) from the identified shared
global objective (Target Objective\ID), when the
progress for the global objectjve is defined
(Objective Progress Status'forthe identified global
objective is True).

This operation does 110t change the Objective
Information assogciated with the local objective.

boolean

True

\Write Objective
Satisfied Status

Indicates that the"Objective Progress Status and
Objective.Satisfied Status values, for the identified
local objective (Activity Objective ID), should be
transferred (True or False) to the identified shared
global objective (Target Objective ID), upon
termination of an attempt on the activity.

boolean

False

Read Objective
Normalized
Measure

Indicates that the Objective Measure Status and
Objective Normalized Measure values for the
identified local objective (Activity Objective ID),
should be retrieved (True or False) from the
identified shared global objective (Target Objective
ID), when the measure for the global objective is

boolean

True

defined (Objective Mieasure Status for the fdentified
global objective is True).

This operation does not change the Objective
Information associated with the local objective.

\Write Objective
Normalized
Measure

Indicates that the Objective Measure Status and
Objective Normalized Measure values, for the
identified local objective (Activity Objective ID),
should be transferred (True or False) to the
identified shared global objective (Target Objective

boolean

False
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| | [ID), upon termination of an attempt on the activity. | | |
Source: IMS Simple Sequencing Behavior and Information Model [1]

ADL Note: Ina SCORM Content Package manifest, the Activity Objective ID specified
in Table 3.10.3a is implicitly predefined by the context in which the objective map is
defined. The XML <mapInfo> element is used to define each objective map inside a
<primaryObjective> element or <objective> element. The XML <mapInfo>
element is used to define abjective maps in a SCORM Caontent Package (see the

SCORM CAM Book, Section 5.1.7.1.2: <maplnfo> Element). Each <mapInfo>
element defines one objective map for an objective that will implicitly use the Qbjectjve
ID of that objective as its Activity Objective ID.

Each Objective Map defines a mapping of an activity’s local Objective Progress
Information to and from a shared global objective. The Objective Map)is the key engbler
for sharing Objective Progress Information between activities. There are several rules
when applying objective maps:

e Each activity may have an unlimited number of Objgetive Maps.

e By default, no Objective Progress Information is.shared between activities. Each
activity must define a set of Objective Maps.to.describe how local objective
information is mapped to shared global objectives.

e The Objective Map is utilized wheneverocal objective information is altered| as
described by the Tracking Behavior {refer to Section 4.2.1.7: Tracking Behav(or).

e [Foragiven activity, each local objective can only “read” objective status and}/ or
objective measure from one shared global objective.

e For a given activity, multiple-local objectives cannot “write”” information to the
same shared global objective.
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3.11.Selection Controls

Content developers have the ability to define sequencing information that indicates when
to select certain activities and limit the number of activities to be chosen. This enables a
rule that can be written to state to an LMS’s sequencing implementation, e.g., “pick 4 of
the 6 activities on the first attempt of an activity.” Table 3.11a describes the Selection

Controls.

Table 3.11a: Description of Selection Controls

Description Value Space Detault
Vaiue

1 Selection Timing (Indicates when selection should occur. \Vocabulary© | ,{Never

e Never — Selection is never applied; all of
the children of the activity are selected by
default.

e Once — Selection is applied before the
first attempt on an activity.

e On Each New Attempt — Selection is
applied before each new attempt on.an
activity.

The On Each New Attempt option and its
associated behavior are not specified’in this

\version of SCORM.
2 Selection Count  [Indicates the Selection Count’data (True or False) [boolean False
Status is meaningful for the activity.

o

3 Selection Count  (Indicates the number.of child activities that must  [Non Negative
be selected from the set of child activities Integer
associated with.the activity.

If Selection Count is larger than the number of
child actiyities, all child activities are selected.
This value is unreliable unless Selection Count
IStatus is True. If Selection Count Status is False,
iall child activities are selected.

Sourge: IMS Simple Seguencing Behavior and Information Model [1]

The three Selection Controls elements are tightly coupled. First, the Selection Timing
element indicates when, if ever, the children of a cluster should be selected. The
Selection Timing element is a vocabulary with the following values:

e Never (default value): Selection shall never be applied to cluster. All of the
cluster’s children, as defined in the Activity Tree, are available by default.

e Once: Selection shall be applied before the first attempt on the cluster.

e On Each New Attempt: Selection shall be applied before each new attempt on
the cluster.
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The normative Sequencing Behavior Pseudo Code (refer to Appendix C) does not

explicitly state when the Select Children Process is invoked. The LMS is responsible for

ensuring the application of the Select Children Process is consistent with the defined
value of the Selection Timing element, as described in Section 4.7: Selection and
Randomization Behavior.

Second, the Selection Count element indicates how many of the cluster’s children should
be selected. This element contains a non-negative integer value. The default value for

Coloptin-L ot af ot dafirmad s cnlinztl, , £ bl o o adbiy oy, 1o N LEtho Colontias My g
SUICULUUIT CUUTTL, TT TIULT UTTITICTU TAUTIVILTY TUT UI1T aLlivity, 1o U. 1T UIT OTITULUUIT LUUTTL

exceeds the cluster’s number of children, then all of the children will be selected.

Third, the Selection Count Status element indicates whether the value of Selection Ca
is valid. This element contains a boolean (True/False) value. The default value fqg
Selection Count Status, if not defined explicitly for the activity, is False:

ADL Note: For selection of a cluster’s children to occur, regardless of the value of tl
Selection Timing element, the Selection Count Status element must be explicitly defir
to be True and Selection Count must explicitly be defined to\bé some non-zero integ
Otherwise, all of the cluster’s children, as defined in the Activity Tree, are available |
default.

The Selection Controls elements have no effect when defined on a leaf activity.

unt
r

ne
ed

y
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3.12.Randomization Controls

Randomization Controls, Table 3.12a, describe when and what actions the LMS will take
to reorder the available children of encountered cluster activities, while performing the
various sequencing behaviors (refer to Section 4: Sequencing Behavior). Content
developers may apply Randomization Controls to any cluster in the Activity Tree.

Table 3.12a: Description of Randomization Controls

Description Value Space Default

Value
\Vocabulary . |Never

Randomization Indicates when the ordering of the children of the

Timing activity should occur.

e Never — Randomization is never applied.

e Once — Randomization is applied before
the first attempt on the activity.

e On Each New Attempt — Randomization is
applied before each new attempt on the

activity.
2 Randomize Indicates that the order of the child activitiesiis boolean False
Children randomized (True or False).

Sourge: IMS Simple Sequencing Behavior and Information Mgdel'[1]

The fwo Randomization Controls elements are’tightly coupled. First, The Randomization
Timing element indicates when, if ever, the*children of a cluster should be reordered. The
Rangomization Timing element is a vocabulary with the following values:

4 Never (default value): Randomization shall never be applied to cluster.

4 Once: Randomization shall be applied before the first attempt on the cluster.
4 On Each New Attempt: Randomization shall be applied before each new
attempt on the cluster.

The pormative Sequencing Behavior Pseudo Code (refer to Appendix C) does not
explicitly state when'the Randomize Children Process is invoked. The LMS is
respopnsible forensuring the application of the Randomize Children Process is consistent
with|the defined value of the Randomization Timing element, as described in Section 4.7:
Sele¢tion-and Randomization Behavior.

value for Randomize Children, if not defined explicitly for the activity, is False.

ADL Note: For any reordering of a cluster’s children to occur, regardless of the value of
the Randomization Timing element, the Randomize Children element must explicitly be
defined as True.

The Randomization Controls elements have no effect when defined on a leaf activity.
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3.13.Delivery Controls

Delivery Controls, Table 3.13a, describe actions the LMS will take prior to an attempt on
an activity beginning and after the attempt ends. The Delivery Controls shall be used by
LMSs to aid in the management of the activity’s tracking status information. The
elements indicate whether the LMS can expect the SCO associated with the activity to

communicate specific types of tracking information.

Table 3.13a: Description of Delivery Controls

Description Value Space Default
Value

1 Tracked Indicates that Objective Progress Information and |bo6lean True
IActivity/Attempt Progress Information for the
attempt should be recorded (True or False) and the
data will contribute to the rollup for its parent
activity, unless other sequencing information
prevents it.

How the tracking status information is\tfacked and
recorded is not specified.

2 Completion Set by [Indicates whether the Attempt-Completion Status [boolean False
Content for the activity will be set by the activity’s
associated content object:
3 Objective Set by  [Indicates whether the*Qbjective Satisfied Status for [poolean False
Content the activity’s associated objective that has the

Obijective Contritiutes to Rollup value of True will
be set by the dctivity’s associated content object.
Source: IMS Simple Sequencing Behavior and Information Model [1]

3.13.1. Tracked

The Tracked element indicates whether any tracking status information (refer to Section
4.2: Tracking'Model) is being managed for the activity. This element contains a boolean
(True/False) value. The default value for Tracked, if not defined explicitly for the
activity s True.

Ifthe Tracked element on an activity is defined as False, the LMS will behave as if fit
does not initialize, manage or access any tracking status information for the activity. [All

evatuations requiring-tracking statusnformationwittreceive thedefautt(“urkmown™)
value. Activities that have the Tracked element defined as False are not included in any
rollup evaluations for their parent.

ADL Note: Content developers should be aware that declaring an activity “not tracked”
(Tracked equals False) will prevent any “read” Objective Maps from being honored for
purposes of sequencing evaluations since the LMS is not managing any state for the “not
tracked” activity. The LMS will return “unknown” for all status evaluations on the “not
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tracked” activity. However, if a “read” Objective Map exists then the information will be
used to initialize the SCO’s Run-Time Environment cmi .objectives collection (refer
to Section 4.2.17: Objectives found in the Run-Time Environment book).

ADL Note: Applying sequencing strategies to an Activity Tree often requires significant
amounts of tracking information to enable the required conditional behavior. Content
developers should be aware that setting an activity’s Tracked element to False restricts
the set of sequencing strategies that may be applied to the activity, and further, to its

ancegstors:

3.18.2. Completion Set by Content

The [Completion Set by Content element indicates that the content object assaciated with
the gctivity is responsible for communicating whether or not the activity is complete; this
information affects the activity’s Attempt Progress Information (refer ta Section 4.2:
Tragking Model). This element contains a boolean (True/False) value. The default
valug for Completion Set by Content, if not defined explicitly for the-activity, is False.

If the Completion Set by Content element on a leaf activity is‘defined as True, the LMS
will make no assumptions concerning the Attempt Completion Status for the activity; that
is, if{the activity’s associated content object does not communicate completion
infofmation, the activity’s completion status will beftnknown” — Attempt Progress
Statys will be False.

If the Completion Set by Content element on-&leaf activity is defined as Fal se and the
actiity’s associated content object does notcommunicate completion information, the
LMS$ will assume the activity has been completed when the current attempt on the
acti\ity ends — Attempt Progress Status will be True and Attempt Completion Status will
be True.

ADL Note: The default valueof the Completion Set by Content element is False,
enaljling noncommunicative content objects (Assets) to take part in sequencing strategies.
Even when the default'value is used, information communicated by a content object will
always be used if it\exists and the LMS will not change that information. In general, it is
unngcessary fora-content developer to explicitly include this element and set it to True
in the specified sequencing information associated with an activity.

The [Compleétion Set by Content element has no effect when defined on a cluster activity.

3.13.3. Objective Set by Content

The Obijective Set by Content element indicates that the content object associated with the
activity is responsible for communicating whether or not the activity’s rolled-up objective
is satisfied; this information affects the activity’s Objective Progress Information (refer to
Section 4.2: Tracking Model) associated with the rolled-up objective. This element
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contains a boolean (True/False) value. The default value for Objective Set by Content,
if not defined explicitly for the activity, is False.

If the Objective Set by Content element on a leaf activity is defined as True, the LMS
will make no assumptions concerning the Objective Satisfied Status for the activity’s
rolled-up objective; that is, if the activity’s associated content object does not
communicate success information, the rolled-up objective will be “unknown” —
Objective Progress Status will be False.

If the Objective Set by Content element on a leaf activity is defined as False and-the
activity’s associated content object does not communicate success information; the LMS
will assume the activity’s rolled-up objective has been satisfied when the cufrent attempt
on the activity ends — Objective Progress Status will be True and Objective Satisfied
Status will be True.

ADL Note: The default value of the Objective Set by Content element is Fal se,
enabling noncommunicative content objects (Assets) to take part'in sequencing strategies.
Even when the default value is used, information communicated by a content object will
always be used if it exists and the LMS will not change that information. In general it is
unnecessary for a content developer to explicitly include this element and set it to Trpe
in the specified sequencing information associated With an activity.

The Objective Set by Content element has no.g€ffect when defined on a cluster activity.
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SECTION 4
Sequencing Behaviors

FErom |EEE Std. 1484.11.1-2004 IEEE Standard for Learning Technology — Data Model for Content to Learning Management System
Gommunication, Copyright 2004 IEEE; IEEE Std. 1484.11.2-2003 IEEE Standard for Learning Technology — ECMAScript

Application Programming TNtertace 1or CONent 10 RUNUME Services communication, Copyrignt 2003 IEEE, IEEE Std. 1484.12.1-
2002 IEEE Standard for Learning Object Metadata, Copyright 2002 IEEE; and IEEE Std. 1484.12.3-2005 |EEE Standard for Learning
Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
2005 IEEE. All rights reserved.

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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4.1. Sequencing Behavior Overview

This section describes the behaviors associated with the various sequencing processes.
SCORM sequencing processes are derived from those described in IMS SS. The
descriptions that follow are not intended to replace the detailed descriptions included in
IMS SS; instead, they are intended to help distill the primary features and characteristics

of the processes. In some cases, SCORM Sequencing extends or alters an IMS SS
process. For this reason, the Sequencing Behavior Pseudo Code detailed in Appendiy C
of this book replaces all of the pseudo code included in IMS SS, and it should'be
considered normative for a SCORM conformant LMS.

IMS SS includes two data models that apply to each activity in the Agetivity Tree — a glata
model that maintains the state of an activity, and a data model that describes the cont¢nt
developer’s sequencing intentions when an activity is processed< In addition, a state
model is defined that maintains the state for each individual activity and the Activity [Tree
as awhole. The sequencing processes utilize information from all three models as
defined by the Sequencing Behaviors Pseudo Code (refér to Appendix C). The data
models and their relation to the activities can be summarized:

e Tracking Model (refer to Section 4.2: Tracking Model): Captures informatign
gathered from a learner’s interactionwith the content objects associated with
activities. This is a dynamic run-titne' (while the learner is interacting with a
content object and the LMS) data.model.

e Activity State Model (refer€o Section 4.2.1 5: Activity State Information):
Manages sequencing state-of each activity in the Activity Tree and the global state
of the Activity Tree. This is a dynamic run-time data model utilized by the
LMS’s sequencing-implementation to manage the state of the Activity Tree
during a sequeneifg session.

e Sequencing Definition Model (refer to Section 3: Sequencing Definition Model):
Describesthow the various sequencing processes utilize and interpret Tracking
Model.information to sequence activities to provide the defined sequencing
behaviors. Typically, this is a static data model (defined in a SCORM Content
Package) describing authored sequencing intentions for a given content
organization.

The various sequencing behaviors are independent of one another, but they act on the

same three sets of data described abhove. Each qullpnr‘ing behavior cansists of several

processes and subprocesses that exhibit well-defined behavior, but do not directly rely on

any of the other sequencing behaviors — that is, one sequencing behavior does not directly
invoke another sequencing behavior. The Overall Sequencing Process defines how all of

the sequencing behaviors relate to one another within the context of a sequencing session

and the sequencing loop (refer to Section 4.3.1: Sequencing Loop).
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4.2. Tracking Model

To enable conditional sequencing of activities, information about a learner’s interactions
with launched content objects associated with delivered activities must be maintained and
managed. IMS SS describes tracking information that must be maintained for each
activity in the Activity Tree. The set of data model elements that describe the tracking
information is called the Tracking Model.

SCQRM does not impose any implementation requirements on how the tracking model is
représented or managed. Furthermore, there is no requirement that the tracking model
consjists of or is limited to the elements described below or that only one set of tracking
infofmation exists at a given time for each activity. Implementations are requiredhto
exhipit the behaviors described in the Sequencing Pseudo Code (Appendix C) fas-1f”
they|acted on the tracking model described in this section. Implementations,are free to
mangge and optimize tracking information in any way they see fit to perform “what-if”
evalliations of Activity Tree state. However, when the various sequencing processes are
appljed within the context of the Overall Sequencing Process (refer'to-'Section 4.3), the
processes must all utilize the same set of valid tracking information to ensure consistent
appljcation of Sequencing Behaviors.

4.2{1. Tracking Model Overview

In previous versions of SCORM, the only data model that was specified was the SCORM
Runi{Time Environment Data Model. This ipformation was used to track the learner’s
interaction with a SCO. With the addition, of sequencing, an additional data model is
specjfied for an LMS to manage — the-Tracking Model. The Tracking Model is a
collgction of dynamic sequencing state information associated with each activity in the
Actiyity Tree for each learner. The-initial (default) values for all of the Tracking Model
elements are defined. During:dlearning experience, Tracking Model elements will be
updated to reflect learner interactions with the currently launched content object.

The SCORM Run-Time:Environment Data Model defined in the SCORM RTE book is
used| by SCOs to cammunicate information about a learner’s interaction with that content
objett (e.g., status, scores). Some SCORM Run-Time Environment Data Model elements
diregtly correspond to elements in the Tracking Model. Figure 4.2.1a shows the
condeptual-refationship between the Activity Tree, a specific activity’s tracking
information, that activity’s associated content object, and the content object’s set of run-
time|data. Specific relationships between elements of the two data models are described

in the following sections. For details on how and when the SCORM Run-Time
Environment Data Model elements map to Tracking Model elements, see the SCORM
Run-Time Environment Data Model [4].
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Figure 4.2.1a: Relationship between the Run-Time Environment Data Model and the Tracking Mpdel

4211 Tracking Model

All activities have associated trackingstatus information specific to each learner that
experiences the activity. Figure 4.2:1.1a shows an example Activity Tree and the

tracking information associated with each activity. It is assumed that an LMS update
tracking information at run-time because of learner interaction with launched content
objects. For those activities.that have associated SCOs, which may communicate, the
LMS shall manage the tracking model based on information communicated by the SCO.
For Assets, which dg not communicate, there are some defined requirements in the
following sections to help LMSs manage their associated activity’s tracking informatjon.

(2]
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Figure 4.2.1.1a: Tracking Model

Changes in the value of tracking model elements for an activity may affect the value of
the gctivity’s parent tracking status information. The pracess of evaluating the tracking
status for an activity based on a change of tracking status of one of its children is referred
to agrollup. The rollup behavior is initiated by the-\LMS when tracking status
infofmation needs to be updated (refer to Section4.6: Rollup Behavior).

The [Tracking Model describes the information that must be maintained by a system that
deliyers “tracked”, Tracked equals Trué;(refer to Section 3.13.1: Tracked), sequenced
learning activities. An LMS must be able to maintain the tracking status information for
eachfactivity defined; and for SCOs, an LMS must be able to map the SCO’s run-time
datalto the appropriate tracking-model elements [4] (Section 4: SCORM Run-Time
Environment Data Model). “Eor “not tracked” (Tracked equals False) activities, the
LMS$ shall provide the default value of “unknown” for all requests of tracking status
infofmation.

The fracking model defines the following sets of tracking status information:

4 Ohbjeetive Progress Information: Describes the learner’s progress related to a
léarning objective.
d “JActivity Progress Information: Describes a learner’s progress on an activity.

This information describes the cumulative learner progress across all attempts on
an activity.
e Attempt Progress Information: Describes a learner’s progress on an activity.
e Activity State Information: Describes the state of an activity on a per Activity
Tree per learner basis.
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4212 Objective Progress Information

An activity may have one or many learning objectives associated with it. SCORM does
not describe how a learning objective is defined, used or interpreted. For sequencing
purposes, each learning objective associated with an activity has a set of tracking
information that allows learner progress toward learning objectives to be tracked, thus
enabling conditional sequencing decisions.

The sequencing characteristics of each tracked objective are described by the Sequencing

Definition element Objective Description. For each attempt on an activity, a learner Fets
one set of Objective Progress Information (Table 4.2.1.2a) for each objective associated

with the activity. The elements described in the Objective Progress Information-are
referenced in the Sequencing Behavior Pseudo Code (refer to Appendix C),during various
sequencing processes. The Objective Progress Information table definesdefault valups
for each element. The LMS utilizes the default values until the eleménts are explicitly set
by the LMS’s sequencing implementation.

Table 4.2.1.2a: Obijective Progress Information

No. Element Description Value Space Default Velue
1 Obijective Progress|indicates whether the objective currently has [boolean False

Status a valid satisfaction value.
2 Obijective Satisfied [Indicates the objective is satisfiéd (True or  [boolean False

Status False).

'The determination or meaning of satisfied (or
not satisfied) is not defined in this model.

The value is unreliable unless Objective
Progress Status is True.

3 Objective Measure|Indicates thesobjective has a measure value [boolean False
Status (True orFalse).

4 Objective The measure (e.g., standardized score) for the|Real [-1.0..1.0] (0.0
Normalized objective, normalized between -1..1 Precision of at
Measure (inclusive). least 4 significant

The mechanism to normalize a measure is not{decimal digits
defined in this model.

The value is unreliable unless Objective
Measure Status is True.

Source:dMS Simple Sequencing Behavior and Information Model [1]

1he description of Objective Progress Information utilizes data model pairs — one

lomant-dacer: hog th raclcad dAata tranlead Aota

element-describes-the-tracked-dataand-the-otherdeseribes-that-tracked-datats-vatie:
For example, Objective Satisfied Status describes if the objective has been satisfied or
not, and Objective Progress Status describes if the value of Objective Satisfied Status is
valid. The detailed sequencing behaviors reference both values in the data model pairs.
Because the tracking model is a run-time data model, implementers are free to represent
these values as they please to optimize their system; however, their systems must exhibit
the behaviors described in the normative sequencing behavior pseudo code (refer to
Appendix C).
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To make the descriptions of sequencing behaviors easier to read in this book, only one

elem

ent will be used to describe each pair, and an “unknown” value will be added to its

set of valid values. For example, Objective Satisfied Status will be described using the

follo

wing vocabulary:

“satisfied” — Objective Progress Status set to True; Objective Satisfied Status
setto True

e “not satisfied” — Objective Progress Status set to True; Objective Satisfied

Status set to False
“unknown” — Objective Progress Status set to False

Similarly, in addition to its normal floating point range, Objective Normalized Measure
will pe described as having the value “unknown” to represent Objective Measurg, Status
set tp False.

IMS|SS differentiates between local and shared global Objective Progress information.
By default, the set of Objective Progress Information initialized for each objective for
eachfattempt on an activity is “local” to that activity. However, thé.Sequencing
Defipition Model element Objective Map links “local” Objective\Progress Information to
shargd global Objective Progress Information. Resolution of @bjective Progress
Information defines what information is retrieved when a segquencing process accesses
the gtate of an objective.

1. If the Activity is not tracked (Tracked equals False) the LMS does not manage
any tracking information, therefore the:value of “unknown” (the default
tracking status) will be retrieved each'time any Objective Progress Information
IS required.

2. If the Objective Satisfied Status'is required and a Read Objective Satisfied
Status objective map is defined that links the local objective to a shared global
objective that has Objective Progress Status equal to True, then the shared
global Objective Satisfied Status is retrieved.

3. If the Objective Satisfied Status is required and no Read Objective Satisfied
Status objective map is defined that links the local objective to a shared global
objective or;the linked shared global objective has Objective Progress Status
equal to'kalse, then the local Objective Satisfied Status is retrieved.

4. If theObjective Normalized Measure is required and a Read Objective
Normalized Measure objective map is defined that links the local objective to a
shared global objective that has Objective Measure Status equal to True, then
the shared global Objective Normalized Measure is retrieved.

5. If the Objective Normalized Measure is required and no Read Objective
Normalized Measure objective map is defined that links the local objective to a
shared global objective or the linked shared global objective has Objective
Measure Status equal to False, then the local Objective Normalized Measure is
retrieved.
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ADL Note: Prior to a SCO being launched, the LMS shall initialize the SCO’s Run-

Time Environment Data (cmi . objectives) with the information maintained by the
activity’s Objective Progress Information if the activity is tracked (Tracked equals True).

Section 4.2.17: Objectives of the SCORM RTE Book [4] describes how this is done.

If Objective Progress Information is retrieved from a shared global objective during a

sequencing process, the state of the local Objective Progress Information is unaltered

When an nffpmpf on a tracked (Trar‘l«:d pqllnlc Trnp) nr‘fi\/ify pnrlc, “\write” nhjprfi\/p

maps are honored. If a Write Objective Satisfied Status and/or Write Objective
Normalized Measure are specified as True (defaults to False), the appropriate'porti

DNS

of the Objective Progress Information (Objective Progress Status and Objective Satisfied

Status and/or Objective Measure Status and Objective Normalized Measure) are copi
from the local objective to the associated shared global objective(s). Any-existing
Obijective Progress Information of the shared global objective(s) is unconditionally
overwritten.

4.2.1.3 Activity Progress Information

Each tracked (Tracked equals True) activity has one.Set of tracking status informatioj
that spans all attempts on that activity; this information is the Activity Progress
Information as defined in Table 4.2.1.3a. The elements described in the Activity
Progress Information table are referenced insthe’Sequencing Behavior Pseudo Code (
to Appendix C) during various sequencing-processes. The Activity Progress Informat
table defines default values for each element. The default values are utilized until thg
elements are explicitly set by the LMS’s sequencing implementation.

Table 4:2/1.3a: Activity Progress Information

bd

>

refer
on

No. Element Description Value Space ‘Default Value
1 Activity Indicates the activity progress information is |boolean False
Progress Status(jmeaningful (True or False) for the activity.
2 Activity Absolute[The cumulative duration of all attempts on  [Duration 0.0
Duration the activity, i.e., the time from the initial start|Accuracy 0.1
of the activity to the end of the activity. second

'The mechanism for determining the duration
is not defined in this model.

'The value is unreliable unless Activity
Progress Status is True.

3 Activity 'The cumulative experienced duration of all  |Duration 0.0
ExXperienced attempts on the activity, T.e., the time from —_|Accuracy 0.1
Duration the initial start of the activity to the end of thesecond

activity, not including any time elapsed while
the activity is suspended (i.e., when the
activity is not being experienced or is
inactive).

'The mechanism for determining the duration
of the suspend time is not defined in this
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model.

'The value is unreliable unless Activity
Progress Status is True and the activity is a
leaf.

Activity Attempt [The number of attempts on the activity. The |Non Negative 0
Count count includes the current attempt, i.e., 0 Integer
means the activity was not attempted and 1 or
greater means it either is in progress or
finished.

The value is unreliable unless Activity
Progress Status is True.

Sourde:

IMS Simple Sequencing Behavior and Information Model [1]

The JActivity Progress Information elements are managed as follows:

Activity Progress Status is set to True when the first attempt on the.activity
begins.

Activity Absolute Duration is the total absolute duration of-all attempts on the
activity.

ADL Note: SCORM Sequencing does require the évaluation duration-based
sequencing information (e.g. most limit conditiens and some rule actions).
Therefore, an LMS is not required to manage.this element and if the element has a
value, that value may not have any effect on the sequencing behavior.

Activity Experienced Duration is the total experienced duration of all attempts on
the activity. This value is not tracked for non-leaf activities.

ADL Note: SCORM Sequencing;toes not require the evaluation of duration-
based sequencing information-(e.g. most limit conditions and some rule actions).
Therefore, an LMS is not required to manage this element and if the element has a
value, that value may .ngt have any effect on the sequencing behavior.

Activity Attempt Count is incremented when each new attempt on the activity
begins.

4214 Attempt Progress Information

For ¢ach attempt on a tracked (Tracked equals True) activity, a learner gets one set of
AttemptProgress Information as defined in Table 4.2.1.4a. The elements described in
the Attempt Progress Information table are referenced in the Sequencing Behavior

Pseudo Code (refer to Appendix C) during various sequencing processes. The Attempt
Progress Information table defines default values for each element. The default values
are utilized until the elements are explicitly set by the LMS’s sequencing implementation.

Table 4.2.1.4.a: - Attempt Progress Information

No. Element Description Value Space Default Value
1 Attempt Progress |Indicates the attempt progress boolean False
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Status

information is meaningful (True or
False) for the activity attempt.

IAttempt
Completion
IAmount

'The measure of the completion of the
attempt on the activity, normalized
between 0..1 (inclusive) where 1 means
the activity attempt is complete and any
lesser value means the attempt is not
complete.

Real [0..1]

Precision of at least 4
significant decimal
digits

'The mechanism to define the
completion amount is not defined in
this model.

The value is unreliable unless Attempt
Progress Status is True.

Attempt
Completion Status

Indicates the activity attempt is
completed (True or False).

The determination or meaning of
completed or incomplete is not defined
in this model.

The value is unreliable unless Attempt
Progress Status is True.

boolean

False

IAttempt Absolute
Duration

'The duration of the attempt on the
activity, i.e., time from the start/of the
attempt to the end of the attempt.

'The mechanism for detekmining the
duration is not defined in this model.

The value is unreliable unless Attempt
Progress Status is True.

Duration
Accuracy 0.1 second

0.0

Attempt
Experienced
Duration

The experiehced duration of the attempt
on the activity, i.e., the time from the
start of the attempt to the end of the
attempt, not including elapsed time
while the activity attempt is suspended
(i.e., when the activity attempt is not
being experienced or is inactive).

The mechanism for determining the
duration or the suspend time is not
defined in this model.

The value is unreliable unless Attempt

Duration
Accuracy 0.1 second

Progress Status is True.

0.0

Source: IMS Simple Sequencing Behavior and Information Model [1]

The Attempt Progress Information elements are managed as follows:

e Attempt Progress Status is set to True when some other piece of tracking
information is recorded for the current attempt on the activity.

e Attempt Completion Status describes if the current attempt on the activity is
complete or not.
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e Attempt Completion Amount describes the degree of completion of the current
attempt on the activity. The current version of IMS SS does not utilize the
Attempt Completion Amount.

ADL Note: SCORM does not define any additional behavior for this element.
Implementations are free to utilize this element as they choose, so long as they
conform to the defined Sequencing Behaviors (refer to Appendix C: Sequencing
Behavior Pseudo Code).

4 Attempt Absolute Duration is the total absolute duration of current attempt on the
activity.

ADL Note: SCORM Sequencing does not require the evaluation of durations
based sequencing information (e.g., most limit conditions and some ruledctions).
Therefore, an LMS is not required to manage this element and if the element has a
value, that value may not have any effect on the sequencing behavior,

¢ Attempt Experienced Duration is the total experienced durationefcurrent attempt
on the activity.

ADL Note: SCORM Sequencing does not require the evaluation of duration-
based sequencing information (e.g., most limit conditions and some rule actions).
Therefore, an LMS is not required to manage this element and if the element has a
value, that value may not have any effect on the\sequencing behavior.

The description of Attempt Progress Information utihizes data model pairs — one element
descfibes the tracked data and the other describes.if that tracked data is valid. For
example, Attempt Completion Status describe§if the attempt has been completed or not,
and Attempt Progress Status describes if the-value of Attempt Completion Status is valid.
The detailed sequencing behaviors reference both values in the data model pairs.
Because tracking model is a run-time-data model, implementers are free to represent
thesg¢ values as they please to optimize their system; however, their systems must exhibit
the sequencing behaviors described in the normative pseudo code (refer to Appendix C).

To make the descriptions of sequencing behaviors easier to read in this book, only one
elerment will be used te describe each pair, and an “unknown” value will be added to its
vocgbulary. For example, Attempt Completion Status will be described using the
follgwing vocabulary:

4 “completed” — Attempt Progress Status set to True; Attempt Completion Status
setjto True
4 ““incomplete” — Attempt Progress Status set to True; Attempt Completion

Status set to False
e ‘“unknown” — Attempt Progress Status set to False

Similarly, in addition to their defined duration type, Attempt Absolute Duration and
Attempt Experienced Duration will be described as having the value “unknown” to
represent Attempt Progress Status set to False.
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4.2.1.5 Activity State Information

To enable the normative sequencing behaviors, an LMS must maintain additional state
information for each activity in the Activity Tree on a per learner basis. This information
is called Activity State Information as defined in Table 4.2.1.5a, and this information
exists for each activity regardless if the activity is tracked or not. The elements described
in the Activity State Information table are referenced in the Sequencing Behavior Pseudo
Code (refer to Appendlx C) durmg various sequencmg processes. The Act|V|ty State

jzed

untll the elements are epr|C|tIy set by the LMS’s sequencing |mplementat|on.

Table 4.2.1.5a: Activity State Information

Description Value Space Default
Value

Indicates that an attempt is currently in boolean False
progress for the activity, i.e., the activity has
been delivered to the learner and has not been
terminated, or is an ancestor of the Currént
Activity (True or False).

2 Activity is Suspended (Indicates the activity is currently suspended |boolean False
(True or False).
3 Available Children  |A list indicating the ordering of the available |Ordered List of{All childden
child activities for the activity. IActivities
Source: IMS Simple Sequencing Behavior and Information Model [1]

Activity is Active

The Activity State Information elements are managed as follows:

e Activity is Active is set to True when an attempt on the activity begins and is et
to False when the attempt on the activity ends. For a given learner and a
specific Activity Tree, this element has several characteristics and effects in the
context of various:sequencing processes:

0 There.can only be one “active path” in the Activity Tree at any one time —
only the activities along the “active path” can have Activity is Active s¢t to
True. The “active path” begins at the root of the tree and ends at the
Current Activity (refer to Section 4.2.1.6: Global State Information).

0 Only one (or no) leaf activity may have Activity is Active set to True at
any given time. If a leaf activity has Activity is Active set to True, that
activity must be the Current Activity.

P Tha Crivreaon HTI oy HE
U IIIC \JUIICIIL I"'\L:LIVIL_y W UIII_y fave I"\\.aI.IVII.y ID ’_\\JLIVC OCL I.U I roeit IL nas

not already been terminated — its current attempt has not ended.

e Activity is Suspended may be set to True when the current attempt on the activity
ends. This is done in one of two ways depending on the type of activity.

o If the activity is a leaf, the activity’s associated content object or the LMS
may indicate that the activity’s content object exited in a suspended state.
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o If the activity is a cluster parent, the LMS’s sequencing implementation
will set the cluster to suspend if any of its children are suspended.

The suspended state of an activity describes how the next attempt on that activity
is initiated. If an activity is suspended, the next attempt on the activity will
resume the previous attempt and use the previous tracking model state; no new
tracking information will be initialized. For more detail describing how a SCO
may affect the suspended state of its associated activity, refer to Section 4.2.8:

Fyif, of the SCORM RTE bhook [A]

Available Children maintains an ordered list of the activity’s children available to
the LMS’s sequencing implementation while performing sequencing behaviors!
This element only applies to an activity that represents a cluster. This element is
implicitly utilized during Navigation Behavior, Termination Behavior, Reltup
Behavior, Sequencing Behavior, and Delivery Behavior as the set of children to
be considered for sequencing.

ADL Note: The LMS’s sequencing implementation must maintain an ordered list
of author-time defined activities for a cluster. This list is utilized during the
Selection and Randomization Behaviors to affect the Available Children attribute.

4.2.16 Global State Information
The LMS’s sequencing implementation maintains additional state information for the
Activity Tree. This information is called Global State Information as defined in Table
4.2.1.6a. The elements described in the Global‘State Information table are referenced in
the equencing Behavior Pseudo Code (referte Appendix C) during various sequencing
procgsses. The Global State Information table defines default values for each element.
The default values are utilized until the@lements are explicitly set by the LMS’s
sequencing implementation.
Table#4.2.1.6a: Global State Information

No. Element Description Value Space ‘Default Value
1 Current Activity Alndicates the Current Activity. Activity None

If an activity is being experienced by

the learner, the Current Activity is the

activity delivered by the most recently

completed Content Delivery

Environment Process.

If an activity is not being experienced

by the learner, the Current Activity is

the last activity identified to terminate

by the most recently completed

Terminate Request Process or the

undeliverable target activity of the last

successful Choice Sequencing Request

Process.
2 Suspended Activity|Indicates the activity from whicha  |Activity None

Suspend All navigation request was
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I | ftriggered. | | |
Source: IMS Simple Sequencing Behavior and Information Model [1]

The Global State data model elements are managed as follows:

e Current Activity indicates the unique activity in the Activity Tree being
tracked by the LMS’s sequencing implementation; this activity is the first
activity considered during the Navigation, Termination and Sequencing

behaviors. All of this activity’s ancestors must have Activity Is Active set [o
True. The Current Activity defines where all sequencing requests are
processed.

ADL Note: While processing sequencing requests are defined in-the various
Sequencing Request Processes (refer to Appendix C: Sequencing-Behavior

Pseudo Code) as starting at the single Current Activity element, implementatipns
are not required to use one and only one element. Implementations must only
conform to the normative behaviors described in the Sequencing Behavior Ps¢udo
Code; that is, they must appear as if they are only utilizing one element. For
example, an implementation may want to track the most recently delivered

activity as the Current Activity and the most recently terminated activity as th
First Candidate Activity — and use the First\Candidate Activity as the starting
activity for the sequencing request processes.

D

e Suspended Activity indicates the.unique activity that was the Current Actiyity
in the previous sequencing session (e.g., a sequencing session that ended dque
to a Suspend All navigationequest). The path of all activities from the ropt of
the Activity Tree to the\Suspended Activity will all have Activity is Suspended
(refer to Section 4.2.1/5: Activity State Information) set to True. A
subsequent sequencing session may begin with a Resume All navigation
request, which will resume all activities along the path, including the
Suspended-Aetivity — this could be considered a simple form of
“bookmarking.”

Figure4,2.1.6a depicts the state model of the Current Activity; it summarizes the
effects of the various sequencing processes on the Current Activity and the
Current Activity’s state.
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Figure 4.2.6.1a Current Activity State Model

The LMS’s sequencing implementation assumes that a content object associated
with'the most recently identified (for delivery) activity has been launched for the

it must be a leaf in the

33

the Current Activity are also active because attempts on an activity occur within
the context of attempts on the activity’s ancestors.

2. The state of the Activity Tree remains like this until the LMS invokes the Overall

Sequencing Process with some learner or content triggered navigation request. If
the navigation request is valid, the Navigation Request Behavior will result in a

(Exit) termination request to end the attempt on the Current Activity — its tracking
information is updated, its Activity State Information element of Activity is Active
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becomes False, and the Overall Rollup Process is invoked. The Current Activity
does not change yet.

3. When an attempt on a leaf activity ends, the content may indicate that its learner
session ended in a suspended state — this is done through the End Attempt
Process. If the system indicates this, the Activity State Information element
Activity is Suspended of the Current Activity becomes True — the state of a
content object’s learner attempt is synchronized with the state of its associated
learning activity.

4. During Termination Behavior, Sequencing Exit Action rules are evaluated on, all
of the ancestors of the Current Activity — this is done in the Sequencing Exit
Action Rule Subprocess. The result of this subprocess will be that either.the “fjust
terminated” leaf activity remains the Current Activity, or an ancestor.of the leaf
activity becomes the Current Activity. If an ancestor becomes the-Current
Activity, the current attempt on that ancestor ends through theEnd Attempt
Process — Activity is Active for the ancestor becomes False and the Overall
Rollup Process is invoked

5. During the Termination Behavior, Post Condition Action Rules are evaluated|only
on the Current Activity, which is either the leaf activity or the activity identifigd
during the Exit Action Rule Subprocess (refer to-Step #4), if that Current Actiyity
is not suspended.

6. The Sequencing Behavior processes anypending sequencing request, which may
result in a delivery request.

7. The Delivery Behavior process validates any pending delivery request. If the
delivery request is validated, thes€ontent Delivery Environment Process is
invoked. During this process,.the identified activity becomes the Current Actjvity
and an attempt is started (or resumed) on it — the Current Activity’s Activity State
attributes of Activity is.Active becomes True and Activity is Suspended becomes
False.

8. Repeat at Step #1.

4.2.1.7 Tracking Behavior

The informationin this section is intended to supplement, not replace, the Tracking
Model Behavior section of IMS SS; please refer to IMS SS for more details.

A SCORM LMS shall adhere to the following requirements when managing Objective
Progress Information:

1. All objectives defined for an activity, using the Objective Description element of

the Sequencing Definition viodet, witt have a setof Tocal Objective PTogress
Information allocated for each learner and each new attempt on the activity.

2. Shared global objectives will have one set of Objective Progress Information
allocated for their defined scope for each learner.

3. Shared global Objective Progress Information is used to evaluate Sequencing and
Rollup Rules when “read” objective maps are defined and the shared global
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objective has a known state. When no “read” objective maps are defined, local
Obijective Progress Information is used to evaluate Sequencing and Rollup Rules.

To enable multiple activities to reference the same set of Objective Progress
Information, an Objective Map must be defined for all activities that wish to
access the information — the referenced set of Objective Progress Information is
called a “shared global” objective. Each Objective Map defines a relationship
between the “local” objective and some “shared global” objective.

I'nere are two Kinds ot OUbjective vViaps:

e A write Objective Map will set the shared global objective’s elements(s)
to the corresponding value(s) of the local objective. Whenever local
Objective Progress Information changes (usually because a SCO &S
reported information), write objective maps are enforced. Write
objective maps may be applied several times while the activityis active,
but they must be applied at least once when an attempt ori-the activity
ends.

ADL Note: Multiple local objectives associated-with the same activity
cannot write information to the same shared global objective; this would
create non-deterministic behavior.

e A read Objective Map will read the shared global objective element(s)
whenever the corresponding local objective element is required by the
LMS’s sequencing implementation,

ADL Note: A local objective ¢an only read from one shared global
objective; otherwise, non-deterministic behavior may result.

If a local objective has Objective Satisfied by Measure equal to True, all attempts
to access the objective’s Objective Satisfied Status will only use its Objective
Normalized Measure evaluated against its defined Objective Minimum Satisfied
Normalized Measuré¢ threshold. This evaluation will be performed instead of
using any availahble local or shared global Objective Satisfied Status.

ADL Note: Evaluation of a defined measure threshold (Objective Satisfied by
Measure) s conditional on the state of the activity and the value of its Measure
Satisfaction If Active element. If the activity is active (Activity is Active equals
True) and the Measure Satisfaction If Active is equal to Fal se, no measure
threshold evaluation shall be performed — the satisfaction status of the activity
shall be considered “unknown”.

When this evaluation is performed, an LMS may store the evaluated Objective
Satisfied Status in the activity’s local Objective Progress Information. Doing so
should not alter the local Objective Measure.
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4.3. Overall Sequencing Process

The information in this section is intended to supplement, not replace, the Overall
Process Behavior section of IMS SS. Refer to IMS SS for more details.

The Overall Sequencing Process provides the overarching control process for the LMS’s
g TOom: i i ' ' lied

within the context of a sequencing session. The Overall Sequencing Process encapsullates

the following sequencing behaviors:

e Navigation Behavior — Describes how a navigation request is validated and
translated into termination and sequencing requests.

e Termination Behavior — Describes how the current attempton an activity ends,
how the state of the Activity Tree is updated and if some-action should be
performed due to the attempt ending.

e Rollup Behavior — Describes how tracking information for cluster activities is
derived from the tracking information of its child activities.

e Selection and Randomization Behavior — D&seribes how the activities in a
cluster should be considered during processing a sequencing request.

e Sequencing Behavior — Describes how-a sequencing request is processed on @n
Activity Tree in attempt to identify the “next” activity to deliver.

e Delivery Behavior — Describes how an activity identified for delivery is validated
for delivery and how an LMS should handle delivery of a validated activity.
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Figure 4.3a’-.Conceptual Model of the Overall Sequencing Process

IMS|SS describes the behaviors listed above as independent, stand-alone processes that
all a¢t on the same data model — the Tracking Model (refer to Section 4.2). The
Congeptual Madel of the Overall Sequencing Process (Figure 4.3a) graphically depicts
the rglation of the various sequencing behaviors to one another, the Activity Tree and the
tracking madel. The entry point for the Overall Sequencing Behavior is a navigation
requpstissued by the LMS. Typically, navigation requests will be generated in relation to

some =ca| 'l 'tl iggu Cd I |avigatiu| I'TVTI It Ul d CUI ItCI It'tl ;ggt:l C‘d I lavigatim I Icqul:'bt (l CfCI tU
Section 4.4.3: Navigation Requests). The exit point for the Overall Sequencing Behavior
is either the identification of the “next” activity to deliver, which could be nothing, or an
exception. If an activity is identified for delivery, the LMS will launch the activity’s
associated content object. SCORM does not define behavior for the cases where no
activity is identified for delivery or some sequencing process produced an exception. It is
recommended that the LMS provide some indication to the learner of the Overall
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Sequencing Behavior Result, and further, that the indication allow for graceful
continuation of the sequencing session.

The Overall Sequencing Process exhibits the behavior of the sequencing loop when a
sequencing session starts and ends. The steps of the sequencing loop are described in
detail below.

A4 0D 1
“.0.1.

Begin Sequencing Session*

1)

)

(3)

Start of Sequencing Loop

4)

Sequencingtoop

The learner initiates access to the LMS (e.g., accesses the systeny, logs in,
and establishes a context within a particular unit of instructien-(e.g., select
course, a content organization, etc.).

The LMS initiates a sequencing process by issuing a Start, Resume All or
Choice navigation request. *

If the previous sequencing session ended due-to'a Suspend All navigation
request, then the LMS should attempt to start the sequencing session via a
Resume All navigation request.

An LMS shall attempt to begin the'sequencing session via a Start or Resumme

All navigation request, even if a.Choice navigation request is available.

" Prior to the beginning of & sequencing session, the Current Activity shal
considered to be None (or-undefined).

The Navigation Behavior translates the Start, Resume All or Choice

navigation request into the appropriate sequencing request and processes i
The sequencing Session “officially” begins when an activity is identified fi
delivery —one successful pass through the following Sequencing Loop.

Once the sequencing session has begun, the Suspended Activity shall be
considered to be None (or undefined).

Based on the sequencing request and using the information in the tracking
status model and the sequencing definition model, the Sequencing Behavi
traverses the Activity Tree to locate the appropriate activity to deliver to t

etc.)
sa

be

—

()

fearner. If no activity is identified for delivery, then the Overall Sequenci
Process stops and waits for another navigation request — Jump to Step #9.

The Delivery Behavior determines if the identified activity can be delivered,

and if so, prepares to launch the activity’s associated content object to the
learner. If the identified activity cannot be delivered, then the Overall

Sequencing Process stops and waits for another navigation request — Jump to

Step #9.
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(6) The learner interacts with the content object. The sequencing processes are
idle and waiting for requests while the learner interacts with the content
object.

@) The content object may report values that update the various tracking model
elements during the learner’s interactions with it.

(8) The learner, content object or system invokes a navigation event, such as
Continue, Previous, Choose activity X, Abandon, Exit, etc.

9) The LMS informs its sequencing implementation of the navigation event by

Issuing a navigation request.

10) The Navigation Behavior translates the navigation request into a termination
request and a sequencing request. If the navigation request indicates that the
learner wants to suspend or end their attempt on the Activity Tree’s root
activity, the sequencing session ends. The behavior of suspending a
sequencing session is specified; the behavior of ending a sequencing attempt
and the persistence of the activity state model after the end of an attempt is
unspecified and left to the implementation.

11) If the content object triggered the navigation request by terminating, it may
report additional values that update the Tracking Model.“The attempt on the
activity then ends. The Rollup Behavior is invoked to’determine the effects of
any state changes that occurred because of the learer’s interactions with the
content object. The Rollup Behavior updates the tracking status model for the
activity and for any of its ancestor activitieSywithin the Activity Tree.

12)  The Sequencing Loop repeats, beginning<at Step 4, until the sequencing

session ends**.

™ After the sequencing session.efids, the Current Activity shall be considered
to be None (or undefined).

Althpugh the Overall Sequencing Behavior shows how the various sequencing process
are related, implementations are_fre€ to invoke the individual sequencing processes at any
time|outside of the context of.the Overall Sequencing Process. If they do so, they must
proviide sufficient state management to ensure the tracking status model for the activities
and the Activity Tree appear as if they exhibit the behavior described by the Overall
Seqgyencing Process when a navigation request is processed. A common scenario for
invoking sequencing-processes outside of the Overall Sequencing Process is to validate
navigation requésts, ensuring that only navigation requests that would result in launching
a learning resource are honored, and providing an “intelligent” user interface that only
inclydes valid navigation controls.

Implementations are free to invoke sequencing behaviors outside of the context of the

Overall Sequencing Process on “dirty” or tentative data (by managing multiple sets of
tracking information, providing additional tracking status model elements, using
rollbacks, etc.), to evaluate “what if” scenarios for various navigation events. For
example, an implementation may provide some navigation control that allows the learner
to trigger a Continue navigation event. If the learner triggers that control, the LMS is free
to process a tentative Continue navigation request to see what would happen. If the
tentative request results in an error or nothing to deliver, the LMS may ignore the
navigation event (not invoking the Overall Sequencing Process), notify the learner, and
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throw away the “dirty” state data. If the tentative request succeeds, the LMS may invoke
the Overall Sequencing Process (or optimize some subset of it), deliver the resulting
content object and commit the tentative state data.
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4.4. Navigation Behavior

Navigation behavior is the primary entry point into the Overall Sequencing Process. It
provides the means for learner and system intentions to be communicated to the LMS’s
sequencing implementation. The external events that indicate navigation intention are

called Navigation Events. The means to trigger these events are called Navigation

Controls. The LMS is responsible for processing Navigation Events and invoking its
sequencing implementation with a corresponding navigation request.

4.4|1. Navigation Events

Navigation Events are external (to the LMS’s sequencing implementation) events that
indigate the learner’s or system’s intention to navigate through content’in some manner.
Thege events are typically triggered by the learner through user interface controls;
however, an LMS is free to trigger navigation events. SCORM does not place any
restrjctions on how navigation events are triggered.

When a navigation event is detected, the LMS must respond-in one of two ways:

1. Ignore the event — The LMS must ignore navigation events whose processing
(through the Overall Sequencing Process)-would result in nothing to deliver; this
is an undesirable system state (experience) for the learner. SCORM does not
place any requirements on how the LIMS determines if a navigation event will
result in nothing to deliver. For example, if the learner is currently experiencing
the content object associated with the last leaf of the Activity Tree, the desire to
continue to the next item would result in nothing being delivered; the LMS must
ignore the Continue navigation event.

Issue a navigation reguest — The LMS must translate the navigation event into its
corresponding navigation request and invoke the Overall Sequencing Process.

[\

4.4{2. Navigation Controls

Navi{gation-controls are user interface devices that provide the means for a learner to
indigate thé desire to navigate away from the Current Activity in a particular manner.
SCORM requires that an I MS provides, at a minimum, navigation controls that trigger

Continue, Previous, and Choice navigation events, when the processing of those events
will result in content identified for delivery to the learner. In addition, SCORM requires
that an LMS not provide navigation controls that trigger Continue, Previous, and Choice
navigation events, when the processing of those events will result in a Sequencing
pseudo-code exception — providing the controls would enable the learner to trigger
navigation events that could disrupt the learner experience. SCORM does not define how
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provided navigation controls are rendered, how they are triggered or what navigation

events they trigger.

SCORM also provides the means (via <adlnav:presentation>) for a content developer
to identify that the content is providing navigation controls within the content. In these
cases, the LMS is required to honor the request of the content and to not provide any

redundant and potentially confusing user interface controls.

Additional information describing navigation events can be found in the SCORM

Navigation Model (refer to Section 5: The SCORM® Navigation Model).

4.4.3. Navigation Requests

The Overall Sequencing Process begins when a navigation request is issued to the LMS’s

sequencing implementation. Once the navigation request is issuedi-the behavior as

defined in the Sequencing Pseudo Code (refer to Appendix C)-must be applied, beginning

with the Overall Sequencing Process.

SCORM conformant LMSs must accept the following-navigation requests and exhibit the

corresponding behavior as defined in Table 4.4.3a.

Table 4.4.3a: SCORM 2004,Navigation Requests

Navigation Request Action ‘

Issug & Continue sequencing request.

Start If the Current Activity issundefined, issue a Start sequencing request.

Resume All If the Current Activity is undefined and the Suspended Activity is defined, issug a
Resume All sequencing request.

Continue If Activity is‘Active for the Current Activity is True, issue an Exit termination
request:

request.

Issue a Previous sequencing request.

Previous I-Activity is Active for the Current Activity is True, issue an Exit termination

Forward Not specified in this version of SCORM.

Backward Not specified in this version of SCORM.

Choice I Activity is Active for the Current Activity is True, issue an Exit termination
request.

identification of the target activity.

[SSUE a CNOICE Sequencing request. TNhe request IS accompanied by the

Exit Issue an Exit termination request.

Issue an Exit sequencing request.

navigation event (e.g., Continue, Previous, Choice).

The current attempt on the Current Activity is terminated normally; the attempt is
over. The termination of the activity was not the result of any other external
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Exit All Issue an Exit All termination request.
Issue an Exit sequencing request.
Suspend All Issue a Suspend All termination request.
Issue an Exit sequencing request.
The current attempt on the Current Activity and all of its ancestors are terminated
normally; the attempts are not over and the activities are not complete. The
activities may be resumed at some time in the future (resumption is not a new
attemph—AR-EMS s-sequencing-mplementation-mustrecord-sufficient-state-and
tracking information so that the activities may be resumed in the future.
/Abarjdon Issue an Abandon termination request.
Issue an Exit sequencing request.
The current attempt on the Current Activity is terminated abnormally and’the
activity is not complete. The activity attempt may not be resumed.. (Phere is no
rollback of any tracking data.
/Abaridon All Issue an Abandon All termination request.
Issue an Exit sequencing request.
The current attempt on the Current Activity and all of jts ancestors are terminated
abnormally and the activities are not complete. The activity attempts may not be
resumed. There is no rollback of any tracking-data.

Sourge: IMS Simple Sequencing Behavior and Information Model 1]

4.414.

Navigation Request Procgss

The jnformation in this section is intended:to supplement, not replace, the Navigation
Behavior section of IMS SS. Refer to.fMS SS for more details. Implementations are
requjred to exhibit the normative hehaviors described in the Sequencing Behavior Pseudo
Code (refer to Appendix C) instead of the pseudo code described in IMS SS.

The Navigation Request Process is triggered during the Overall Sequencing Process, but
it may also be triggered directly by an LMS. It accepts a navigation request and may
return an exception, aSequencing request, or a termination request and a sequencing
requpst.

An gxception-is returned when:

Ansundefined (not in Table 4.4.3a) navigation request is issued.
/X Start navigation request is issued, but the sequencing session has already

begun.

A Resume All navigation request is issued, but the sequencing session has already
begun. Alternatively, the sequencing session has not begun, but no Suspended
Activity exists (presumably because the previous sequencing session did not end
due to a Suspend All navigation request).

A Continue navigation request is issued and the parent of the Current Activity
does not have the Sequencing Control Mode Flow set to True.
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e A Previous navigation request is issued and the parent of the Current Activity

does not have the Sequencing Control Mode Flow set to True, or the parent of the
Current Activity has the Sequencing Control Mode Forward Only set to False.

e A Choice navigation request is issued and:

0 The target of the Choice navigation request does not exist in the Activity
Tree. This could be the case if the target activity is not in the tree at all, or

if the target activity is not a member of the Available Children of the
target’s parent (refer to Section 4.7: Selection and Randomization

Behavior).
0 The parent of the target of the Choice navigation request has the
Sequencing Control Mode Choice set to False.

o If processing the Choice sequencing request for the target of the Choige

navigation request would require an active activity (alongthe “active
path”) to be exited and that activity has the Sequencing-Control Mode
Choice Exit set to False.

A valid Continue, Previous or Choice navigation request will.result in the correspond

sequencing request. In addition, if a valid Continue, Previeus or Choice navigation
request was issued and the Current Activity is active, an-EXit termination request will
issued to end the current attempt on the Current Activity.

The Exit, Exit All, Suspend, Abandon, AbandonZAll navigation requests all result in th
corresponding termination request and an Exit'sequencing request. These navigation
requests will end the attempt on the Current Activity and possibly end the sequencing
session.

ng
be

D
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45. Termination Behavior

Termination Behavior has two intentions: to end the current attempt on the Current
Activity and to ensure the state of the Activity Tree is in the most current valid state.
Termination Behavior acts on a termination request. It may move the Current Activity

and

Itis
cont

may return a sequencing request.

mportant to distinguish between an activity exiting and the activity’s associated
Ent object being taken away. How and when an activity’s associated content object

is taken away is out of scope of SCORM; SCORM only requires that SCOs end

com

munication (by calling Terminate()) prior to exiting. For more information.about

takirg content objects away, refer to Section 2.1: Run-Time Environment Management
(RTHE) in the SCORM RTE book [4]. An activity exits as part of the internal.sequencing
reprgsentation and behaviors; it is not affected by or affects the content<bjéct being taken

away.

Mor

e specifically, the Current Activity exits in response to a termination request if the

Current Activity is active. The LMS’s sequencing implementation must ensure that the
Currient Activity has exited so that the Activity Tree is in the.most current valid state prior
to processing any sequencing requests. However, the activity exiting may (depending on
the LMS implementation) require its associated content object to be forcefully taken

away

sequ

4.5

to ensure the most current valid state information is available to the LMS’s
encing implementation.

1. Termination Requests

In general, a termination request indicates that the current attempt on the Current Activity
must end — the Current Activity-will become inactive. IMS SS defines several types of

term

lination requests, each of-which results in a different behavior; a SCORM conformant

LMS$ will exhibit these.behaviors (Table 4.5.1a).

Table 4.5.1a: SCORM 2004 Termination Requests

Termination Request Action

Exi The current attempt on the Current Activity is terminated normally; the
attempt is over.

Exir Rarent The current attempt on the Current Activity’s parent is terminated
normally; The attempt 1S Over.

Exit All The current attempts on the active activities (from the root to the Current
Activity, inclusive) are terminated normally; the attempts are over.

Suspend All The current attempts on the active activities (from the root to the Current
Activity, inclusive) are suspended. The attempt on the Current Activity
may be resumed.

Abandon The current attempt on the Current Activity is terminated abnormally and
the activity is not complete. The attempt may not be resumed. There is no
rollback of any tracking data.
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Activity, inclusive) are terminated abnormally and the activities are not
complete. Attempts on any abandoned activity may not be resumed.
There is no rollback of any tracking data.

Abandon All The current attempts on the active activities (from the root to the Current

4.5.2. Evaluating Post Condition and Exit Action Rules

Activities may have one or more Post Condition and/or Exit action Sequencing Rules

assocrated withrthenT—Sequencing Rutes tave thestructure:
If [condition set] Then [action]

The [condition set] defines a set of conditions, which are individually evaluated agair

the tracking information for the activity. Each condition contributes ongwalue, which

may be negated (Rule Condition Operator equal to “Not”), to the [condition set resul
The Condition Combination is applied to the set of values contained in the [condition
results] to determine a single result (True / False / Unknown)for the rule evaluatio
the rule evaluation result is True, then the rule [action] is applied.

Several of the Tracking Model elements are described.if_pairs — one describing state
and the other describing the validity of that state data» -Sequencing Rules that include

st
[s].

set
n. If

Hata

evaluation of these elements may produce unknowfvalues in their [condition set results]

when the underlying tracking information is ipvalid. Applying the Rule Condition
Operator and the Condition Combination (refer to Appendix C: UP.2.1) to sets that
include unknown values are defined by the-following truth tables:

Table 4.5.2a: Post Condition and Exit Action Rules - NOT Truth Table

False Unknown

Unknown

Table 4.5.2b: Post Condition and Exit Action Rules - AND Truth Table

False Unknown

Unknown

False

Unknown | False Unknown

Table 4.5.2c: Post Condition and Exit Action Rules - OR Truth Table

False Unknown

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-4-29

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

False True False Unknown

Unknown True Unknown | Unknown

Sequencing rule actions are partitioned into three sets that correspond generally to the
timing of their evaluation, which sequencing processes they apply to and to their effect
on those processes. Two types of sequencing Rule Actions, Post Condition and Exit,

appl

y during Termination Behavior. Exit action Sequencing Rules are only evaluated

during the Sequencing Exit Action Rule Subprocess of the Termination Behavior. Post

Con
Rule

For ¢

The
may

ADL
eval
Con
exitg

4.5

The
Behs
requ
Cod

The

lition Sequencing Rules are only evaluated during the Sequencing Post Conditign

s Subprocess of the Termination Behavior.

pxample:
If not satisfied Then retry: Process a Retry sequencing request ‘@nthe activity if
the activity’s objective status is equal to not satisfied.
If attempted Then exit parent: Exit the parent of this activity if the activity has
been attempted.
If attempted Then exit all: EXxit the Activity Tree and-end the current
sequencing session if the activity has been attempted.

examples above represent only a small portion ef\the types of sequencing rules that

be defined for an activity.

L Note: Content developers should remember that Post Condition rules are only
hated on the Current Activity. If the intended sequencing strategy requires that a Post
lition action be applied to a clusteractivity, the cluster activity must be explicitly

d through an Exit Action rule before the Post Condition rule will be evaluated.

3. Termination(Request Process

nformation in this,Section is intended to supplement, not replace, the Termination
wvior section of IMS SS. Refer to IMS SS for more details. Implementations are
red to exhibit'the normative behavior described in the Sequencing Behavior Pseudo
p (refer tosAppendix C) instead of the pseudo code described in IMS SS.

Termination Request Process is invoked by the Overall Sequencing Process to end

the g

ttempt on the Current Activity prior to processing a sequencing request. The current

attempt on the Current Activity can end In one of three ways:

e Normal Termination: This is caused by an Exit or Exit All termination request.

The content object associated with the Current Activity may affect the activity’s
tracking information. If the termination request is Exit All, the sequencing session
ends.

e Abnormal Termination: This is caused by an Abandon or Abandon All

termination request. The learning activity associated with the Current Activity
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will not affect the activity’s tracking information. If the termination request is
Abandon All, the sequencing session ends.

e Suspended: This is caused by a Suspend All termination request. The attempt on
the Current Activity and all of its ancestors are suspended and the sequencing
session ends. The intension is that a future sequencing session may begin with a
Resume All navigation request, resuming the suspended attempts; the learner
would begin that sequencing session by experiencing the Current Activity.

request:

During the End Attempt Process

1)
(2)
(3)

(4)

(5)

During the Sequencing Exit Action Rules Subprocess

(6)

During the Sequencing Post Condition Rules Subprocess

(")

The current attempt on the Current Activity will end (Activity'is Active set
False for the Current Activity).

The content object associated with the activity may feport status informati
that will affect the activity’s tracking information;

If the content object associated with the activity~does not report status
information, the LMS’s sequencing implementation will set the activity’s
tracking information to satisfied and compleéted, as appropriate.

If the current attempt on the CurrentActivity ended normally, the attempt
have ended in a “suspended” (Activity is Suspended set to True) state. TH
content object associated with thetactivity reports this state.

Rollup is performed — trackingiinformation from the Current Activity is
propagated up the Activity@ree, through the Current Activity’s ancestors.

An exit action rule may be defined on one of the Current Activity’s ancest
causing the current attempt on the ancestor to terminate, rollup to be
performed-ahd the ancestor becomes the Current Activity.

If the Current Activity is not suspended, the Current Activity’s Post Condi
rules are evaluated. These rules may cause ancestors of Current Activity t
terminate (Exit Parent and Exit All rules), or they may indicate a sequenci
request (Continue, Previous and Retry rules). If an ancestor of the Currern
Activity terminates, it becomes the Current Activity and Post Condition ru

Termination Request Process performs the following actions during an Exit terminatipn

on

may

Ors,

tion

O

ng
t
es

are evaluated on it (this is a recursive operation). If a sequencing request

S

indicated, the request is returned to the Overall Sequencing Process and it
overrides any pending sequencing request.

IMS SS describes Termination Behavior as an “absolute” operation that may move the
Current Activity without retaining information about the Current Activity’s starting point.
This behavior is required because the Sequencing Behavior (refer to Section 4.8) begins
all processing from the Current Activity. The various sequencing processes assume the
current attempt on the Current Activity has already ended and that the state of the
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Activity Tree is up to date. Furthermore, the Delivery Behavior (refer to Section 4.9)
assumes the current attempt on the Current Activity has ended prior to processing any
pending delivery request to launch a content object and begin an attempt on its associated
activity.

Implementations are free to extend the Termination Behavior (or any other Sequencing
Behaviors) to retain information about the Current Activity and to perform “what-if”
termination of the Current Activity. Implementations are free to utilize additional

nraeoccaa—ok

trackingmodel-elementsaddittonat{subjprocesses-and-extended-or-altered-subprocesses:
The pnly requirement for a SCORM conformant LMS is that it behaves as described in
the rjormative Sequencing Behavior Pseudo Code (refer to Appendix C) instead of the
pseudo code described in IMS SS, when the Overall Sequencing Process is invoked!
That is, when an LMS determines that a navigation request should be honored and the
Overall Sequencing Process is invoked, the current attempt on the Current Activity will
appear to end as described in the Termination Behavior, prior to processing any pending
sequencing request.

45/4. End Attempt Process

The End Attempt Process is a utility process that is invoked,when an activity exits
normally. This process ensures that state of the terminating (“exiting”) activity is up to
datejand that information is propagated through the<est of the Activity Tree. The End
Attempt Process does not change which activity is.the Current Activity.

The following actions occur during the End. Attempt Process:

4 |f the terminating activity is a leaf and its associated content object is a SCO, the
SCO may indicate that its mest recent learner attempt ended in a “suspended”
state — the SCO set cni ..exi't to suspend. The LMS’s sequencing
implementation will use-this information to “suspend” the current attempt on the
activity.

4 |If the activity is;a‘Cluster, it is “suspended” if any of its children are “suspended”.

ADL Note: Because attempts on activities only occur within the context of an
attempt-on‘their parent (ancestor) activities, if any leaf activity in the Activity
Tree(s)suspended, the root of the Activity Tree will also be suspended. In this
situation, a start navigation request would not result in a new attempt on the root
of the Activity Tree, it would result in the previous attempt “resuming”.

e |f the terminating activity is a leaf and its associated content object is a SCO, the
data mapping detailed in Table 4.5.4a, in the prescribed order, occurs immediately
after Line 1.1. of the End Attempt Process pseudo-code (refer to Appendix C:
UP.4), prior to continuing the End Attempt Process. For more information
describing the data mapping, refer to the corresponding sections of the SCORM
RTE book [4].
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ADL Note: If the attempt on the Current Activity ends due to an Abandon or
Abandon All Navigation Request, the data mapping described in Table 4.5.4a
does not occur — an abandoned attempt does not cause the End Attempt Process to
be invoked and does not affect the state of the activity.

ADL Note: The objective that contributes to rollup has two potential sources of
state when a SCO terminates — from the SCO’s objective collection
(cmi .objectives.xxx) and from the cmi .success_status and

cmi .score.scaled data model elements. [T the SCO only provided informatjon
from one source (through a call to Setvalue()), that data shall be mappedto the

activity’s objective that contributes to rollup. If the SCO provides information
from both sources, the data from the cmi .success_status and
cmi .score.scaled data model elements shall be mapped to the @gtivity’s

objective that contributes to rollup.

Table 4.5.4a: Run-Time Data to Sequencing Tracking Data Mapping Summary

SCO Run-Time Environment Data Model

Element
cmi .objectives.n.success_status

Sequencing Tracking Data Model
Element

jective Progress Status and Objective
isfied Status for the activity’s objective
t shares the same 1D as
cmi.objectives.n.id

unknown Objective Progress Status = false
Objective Satisfied Status = false

failed Objective Progress Status = true
Objective Satisfied Status = false

passed Objective Progress Status = true

Objective Satisfied Status = true

cmi .objectives.n.score;scaled

4\

O\

Objective Normalized Measure for the
activity’s objective that shares the same ID
as cmi.objectives.n.id

unknown

Objective Measure Status = false
Objective Normalized Measure = 0.0

Defined. between -1.0 to 1.0

Objective Measure Status = true
Objective Normalized Measure = the
defined value

cmi .@ééss_status
RS

Objective Progress Status and Objective
Satisfied Status for the activity’s (primary)
objective that contributes to rollup

unknown Objective Progress Status = false
Objective Satisfied Status = false

failed Objective Progress Status = true
Objective Satisfied Status = false

passed Objective Progress Status = true

Objective Satisfied Status = true

cmi .score.scaled

Objective Normalized Measure for the
activity’s (primary) objective that
contributes to rollup

unknown

Objective Measure Status = false
Objective Normalized Measure = 0.0

Defined between -1.0 to 1.0

Objective Measure Status = true
Objective Normalized Measure = the
defined value

cmi .completion_status

Attempt Completion Status

unknown

Attempt Progress Status = false
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Attempt Completion Status = false
incomplete Attempt Progress Status = true
Attempt Completion Status = false
completed Attempt Progress Status = true
Attempt Completion Status = true
not attempted Attempt Progress Status = true
Attempt Completion Status = false

e If the terminating activity is a leaf, the LMS’s sequencing implementation may set
its rolled-up objective to satisfied and its completion progress may be set to

completed, if the content object did not provide these values. This is done
automatically by the LMS’s sequencing implementation based on the values of
the activity’s Delivery Control values.

4 The terminating (“exiting”) activity becomes inactive (Activity is Active setfo
False).

4 The Overall Rollup Process is invoked.
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4.6. Rollup Behavior

A set of tracking status information is associated with each attempt on each activity as
defined by the Tracking Model (refer to Section 4.2). Each leaf activity in the Activity
Tree tracks a learner’s interactions with the activity’s associated content object. SCOs
may communicate status information, which is used to affect the activity’s tracking status

information. Assets do not communicate status information. Sequencing information

can be applied to activities associated with such content objects using either Objegtive Set
by Content set to False or Completion Set by Content set to False; in these cases, the
LMS’s sequencing implementation will directly set the corresponding activity’s tracking
status information.

Cluster activities can not provide content objects and have no way.toldirectly set thei
status information. The status of a cluster activity is based on thestatus of its childrep;
the process of evaluating a cluster’s status information is called “rollup.” Figure 4.63
shows a cluster with three children; this figure will be used.throughout this section to
illustrate the various rollup processes. The status information of the cluster activity (A) is
determined, through rollup, from the status information-of the cluster’s children (1, 2|and
3).

; e )
Activity W

\ \( Objective Description
'\_* Objective Satisfied: unknown

» Dbjective Measure: unknown
1+ Activity Attempt Progress: unknown

. - h - — -
L A - . e 1 -
Activity 1 b Activity 3
Objective Description Objective Description
= Objective Satisfied! unknown * Objective Satisfied: unknown

» Objectivg Mensiire: unnknown | | - Objuctive Maasure: unknown

= Activity Attemipt Progress: unknown « Activity Attempt Progress: unknown

Activity 2

= Objective Satisfied: unknown
= Dbjective Measure: unknown

Objective Description
= Activity Attempt Progress: unknown

Figure 4.6a: Activity Status Information Used During Rollup

The term “Rollup” is used throughout this section to mean: “The process of determining a
cluster activity’s status information based on its children’s status information” — this
phrase is synonymous with “Apply the Overall Rollup Process.”
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4.6.1. Overall Rollup Process

The information in this section is intended to supplement, not replace, the Rollup
Behavior section of IMS SS. Refer to IMS SS for more details. Implementations are
required to exhibit the normative behaviors described in the Sequencing Pseudo Code
(refer to Appendix C) instead of the pseudo code described in IMS SS.

The Overall Rollup Process describes how rollup is applied to the Activity Tree from

HGF P daa sad. Tl + (TH oot 11 11
some Iratirty dotivily.  TTIC CUTTUHUTITTY PJTULESS THISUTTS Uldl dil TUTTUY PIUuLtoasts dit

appl|ed appropriately.
The Pverall Rollup Process must be applied in response to two different events:

1. When an activity terminates explicitly through the End Attempt Process &this is
the same time defined in the Sequencing Behavior Pseudo Code (refepto
Appendix C).

. When the state of a shared global objective changes — this may also occur in
conjunction with an activity terminating (refer to event #1)«

[\

In both cases the process to evaluate rollup is extended as follows:

A. Determine all activities that are affected by the change of status. This includes
the Current Activity and the parent of any activity (read Objective Map) that
shares a global objective with the Current ACtivity (write Objective Map) — this is
the “rollup set”.

B. Apply the Overall Rollup Process, stafting with the deepest activity in the
Activity Tree.

€. During the Overall Rollup Proggss, remove activities from the "rollup set” that
are encountered.

[D. Repeat Steps B and C until the “rollup set” is empty.

Actiyities encountered during the extended rollup process that affect shared global
objegtives do not add additional activities to the “rollup set.” The “rollup set” is only
determined once and that occurs prior to any invocation of the Overall Rollup Process.

Othgr than the two events described above, the LMS is free to invoke rollup at any time.
If anf LMS invokes the Overall Rollup Process at any time, the LMS must ensure that the
tracking status information of all activities in the Activity Tree and any associated shared
globpl<objectives are consistent with the defined sequencing behavior. That is, the

tracking-statustrformationcalettated-duringroHupmustonty be“committedH-that
rollup occurred as defined above. To ensure that LMS-triggered, “tentative” rollups do
not adversely affect the tracking status information of the Activity Tree, implementations
may wish to use a second set of tracking status information, “dirty” flags, rollback or
some other means to differentiate the cause of rollup evaluation.

Within the context of sequencing information associated with activities and the other
sequencing behaviors:
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e Rollup only includes tracked children.

e Rollup only includes children that contribute to rollup as defined by their Rollup
Controls.

e Rollup only includes children that satisfy the Rollup Consideration rules.

e The Rollup Child Activity Set for a Rollup Rule is applied to the included
children. The resulting evaluation will determine if there is a status change.

e If the number of included children in a rule’s Rollup Child Activity Set is zero (the
evaluation set is empty), then no status change occurs

e Rollup is performed starting at the leaf activity that triggered rollup (due to@
status change) to the root of the Activity Tree.

e Measure rollup is always performed first, followed by Objective andActivity
Progress rollup, in any order.

e The Measure and Objective Rollup Processes only include Objective Progress$
Information for each child’s unique objective that contributes)to rollup.

e The result the Objective Rollup Process only affects the chuster’s unique objegtive
that contributes to rollup.

e The Overall Rollup Process may be stopped when the status of a cluster activ
does not change.

e Rollup rules define how rollup is evaluated for @ cluster activity.

e The current status (if known) for a cluster activity is not altered by invoking the
Overall Rollup Process. Only the successful evaluation of a Rollup Rule or the
Measure and Objective Rollup Procéss will change the current status of the
activity.

e Rollup rules have no effect if defined on a leaf activity — there is nothing to
rollup.

e Measure rollup is not appfied to leaf activities.

e Rollup only affects tracking status values of cluster activities; it does not trigger
any sequencing rule‘evaluations or cause any side-effect actions.

—+

Yy

4.6.2. Evaluating Rollup Rules

Cluster activities may have one or more Rollup Rules associated with them. Rollup
Rules havethe structure:

If [child-activity set], [condition set] Then [action]

AN of an activity’s children are considered when evaluating the activity’s rollup, but pnly

vvvvv

[condition set] defines a set of conditions, which are individually evaluated against the
Tracking Status Information for each child activity that contributes to rollup (refer to
Appendix C: RB.1.4.2). Each condition contributes one value, which may be negated
(Rollup Condition Operator equal to “Not”), to the [condition set results]. The Condition
Combination is applied to the set of values contained in the [condition set results] to
determine a single result (True / False / Unknown) for the rule evaluation against each
child activity. The [child-activity set] describes how the set of all rule evaluation results
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(one for each contributing child for a given Rollup Rule) are used to determine if and
how (the [action]) the status of the activity should change.

Several of the Tracking Model elements are described in pairs — one describing state data
and the other describing the validity of that state data. Sequencing Rules that include
evaluation of these elements may produce unknown values in their [condition set results],
when the underlying tracking information is invalid. Applying the Rollup Condition
Operator and the Condition Combination (refer to Appendix C: RB.1.4.1) to sets that

H I P PN PI-ONTEI- N V-V NP PY 1200l SOWR | CONE 5N [ XTI IR 1 2N PN N P
InC e thfkfowt-varaeSareteriet Uy UIC TUNMTUWITIY trutl’ tlavlto.

Table 4.6.2a: Rollup Rules - NOT Truth Table

True False Unknown

NOT
Unknown

Table 4.6.2b: Rollup Rules - AND Truth Table

Unknown

Uhknown

True ‘ True

False False False False

Unknown ‘ Unknown False Unknown

Table 4.6.2c: Rellup Rules - OR Truth Table

OR False Unknown

True True True

False True False Unknown

unknown True Unknown Unknown

For ¢xample:

4 If-any not satisfied Then not satisfied: The cluster’s objective status is set to
not satisfied, if any of its tracked, contributing, children has its objective status

eqtrat-tonot-satisfied:

o |If 3 satisfied Then satisfied: The cluster’s objective status is set to satisfied, if
any three, or more, of its tracked, contributing, children has its objective status
equal to satisfied.

e If all satisfied or completed Then completed: The cluster’s activity attempt

progress status is set to completed, if all of its tracked, contributing, children have

their objective status equal to satisfied or their activity attempt progress status
equal to completed.
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o If all satisfied and attempted Then satisfied: The cluster’s objective status is
set to satisfied, if all of its tracked, contributing, children have their objective
status equal to satisfied and they have been attempted.

e 1f50% not attempted Then incomplete: The cluster’s activity attempt progress
status is set to incomplete, if 50% or more of its tracked, contributing, children
have not been attempted.

The examples above represent only a small portion of the types of rollup rules that may

—be defined—Fora comptete defimition of the Rottup Rutes Description refer to Section
3.7.

4.6.3. Measure Rollup Process

The Measure Rollup Process sets the cluster’s measure to the average-weighted meagure
of the cluster’s children. It only includes children that are tracked‘and that have Rollyp
Obijective Satisfied equal to True. The Measure Rollup Process does not directly affect
the cluster’s objective or progress status; however, the Objective Minimum Satisfied
Normalized Measure may be applied to a rolled-up measure to set the objective’s
satisfaction status during the Objective Rollup Process:

A cluster will always have a defined measure if@ny of its tracked children has a defined
measure for its rolled-up objective. An activity’s measure may be omitted during

measure rollup by setting its Rollup Objective Measure Weight to 0.0. Figure 4.6.3a
shows an example of the Measure RollupProcess. The information in the dashed boxes
comes from the sequencing informatien associated with the activity.
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Figure 4.6.3a: Example Of the Measure Rollup Process
4.6/4. Objective Rollup Process
The Objective Rollup Process sets the cluster’s rolled-up objective (the objective with
Objgctive-Contributes to Rollup set to True) status to “unknown”, “satisfied” or
“no-l- M 1od a e- hild ... hAa h a a

Rollup Objective Satisfied equal to True. There are three methods of rolling up objective
information. The first method that applies is the only one used to evaluate the objective
status of the cluster.

1. Using Measure: If the rolled-up objective has Objective Satisfied by Measure
equal to True, then the rolled-up measure is compared against the Objective
Minimum Satisfied Measure and Measure Satisfaction if Active:
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e |f the activity is active and Measure Satisfaction if Active is False, the status
of the activity does not change. Otherwise:
o If the rolled-up measure is unknown, the objective status is unknown.
o0 If the rolled-up measure equals or exceeds the Objective Minimum
Satisfied Measure, the objective status is satisfied.
o If the rolled-up measure is less than the Objective Minimum Satisfied
Measure, the objective status is not satisfied.

- Rctivity & !

Objective Description

+ Objective Satisfied By Measure: true
+ Objective Minimum Satisfied Measure: 0.9
* Objective Contributes To Rollup: true

Delivery Controls
|« Tracked: true

-—_—

£y
o e e e .- .

Tracking Model :
+ Objective Satisfied: not satisfied x
+ Objective Measure: 0.875 T
+ Activity Attempt Progress: unknown 1

i B ‘l’.‘.--...‘.‘.l.....‘.’ Y
. Aetivity 1 ! . *s " Activity 3 !
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Rollup Controls o " Rollup Controls
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* Rollup Progress Completion: false “ ,‘ * Rollup Progress Completion: false
L] T
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r
PNELLLLLELLELLELET L L * ™
¥ 4 2 3 P .,
: Tincking Sfasiel . f)  Trshkeg Mool [
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.---------------------' 1 * ..
S EEEEEEEEEEEEmEmEEm -
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.- ------------------- ..
»
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H ¥ F < I
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Figure 4.6.4a: Obijective Rollup Using Measure
2. Using Rules: If any Rollup Rules are defined on the activity that have the actjons

satisfied or not safisfied, those rules are evaluated to determine the cluster’s
objective status — not satisfied rules are evaluated first.
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Figure 4.6.4b: Objective Rollup Using Rules
3. Default Rules, =i no Rollup Rules are defined on the activity that have the
actions satisfied or not satisfied, the default rollup rules are:

e If allsatisfied, Then satisfied
o |fall (attempted or not satisfied), Then not satisfied

The default rules are evaluated in the same order defined rollup rules would be

avaliiatad tha nnt caticfind ritla 1c avaliiatad firct
A" A%LA% 119 | LA LAV AT Av |v ¥

rcT ot oaaoTico o |Svav pu p § ey

ADL Note: If the rolled-up objective has Objective Satisfied by Measure equal to
False, then the rolled-up measure, the Objective Minimum Satisfied Measure
element, and the Measure Satisfaction element have no effect on the rolled-up
objective — only the (default) Rollup Rules will apply.
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Figure 4.6.4c: Objective Rollup Using Default Rule
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Figure 4.6.4d:- Objective Rollup Ignoring Measure Using Default Rules
4.6/5. Activity Progress Rollup Process
The Activity(Progress Rollup Process sets the cluster’s activity attempt progress status to
“unknown?, “complete” or “incomplete”. It only includes children that are tracked
and that have Rollup Progress Completion equal to True. There are two methods of

rolling up progress information. T ne frstmethod that applies 15 the onty One USed 1o
evaluate the progress status of the cluster.

1. Using Rules: If any Rollup Rules are defined on the activity that has the actions
complete or incomplete, those rules are evaluated to determine the cluster’s
progress status — incomplete rules are evaluated first.
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Eiglure 4.6.5a: Activity Progress Status Rollup Using Rules
2. Default Rule: If no Rollup Rules are defined on the activity that have the actipns
completesor incomplete, the default rollup rules are:

o If all completed, Then completed
e |If all (attempted or incomplete), Then incomplete

The default rules are evaluated the same order defined rollup rules would be
evaluated — the incomplete rule is evaluated first.
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Figure 4.6.5b: Activity Progress Rollup Using Default Rule
L Note: Activity Progress Rollup Process evaluations do not affect the Attempt

Completion Amount-value for the activity. The value of Attempt Completion Amount is
not maintained orwsed by the LMS’s sequencing implementation. LMSs are free to

defir
long
rollup behaviors.

e and implement a rollup behavior extension for Attempt Completion Amount, as
as that\behavior extension does not alter the defined objective and activity progress
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4.7. Selection and Randomization Behavior

The information in this section is intended to supplement, not replace, the Selection and
Randomization Behavior section of IMS SS. Refer to IMS SS [1] for more details.
Implementations are required to exhibit the normative behaviors described in the
Sequencing Pseudo Code (refer to Appendix C) instead of the pseudo code described in

IMS SS.

The Selection and Randomization Behavior section describes when some subset (possibly
all) of a cluster’s children are selected and when (if) that subset is reordered.>These
processes affect the activities that are available and can be considered during the varipus
sequencing processes.

The Select Children Process and Randomize Children Process aré‘intended to be invpked
appropriately by the LMS’s sequencing implementation, as defined by activities’

Selection and Randomization Controls (refer to Sections 3.41;-Selection Controls ang
Section 3.12: Randomization Controls), which may occurduring or after Terminatior
Behavior, during Sequencing Behavior or during Delivery Behavior. Furthermore, if|an
LMS performs tentative evaluations of navigation reéquests, the Selection and
Randomization Processes may be invoked outside of the Overall Sequencing Procesy.
The only requirement for a SCORM conformant LMS is that the Selection and
Randomization Processes be applied consistently to the timing attributes of their related
Sequencing Definition Model Elements:

D

e Never: Never apply the'Selection or Randomization Processes. All of th¢
child activities will always'be considered in the author-time-defined order.

e Once: Apply the Selection or Randomization Processes once during the
current sequencing’session. This must occur before the cluster’s children can|be
considered during-any sequencing behavior process. An LMS will typically apply
selection and.randomization to all activities with this defined timing before
starting the sequencing session.

e On Each New Attempt: Apply the Selection and Randomization Processes
during or prior to a new attempt on the activity. To ensure that accurate and
consistent sets of available children are utilized during rollup and the various
Sequencing Behavior processes, an LMS will typically apply selection and
randomization to an activity with this defined timing prior to the first attempt jon
the activity beginning and immediately after (during the End Attempt Process) an

attamnt an thao activiths ande
M\.L\/lllrJL AYA R BN B AYD MVL.V.L] I TUJ,.

4.7.1. Select Child Process

The Selection Children Process enables a content developer to include more activities in
a cluster than are required to meet some learning strategy. This could be done to enable
different learners to potentially experience different learning activities. The content
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developer can define that a subset of a cluster’s activities be presented to a learner. The
selection process selects a defined number of child activities, retaining their relative
order. The selected activities are the only ones available for consideration during the
various sequencing processes.

4.7.2. Randomize Children Process

The Randomize Children Process enables a content developer to change the order in
whigh activities are experienced by a learner to enable different learners to experience the
same set of learning resources in different orders. The content developer can define that
the dluster’s available activities (those defined by the content developer or those selected
during the Select Children Process) be reordered randomly. The randomizationprocess
doeg| not alter which activities are contained in the set of available activities, itonly
reorglers them. The various sequencing processes will consider children of the activity in
the qrder determined by the Randomize Children Process.
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4.8. Sequencing Behavior

The information in this section is intended to supplement, not replace, the Sequencing
Behavior section of IMS SS. Refer to IMS SS for more details. Implementations are
required to exhibit the normative behaviors described in the Sequencing Behavior Pseudo
Code (refer to Appendix C) instead of the pseudo code described in IMS SS.

The behavior described in this section is fundamental to SCORM Sequencing. The
purpose of sequencing behavior is, given the current state of an Activity Tree, t0-attempt
to determine the “next” activity to deliver by traversing the Activity Tree in Seme deflined
manner from the Current Activity, or attempt to initiate a new sequencing-séssion by
identifying the first activity to deliver to the learner.

None of the sequencing processes alters the state of the Activity, Tree; they do not change
the Current Activity or affect any activity’s tracking status infermation. The Sequending
Behavior assumes the state of the Activity Tree is current as-0f the moment the
Sequencing Request Process is invoked.

If the Sequencing Behavior was invoked as part of the-Overall Sequencing Process, i is
possible that the Sequencing Behavior will not identify an activity to deliver. Itis leff to
the LMS to gracefully handle this condition andymanage the learner experience
appropriately.

48.1.1 Sequencing Requests

A SCORM conformant LMS must be able to process the following sequencing requepts
and exhibit the corresponding-hehavior as defined in Table 4.8.1.1a.

Table 4.8.1.1a: SCORM 2004 Sequencing Requests

Sequencing Request Sequencing Request Subprocess

Start Start Sequencing Request Subprocess
Restme All Resume All Sequencing Request Subprocess
Continue Continue Sequencing Request Subprocess
Previous Previous Sequencing Request Subprocess
Choice Choice Sequencing Request Subprocess
Retry Retry Sequencing Request Subprocess

Exit Exit Sequencing Request Subprocess

Sequencing requests can be grouped into four categories based on their overall behavior:

= Begin the Sequencing Session: Start, Resume All, Choice (before the sequencing
session has begun). These requests require that the Current Activity is undefined
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(the sequencing session has not begun yet). They attempt to identify the first
activity the learner will experience in a new sequencing session.

ADL Note: The successful identification of an activity to delivery does not
guarantee that activity will be delivered (refer to Section 4.9: Delivery Behavior);
the sequencing session does not officially begin until the first activity is
successfully delivered to the learner.

= Traverse the Activity Tree Toward the “Next” Activity: Continue, Previous
Choice (after the sequencing session has begun). These requests require that the
Current Activity is defined (the sequencing session has already begun). They
begin at the Current Activity and traverse the Activity Tree in a defined manper;
attempting to find the “next” activity to deliver.

% Repeat the Current Activity: Retry. This request requires that the Current
Activity is defined (the sequencing session has already begun). Itattempts to
deliver the Current Activity, or its first available child, if the Current Activity is a
cluster.

s End the Sequencing Session: Exit. This request requires'that the Current
Activity is defined (the sequencing session has already begun). If the Current
Activity is the root of the Activity Tree, the sequenging session is over — this ends
the Overall Sequencing Process and returns conttol to the LMS. If the Current
Activity is not the root of the Activity Tree, thistequest does not identify any
activity for delivery; the LMS’s sequencing-implementation must wait until
another navigation request is issued.

4.8/2. Sequencing RequestProcess

The Pverall Sequencing Processi(refer to Section 4.3) invokes the Sequencing Request
Progess with a sequencing reguest that comes from either the Navigation Behavior or the
Termination Behavior. The'result of the Sequencing Request Process may identify the
“next” activity to deliverito the learner; this is called a delivery request. The Sequencing
Reqyest Process inyokes the appropriate sequencing subprocess based on the pending
sequencing request..”All of the sequencing subprocesses begin processing at the Current
Actiyity, even those that act only when the Current Activity is undefined (i.e. Start and
Resume AlD:

invoke the various sequencing subprocesses from activities other than the Current
Activity and to track additional exception information, enabling “intelligent” Ul controls
and context for sequencing exceptions. However implemented, a SCORM conformant
LMS must exhibit the normative behaviors described in the Sequencing Behavior Pseudo
Code (refer to Appendix C) when Sequencing Behavior is invoked within the context of
the Overall Sequencing Process.
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4.8.3. Evaluating Limit Conditions

Content developers may define limits on the availability of activities. Limit condition
definitions are defined in the Sequencing Definition Model. SCORM only supports the
Max Attempt Limit limit condition. Evaluation of this limit condition is performed during
the Limit Conditions Check Process.

4.8.4. Evaluating Precondition Sequencing Rules

Activities may have one or more precondition sequencing rules associated with|them
Sequencing Rules have the structure:

If [condition set] Then [action]

The [condition set] defines a set of conditions, which are individually evaluated agairst
the tracking information for the activity. Each condition contributes one value, which
may be negated (Rule Condition Operator equal to “Not”),40-the [condition set resuls].
The Condition Combination is applied to the set of values,contained in the [condition| set
results] to determine a single result (True / False / Uaknown) for the rule evaluatiop. If
the rule evaluation result is true, then the rule [action] is applied.

Several of the Tracking Model elements are described in pairs — one describing state flata
and the other describing the validity of that state data. Sequencing Rules that include
evaluation of these elements may produce tinknown values in their [condition set resylts],
when the underlying tracking information is invalid. Applying the Rule Condition
Operator and the Condition Combination (refer to Appendix C: UP.2.1) to sets that
include unknown values are defined by the following truth tables:

Table4:8.4a: Precondition Rules - NOT Truth Table

False Unknown

Unknown

Table 4.8.4b: Precondition Rules - AND Truth Table

Unknown

Unknown
False False False
Unknown | False Unknown
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Table 4.8.4b: Precondition Rules - OR Truth Table

Unknown

OR

True True True

False True False Unknown

Unknown True Unknown Unknown

Sequencing rule actions are partitioned into three sets that correspond generally to the

timi
on th
the \

g of their evaluation, which sequencing processes they apply to, and to their affect

ose processes. Precondition Sequencing Rules are evaluated at various times dufing
arious sequencing request processes.

Precpndition Sequencing Rules are evaluated by the Sequencing Rules Check-Process.

For ¢xample:

If satisfied Then skip: Skip the activity while performing the Flow Subprocess if
the activity is satisfied.

If attempted Then disable: Disable the activity if theaetivity has been
attempted.

If always Then hidden from choice: Never allow-a Choice sequencing request
to target this activity.

The pxamples above represent only a small portion-of the types of sequencing rules that

may

be defined for an activity. For a complete definition of the Sequencing Rule

descriptions refer to Section 3.4.

4.8

The

5. Flow Subprocess

FFlow Subprocess defines flow the LMS’s sequencing implementation will traverse

the Activity Tree from a,given activity in a given direction. The Flow Subprocess is used

by a
LMS

number of sequencing processes (Start, Retry, Choice, Continue, Previous) when the
’s sequencing dmplementation must control the traversal of the Activity Tree. The

Flow Subprocess only stops at (and attempts to deliver) leaf activities. The Flow

Suby
to Fa
flow]

rocess willfail if it encounters an activity with Sequencing Control Mode Flow set
1 se. Figure 4.8.5a shows the relative order of leaves in an Activity Tree, assuming
isenabled for the entire tree.
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Figure 4.8.5a: Relative Order of “Flowing? Through an Activity Tree

&

The flow process can be summarized as follows:

1. Obtain a candidate activity by attempting to move away from the indicated
activity, one activity in the indicated direction (invoke the Sequencing Tree
Traversal Subprocess).

Loop

2. If the Sequencing Control Mode Flow of the parent of the candidate activity i
False, end the Flow Subprocess, nothing to deliver.

3. If the candidate activity is skipped, attempt to move away from the indicated
activity, one‘activity in the indicated direction (invoke the Flow Tree Traversa
Subprocess)— loop to Step 2.

4. Confirmythe candidate activity is not disabled. If disabled, end the Flow
Subprocess, nothing to deliver.

5. Confirm the candidate activity does not violate limit conditions. If a limit
condition is violated, End the Flow Subprocess, nothing to deliver.

6> If the candidate activity is a leaf, the activity is identified in a delivery request —
End the Flow Subprocess

7 the candidate activity-is-a-clusterenter the cluster in-the a

e If traversing forward, the next activity is the first child.

e If traversing backward and the cluster has Forward Only set to False, the

next activity is the last child.

e |f traversing backward and the cluster has Forward Only set to True, the next
activity is the first child — temporarily (while considering children of the
cluster), flow forward.

8. If no activity identified, End the Flow Subprocess, nothing to deliver.

Frate-direction:
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9. Loop to Step 2.

ADL Note: It is possible to “walk off the Activity Tree” if a forward traversal attempts
to move past the last available leaf in the Activity Tree. During the sequencing session,
any activity in the Activity Tree may become the last leaf relative to the Current Activity
(even the Current Activity) due to various combinations of sequencing information and
Activity Tree state. To ensure interoperable LMS behavior in cases where a sequencing

requestresuttsinatraversat-thatHows“off the-tree”the LviSshalend-thectrrent
attemipt on root of the Activity Tree and on all active descendents, and end the
sequencing session.

4.8/6. Overall Sequencing Process

The nformation in this section is intended to supplement, not replace, thevarious
sequencing request subprocesses sections of IMS SS. Refer to IMS SS for more details.
Impllementations are required to exhibit the normative behaviors déseribed in the
Sequencing Behavior Pseudo Code (refer to Appendix C) insteadof the pseudo code
descfibed in IMS SS.

4.8.6.1 Start Sequencing Request Subprocess

The Btart Sequencing Request Subprocess requires:that the sequencing session has not
begun yet. It attempts to begin a new sequencingsession by “flowing” into the root of
the Activity Tree. The process utilizes the Flew Subprocess (refer to Section 4.8.5).

If the Flow Subprocess ends because it @ncounters an activity with Sequencing Control
Mode Flow set to False, nothing is.identified for delivery and the sequencing session
does| not begin. In this case, it is,recommended that an LMS provide some mechanism to
allow the learner to indicate thé.desired activity to begin the sequencing session (e.g., a
choite navigation user interface control).

4.8.4.2 Resume All Sequencing Request Subprocess

The Resume Atb.Sequencing Request Subprocess requires that the sequencing session has
not hegun yet.) It examines the Activity State Information element of Suspended Activity
to dgtermine if the last sequencing session ended due to a Suspend All navigation request.
If it id; the Suspended Activity identifies the activity where to resume the previous

SeQUETTCITIY SESSTO.

If Suspended Activity is not defined, the subprocess ends; the sequencing session does not
begin. If Suspended Activity is defined, the Suspended Activity is identified for delivery.
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4.8.6.3 Retry Sequencing Request Subprocess

The Retry Sequencing Request Subprocess is invoked through a Post Condition
sequencing rule evaluated during the Termination Behavior. The subprocess assumes
that the sequencing session has already begun and that the Current Activity is the target to
retry. If the Current Activity is a cluster, the retry process invokes the Flow Subprocess
(refer to Section 4.8.5) to determine what activity the learner should experience next.

ADL Note: The intention of this sequencing request is to begin a new attempt on some

activity, and by implication on some of that activity’s descendents. During the

processing of the sequencing request, an LMS should apply uninitialized (default)
tracking information for evaluations of all activities encountered during the Activity Tree
traversal.

4.8.6.4 Exit Sequencing Request Subprocess

The Exit Sequencing Request Subprocess assumes the sequencifng session has already
begun and that the Current Activity is the target to exit. This'subprocess does not ideptify
an activity for delivery. If the Current Activity is the root'0fthe Activity Tree, the EXit
Sequencing Request Subprocess indicates that the sequeneing session is ending and that
control should be returned to the LMS.

4.8.6.5 Continue Sequencing Request-Subprocess

The Continue Sequencing Request Subprocess assumes the current sequencing sessio
has already begun. If it has begun and:Sequencing Control Mode Flow is True for the
Current Activity, the Flow Subproceéss (refer to Section 4.8.5) is invoked from the
Current Activity in a forward direction. If the Flow Subprocess identifies an activity,|that
activity is identified for delivery.

=

4.8.6.6 Previous-Sequencing Request Subprocess

The Previous Sequencing Request Subprocess assumes the current sequencing sessio
has already begun. If it has begun and Sequencing Control Mode Flow is True for the
Current Activity, the Flow Subprocess (refer to Section 4.8.5) is invoked from the
Current Activity in a backward direction. If the Flow Subprocess identifies an activity,
that activity is identified for delivery.

-

4.8.6.7 Choice Sequencing Request Subprocess

The Choose Sequencing Request Subprocess identifies a learner (or system) identified
activity for delivery. If the sequencing session has already begun, the Choice Sequencing
Request Subprocess attempts to traverse the Activity Tree from the Current Activity to
the target activity. If the sequencing session has not begun, the Choice Sequencing
Request Subprocess attempts to traverse the Activity Tree from its root to the target
activity. If the choice process identifies an activity and that activity is not a leaf, the
Flow Subprocess (refer to Section 4.8.5) is invoked from the activity in a forward
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direction. If the Choice Sequencing Request Subprocess identifies a leaf activity, that
activity is identified for delivery.
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4.9. Delivery Behavior

The information in this section is intended to supplement, not replace, the Delivery
Behavior section of IMS SS. Refer to IMS SS for more details. Implementations are

required to exhibit the normative behaviors described in the Sequencing Behavior Pseudo

Code (refer to Appendix C) instead of the pseudo code described in IMS SS.

Delivery Behavior defines the last step of the Overall Sequencing Process. The purp
of delivery behavior is, given an identified delivery request, validate that request-and
valid, deliver the appropriate content object. An LMS must determine, usingsthe con
package, the associated content object to deliver for the identified activity. JIf the
Delivery Behavior was invoked as part of the Overall Sequencing Progess, it is possi
that the delivery request will not be validated. It is left to the LMS ta.gracefully hang
this condition and manage the learner experience appropriately.

Delivery Behavior (Delivery Request Process) may be invaked by an LMS outside of
context of the Overall Sequencing Process. This may be-done to perform “what-if”
evaluations of potential delivery requests. The Delivery Request Process does not aff

any tracking information, therefore, it can be invoked without concern for side effects.

However, it is the implementation’s responsibility to manage any results appropriatel

One of the goals of SCORM is that content objects be reusable and interoperable acrg
multiple LMS. For this to be possible, thére must be a common way to start attempts
content objects. The Content DeliveryEnvironment Process defines a bridge betwee

LMS’s sequencing implementation and SCORM delivery mechanism. It manages thg

state of the Activity Tree pending-an assumed delivery of a content object and identif
that learning resource to the SCORM delivery mechanism.

The SCORM delivery meehanism defines a common way for LMSs to start an attem
Web-based content objects. This mechanism defines the procedures and responsibili
for the establishmentof communication between the delivered content object and the
LMS. The communication protocols are standardized using a common API. This
common delivery scheme enables consistent content object delivery behavior across
LMSs without specifying the underlying LMS implementation.

ADL(Note: In this context, the term “LMS” is used to describe systems that include
function of managing delivery of learning resources. This delivery scheme addresses

DSe
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delivery of Web-enabled learning resources in the form of SCOs and launchable Assgts
withif-the-contextofa =cai'ﬂiﬂg cchi'ici"lL,c.
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4.9.1. Delivery Request Process

The Delivery Request Process determines if the activity identified by a delivery request

can
Act

be delivered — it validates a pending delivery request. This process walks down the
ivity Tree from its root to the activity identified by the delivery request and confirms

that none of the encountered activities is disabled or violates limit conditions. If any
encountered activity is disabled or violates limit conditions, nothing is delivered and the
Current Activity does not change; the LMS’s sequencing implementation returns control
to the LMS and waits for another navigation request.

4.9/2. Content Delivery Environment Process

The Content Delivery Environment Process is the final process invoked by the,Overall
Seqyencing Process. It takes an (assumed valid) delivery request and prepares the

Act

iyity Tree for delivery of the identified activity. This process involves:

1. Ending the current attempt on all activities that will not be.active when the

identified activity is delivered.

4. Beginning (or resuming) all attempts on inactive activities that will become active
when the identified activity is delivered.

3. Initializing appropriate tracking information for.@ll newly-active activities.

4. ldentifying to the LMS the activity identifiedfor delivery.

Upon conclusion of the Content Delivery Enviranment Process, the LMS’s sequencing

imp

The

l[ementation returns control to the LMS and waits for another navigation request.

Content Delivery Environment Progess should not be invoked outside of the context

of the Overall Sequencing Process; te:do so may cause non-conformant and inconsistent
behavior.

AD

L Note: When a SCO is associated with the activity identified for launch, the LMS is

responsible to initialize (or update) the SCO’s cmi.objectives data model elements using
the dqurrent informatien found in the activity’s Tracking Data and associated Read

Obj

dctive Maps — Table 4.9.2a summarizes the required run-time data updates. Any

additional objectives created by the SCO during a previous learner session will not be

affe

¢ted by thednitialization.

Table 4.9.2a: Sequencing Tracking Data Mapping to SCO Run-Time Data Summary

~_a_ e AP,

VPN = I =~ ; P -, A1 S, — N . N . O
Styuclivingy 1 1avkily wdta ivivue Uli= 1 miie cCrvIituriiier it vdia

Model Element

1. | For each objective defined for the activity. A cmi.objectives element shall be
initialized that has an 1D identical to the
Objective’s ID.

2. | For each objective defined for the activity, the For the SCQO’s objective that shares the same
value of the Objective Progress Status and ID as the activity’s objective, its
Objective Satisfied Status for those objectives cmi.objectives.n.success_status,
determine the appropriate value to use: shall be initialized to the following values,

based on the Objective Progress Status and
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Objective Satisfied Status:
Objective Progress Status = true failed
Objective Satisfied Status = false
Objective Progress Status = true passed
Objective Satisfied Status = true
3. | For each objective defined for the activity, the For the SCO’s objective that shares the same
value of the Objective Measure Status and ID as the activity’s objective, its
Objective Normalized Measure for those cmi.objectives._n._score.scaled,
objectives determine the appropriate value to shall be initialize to the following values, based
use: on the Objective Measure Status and the
ﬂhjnrfi\/n Normalized Measure:
Objective Measure Status = true The defined value between -1.0
Objective Normalized Measure = the to 1.0
defined value

4.9.3. Launching a Content Object

The LMS is responsible for preparing and launching the content object associated with
the activity identified for delivery by the Overall Sequencing Pfocess; this behavior i
defined in the SCORM RTE book [4].

124
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SECTION 5

The SCORM® Navigation Model

Erom |IEEE Std. 1484.11.1-2004 |EEE Standard for Learning Technology — Data Model for Content to Learning Management System

QA LCEC. ICCE Oed 4404 44 9 9000 1

. + $1 Fal P2t MaTal 1 - Ct A £, 1 H T 1> 1 COMAC .
YU eativn, CUPyTight VU T L, TR Otu 2305 L 4.7 2UUJ TR L Jtaiiuait TUT Lty TELHuivygy = B IVIFAOUTTgt
Application Programming Interface for Content to Runtime Services Communication, Copyright 2003 IEEE; IEEE Std. 1484.12.1-
2002 IEEE Standard for Learning Object Metadata, Copyright 2002 IEEE; and IEEE Std. 1484.12.3-2005 |EEE Standard for Learning
Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
2005 IEEE. All rights reserved.

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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5.1. Navigation Model Overview

In the context of SCORM, the learning experience provided to a learner is the series of
learning activities experienced by that learner for a given Activity Tree; that is, the series
of activities identified by the sequencer for delivery and ultimately launched for the
learner. As described in the Sequencing Behavior section (refer to Section 4.3: Overall

Sequencing Process), the LMS’s sequencing implementation is a passive component jof
the LMS; it only acts in response to navigation requests issued by the LMS. Navigation

is the process by which a learner and an LMS cooperate to identify navigation'requests to
realize a learning experience.

Typically, the LMS will provide some set of user interface devices thaf the learner may
use to indicate a desired navigation requests. In some cases, content developers may
wish to indicate that the LMS should not provide those user intetface devices; instead, the
content will provide them. Sometimes the content may provide user interface devices in

addition to those provided by the LMS. In all cases, navigation requests correspond 1o
learner or content-directed movement through an Activity) Tree.

SCORM imposes no requirements on the type or style of the user interface presented|to a
learner at run-time, including any user interfacedevices for navigation. The nature of the
user interface and the mechanisms for capturing interactions between the learner and fthe

LMS are intentionally unspecified. Issues:such as look and feel, presentation style and
placement of user interface devices or controls are outside the scope of SCORM.
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5.2

The

. Triggering Navigation Requests

SCORM Navigation Model applies only to navigation between learning activities.

At this time, SCORM does not directly address the ability to define sequencing or
navigation within a SCO. However, SCORM does not preclude the ability for inter-SCO
navigation (this ability is entirely controlled by the SCO). For example, SCORM

navi

The
by a

jation does not apply to navigation between individual pages of a multi-page SCO.

SCORM Navigation Model defines a set of navigation events that can be triggered
learner through an LMS and content provided user interface devices or directly by

SCQs. How such events are triggered inside a SCO or through the LMS is not defined by
SCQRM. Furthermore, SCORM imposes no requirements on the type or style of the user
interfface, including any user interface devices for navigation. The nature of the user
interfface and the mechanisms for interactions between the learner and the.CMS are
intentionally not specified. Issues such as look and feel, presentationstyle and placement
of navigation controls are outside the scope of SCORM.

Nav

gation requests are processed as defined by the SCORMSequencing Behaviors

(refdr to Section 4.4: Navigation Behavior). They provide-the learner and content an
interpperable means to indicate a desired approach for moving through an Activity Tree,

such

as to choose a particular learning activity, contiiue to the next activity or go back to

a previous activity.

Tabl
map

ke 5.2a describes a set of navigation events’and defines how these navigation events
to navigation requests. In addition, thé.table defines the source from which each of

the qorresponding navigation requests can be triggered.

Table 5.2a:*Navigation Events and Descriptions

Navigation | Behavior Descriptiion Source

Event

This event indicates a desire to identify the first or “starting” activity
available(injthe Activity Tree. This event is typically generated
automatically by the LMS when the learner begins a new attempt on the
root-activity of the Activity Tree.

LMS Only

Thhis event results in a Start navigation request.

Resyme All,~[ This event indicates a desire to resume a previously suspended attempt on | LMS Only

the root activity of the Activity Tree. This event is typically generated

hvtha l NC v hnn tha

Artaraatinally g loarnayr roaciumne A ey iAoy
oo IatrCaity Oy tTiC VIO VI ICTT O IcTCar T i TeSuic S o JTeviIousTy

suspended attempt on an Activity Tree.

This event results in a Resume all navigation request.

Continue This event indicates a desire to identify the “next” (in relation to the LMS or SCO

Current Activity) logical learning activity available in the Activity Tree.

This event results in a Continue navigation request.

Prev

ious This event indicates a desire to identify the “previous” (in relation to the LMS or SCO
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Current Activity) logical learning activity available in the Activity Tree.

This event results in a Previous navigation request.

Choose This event indicates a desire to “jump” directly to a specific learning LMS or SCO
activity in the Activity Tree.

This event results in a Choice navigation request for a specified target
activity.

Abandon This event indicates a desire to prematurely or abnormally terminate the LMS or SCO

+ okt +. o +1 Aali o +. + alos 'y HAE 1ot ++
CUTTTTIt attiTimimpt Ut uic CUTTTTIt y utTiveTTU CUTIICTIU UUJTLL WILTT TTUITICTIU U

resume later.
This event ends the current attempt on the Current Activity.

If the Current Activity has a parent, the attempt on the parent activity
does not end. Further, Abandon has no immediate effect on any of the
Current Activity’s ancestors.

An abandoned attempt is counted as an attempt.

In no case does Abandon mean that tracking information thathas already
been recorded should be rolled back. For example, if the.agtivity was
already recorded as passed or completed, then it doesnot’become failed
or incomplete.

This event results in an Abandon navigation requéest.

Abandon All | This event indicates a desire to prematurely or abnormally terminate the LMS or $CO
current attempt on the root activity of the)Activity Tree with no intent to
resume later.

This event ends the current attefapt on the Activity Tree’s root activity
and all active learning activities.

All abandoned attempts are counted.

In no case does Abandeh All mean that tracking information that has
already been recorded should be rolled back. For example, if the activity
was already recorded as passed or completed, then it does not become
failed or incomplete.

This event'results in an Abandon All navigation request.

Suspend All | This\event indicates a desire to pause the current attempt on the root LMS or $CO
activity of the Activity Tree.

This event suspends the current attempt on the Activity Tree’s root
activity and all active learning activities.

None of the attempts on the suspended activities end. If the next attempt
on the root activity of the Activity Tree (beginning of the next sequencing
session) is initiated with a Resume All event, attempts on all of the

activities suspernded by thisevent witt resumme:

In no case does Suspend All mean that tracking information that has
already been recorded should be “rolled back.” For example, if the
activity was already recorded as passed or completed, then it does not
become failed or incomplete.

This event results in a Suspend All navigation request.

Unqualified | This event indicates that the current attempt on the currently delivered LMS or SCO
Exit activity has finished normally, and that termination was not triggered by
SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-A-5
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another navigation event, such as Continue, Previous, or Choose.
This event ends the current attempt on the Current Activity.

This event results in an Exit navigation request.

Exit All This event indicates that the current attempt on the root activity of the LMS or SCO
Activity Tree has finished normally.

This event ends the current attempt on the Activity Tree’s root activity
and all active learning activities.

This event results in an Exit All navigation request.
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5.3. Processing Navigation Requests

When the learner or content triggers a navigation event through any mechanism, the LMS
processes the corresponding navigation request by invoking the sequencing system. The
result of processing the navigation request will always be one of the following:

1

IT the effect of the navigation request IS to end the current attempt on the Actl
Tree, the LMS will process an Exit All navigation request, which ends the'atte

and returns control to the LMS.

After evaluating the current tracking status and the applicable sequeticing
information on the Activity Tree, the LMS determines that processing the
intended navigation request should not be honored. In that case, the LMS ign
the navigation request. The LMS takes no sequencing action until another

navigation request is triggered.
For example:

\

Activity B
Sequencing Control Modes

» Sequencing Control Choice: true

* Sequencing Control Choice Exit: true

* Sequencing Control Flow: false

* Sequencing Control Forward Only: false

flow to

Consider a part of an Activity Tree shown in Figure 5.3a and the situation wh

LG o

Figure 5.3a: Choosing a Cluster Activity with Flow Disabled

L.

Activity C
Si ing Control Mod

q g

* Sequencing Control Choice: true
* Sequencing Control Choice Exit:
* Sequencing Control Flow: false

* Sequencing Control Forward Onl

ity
mpt

pres

true

ly: false

Ere

thetearmeris currentty experiencing Activity Aot stown).—tHfachoice

navigation request for Activity C is triggered, the LMS may evaluate (validate)
that request and determine no activity would be identified for delivery. Using this
information, the LMS may ignore the request and allow the learner to continue

experiencing Activity A.

After evaluating the current tracking status and the applicable information on the
Activity Tree, the LMS determines that processing the intended navigation
request should be honored. The LMS invokes the Overall Sequencing Process
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(refer to Section 4.3) with the intended navigation request. The result of the
Overall Sequencing Process will be one of the following:

a.

A learning activity is identified for delivery: The LMS shall prepare
and launch the identified learning activity’s associated content object
(refer to the SCORM RTE book [4]).

No learning activity is identified for delivery: In this case, SCORM
does not place any requirements on LMS behavior. However, it is

C.

recommended that the LIVIS provide mintmal distraction 1o the learner.

For example, as described in the example above, if the LMS honored the
choice navigation request for Activity C, no activity would be identified
for delivery. The current learner session on Activity A would endybut the
subsequent LMS behavior is undefined.

An exception occurs during one of the sequencing processes: In this
case, SCORM does not place any requirements on LMSdehavior.
However, it is recommended that the LMS gracefullychandle the exception
and provide minimal distraction to the learner.
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5.4. Termination of a Content Object through Navigation

If an LMS provides user interface devices for navigation events, a learner may indicate
their desire to navigate by triggering one or more of these devices. When a learner
indicates the desire to navigate, SCORM assumes the learner is implying that they are
“done” with the currently launched content object, if one exists. If the LMS chooses to

honor the learner-triggered navigation event, the LMS must first take away (unload),fhe
current launched content object and then process the appropriate navigation request. [The
content object must be removed before processing the navigation request to ensure thit
the content object has “committed” any learner progress information that may affect
sequencing.

SCOs can communicate navigation intentions directly to the LMS threugh the SCORM
Navigation Data Model. A SCO must also indicate to the LMS4vhen the LMS shoulgl act
on its intensions; this is done by invoking the Terminate() (fefer to the SCORM RTE
book [4]). The Terminate() APl method indicates that the<SCO has completed
communication with the LMS; therefore, if the SCO has completed communication and
indicated a navigation intension, the LMS should act'en'it.

Once the Terminate() request has been processed, the LMS shall first process any

pending, learner initiated, navigation events¢lfthere is no pending, learner initiated,
navigation event, the LMS shall process the.last navigation request communicated by| the
SCO (refer to Section 5.6.4: Run-Time Communication of Navigation Requests), if any.
If neither the learner nor the SCO indicates their navigation intentions, the LMS mus{
wait for the learner to indicate a navigation event.

Consider the scenario where SCO A is launched and then calls Initialize(). Whil
SCO Ais running, the learner chooses another activity using a navigation user interfgce
control provided by thed.MS, for which the corresponding SCO, SCO B, is then
launched in the same_browser window, thereby forcing the unloading of the previous
SCO, SCO A. Inthis case, SCO A must call Terminate() when it detects that it is being
forcefully unloaded. The LMS implementation must terminate the communication
session it had’opened for SCO A, even if SCO A failed to call Terminate().

D

SCO,Admust implement a handler for the onUnload event that performs any needed
communication with the LMS and then calls Terminate(). SCORM may introduce
carmnmunication mechanism that allows the LMS to notify the SCO before forcefully
terminating the SCO in the future.

<o)

Navigation events triggered by the learner always take precedence over the navigation
requests communicated by a SCO. For example, while it is possible in the scenario
described above that SCO A communicated a navigation event to the LMS prior to being
terminated, the LMS discarded that navigation event as soon as another navigation event
was triggered by the learner through the LMS-provided user interface. In the above
scenario, if SCO A communicates a Continue navigation request to the LMS and then is
forced to terminate due to the Choose navigation event, because it was triggered by the
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learner, then the Choose navigation event would be acted upon and the Continue
navigation request indicated by SCO A would be ignored.

5.5.

The |
Servi

provi
have

inclyde glossaries, reference manuals, chat rooms, discussion boards, etc. IMS SS

Navigation and Auxiliary Resources

MS SS Specification defines the concept of Auxiliary Resource as a supporting

des only minimal hooks for Auxiliary Resources, and at this time, SCORM doesmot
sufficient community requirements to further define their use in an interoperable

manper. SCORM does not prohibit the use of Auxiliary Resources; however, itds
recommmended that content developers and LMS vendors use Auxiliary ResousCes with

extrq

me care to ensure future interoperability.
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5.6. User Interface (Ul) Devices for Navigation

5.6.1. Providing Ul Devices for Navigation

The | MS must_at a minimum_ pm\/irln the r—lhilify for a learner to friggnr nm/igm‘inn

events via Ul devices. SCORM imposes no requirements on the type or style of the'user
interface presented to a learner at run-time, including any Ul devices for navigation. [The
nature of the Ul and the mechanisms for capturing interactions between the learner and
the LMS are intentionally unspecified. Issues such as look and feel, presentation style
and placement of user interface devices or controls are outside the scope of SCORM.

Although SCORM does not place any requirements on the type aorstyle of Ul devices
provided to learners, an LMS must provide triggerable user interface devices for

navigation events from which the LMS would produce a valid_navigation request. It s
recommended that the LMS maintain consistent look-andxfeel, across all content objgcts
for provided Ul devices. Furthermore, it is recommended that the behaviors (navigatjon
events) triggered through an LMS-provided Ul device-be consistent across the learning
experience.

SCOs may optionally implement user interface devices for triggering navigation everts.
SCORM specifies how a SCO can indicate-and trigger a navigation request and how @
SCO can query the LMS to determine whether a particular navigation request is valid. A
content developer can choose to indicate, on a per content object basis, that the content
object intends to provide certain W devices provided, and further, that the LMS shou|d
not provide redundant Ul deviges for the same navigation events. One purpose of thig
indication is to avoid confusing the learner with redundant Ul devices, such as “previpus”
and “continue” buttons thiat may appear in both the SCO as well as in the Ul provided by
the LMS. Other uses of this feature are outside the scope of SCORM.

5.6.2. Using theisvisible Attribute

The SEORM CAM book [3] describes the use of the i svi si bl e attribute. The
i svinsi‘bl e attribute indicates whether its associated item is displayed when the structure
of the package is displayed or rendered; the value only affects the item for which it ig
defined and not the children of the item or a resource associated with an item. An LMS

is required to honor the value of i svi si bl e; invisible items (isvisible equals
False) shall not appear at all in an LMS-provided Ul device for Choose navigation
events.

However, the effect of i svi si bl e is strictly limited to presentation of Ul devices; it has
no effect on the SCORM Sequencing Behavior related to Choice navigation requests.
Invisible learning activities, those derived from a SCORM Content Package with an

i svi si bl e attribute equal to False, can still be targets of Choice navigation requests.
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Learning activities that are targets of Choice navigation requests may be identified for
delivery and launched; therefore, if a content developer wishes to ensure that a specific
learning activity cannot be identified for delivery through a Choice navigation request, an
“If always then hide from choice” precondition action sequencing rule should be applied
to the learning activity.

5.6.3. Presentation Information Model

The SCORM Navigation Model defines a minimal presentation model that allows content
developers to indicate certain presentation characteristics of a given content object. A
content developer can choose to indicate, on a per content object basis, that the content
object intends to provide certain Ul devices, and further, that the LMS should not,provide
redupdant Ul devices for the same navigation events. Table 5.6.3a defines the\structure
used|to indicate a content object’s presentation intentions. The presentation model may
be uged to indicate other content object presentation characteristics in the future.

Table 5.6.3.a: Presentation Information Model

Nr Name Explanation Value Data Type Default
Space
1 Presentation Information regarding - -
presentation.
11 Navigation Interface | Characteristics about the user - -
interface controls.
111 Hide LMS UI Indicates that the LMS should Zero or Open, (empty)
not provide specified user more extensible
interface devices that enable the | vocabulary | vocabulary, with
learner to trigger the.associated tokens specific defined
navigation events. tokens (refer to
Table 5.6.3b).

Table 5.6.3b enumerates the set-of Ul devices that content may wish to provide. An LMS
must honor any requests to hide Ul navigation devices, to not provide redundant and
potentially confusing Ul .navigation devices.

Table 5.6.3b: Run-Time User Interface Device Vocabulary

Definition Explanation
previfious Previous If this token is specified, the LMS should not display an enabled Ul device
navigation device | that can trigger a Previous navigation event while the associated content
object is launched.
contjfinte Continue If this token is specified, the LMS should not display an enabled Ul device
navigation Jevice | that can trigger a Continue navigation event while the associated Content
object is launched.
exit Exit navigation If this token is specified, the LMS should not display an enabled Ul device
device that can trigger an Exit navigation event while the associated content
object is launched.
exitAll Exit All If this token is specified, the LMS should not display an enabled Ul device
navigation device | that can trigger an Exit All navigation event while the associated content
object is launched.
abandon Abandon If this token is specified, the LMS should not display an enabled Ul device
navigation device | that can trigger an Abandon navigation event while the associated content
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object is launched.

abandonAll Abandon All If this token is specified, the LMS should not display an enabled Ul device

navigation device | that can trigger an Abandon All navigation event while the associated
content object is launched.

suspendAll Suspend All If this token is specified, the LMS should not display an enabled Ul device

navigation device | that can trigger a Suspend All navigation event while the associated
content object is launched.

The information described in the presentation model can only be applied to content

has been launched until the content object is taken away. The presentation model hag no
effect on the LMS when there is no launched content object; at that time the LMS;is free

to provide any Ul devices it chooses. The SCORM CAM book [3] (Section &:2:

Presentation/Navigation Information) describes how the presentation model is applied to

content objects included in a SCORM Content Package.

5.6.4. Run-Time Communication of Navigation Requests

A SCO may or may not contain Ul devices that allow the-learner to trigger a navigatipn

request. A SCO may wish to know if a given navigation request would result in the

identification of a learning activity for delivery — is‘the given navigation request valid?

The SCO can query the LMS for validity of various navigation requests. This
information may be used to provide a more aceurate set of enabled Ul devices.

Regardless of whether a SCO provides Ulhdevices, a SCO can directly communicate
navigation intentions to the LMS. A S€O can indicate one, and only one, navigation
request for processing by the LMS upon the SCO’s termination. For example, a SCQ

can

communicate navigation requests-such as Previous, Exit and Choose to the LMS. After
the SCO has been taken away;'the LMS will process the indicated navigation requestfand

deliver the identified learning activity.

All communication te-the SCORM Navigation Data Model occurs using the SCORM

Run-Time API (referto the SCORM RTE book [4]). The communication between SCOs

and LMS concerning navigation requests is defined in the table below.

Table 5.6.4a: SCORM Navigation Data Model

IN[g Name Explanation Value Space Data Type

e Navigation | Information regarding navigation
requests.

1.1 Request Information regarding the navigation “ _none_” Vocabulary
TEqUESt that the SCO woult ke the CMS— [ "continue” (Restricten)
to process upon its termination. “previous”

“choice {target}”
“abandon”
“abandonAll”
“exit”
“exitAll”
“suspendAll”
1.2 Valid Information indicating whether a certain | -
Request navigation request is valid or not.
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1.2.1 | Continue

This element is used to determine if a
Continue navigation request would result
in the identification of an activity to
deliver.

ADL : This element can be used by a
SCO to determine if the SCO should
provide a Ul device, such as navigation
control that allows the learner to trigger a
Continue navigation event.

“true”
“false”
“unknown”

Vocabulary
(Restricted)

1.2

N
ne
-+

Thic alamaant 1o tiead +0 datarmaina of o
TS STttt o o SCoto ottt eI

sg L1}
CI OC

\Laeabil
\4

Previous navigation request would result
in the identification of an activity to
deliver.

ADL Note: This element can be used by
a SCO to determine if the SCO should
provide a Ul device, such as navigation
control that allows the learner to trigger a
Previous navigation event.

“false”
“unknown”

V)
otaiotTary

(Restricted)

1.2|3 | Choice
{target}

This element is used to determine if a
Choice navigation request for the
specified activity would result in the
identification of an activity to deliver.

ADL Note: This element can be used by
a SCO to determine if the SCO should
provide a Ul device, such as navigation
control that allows the learner to trigger a
Choice navigation event for the specified
activity.

“true”
“fFalse”
“unknown”

Vocabulary
(Restricted)

5.6/5. The SCORM Run-Time Navigation Data Model

The following sections define the requirements for implementation of the SCORM
Navigation Data Model. Each data:model element is presented in a new section (i.e.,
5.6.6, 5.6.7, etc.). Each section’contains a table that describes the requirements for a
specjfic data model element._iThese requirements apply to both LMS and SCO

impl

-Notation Binding

impIEmentations. Sometrequirements impact LMS implementations, some impact SCO
mentations andSome impact both LMS and SCO implementations.

Table 5.6.5a: Data Model Element Table Explanation

Details

<dot-potation characterstring
repfesentation of the data model element>

Data Element Implementation Requirements: This section of the

table defines the data model element implementation requirements.

Format.

This section outlines those requirements about the data type that
both and LMS and SCO shall adhere to. The section of the table is
broken up into three sub-sections Data Type, Value Space and

e Data Type: Describes the specific data type for the data
model element. These data types are defined in the Data
Type section of the SCORM RTE hook (refer to Section

4.1.1.7: SCORM RTE book [4]).
e  Value Space:_Represents the space of values that can be
held by the data type.
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e Format: Describes any format restrictions placed on the
value for the data type.
LMS Behavior Requirements:
e  This section describes the set of requirements that an
LMS is required to adhere to.
SCO Behavior Requirements:
e  This section describes the set of requirements that an
SCO is required to adhere to.

API Implementation Requirements:
e  GetValue(): This section outlines the specific behaviors

that an LIVIS shall adhere to when processing Getvalug()
requests for the specified data model element. This
section also outlines the error conditions that caulg-ocgur
using the specified data model element with a GetValue()
request.
e  SetValue(): This section outlines the-specific behaviofs
that an LMS shall adhere to when processing SetValug()
requests for the specified data model element. This
section also outlines the error.conditions that could ocgur
using the specified data moedelelement with a SetValug()
request.

Additional Behavior Requiréments:

e  This section outlines any additional behavior
requirementsthat-are specific to the data model element.

Example:
e  This section provides examples of valid APl method c

using the data model element.

@

5.6.6. Request

A SCO can indicate one, and only one, navigation request for processing by the LMS
upon the SCQO’s termination. Fer;example, a SCO can communicate navigation requests
such as Previous, Exit and Cheose to the LMS. After the SCO has been taken away, the
LMS will process the indjcated navigation request and deliver the identified learning
activity.

Prior to the termination of communications with the LMS, as indicated by a successfil
invocation of Términate(), the navigation request communicated to the LMS via the
adl . nav. r equest element has no effect. The SCORM Navigation Data Model is only
reliable during one learner session on a SCO. It is managed by the LMS until the SCD
terminates, and is not persisted under any exit condition.

Consider the following scenarios:

A Dllring the Iparning m(lnpripnr‘p, the user encounters Iparning nr‘ti\/ify A andis

presented with SCO A (Learner Session 1 on SCO A), which is associated with
learning activity A:

e SCO A sets adl .nav.request element to “continue”.

e Terminate() is invoked by the SCO prior to the learner triggering any
navigation event. This results in end of communication between the SCO and
the API Instance.
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The result of scenario A is that a Continue navigation request is processed by the LMS.

B. Later, during the same learning experience, the user encounters learning activity
A again, so SCO A is presented to the learner again (Learner Session 2 on SCO

A):

e |f SCO A immediately invokes a Getvalue(adl .nav.request), “_none_”
will be returned because no navigation request has been communicated by the

SCO during this learner session

element.

e During this learner session, the SCO does not set the adl .nav. request

e Terminate() is invoked by the SCO prior to the learner triggering any
navigation event. This results in end of communication between the SCO and
the API Instance.

In sgenario B, the adl .nav.request data model element was not persisted.from Learner
Sessjon 1; it does not contain the previously set value of “continue”. Terminate(), in
this ¢ase, would not trigger any navigation request The LMS would wait for a learner
triggered navigation event before processing any navigation requests.

ADL Note: Content developers should be aware that havinga'SCO invoke the “exit
All”| “abandon All” or “suspend All” navigation requests will limit the reusability of the

SCQ.

-Notation Binding

adl|nav.request

Table 5.6.6a: Dot-notation Binding for.the*Request Data Model Element

Details

This data model element is used by a SCO to indicate a desired navigation
request to be‘processed immediately following the SCO successfully
invoking Terminate().

Data Element Implementation Requirements:

e Data Type: (restricted) characterstring (continue, previous,
choice, exit, exitAll, abandon, abandonAll, and _none_), and a
potential target delimiter represented as a characterstring.

e Format: The format of the characterstring shall be the following:

o {target=<STRING>}<navigation request>

The delimiter {target=<STRING>} indicates the target of a Choice
navigation request. The delimiter is required and shall be the first
series of characters found in parameter_2 of the SetValue() call
(refer to Section 3.1.4.2 of the SCORM RTE Book [4]), if the
navigation request is “choice”. The value of the <STRING> will
typically reference the identifier attribute of an <i t en element from

tha cantant naslianavphioh 1o darivad fram tha Aoty Tran
tHc-Come CrT VST TS OCrveoTror TCCT

L =i gtV TveT I CtrvIty 1o

All other navigation requests, including this delimiter, will result in an

error.

e Value Space: SCORM binds the values allowed for the
characterstring to the following restricted vocabulary tokens:

o0 “continue”: Indicates to the LMS that the content
asserts that a Continue navigation request should be
processed immediately following the SCO’s termination.

0 “previous”: Indicates to the LMS that the content
asserts that a Previous navigation request should be
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processed immediately following the SCO’s termination.

0 “choice”: Indicates to the LMS that the content
asserts that a Choice navigation request should be
processed immediately following the SCO’s termination.

o0 “exit”: Indicates to the LMS that the content asserts
that an Exit navigation request should be processed
immediately following the SCO’s termination.

o “exitAll”: Indicates to the LMS that the content
asserts that an Exit All navigation request should be
processed immediately following the SCO’s termination.

13 AC ¢+

© abander>—tdicatesto-the-EMSthatthe-content
asserts that an Abandon navigation request should‘be
processed immediately following the SCO’s terminat(on.

o “abandonAll”: Indicates to the LMS that the’contgnt
asserts that an Abandon All navigation request should{be
processed immediately following the SEO’s terminat(on.

o “suspendAll”: Indicates to the NMS that the confent
asserts that a Suspend All navigation request should bp
processed immediately following the SCO’s terminat(on.

0 “_none_": Indicates tothe =MS that the content
asserts that any previous navigation request indicated{by
the SCO should not-be_processed immediately follow|ng
the SCO’s termination. Setting this value effectively
clears any pending navigation request.

LMS Behavior Requirements:

U7J

e  This element is mandatory and shall be implemented by an LM
as read/write.

e  Normally the'learner will indicate their desire to navigation
through Seme navigation user interface control provided by the
LMS.\However, in some cases, the user interface control may
embedded in a SCO or the SCO may wish to provide a navigatipn
réquest on behalf of the learner. In the absence of a learner
invoked navigation request through an LMS provided Ul contrg
the LMS will process the navigation request identified by the SCO
through this element.

e  The default navigation request, if not set by the SCO, shall be

()

none_".

e  Upon termination of a SCO and the absence of a navigation
request identified by the learner through an LMS provided Ul
control, the LMS shall process the navigation request identified|by
this element on the Activity Tree being managed for the learner

SCO Behavior Reguirements:

e The element is implemented by the LMS as read/write. The SQO
is permitted to retrieve and store the value of the adl.nav.request
data model element.

API Implementation Reqguirements:

o  GetValue():
0  The LMS shall return the associated navigation requep
currently maintained by the 1 MS for the SCO and

—

indicate an error code of O — No error. The
characterstring returned shall adhere to the requirements
identified in the Data Element Implementation
Requirements.

0 Until the SCO indicates otherwise, the default value of
the adl.nav.request is “_none_".

o If the navigation request currently maintained by the
LMS for the SCO is “choice”, the format of the return
string is:
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{target=<STRING>}choice

Where <STRING> represents the target of the pending
“choice” navigation request.

ADL Note: The general syntax of delimiters is defined
in the SCORM RTE book (refer to Section 4.1.1.6:
Reserved Delimiters [4]).

e  SetValue():
0  Ifthe SCO invokes a request to set the navigation
request and the value is not a member of the restricted
vocabulary tokens described above, the | MS returns

“False”, and the API Instance’s error code becomes
406 — Data Model Element Type Mismatch the LMS
shall not alter the state of the element based on the
request.

o Ifthe navigation request is choice and the delimiter
{target=<STRING>} is not provided or is
improperly formatted, LMS shall return “false”,
indicate the error code to 406 — Data Model Type
Mismatch, and not change the currentstate of the
element.

o Ifthe navigation request is not fchoice” and the
delimiter {target=<STRING>} is provided, LMS
shall return “False”, indicate the error code to “406”
— Data Model Type Mismatch, and not change the
current state of thecelement.

Example:
e GetValue(“adl.nav.request”)

e  SetValue(*adl.navirequest”, “{target=intro}choice”);
e  SetValue(“adl.nawrequest”,”continue™)

5.6/7. Request Valid

When a SCO wishes to provide an embedded user interface device to enable the learner
to trigger navigation events, it may.be desirable for the SCO to know if and when it
should enable or disable the devices. This determination should be based on whether the
processing of a navigation request would result in the identification of an activity for
deliyery. For example, a.content designer may choose to develop SCOs in such a way
that they display a “Gontinue” or “Next” button only if there is a SCO in logical series.
The SCO itself canhot accurately make any determinations regarding the validity of
navigation requests, however, the LMS does have this information through its sequencing
implementation. The SCO can make calls to the SCORM Navigation Data Model to
querly the validity of several navigation requests.

ADL Nete: Although the LMS may indicate a particular navigation request is valid, that

indication is based on the most recent information available to the LMS. Itis
recommended that a SCO query the LMS for valid navigation requests it is concerned
about each time the SCO sets some aspect of learner progress (i.e., success status, score,
etc.).
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Table 5.67a: Dot-notation Binding for the Request Valid Data Model Element

Dot-Notation Binding Details

adl.nav.request_valid.continue This data model element is used by a SCO to request if a Continue
navigation request, processed on the current known state of the Activity
Tree, would result in an activity identified for delivery.

Data Element Implementation Requirements:

e Data Type: state (true, false, unknown)
e  Value Space: SCORM bhinds these state values to the following

restricted vocabulary tokens:

0 “true”: Indicates that the LMS has determined thatja
Continue navigation request processed on the,eurrent
known state of the Activity Tree will result inithe
identification of an activity for delivery.

o “False”: Indicates that the LMS has determined thgt a
Continue navigation request processed on the current
known state of the Activity Tree'will Not result in the
identification of an activityfor delivery.

0 “unknown”: Indicates thatithe LMS has not or cannpt
currently evaluate the-result of a Continue navigation
request being processed on the current known state of
the Activity Tree), \The SCO should not make any
assumptions.about the LMS or the result of processing a
Continue navigation request.

e  Format: The format of the data model value shall be one of the
three restricted tokens listed above (“true”, “false”,
“unknown™)

LMS Behavior Requirements:

e Thisélement is mandatory and shall be implemented by an LM
as,read-only.

o \(Itis recommended that the LMS perform validation on a Contirjue
navigation request prior to launching the current content object,
This enables the LMS to provide accurate and meaningful
navigation controls in its user interface, and to respond to valid
navigation request queries from SCOs.

e Itis recommended that the LMS perform validation on a Contirjue
navigation request each time a Commi t () request is processed
by the SCO and sequencing-related tracking information (progress
status, objective status, measure, objectives) may have been
updated.

e  The default status, until evaluated by the LMS, shall be
“unknown”.

\YJ

SCO Behavior Reguirements:

e The element is implemented by the LMS as read-only.

e The SCO is permitted to retrieve the value of the
adl.nav.request_valid.continue data model element.

e If“unknown” is returned by a GetValue() request, it is
recommended that the SCO wait for some period of time and

reissue the request.
API Implementation Requirements:

e  GetValue(): The LMS shall return the result of a validated
Continue navigation request performed against the current state of
the Activity Tree maintained by the LMS for the learner and
indicate an error code of O — No error. The value returned shall
adhere to the requirements identified in the Data Element
Implementation Requirements.

o  SetValue(): If the SCO invokes a SetValue () request to set
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the adl.nav.request_valid.continue, then the LMS shall set the
error code to 404 — Data Model Element Is Read Only and return
“False”. The LMS shall not alter the state of the element based
on the request.

Example:
e  GetValue(“adl.nav.request_valid.continue™)

adl.nav.request_valid.previous This data model element is used by a SCO to request if a Previous
navigation request, processed on the current known state of the Activity
Tree, would result in an activity identified for delivery.

Data Element Implementation Requirements:

e Data Type: state (true, false, unknown)
e  Value Space: SCORM binds these state values to the following
restricted vocabulary tokens:

0 “true”: Indicates that the LMS has determinedthat a
Previous navigation request processed on the canrent
known state of the Activity Tree will result’in the
identification of an activity for delivery.

o “false”: Indicates that the LMS has‘determined that a
Previous navigation request processed on the current
known state of the Activity Tree will Not result in the
identification of an activityfof delivery.

o “unknown”: Indicates that\the LMS has not or cannot
evaluate the result of &Rrevious navigation request
being processed on.theCurrent known state of the
Activity Tree. The)SCO should not make any
assumptions about the LMS or the result of processing a
Previous navigation request.

e  Format: The format of the data model value shall be one of the
three restricted tokens listed above (“true”, “false”,
“unknown”)

LMS Behavior Reguirements:

e  Thiselement is mandatory and shall be implemented by an LMS
asread-only.

e "l is recommended that the LMS perform validation on a Previous
navigation request prior to launching the current content object.
This enables the LMS to provide accurate and meaningful
navigation controls in its user interface, and to respond to valid
navigation request queries from SCOs.

e Itis recommended that the LMS perform validation on a Previous
navigation request each time a Commit() request is processed by
the SCO and sequencing-related tracking information (progress
status, objective status, measure, objectives) may have been
updated.

e  The default status, until evaluated by the LMS, shall be
“unknown”.

SCO Behavior Reguirements:

e  The element is implemented by the LMS as read-only.

s The SCOTs permittetto Tetrieve the vatue of the
adl.nav.request_valid.previous data model element.

o If“unknown” is returned by a GetValue() request, it is
recommended that the SCO wait for some period of time and
reissue the request.

API Implementation Requirements:

e  GetValue(): The LMS shall return the result of a validated
Previous navigation request performed against the current state of
the Activity Tree maintained by the LMS for the learner and
indicate an error code of O — No error. The value returned shall
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adhere to the requirements identified in the Data Element
Implementation Requirements.

e  SetValue(): If the SCO invokes a SetValue () request to set
the adl.nav.request_valid.previous, then the LMS shall set the
error code to 404 — Data Model Element Is Read Only and retu

m

“False”. The LMS shall not alter the state of the element based

on the request.
Example:
e  GetValue(“adl.nav.request_valid.previous”)

adl.nav.request_vald.choice {tar
get=<STRING>}

This data model element 15 Used Dy a SCO to request If a Choice navigail
request, for an indicated activity, processed on the current known state-of
Activity Tree, would result in an activity identified for delivery.

The target activity for this request is indicated with a target activity
delimiter, included as an argument in the dot notation of the request:

adl _nav.request_valid.choice.{target=<STRING>}

The argument delimiter {target=<STRING>} indicates the target of g
Choice validation request. The argument delimiter is'required and shall
immediately follow the final “.” in the parametefof the GetValue() c4

The <STRING> is represented as a characterstring. The value of the
<STRING> will typically reference the identifier attribute of an <item>
element from the content package which’derived the Activity Tree.

Data Element Implementation"Redquirements:

e Data Type: state (true, false, unknown)
e  Value Space:,SCORM binds these state values to the followin
restricted veeabulary tokens:

o /Ytrue”: Indicates that the LMS has determined that
Choice navigation request, for an indicated activity,
processed on the current known state of the Activity
Tree will result in the identification of an activity for
delivery.

o “False”: Indicates that the LMS has determined thg
Choice navigation request, for an indicated activity,
processed on the current known state of the Activity
Tree will Not result in the identification of an activity
for delivery.

o “unknown”: Indicates that the LMS has not or cann
evaluate the result of a Choice navigation request, for
indicated activity, being processed on the current kno
state of the Activity Tree. The SCO should not make
any assumptions about the LMS or the result of
processing a Choice navigation request.

e Format: The format of the data model value shall be one of the
three restricted tokens listed above (“true”, “false”,
“unknown”)

LMS Behavior Requirements:

e  The element is implemented by the LMS as read-only. The SC
is permitted to refrieve the value of the

bn
the

adl.nav.request_valid.choice data model element.

e  The LMS is not required to maintain and manage this element for
every activity in the Activity Tree. The LMS must only provide a
response to the request as defined in the Data Element
Implementation Requirements. It is recommended that the LMS
cache completed validation requests as long as possible (until a
state change in the tree may affect the cached value) to enhance
response time for these requests.

e  The default status, until evaluated by the LMS, shall be
“unknown”.
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SCO Behavior Reguirements:

e  This element is required to be implemented by an LMS as read-
only.

e  The SCO is permitted to retrieve the value of the
adl.nav.request_valid.choice data model element.

o If“unknown” is returned by a GetValue() request, it is
recommended that the SCO wait for some period of time and
reissue the request.

API Implementation Requirements:

—Getalued:

o0 Ifthe target delimiter {target=<STRING>}is
provided, the LMS shall return the result of a validated
Choice navigation request for the target activity
performed against the current state of the Activity Tree
maintained by the LMS for the learner, and indicate an
error code of O — No error. The state returned‘shall
adhere to the requirements identified in the Data
Element Implementation Requirements.

o  If the target delimiter {target=<STRING>}is not
provided or is improperly formatted,"LMS shall return
“fFalse”, indicate the error godeto 301 — General Get
Failure.

e  SetValue(): If the SCO invokesa'SetValue() request to set
the adl.nav.request_valid.chpice;~then the LMS shall set the error
code to 404 - Data ModelElement Is Read Only and return
“False”. The LMS shall not alter the state of the element based
on the request.

Example:

e GetValue(‘adl .nav.request_valid.choice.{targ
et=intrg}”)
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APPENDIX A

Acronym Listing
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Acronym Listing

ADL Advanced Distributed Learning
AICC Aviation Industry CBT Committee
API Application Program Interface
ARIADNE Alliance of Remote Instructional Authoring & Distribution
NetworksforEurope
CAM Content Aggregation Model
DOM Document Object Model
HTML Hypertext Markup Language
HTTP Hypertext Transfer Protocol
IEEE International Electrical and Electronics Engineers
IMS IMS Global Learning Consortium, Inc.
LMS Learning Management System
OP Overall Sequencing Process
RTE Run-Time Environment
SCO Sharable Content Object
SCORM Sharable Content Object Reference-Model
SN Sequencing and Navigation
SS Simple Sequencing
Ul User Interface
URL Universal Resource Locator
XML Extensible Markup Language
XSD XML Schema Definition
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APPENDIX C
Sequencing Behavior Pseudo Code

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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Sequencing Behavior Pseudo Code

This appendix includes an updated version of all of the IMS SS 1.0 pseudo code [1]. A
SCORM conformant LMS shall implement the sequencing behaviors as described in the
following pseudo code. Content developers should assume the use of Sequencing

Definition Viodel elements and ADL namespace Sequencing extensions shatt exnibirthe
behaviors detailed in this pseudo code during run-time.
Pseudo Code Index

Overall Sequencing Process [OP.1] ....cociiiciiiiieie et e et een e e e g e s e e et sre s .C-4
Navigation Request ProCess [NB.2.1] ....cccceiiiiiiieiieieiecsie sttt st e s e e a e saesresre e snens ..C-6
Sequencing Exit Action Rules SUbProcess [TB.2.1] ....ccccieviiiiieiieieeieiie i Nen s e C-13
Sequencing Post Condition Rules Subprocess [TB.2.2].......ccccvivvivniiiste s C-14
Termination Request Process [TB.2.3] ...cocvvviivirrriieeierereresesiese e A et ste e ste st a e e e see e seesne e s C-15
Measure ROHUP Process [RB.L.1] ..cccocvieriviriirienneieeeniereseesesesashee e C-19
Objective Rollup Using Measure Process [RB.1.2 @].......cccceoeseSradereeieiiniiieineeeicsieesie e C-21
Objective Rollup Using Rules Process [RB.1.2 D] ......coiiie et C-23
Activity Progress RoOHUP Process [RB.1.3] ..ol e C-24
Rollup Rule Check SUBProcess [RB.L.A] ....covieiirins e b C-25
Evaluate Rollup Conditions SUDProcess [RB.1.4.1].. 50 i c-27
Check Child for Rollup SUDProcess [RB.1.4.2] ...t et C-28
Overall ROHUP Process [RB.LE] ...cciiciiiiiieiiii e see ettt eee et te e ste e e sa et et srestesteane e e ebeseesrennas C-30
Select Children ProCesS [SRLL] .o.veue e s ettt sttt ettt st te e s e et et s resbesbesaeete et e stenrennas C-31
Randomize Children ProCeSS [SR.2] .......i e eeeieeie st ste st ste e e et be st sbe e sbeeteena e e e seesresresrens C-32
Flow Tree Traversal SUDProcess [SB.251]......ccoviiiiiieieiese sttt nne s C-33
Flow Activity Traversal SUDPrOCESSISB.2.2] .....civiiiiiieice st nre s C-36
FIOW SUDPIOCESS [SB.2.3] . ive et eieeeerieiteses e st steste et ettt ete e e e e e e e besaesbesteeneesaeneeneeseensentenrens C-38
Choice Activity Traversal SURPIOCESS [SB.2.4] ......cooiiiiiriiicireieese e C-39
Start Sequencing Request-PLOCESS [SB.2.5] ....oviiiiiiiiiiiiie s C-40
Resume All Sequencing\REGUESE ProCeSS [SB.2.6] .....couiiiiiriiirieiieiie ettt s C-41
Continue Sequencing Request ProCess [SB.2. 7T ...c.eiiiiiiiiiiie ettt C-42
Previous Sequeneifg*Request Process [SB.2.8] . ..o e C-43
Choice Sequencing Request Process [SB.2.9]......ccciiiiiiiiiieiicie ettt st C-44
Choice FIOW.STDProcess [SB.2.9.1]....ccucii ettt sttt st st reere et esresrennas C-50
Choice Flow Tree Traversal SUDProcess [SB.2.9.2].....ccccceiiiiiiiiiiie et C-51
RetrySequencing Request Process [SB.2.10] .....cccviieiiieeiere e se e ses e eee e e sae e e sseeraeaeaeseessesnesnens C-52
Exit-Sequencing Request Process [SB.2.11] ....cviviviieieieereresestese st seetesee e te s ste s nae e e seesse e e C-53
Sequencing ReqUESE ProCeSS [SB.2.12] . ...ccc i ieiiieiieseeieeesiese et se st ee e et ste e sre e enaeseeneeseesreneas C-54
Delivery Request ProCesS [DB.L.1].....coc ittt sttt ettt sr et et C-56
Content Delivery Environment Process [DB.2] ... C-57
Clear Suspended Activity SUDPrOCESS [DB.2.1].....cccoiiiiirieirienieesie ettt e C-59
Limit Conditions Check ProCESS [UP.L].....cceiieieiiie ettt sttt bbb C-60
Sequencing Rules CheCk ProCess [UP.2] ..ottt sttt e C-62
Sequencing Rule Check SUDPIOCESS [UP.2.1] .. .coiiiiiiiiieie ettt sttt e C-63
Terminate Descendent Attempts Process [UP.3].......cciiiiiiiiiiciicicie ettt eneas C-64
ENd AtEMPL PrOCESS [UP.A] ...ooiiie ittt ettt sttt ettt e s te e ne s et e e see st e besteerenre e C-65
Check ACLIVILY ProCesSs [UP.5] . ...iiiiiciciiie ettt sttt sttt s ne e ne e e sresrenreene s C-67
SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-C-3

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

Overall Sequencing Process [OP.1]

Reference: Content Delivery Environment Process DB.2; Delivery Request Process DB.1.3; Navigation
Request Process NB.2.1; Sequencing Request Process SB.2.12; Termination Request Process TB.2.3

1. Loop - Wait for a navigation request
1.1. Apply the Navigation Request Process to the navigation request
1.2. If the Navigation Request Process returned navigation request Not
Valid Then
1.2.1. Handle the navigation request exception Behavior not
specified.
1.2.2. Continue Loop - wait for the next navigation request
End If
1.3. If there is a termination request Then If the current
activity is-dctive,
end the‘attempt on
the'current activity.
1.3.1. Apply the Termination Request Process to the termination request
1.3.2. If the Termination Request Process returned termination request
Not Valid Then
1.3.2.4 Handle the termination request exception Behavior not
specified.
1.3.2.2 Continue Loop - wait for the next navigation request
End If
1.3.3. If Termination Request Process returned a segquencing request
Then
1.3.3.4 Replace any pending sequencing request by the sequencing  [There can only be
request returned by the Termination-Request Process one pending
sequencing request.
Use the one
returned by the
termination request
process, if it exists.
End If
End If
1.4, If there is a sequencing request Then
1.4.1. Apply the Seguencing Request Process to the sequencing request
1.4.2. If the Sequencing Request Process returned sequencing request Not
Valid Then
1.4.2.1 Handle the sequencing request exception Behavior not
specified.
1.4.2.2 Continue Loop - wait for the next navigation request
End If
1.4.3. If the Sequencing Request Process returned a request to end the
seguencing session Then
1.4.3.1L Exit Overall Sequencing-Process—-the sequencing session-has—Exiting from-the
terminated; return control to LTS root of the activity
tree ends the
sequencing session;
return control to the
LTS.
End If
1.4.4. If the Sequencing Request Process did not identify an activity for
delivery Then
1.4.4.1. Continue Loop - wait for the next navigation request
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End If
1.4.5. delivery request is for the activity identified by the Sequencing
Request Process
End If
1.5. If there is a delivery request Then
1.5.1. Apply the Delivery Request Process to the delivery request
1.5.2. If the Delivery Request Process returned delivery request Not Valid
Then
1.5.2.1. Handle the delivery request exception Behavior not
Specified.
1.5.2.2. Continue Loop - wait for the next navigation request
End If
1.5.3. Apply the Content Delivery Environment Process to the delivery
request
End If
2. End Loop - wait for the next navigation request

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved

SN-C-5



https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

Navigation Request Process [NB.2.1]

For a navigation request and possibly a specified activity, returns the validity of the navigation request; may
return a termination request, a sequencing request, and/or a target activity; may return an exception code:
Reference: Current Activity AM.1.2; Sequencing Control Choice SM.1; Sequencing Control Choice Exit
SM.1; Sequencing Control Flow SM.1; Sequencing Control Forward Only SM.1; Suspended Activity

AM.1.2

1. Case: navigation request is Start

1.1. If the Current Activity is Not Defined Then Make sure the
Sequencing session
has not already
begun.

1.1.1. Exit Navigation Request Process (Navigation Request: Valid,;

Termination Request: n/a; Sequencing Request: Start;
Target Activity: n/a; Exception: n/a)
1.2. Else
1.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid; Termination Request: n/a; Sequencing Request: n/a;
Target Activity: n/a; Exception: NB.2.1-1)
End If
End Case

2. Case: navigation request is Resume All

2.1. If the Current Activity is Not Defined Then Make sure the
sequencing session
has not already
begun.

2.1.1. If the Suspended Activity is DefinedThen Make sure the
previous
sequencing session
ended with a
suspend all request.

2.1.1.1. Exit Navigation Request Process (Navigation Request:

Valid; Termination Request: n/a; Sequencing Request:
Resume All; Target Activity: n/a; Exception: n/a)
2.1.2. Else
2.1.2.1. Exit Nayigation Request Process (Navigation Request: Not
Valid; Termination Request: n/a; Sequencing Request:
nfa; Target Activity: n/a; Exception: NB.2.1-3)
End If
2.2. Else
2.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid; Termination Request: n/a; Sequencing Request: n/a;
Target Activity: n/a; Exception: NB.2.1-1)
End If
End Case

3. Case: navigation request is Continue

3.1. If the Current Activity is Not Defined Then Make sure the
sequencing session
has already begun.

3.1.1. Exit Navigation Request Process (Navigation Request: Not

Valid; Termination Request: n/a; Sequencing Request: n/a;
Target Activity: n/a; Exception: NB.2.1-2)
End If
3.2. If the Current Activity is not the root of the activity tree And the \Validate that a
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Sequencing Control Flow for the parent of the Current Activity is
True Then

“flow’ sequencing
request can be
processed from the
current activity.

Valid; Termination Request: n/a; Sequencing

Request: Previous; Target Activity: n/a; Exception:

3.2.1. If the Activity is Active for the Current Activity is True Then If the current
activity has not
been terminated,
terminate the
current the activity.

2t Bxdt-Navigaten-ReguestProcess{Navigation-Reguest:

Valid; Termination Request: Exit; Sequencing Request:
Continue; Target Activity: n/a; Exception: n/a)
3.2.2. Else
3.2.2.1. Exit Navigation Request Process (Navigation Request:
Valid; Termination Request: n/a; Sequencing Request:
Continue; Target Activity: n/a; Exception: n/a)
End If

3.3. Else

3.3.1. Exit Navigation Request Process (Navigation Request: Not Flow is not epabled
Valid; Termination Request: n/a; Sequencing Request: n/a;  |or the current
Target Activity: n/a; Exception: NB.2.1-4) activity is the root

of the activity tree.
End If
End Case

4. Case: navigation request is Previous

4.1. If the Current Activity is Not Defingd,/Then Make sure thg
sequencing sgssion
has already bpgun.

4.1.1. Exit Navigation Request, Process (Navigation Request: Not
Valid; TerminationiRequest: n/a; Sequencing Request: n/a;

Target Activity: ala; Exception: NB.2.1-2)
End If

4.2. If the Current Activity is not the root of the activity tree Then There is no agtivity
logically ‘previous’
to the root of the
activity tree.

4.2.1. If the Sequencing Control Flow for the parent of the Current \Validate thatja
Activity is True And the Sequencing Control Forward Only for [‘flow’ sequerjcing
the parent of the Current Activity is False Then request can bg

processed from the
current activily.
4.2.1.1, If the Activity is Active for the Current Activity is True Then [If the current
activity has npt
been terminated,
terminate the
trrentthe autiVity.
4.2.1.1.1. Exit Navigation Request Process (Navigation Request:
Valid; Termination Request: Exit; Sequencing
Request: Previous; Target Activity: n/a; Exception:
n/a)
4.2.1.2. Else
4.2.1.2.1. Exit Navigation Request Process (Navigation Request:
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n/a)
End If
4.2.2. Else
4.2.2.1. Exit Navigation Request Process (Navigation Request: Not [Violates control
Valid; Termination Request: n/a; Sequencing Request:  |mode.
n/a; Target Activity: n/a; Exception: NB.2.1-5)
End If
4.3. Else
4.3.1. Exit Navigation Request Process (Navigation Request: Not Cannot move
vatid; Termination Request Va;, SEqUencing Request n/a;,  [packward from the
Target Activity: n/a; Exception: NB.2.1-6) root of the activity
tree.
End If
End Case
5. Case: navigation request is Forward Behayian not
defined.
5.1. Exit Navigation Request Process (Navigation Request: Not Valid,;
Termination Request: n/a; Sequencing Request: n/a; Target
Activity: n/a; Exception: NB.2.1-7)
End Case
6. Case: navigation request is Backward Behavior not
defined.
6.1. Exit Navigation Request Process (Navigation Request:"Not Valid,;
Termination Request: n/a; Sequencing Request: ©fa; Target
Activity: n/a; Exception: NB.2.1-7)
End Case
7. Case: navigation request is Choice
7.1. If the activity specified by the Choice navigation request exists within[Make sure the
the activity tree Then target activity
exists in the
activity tree.
7.1.1. If the activity specified ¥y the Choice navigation request is the [Validate that a
root of the activity tree Or the Sequencing Control Choice for  |‘choice’
the parent of theactivity specified by the Choice navigation sequencing request
request is Trué_Then ican be processed
on the target
activity.
7.1.1.1. Ifsthe Current Activity is Not Defined Then Attempt to start the
sequencing session
through choice.
7.1.1.1.1. Exit Navigation Request Process (Navigation
Request: Valid; Termination Request: n/a;
Sequencing Request: Choice; Target Activity: the
activity specified by the Choice navigation request;
Exception: n/a)
End It
7.1.1.2. If the activity specified by the Choice navigation request is |.
Not a sibling of the Current Activity Then
7.1.1.2.1. Find the common ancestor of the Current Activity and
the activity specified by the Choice navigation request
7.1.1.2.2. Form the activity path as the ordered series of activities [The common
from the Current Activity to the common ancestor. ancestor will not
terminate as a
result of processing
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© ISO/IEC 2009 — All rights reserved



https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

the choice
sequencing request,
unless the common
ancestor is the
Current Activity —
the current activity
should always be
included in the
activity path.

71123 H the-activitypath-is Not Empty Then
7.1.1.2.3.1. For each activity in the activity path Make sure.that
‘choosing>the
target will not force
an active actiyity to
terminate, if that
activity does pot
allow choice fo
terminate it.
7.1.1.2.3.1.1. If Activity is Active for the activity is True
And the Sequencing Control Choice Exit for
the activity is False Then
7.1.1.2.3.1.1.1. Exit Navigation Request Process \Violates contfol
(Navigation Request: Not Valid; mode.
Termination Request: n/a; Sequencing
Request: n/a; Target Activity: n/a;
ExceptiahyNB.2.1-8)
End If
End For
7.1.1.2.4. Else
7.1.1.2.4.1. Exit Navigation Request Process (Navigation
Request: Not Valid; Termination Request: n/a;
Sequencing Request: n/a; Target Activity: n/a;
Exception: NB.2.1-9)
End If
End If
7.1.1.3. IT Activity is Active for the Current Activity is True And the [The Choice target
Sequencing Control Choice Exit for the Current Activity is [is a sibling to|the
False Then Current Actiyity,
check if the Qurrent
Activity is allowed
to exit.
7.1.1.3.1 Exit Navigation Request Process (Navigation \Violates contfol
Request: Not Valid; Termination Request: n/a; mode.
Sequencing Request: n/a; Target Activity: n/a;
Exception NB.2.1-8)
End If
7.1.1.4. If the Activity is Active for the Current Activity is True If the current
Then activity has not
been terminated,
terminate the
current the activity.
7.1.1.4.1. Exit Navigation Request Process (Navigation

Request: Valid; Termination Request: Exit;
Sequencing Request: Choice; Target Activity: the
activity specified by the Choice navigation request;
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Exception: n/a)

7.1.1.5. Else
7.1.1.5.1. Exit Navigation Request Process (Navigation
Request: Valid; Termination Request: n/a;
Sequencing Request: Choice; Target Activity: the
activity specified by the Choice navigation request;
Exception: n/a)
End If
7.1.2. Else
7.1.2.T ExitNavigatiom Request Process (Navigatiom RequestNotviotates tomntrot
Valid; Termination Request: n/a; Sequencing Request:  |mode.
n/a; Target Activity: n/a; Exception: NB.2.1-10)
End If
7.2. Else
7.2.1. Exit Navigation Request Process (Navigation Request: Not Target'activity does
Valid; Sequencing Request: n/a; Termination Request: n/a;  |notexist.
Target Activity: n/a; Exception: NB.2.1-11)
End If
End Case
8. Case: navigation request is Exit
8.1. If the Current Activity is Defined Then Make sure the
sequencing session
has already begun.
8.1.1. If the Activity is Active for the Current Activity(is True Then Make sure the
current activity has
not already been
terminated.
8.1.1.1. Exit Navigation Request Progess (Navigation Request:
Valid; Termination Request: Exit; Sequencing Request:
Exit; Target Activity: nfa) ; Exception: n/a)
8.1.2. Else
8.1.2.1. Exit Navigation Request Process (Navigation Request: Not |Activity has
Valid; Sequenging Request: n/a; Termination Request:  [already terminated.
n/a; Target,Activity: n/a; Exception: NB.2.1-12)
End If
8.2. Else
8.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid;-Sequencing Request: n/a; Termination Request: n/a;
Farget Activity: n/a; Exception: NB.2.1-2)
End It
End Case
9. Case: navigation request is Exit All
9.1. If the Current Activity is Defined Then If the sequencing
session has already
begun,
unconditionally
terminate all active
activities.
9.1.1. Exit Navigation Request Process (Navigation Request: Valid,;
Termination Request: Exit All; Sequencing Request: Exit;
Target Activity: n/a; Exception: n/a)
9.2. Else
9.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid; Sequencing Request: n/a; Termination Request: n/a;
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Target Activity: n/a; Exception: NB.2.1-2)

End If
End Case
10. Case: navigation request is Abandon
10.1. If the Current Activity is Defined Then Make sure the
sequencing session
has already begun.
10.1.1. If the Activity is Active for the Current Activity is True Then Make sure the
current activity has
ot atready bgen
terminated:
10.1.1.1. Exit Navigation Request Process (Navigation Request:
Valid; Termination Request: Abandon; Sequencing
Request: Exit; Target Activity: n/a; Exception: n/a)
10.1.2. Else
10.1.2.1. Exit Navigation Request Process (Navigation Request;Not
Valid; Sequencing Request: n/a; Termination Request:
n/a; Target Activity: n/a; Exception: NB.2.1-12)
End If
10.2. Else
10.2.1. Exit Navigation Request Process (Navigation\Request: Not
Valid; Sequencing Request: n/a; Termination Request: n/a;
Target Activity: n/a; Exception: NB.2.1-2)
End If
End Case
11. Case: navigation request is Abandon All
11.1. If the Current Activity is Defined\Then If the sequenging
session has already
begun,
unconditionally
abandon all aftive
activities.
11.1.1. Exit Navigation Request Process (Navigation Request: Valid;
Termination Request: Abandon All; Sequencing Request: Exit;
Target Activity: n/a; Exception: n/a)
11.2. Else
11.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid; Sequencing Request: n/a; Termination Request: n/a;
Target Activity: n/a; Exception: NB.2.1-2)
End If
End Case
12. Case: navigation request is Suspend All
12,15 If the Current Activity is Defined Then If the sequenging
session has already
begun.
12.1.1. Exit Navigation Request Process (Navigation Request: Valid,;
Termination Request: Suspend All; Sequencing Request: Exit;
Target Activity: n/a; Exception: n/a)
12.2. Else
12.2.1. Exit Navigation Request Process (Navigation Request: Not

Valid; Sequencing Request: n/a; Termination Request: n/a;
Target Activity: n/a; Exception: NB.2.1-2)

End If

End Case
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13. Exit Navigation Request Process (Navigation Request: Not Valid; Undefined
Sequencing Request: n/a; Termination Request: n/a; Target Activity: |navigation request.
n/a; Exception: NB.2.1-13)
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Sequencing Exit Action Rules Subprocess [TB.2.1]

For the Current Activity; may change the Current Activity:
Reference: Current Activity AM.1.2; End Attempt Process UP.4; Sequencing Rules Check Process UP.2;
Sequencing Rule Description SM.2; Terminate Descendent Attempts Process UP.3

1. Form the activity path as the ordered series of activities from the root of
the activity tree to the parent of the Current Activity, inclusive
2. Initialize exit target to Undefined
3. For each activity in the activity path Evaluate all exit

rules along thé
active pathy starting
at the oot of the

activity‘tree.

3.1. Apply the Sequencing Rules Check Process to the activity and the
set of Exit actions
3.2. If the Sequencing Rules Check Process does not return Nil Then
3.2.1. Set the exit target to the activity Stop at the firgt
activity that has an
exit rule evalyating
to true.
3.2.2. Break For
End If
End For
4. If exit target is Not Undefined Then
4.1. Apply the Terminate Descendent Attempts Process to the exit target |[End the current

attempt on all
active descendents.
4.2. Apply the End Attempt Process’to the exit target End the current
attempt on the
‘exiting’ activjity.

4.3. Set the Current Activity to the exit target Move the current
activity to the
activity that
identified for
termination.

End If
5. Exit Sequencing Exit Action Rules Subprocess
SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-C-13

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

Sequencing Post Condition Rules Subprocess [TB.2.2]

For the Current Activity; may return a termination request and a sequencing request:

Reference: Activity is Suspended AM.1.1; Current Activity AM.1.2; Sequencing Rules Check Process UP.2;
Sequencing Rule Description SM.2

1. If Activity is Suspended for the Current Activity is True Then Do not apply post
condition rules to a
suspended activity.

1.1. Exit Sequencing Post Condition Rules Subprocess

End IT
2. Apply the Sequencing Rules Check Process to the Current Activity and the |Apply the post
set of Post Condition actions condition rulesto
the current activity.
3. If the Sequencing Rules Check Process does not return Nil Then
3.1. If the Sequencing Rules Check Process returned Retry, Continue, Or
Previous Then
3.1.1. EXxit Sequencing Post Condition Rules Subprocess (Termination AAttempt to override
Request: n/a; Sequencing Request: the value returned by the any pending
Sequencing Rules Check Process) sequencing request
with this one.
End If
3.2. If the Sequencing Rules Check Process returned Exit Parent-Or Exit All
Then
3.2.1. Exit Sequencing Post Condition Rules Subprocess)(Termination [Terminate the
Request: the value returned by the Sequencing.Rules Check appropriate
Process Sequencing Request: n/a;) activity(ies).
End If
3.3. If the Sequencing Rules Check Process returned Retry All Then
3.3.1. Exit Sequencing Post Condition Rules Subprocess (Termination [Terminate all
Request: Exit All; Sequencing Request: Retry) active activities and
move the current
activity to the root
of the activity tree;
then perform an
‘in-process’ start.
End If
End If
4. Exit Sequencing.Post Condition Rules Subprocess (Termination Request:
n/a; Sequencing Request: n/a;)
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Termination Request Process [TB.2.3]

For a termination request, ends the current attempt on the Current Activity; returns the validity of the
termination request; may return a sequencing request; may return an exception code:

Reference: Activity is Active AM.1.1; Activity is Suspended AM.1.1; Current Activity AM.1.2; End
Attempt Process UP.4; Sequencing Exit Action Rules Subprocess TB.2.1; Sequencing Post Condition Rules
Subprocess TB.2.2; Terminate Descendent Attempts Process UP.3
1. If the Current Activity is Not Defined Then If the sequencing
session has not
pegum, there s
nothing to
terminate.
1.1. Exit Termination Request Process (Termination Request: Not Valid;
Sequencing Request: n/a; Exception: TB.2.3-1)
End If
2. If (the termination request is Exit Or Abandon) And Activity is Active for * |If the current
the Current Activity is False Then activity has ajready
been terminated,
there is nothing to
terminate.
2.1. Exit Termination Request Process (Termination Regqueést: Not Valid,;
Sequencing Request: n/a; Exception: TB.2.3-2)
End If
3. Case: termination request is Exit
3.1. Apply the End Attempt Process to the Current Activity Ensure the state of
the current agtivity
is up to date.
3.2. Apply the Sequencing Exit Actién.Rules Subprocess to the Current Check if any pf the
Activity current activify’s
ancestors neef to
terminate.
3.3. Repeat
3.3.1. Set the processed exit to False
3.3.2. Apply the, Sequencing Post Condition Rules Subprocess to the
Current(Activity
3.3.3. If the Sequencing Post Condition Rule Subprocess returned a
tefmination request of Exit All Then
3.3.3.1. Change the termination request to Exit All
3.3.3.2. Break to the next Case Process an Exit All
Termination
Request.
End If
3.3.4; If the Sequencing Post Condition Rule Subprocess returned a If we exit the
termination request of Exit Parent Then parent of the
current activiy,
move the current
activity to the
parent of the
current activity.
3.3.4.1. If the Current Activity is Not the root of the activity tree Then [The root of the
activity tree does
not have a parent to
exit.
3.3.4.1.1. Set the Current Activity to the parent of the Current
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Activity
3.3.4.1.2. Apply the End Attempt Process to the Current Activity
3.3.4.1.3. Set processed exit to True Need to evaluate
post conditions on
the new current
activity.
3.3.4.2. Else
3.3.4.2.1. Exit Termination Request Process (Termination
Request: Not Valid; Sequencing Request: n/a;
Exception—T82-3-4)
End If
3.3.5. Else
3.3.5.1. If the Current Activity is the Root of the Activity Tree And  [If the attempt on
the sequencing request returned by the Sequencing Post the root ef the
Condition Rule Subprocess is Not Retry Then Activity-Free is
ending‘without a
Retry, the
Sequencing
Session also ends.
3.3.5.1.1. Exit Termination Request Process (Termination Reguest:
Valid; Sequencing Request: Exit; Exception: n/a)
End If
End If
3.4. Until processed exit is False
3.5. Exit Termination Request Process (Termination.Request: Valid,;
Sequencing Request: is the sequencing requestreturned by the
Sequencing Post Condition Rule Subprocess, Ifone exists, otherwise
n/a; Exception: n/a)
End Case
4. Case: termination request is Exit All
4.1. If Activity is Active for the Curreht Activity is True Then Has the completion
subprocess and
rollup been applied
to the current
activity yet?
4.1.1. Apply the End Attempt Process to the Current Activity
End If
4.2. Apply the Terminate Descendent Attempts Process to the root of the
activity-tree
4.3. Apply thé End Attempt Process to the root of the activity tree
4.4. Set the Current Activity to the root of the activity tree Move the current
activity to the root
of the activity tree.
4.5. Exit Termination Request Process (Termination Request: Valid,; Inform the
Sequencing Request: Exit; Exception: n/a) sequencer that the
sequencing session
has ended.
End Case
5. Case: termination request is Suspend All
5.1. If (the Activity is Active for the Current Activity is True) Or (the If the current
Activity is Suspended for the Current Activity is True) Then activity is active or
already suspended,
suspend it and all
of its descendents.
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5.1.1. Apply the Overall Rollup Process to the activity Ensure that any
status change to
this activity is
propagated through
the entire activity
tree.

5.1.2. Set the Suspended Activity to the Current Activity

5.2. Else

5.2.1. If the Current Activity is not the root of the activity tree Then Make sure the

trrent-activity is
not the root/of the
activity tree.
5.2.1.1. Set the Suspended Activity to the parent of the Current Activity
5.2.2. Else
5.2.2.1. Exit Termination Request Process (Termination Request: (~Nothing to
Not Valid; Sequencing Request: n/a; Exception: TB.2.3:3) ™ |suspend.
End If
End If
5.3. Form the activity path as the ordered series of all activities from the
Suspended Activity to the root of the activity tree, inclusive
5.4. If the activity path is Empty Then
5.4.1. Exit Termination Request Process (Termination Request: Not Nothing to
Valid; Sequencing Request: n/a; Exception:’TB.2.3-5) suspend.
End If

5.5. For each activity in the activity path

5.5.1. Set Activity is Active for the activity-to False

5.5.2. Set Activity is Suspended for the activity to True

End For

5.6. Set the Current Activity to théqoot of the activity tree Move the curfent
activity to the root
of the activity tree.

5.7. Exit Termination Request Process (Termination Request: Valid,; Inform the

Sequencing Request: Exit; Exception: n/a) sequencer thgt the
sequencing sgssion
has ended.

End Case

6. Case: termination request is Abandon

6.1. SetActivity is Active for the Current Activity to False

6.2. Exit Termination Request Process (Termination Request: Valid;

Sequencing Request: n/a; Exception: n/a)

End Case

7. Case: termination request is Abandon All

7.1 Form the activity path as the ordered series of all activities from the

Current Activity to the root of the activity tree, inclusive

(2 If the activity path is Empty Then

7.2.1. Exit Termination Request Process (Termination Request: Not  |Nothing to

Valid; Sequencing Request: n/a; Exception: TB.2.3-6) abandon.

End If

7.3. For each activity in the activity path

7.3.1. Set Activity is Active for the activity to False

End For

7.4. Set the Current Activity to the root of the activity tree Move the current

activity to the root

of the activity tree.
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7.5. Exit Termination Request Process (Termination Request: Valid; Inform the
Sequencing Request: Exit; Exception: n/a) sequencer that the
sequencing session
has ended.
End Case
8. Exit Termination Request Process (Termination Request: Not Valid; Undefined
Sequencing Request: n/a; Exception: TB.2.3-7) termination
request.
SN-C-18 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

Measure Rollup Process [RB.1.1]

For an activity; may change the Objective Information for the activity:
Reference: Objective Contributes to Rollup SM.6; Objective Description SM.6; Objective Measure Status
[TM.1.1; Objective Normalized Measure TM.1.1; Rollup Objective Measure Weight SM.8; Tracked SM.11

1. Set the total weighted measure to Zero (0.0)
2 Set valid data to False
3. Set the counted measures to Zero (0.0)
4. Set the target objective to Undefined
5. For each objective associated with the activity
5.1. If Objective Contributes to Rollup for the objective is True Then Find the(target
objective for the
rolled-Up megsure.
5.1.1. Set the target objective to the objective
5.1.2. Break For
End If
End For
6. If target objective is Defined Then
6.1. For each child of the activity
6.1.1. If Tracked for the child is True Then Only include
tracked childfen.
6.1.1.1. Set rolled-up objective to Undefined
6.1.1.2. For each objective associated with-the child
6.1.1.2.1. If Objective Contributes to’Rolup for the objective is
True Then
6.1.1.2.1.1. Set rolled-up ohjeetive to the objective
6.1.1.2.1.2. Break For
End If
End For
6.1.1.3. If rolled-up objective is Defined Then
6.1.1.3.1. Increment counted measures by the Rollup Objective
Measure Weight for the child
6.1.1.3.2. If:the Objective Measure Status for the rolled-up
objective is True Then
6.1.1.3.2.1. Add the product of Objective Normalized Measure
for the rolled-up objective multiplied by the Rollup
Objective Measure Weight for the child to the total
weighted measure
6.1.1.3.2.2 Set valid data to True
End If
6.1.1.4 Else
6.1.1.4.1 Exit Measure Rollup Process One of the chiildren
does not inclyde a
rolled-up objective.
End 1t
End If
End For
6.2. If valid data is False Then
6.2.1. Set the Objective Measure Status for the target objective to False |No tracking state
rolled-up, cannot
determine the
rolled-up measure.
6.3 Else
SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-C-19

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=ab0c2122188ee6078adeb4e4c704b94d

ISO/IEC TR 29163-4:2009(E)

6.3.1 If counted measures is greater than (>) Zero (0.0) Then Set the rolled-up
measure for the
target objective.

6.3.1.1 Set the Objective Measure Status for the target objective to

True
6.3.1.2. Set the Objective Normalized Measure for the target objective

to the total weighted measure divided by counted measures
6.3.2. Else
6.3.2.1 Set the Objective Measure Status for the target objective to  [No children

Fatse ontributed-weight:

End If
End If
End If

7. Exit Measure Rollup Process No objective
contributes to
rollup, 'so we
cannot set
anything.
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Objective Rollup Using Measure Process [RB.1.2 a]

For an activity; may change the Objective Information for the activity:
Reference: Objective Contributes to Rollup SM.6; Objective Description SM.6; Objective Satisfied by
Measure SM.6; Objective Measure Status TM.1.1; Objective Normalized Measure TM.1.1; Objective
Progress Status TM.1.1; Objective Satisfied Status TM.1.1; Activity is Active AM.1.1;
adlseq:measureSatisfactionlfActive SCORM SN.

1. Set the target objective to Undefined
2. For each objective associated with the activity
2.1. IT Objective Contributes to Rollup Tor the objective Is True Then ldentity the
objectivethaf may
be altered baged on
the.activity’s
children’s rolled-
Up measure.
2.1.1. Set the target objective to the objective
2.1.2. Break For
End If
End For
3. If target objective is Defined Then
3.1. If Objective Satisfied by Measure for the target objective is True Then [If the objectiye is
satisfied by
measure, test{the
rolled-up megsure
against the dgfined
threshold.
3.1.1. If the Objective Measure Status for the target objective is False  [No Measure
Then known, so
objective statys is
unreliable.
3.1.1.1. Set the Objective Progress Status for the target objective to
False
3.1.2. Else
3.1.2.1. If Activity is Active for the activity is False Or (Activity is
Active for the activity is True And
adlseq:measureSatisfactionlfActive for the activity is True )
Then
3.1.2.1.1. If the Objective Normalized Measure for the target
objective is greater than or equal (>=) to the Objective
Minimum Satisfied Normalized Measure for the target
objective Then
3.1.2.1Ty Set the Objective Progress Status for the target
objective to True
3.1.2.1.1.2. Set the Objective Satisfied Status for the target
objective to True
3.1.2.1.2. Else
3.1.2.1.2.1. Set the Objective Progress Status for the target
objective to True
3.1.2.1.2.2. Set the Objective Satisfied Status for the target
objective to False
End If
3.1.2.2. Else
3.1.2.2.1. Set the Objective Progress Status for the target objective |[Incomplete
to False information, do not
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evaluate objective

status.
End If
End If
End If

3.2. Exit Objective Rollup Using Measure Process

4. Else

4.1. Exit Objective Rollup Using Measure Process No objective
contributes to
roffup, SO We
cannot set
anything.

End If
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Objective Rollup Using Rules Process [RB.1.2 b]

For an activity; may change the Objective Information for the activity:
Reference: Section: Objective Contributes to Rollup SM.6; Objective Description SM.6; Objective Progress
Status TM.1.1; Objective Satisfied Status TM.1.1; Rollup Rule Check Subprocess RB.1.4; Rollup Action

SM.5
1. Set the target objective to Undefined
2. For each objective associated with the activity
2.1. If Objective Contributes to Rollup for the objective is True Then [Identify the
objective thal may
be alteredbaged on
the aetivity’s
children’s rolfled-up
status.
2.1.1. Set the target objective to the objective
2.1.2. Break For
End If
End For
3. If target objective is Defined Then
3.1. Apply the Rollup Rule Check Subprocess to the activity/and the Not Process all Npt
Satisfied rollup action Satisfied rulep first.
3.2. If the Rollup Rule Check Subprocess returned True Then
3.2.1. Set the Objective Progress Status for the‘target objective to True
3.2.2. Set the Objective Satisfied Status for the-target objective to False
End If
3.3. Apply the Rollup Rule Check Subproceess to the activity and the Process all Satisfied
Satisfied rollup action rules last.
3.4. If the Rollup Rule Check Subprocess returned True Then
3.4.1. Set the Objective Progress Status for the target objective to True
3.4.2. Set the Objective Satisfied Status for the target objective to True
End If
3.5. Exit Objective Rollup 'Using Rules Process
4. Else
4.1. Exit Objective:Rollup Using Rules Process No objective

contributes td
rollup, so we
cannot set an

ything.

End If
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Activity Progress Rollup Process [RB.1.3]

For an activity; may change the Attempt Information for the activity:

Reference: Attempt Completion Status TM.1.2.2; Attempt Progress Status TM.1.2.2; Rollup Rule Check
Subprocess RB.1.4; Rollup Action SM.5
1. Apply the Rollup Rule Check Subprocess to the activity and the Incomplete Process all
rollup action Incomplete
rules first.
2. If the Rollup Rule Check Subprocess returned True Then
2.1, Set the Attempt Progress Status for the activity to True
2.2. Set the Attempt Completion Status for the activity to False
End If
3. Apply the Rollup Rule Check Subprocess to the activity and the Completed Process-all
rollup action Completed
rules last.
4. If the Rollup Rule Check Subprocess returned True Then
4.1. Set the Attempt Progress Status for the activity to True
4.2, Set the Attempt Completion Status for the activity to True
End If
5. Exit Activity Progress Rollup Process
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Rollup Rule Check Subprocess [RB.1.4]

For an activity and a Rollup Action; returns True if the action applies:
Reference: Check Child for Rollup Subprocess RB.1.4.2; Evaluate Rollup Conditions Subprocess RB.1.4.1;
Rollup Action SM.5; Rollup Child Activity Set SM.5; Rollup Minimum Count SM.5; Rollup Minimum

Percent SM.5; Rollup Rule Description SM.5; Tracked SM.11; Tracking Model TM

1. If the activity includes Rollup Rules with the specified Rollup Action Make sure the
Then activity has rules to
evaluate.
T.T. Initialize Tules TSt by Selecting the Set of Rollup Rules for the activity
that have the specified Rollup Actions, maintaining original rule
ordering
1.2. For each rule in the rules list
1.2.1. Initialize contributing children bag as an empty collection
1.2.2. For each child of the activity
1.2.2.1. If Tracked for the child is True Then
1.2.2.1.1. Apply Check Child for Rollup Subprocess to the child  |Make sure th(s
and the Rollup Action child contribytes to
the status of ifs
parent.
1.2.2.1.2. If Check Child for Rollup Subprocgss\returned True
Then
1.2.2.1.2.1. Apply the Evaluate Rollup Conditions Subprocess [Evaluate the follup
to the child, the Conditién Combination, and the  [conditions on the
Rollup Conditions farthe rule child activity
1.2.2.1.2.2. If Evaluate Rollgp €onditions Subprocess returned [Account for 3
Unknown Then possible
“unknown”
condition
evaluation.
1.2.2.1.2.2.1. Add an Unknown value to the contributing
children bag
1.2.2.1.2.3. Else
1.2.2.1.2.3.1. If Evaluate Rollup Conditions Subprocess
returned True Then
1.2.2.1.2.3.1.1. Add a True value to the contributing
children bag
1.2.2.1.2.3.2. Else
1.2.2.1.2.3.24. Add a False value to the contributing
children bag
End If
End If
End If
End If
End For
1.2.3. Initialize status change to False Determine if the

appropriate
children
contributed to
rollup; if they did,
the status of the
activity should be

changed.
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1.2.4. Case: the Rollup Child Activity Set is All
1.2.4.1. If the contributing children bag does not contain a value of
False Or Unknown Then
1.24.1.1, Set status change to True
End If
End Case
1.2.5. Case: the Rollup Child Activity Set is Any
1.2.5.1. If the contributing children bag contains a value of True
Then
1.25.1T. Set status change 1o TTue
End If
End Case
1.2.6. Case: the Rollup Child Activity Set is None
1.2.6.1. If the contributing children bag does not contain a value of
True Or Unknown Then
1.2.6.1.1. Set status change to True
End If
End Case
1.2.7. Case: the Rollup Child Activity Set is At Least Count
1.2.7.1. If the count of True values contained in the contributing
children bag equals or exceeds the Rollup Minimum Count
of the rule Then
1.2.7.1.1. Set status change to True
End If
End Case
1.2.8. Case: the Rollup Child Activity Set is At'Least Percent
1.2.8.1. If the percentage (normalized between 0..1, inclusive) of
True values contained in the contributing children bag
equals or exceeds the Rollup’Minimum Percent of the rule
Then
1.2.8.1.1. Set status changeto True
End If
End Case
1.2.9. If status change\is True Then
1.2.9.1. Exit RoNupRule Check Subprocess (Evaluation: True) Stop at the first rule|
that evaluates to
true - perform the
associated action.
End If
End For
EndH
2. Exit Rollup Rule Check Subprocess (Evaluation: False) No rules evaluated
to true - do not
perform any action.
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Evaluate Rollup Conditions Subprocess [RB.1.4.1]
For an activity, a Condition Combination, and a set of Rollup Conditions; returns True if the condition(s)

evaluate to True, False if the condition(s) evaluate to False, and Unknown if the condition(s) cannot be
evaluated:

Reference: Section: Condition Combination SM.5; Rollup Condition SM.5; Rollup Condition Operator
SM.5; Tracking Model TM

1. Initialize rollup condition bag as an Empty collection This is used to keep
track of the
gvatuation of]the
rule’s conditipns.

2. For each Rollup Condition in the set of Rollup Conditions

2.1. Evaluate the rollup condition by applying the appropriate tracking Evaluate eac:]\

information for the activity to the Rollup Condition condition agginst
the activity’s
tracking
information. [This
evaluation may
result in
“‘unknown”.

2.2. If the Rollup Condition Operator for the Rollup Condition is Not Then |Negating
“‘unknown” results
in “unknown.

2.2.1. Negate the rollup condition

End If

2.3. Add the value of the rollup conditionto\the rollup condition bag \Add the evaljiation
of this conditjon to
the set of evajuated
conditions.

End For

3. If the rollup condition bag issEmpty Then If there are n
defined conditions
for the rule, we
cannot determine if
the rule appligs.

3.1. Exit Evaluate Rollup Conditions Subprocess (Evaluation: Unknown)

End If
4, Apply the Condition Combination to the rollup condition bag to produce a [‘And’ or ‘Or the
single.combined rule evaluation set of evaluated
conditions, based
on the rollup fule
definition.
5. Exit Evaluate Rollup Conditions Subprocess (Evaluation: the value of
combined rule evaluation)
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Check Child for Rollup Subprocess [RB.1.4.2]

For an activity and a Rollup Action; returns True if the activity is included in rollup:

Reference: Rollup Action SM.5; Rollup Objective Satisfied SM.8; Rollup Progress Completion SM.8;

Activity Attempt Count TM.1.2.1; Sequencing Rules Check Process UP.2; adlseq:requiredForSatisfied
SCORM SN; adlseq:requiredForNotSatisfied SCORM SN; adlseq:requiredForCompleted SCORM SN;

adlseq:requiredForincomplete SCORM SN

1. Set included to False

2. If the Rollup Action is Satisfied Or Not Satisfied Then

2.1 IT the Rollup Objective Satistied value Tor the activity 1S True Then est the objective
rollup control.

2.1.1. Set included to True Default Behavior >
adlseq:requiredFor|
xxx] ==always.

2.1.2. If (the Rollup Action is Satisfied And adlseq:requiredForSatisfied

is ifNotSuspended) Or (the Rollup Action is Not Satisfied And
adlseq:requiredForNotSatisfied is ifNotSuspended) Then
2.1.2.1. If Activity Progress Status for the activity is False Or
(Activity Attempt Count for the activity is greater than (>)
Zero (0) And Activity is Suspended for the activity isdrue)

Then
2.1.2.1.1. Set included to False
End If
2.1.3. Else
2.1.3.1. If (the Rollup Action is Satisfied And

adlseq:requiredForSatisfied is ifAtt€mpted) Or (the Rollup
Action is Not Satisfied And adlseg:requiredForNotSatisfied
is ifAttempted) Then

2.1.3.1.1. If Activity Progress Status for the activity is False Or
Activity Attempt Countfor the activity is Zero (0) Then
2.1.3.1.1.1. Set includedtoFalse
End If
2.1.3.2. Else
2.1.3.2.1. If (the Rollup Action is Satisfied And

adlsegsrequiredForSatisfied is ifNotSkipped) Or (the
Rollup Action is Not Satisfied And
adlseq:requiredForNotSatisfied is ifNotSkipped) Then

2.1.3.2.1.1. Apply the Sequencing Rules Check Process to the
activity and its Skip sequencing rules
2.1.3.2.1.2. If the Sequencing Rules Check Process does not
return Nil Then
2.1.3.2.1.2.1. Set included to False
End If
End If
End If
End If
End If
End If
3. If the Rollup Action is Completed Or Incomplete Then
3.1. If the Rollup Progress Completion value for the activity is True Then [Test the progress
rollup control.
3.1.1. Set included to True Default Behavior —
adlseq:requiredFor|
xxx] == always.
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