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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of

established by the respective organization to deal with particular fields of technical activity. 1ISO.an
technical committees collaborate in fields of mutual interest. Other international organizations, govern
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field-of” infor|
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Intern

ittees
d IEC
mental
mation

ational

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publicafion as

an International Standard requires approval by at least 75 % of the national bodies casting a vote.

In exceptional circumstances, the joint technical committee may propose_the publication of a Technical
of one of the following types:

Report

— type 1, when the required support cannot be obtained fof,the publication of an International Stgndard,

despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other reason there
future but not immediate possibility of an agreement-on an International Standard;

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

Technical Reports of types 1 and 2 arexsubject to review within three years of publication, to decide W
they can be transformed into International Standards. Technical Reports of type 3 do not necessarily h
be reviewed until the data they provide are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
rights. ISO and IEC shall not'be held responsible for identifying any or all such patent rights.

ISO/IEC TR 29163-44 which is a Technical Report of type 3, was prepared by the Advanced Dist
Learning (ADL) Initiative (as SCORM® 2004 3rd Edition Sequencing and Navigation Version 1.1) an
adopted, under(@)special “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1, Infor
technology, jn“parallel with its approval by the national bodies of ISO and IEC.

ISO/IEC TR 29163 consists of the following parts, under the general title Information technology — SH
Contént'Object Reference Model (SCORM®) 2004 3rd Edition:

is the

rmally

hether
ave to

patent

ributed
d was
mation

arable

= Part 1: Overview Version 1.1

— Part 2: Content Aggregation Model Version 1.1
— Part 3: Run-Time Environment Version 1.1

— Part 4: Sequencing and Navigation Version 1.1
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For questions and comments visit
Ask The Experts at ADLNet.gov

SCORM® is a registered trademark of the Department of Defense, an agency of the United States
government, located at The Pentagon, Washington, DC 20301.
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SECTION 1

SCORM® Sequencing and Navigation
(SN)

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 |IEEE 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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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

DOOKS on a bookshelf. The Sequencing and Navigation (SN) DOOK IS one of a Set of
books (refer to Figure 1.1a: The Sequencing and Navigation Book as Part of the SCORM
Bookshelf). More information on the other SCORM books and their relationships t0.one
another can be found in the SCORM 2004 3rd Overview book. The SCORM SN*book
describes how SCORM conformant content may be sequenced to the learnerithrough 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

T
WTTTTTTTTT = sepmncg wiormaton
PECCCEEEEEEE —
S . .
Sequencing & Navigation Key SCORM® Technol

* 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 book
covers the essential Learning Management System (LMS) responsibilities for sequencing
content objects (Sharable Content Objects [SCOs] or Assets) during run-time and
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
un-time. This communication also enables LMSs to track learner completion and
progress while content is presented to the learner. This book describes in detail how
bequencing 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 wishing'to support
SCORM in their products, and to anyone wishing to understand how.sequencing
ntentions can be applied to content and the relationship between seguencing intentions
ind LMSs, such as SCORM content developers.

Farly portions of this book, Section 1: SCORM® Sequencing and Navigation (SN) and
bection 2: Sequencing Concepts, cover the concepts thatapply to SCORM Sequencing.
TThese sections are recommended reading for those seeking an introduction to the

concepts behind SCORM Sequencing and who may not wish to delve into deep technical
letails.

bection 3: The Sequencing Definition Modekis the first section providing thorough
technical details about Sequencing. This, section explains each piece of sequencing
nformation that may be used to describe sequencing strategies during content
levelopment as well as examples-of-how they may be used.

bection 4: Sequencing Behawviors describes in detail what information is being tracked for
bequencing purposes and fiew learner progress with content objects affects the tracking
nformation. This sectian covers SCORM sequencing behavior in detail, which includes

specific LMS behavior requirements for applying sequencing information to the tracking
nformation.

bection 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
hppropriate navigation controls to learners.

maddition, Appendix C provides updated and detaited, 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
durlng run- tlme The SCORM SN book descrlbes how sequencmg lnformatlon can be

lnterpreted at run- tlme to make sequencmg evaluatlons and how naV|gat|on requests
triggered through a learner’s interactions with content objects, are processed to identify
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].

The following sections explain the relationships between the SCORM SN-book and the
remaining SCORM books. In addition, frequently used terminology wuill be introduced af
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 L MS vendors, content
developers and authoring tool developers read each SCORM-book to fully understand the
purpose, details, relationships and advantages of all of thecSEORM components.

1131 The SCORM Content AggregationdModel (CAM) Book

The SCORM Content Aggregation Model (CAM) book contains information on
Metadata, Content Packages, and ADL Sequencing and Navigation Content Package
extensions. There are several dependencies;between the SCORM CAM book and the
SCORM SN book.

Metadata is “data about data.” Simply put, Metadata is information that describes the
different components (Content.Aggregations, Content Organizations, Activities, SCOs
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 behaviars:

A Content Package, in a general sense, bundles content objects with a prescribed content
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
repository. 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-intendedto 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

hinct for dalin thorofara thoca alamaonte h aoffoert an th

content-objectfor-deliverythereforetheseelementshave ne-effectonthe
behaviors described in the SCORM SN book.

e 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 how the
defined content structure, in the content package, is to be interpreted as an
Activity Tree — a fundamental structure used for sequencing purposes.

e A SCORM Content Package may include User Interface (Ul) elements that 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 nayigation controls are
enabled or triggered (navigation events), it is only concerned with the processing
of LMS-invoked navigation requests.

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

1.1.3.2 The SCORM Run-Time Enviranment (RTE) Book

TThe SCORM Run-Time Environment (RTE),book describes the responsibilities of LMSs
ind content objects during run-time. Inthe context of SCORM, content objects are either
5COs, which may communicate during-fun-time, or Assets that do not communicate
juring run-time. The SCORM RTE book describes a common content object launch
mechanism, a common communication mechanism between content objects and LMSs,
ind a common data model for.tracking a learner’s experience with content objects. These
hspects create an environment where several of the ADL “-ilities” are satisfied. For
pxample, content objects-that communicate through the standardized communication
mechanism can be meved from LMS to LMS without modification to their
communication methods; this increases learning object portability and durability, thereby
owering the cast 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

vvvvv

in a consistent way. IMS SS is labeled as simple because it defines a limited number of
widely used sequencing behaviors, not because the specification itself is simple. IMSSS
is not all-inclusive. In particular, IMS SS does not address, but does not necessarily
preclude, artificial intelligence-based sequencing, schedule-based sequencing, séquencing
requiring data from closed external systems and services (e.g., sequencing.of embedded
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, such.as instructors, mentors or
peers. The SCORM SN book does not prohibit usage in contexts involving other actors;
however, it does not define roles of other actors or sequencing 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 behaviors:and functionality that SCORM
conformant LMSs must implement to process sequencing information at run-time. More
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 Activity
Trees are created, the internal representation of Activity Trees or the management of
Activity Trees at run-time: However, the SCORM CAM book defines one representation
of sequencing information via extensions to a SCORM Content Package, providing an
interoperable mechanism to exchange content structure and sequencing information
between differentrun-time components or LMSs.

In summary,"SCORM Sequencing depends on: a defined structure of learning activities,
the Activity Tree; a defined sequencing strategy, the Sequencing Definition Model; and
the application of defined behavior to external and system triggered events, SCORM
Sequencing Behaviors.
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1.3. SCORM Navigation Overview

The 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

alivary Each laarnina activatvy idantifiod faor dolivvarnzwiall hava an accactatad ~antant
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pbject. The SCORM RTE book [4] (Section 2.1.2: Launching Content Objects describes
now identified content objects are launched. The sequence of launched content objects,
for a given learner and content structure, provides a unique learning experience (learner
nteraction with content objects); the SCORM RTE book describes how the LMS

manages the resulting learning experience for SCOs and how that learning experience
may affect the Activity Tree.

Navigation assumes the existence of user interface devices to trigger navigation events.
These devices may be provided by the LMS or embedded in content objects. When a
earner triggers such a device, the LMS translates the event into its carresponding
navigation request, processes the request, and then may indicate the next learning activity
for delivery. The SCORM SN book describes a run-time data model that SCOs may use
fo indicate desired navigation requests to the LMS.

TThe SCORM SN book imposes no requirements on the type or style of the user interface
presented to a learner at run-time, including any user. interface devices for navigation or
hccessing auxiliary services. The nature of the user, interface and the mechanisms for
nteraction between the learner and the LMS arelintentionally unspecified. Issues such as
ook and feel, presentation style and placement of user interface devices or controls are
putside the scope of SCORM. Various recommendations are provided to help reduce
nterpretation of the SCORM Navigatign Model until a formal navigation (and
presentation) specification or standard-is developed. However, an LMS is required to
provide user interface devices thattrigger navigation events whose processing would
esult in the identification of a‘deliverable content object.
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SECTION 2

Sequencing Concepts

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-
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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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

definac and utilizac 2 cimilar cancaont ~allad an Activitvy Traa tn Aaceriha 4 ctruictiira nf
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learning activities. The Activity Tree allows the SCORM SN model to describe
informational and processing requirements such as sequencing algorithms and behawviors
in an implementation independent manner. Figure 2.1a represents an example of\an
Activity Tree. The root of the Activity Tree is Activity A — the root of an Activity Tree i
also a learning activity as defined above and more specifically a cluster (in 'most cases).

@
¢ ¢
0000 0ad e

®©

Figure 2.1a;-An Example of an Activity Tree

e

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 tree
data structure. SCORM doés 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 fit, S
long as the Sequencing Definition Model (refer to Section 3: The Sequencing Definition
Model) and-Sequencing Behaviors (refer to Section 4: Sequencing Behaviors) are adhered
to. If andmplementation chooses to dynamically modify an Activity Tree while a learner
is interacting with content objects associated with its activities, it is recommended that
the &-MS 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 Activity 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 a

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
hlerarchy represents an lnstructlonally relevant unit of Iearnlng Items can be nested to

AN |tem can represent acourse, a module a unlt a Iesson etc The h|erarch|cal content
structure has traditionally been specified in terms of an organization in a content package
for interchanging content.

Because the SCORM Sequencing Behaviors are defined in terms of structured learping
ctivities, a meaningful content structure provides the necessary starting point for
leriving an Activity Tree. In terms of sequencing, a Content Organization represents
bne, interoperable, structure of an Activity Tree. The Content Organization

<or gani zat i on> element) is the root of the Activity Tree and each of jts’<i t en»
blements correspond to a learning activity. Sequencing Definition Madel Elements can
pe applied to items to define a specific sequencing run-time behaviorconsistent with the
lesired learning experience.

’ | |
/ 1 L L
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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 expenence Upon completlon of the development process, the
mn‘hnrmn tool will transla

SCORM CAM to be lmported 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 Activity-Trees.
An Activity Tree represents the data structure that an LMS implements.to reflect the
hierarchical, internal representation of the defined learning activities, lincluding the
tracking status information for each activity in the hierarchy on-a.per learner basis.

3. When a learner chooses to interact with the content represented by an Activity Tree,
the LMS evaluates sequencing and tracking informationte.determine the relative
sequence of learning activities, as well as the eligibilityfor 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 e different, based on the sequencing
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 sequencing
intentions reoccur throughout an Activity Tree, resulting in patterns of Sequencing
Information. In these cases similar if not identical sets of Sequencing Information will be
applied to multiple Learning Activities within the Activity Tree.

To minimize-redundant declaration of Sequencing Information across multiple nodes in a
SCORM\Eontent Package, the SCORM CAM [3] provides a container for declaring this
common set of Sequencing Information. The <sequencingCollection> element allows
identified sets of Sequencing Information to be referenced and reused by multiple nodes
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”.
P~7-V- LL arnad alanment and
T \v

all Af 1c
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.
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P.1.3. Cluster

A cluster is a specialized form of a learning activity that has sub-activities; the term is
Ised in various sequencing behaviors. A cluster includes a single parent activity and its
mmediate children, but not the descendants of its children. Thechildren of a cluster are
ither leaf activities or other clusters. A leaf activity is nota cluster.

Figure 2.1.2a represents five sample clusters. Each cluster is defined by a dash-outlined
ounded rectangle. The “Course” cluster, Cluster As.eontains only four activities: the
‘Course” activity and the parent activity of the clusters B, C, and D. Each “Module”
cluster, Clusters B, C and D, consist of the “Module” activity” and the module’s
‘Lessons.” All of the “Lesson” activities,-except “Lesson 2” of “Module 3" are leaf
earning activities, which have associated content objects. “Lesson 2” of “Module 3” is a
cluster consisting of two “Chapter” leaf-learning activities.

The cluster is considered a basic building block of the Activity Tree and many elements
pf the Sequencing Definition.Model (refer to Section 3: The Sequencing Definition
Model) apply specificallyte-clusters. The parent activity in a cluster will contain the
nformation about the séquencing strategy for the cluster. The non-cluster children (leaf
ctivities) of a clustet will have associated content objects that will be identified for
lelivery according.te the defined sequencing strategy.

0! @]
Chnter E-,p_:rf _______________ Cnsmed | :
0]0)
E e E i
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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
undefined. It is left to LMS implementations to determine if and how they will suppert
(sub)manifests.

ADL Note: The IMS Global Learning Consortium, Inc., is working on a new.version of
the IMS Content Packaging Specification. One of the major issues that IIMS: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 complétion 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
Earning TESOUTCE 10 the fearner or itmay e COmMposed Of Severat Sub-activities.

TThroughout this document, the term *“activity” is used synonymously with “learning
ctivity.”

Take a Pre -Test

Experience Content

Take a Final Test

Figure 2.2a: Sample Learning Activity

n Figure 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.

bub-activities may consist of additional sub-activities to any level of nesting. Sub-
ctivities that do not consist of additional-sub-activities are called leaf activities. Leaf
ctivities will have a content object associated with them. The LMS will identify
earning activities for delivery in a sequence determined at run-time based on the
progress made by the learner in previously experienced learning activities, learner
ntention and the authored sequencing information.

Content objects are experienced by a learner in context of a leaf learning activity. When
in attempt begins onca,l€af learning activity, its associated content object will be
aunched for the learner and both a learner attempt and a learner session will begin for

that content object.” The series of content objects experienced by a learner is called a
earning experience.

All learring activities have the following characteristics:

' Learning activities have a discrete start and finish.

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 attemnts an all of the leaf activitv’s ancestars (throuah ta the raot) will he in
SRG-aH-aepS-OR-aH-Be+ealaGHh A SaRGESHORHHFBHGA0the86+HAMHBeHh

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 beéen
launched.

An attempt begins when the activity is identified for delivery and ends while\the LMS’s
sequencing implementation attempts to identify the next activity for deliveny. An attempt
on an activity is closely related to learner attempt on the activity’s associated content
object; the SCORM RTE book[4] (Section 2.1: Run-Time Environment (RTE)
Management) describes the temporal model for content objects in-detail. 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 resume;it 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 through 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 (referte"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

Caccinn tha ("nrrnnf I\f‘fl\llf\l |c- considarad tna hn unrlnf:lnnrl Tho Qf‘ﬂDI\II annenr\lnn
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Behaviors only specify which navigation requests can begin a sequencing session, but
they do not specify when or how those navigation requests are triggered. Generally, the

| MS will issue a Start navigation request in recognition of some system event, e.g., a
ogin, begin course, etc. It is recommended, if the previous sequencing session ended due
to a Suspend All navigation request, the LMS should issue a Resume All navigation
equest instead of a Start.

n some cases, neither the Start nor Resume All navigation requests will succeed, only a
alid Choice navigation request will start the sequencing session. It is the-LMS’s
esponsibility to provide some mechanism to invoke a valid Choice nawvigation request.
A sequencing session ends when an Exit sequencing request is pracessed from the root
ctivity in the Activity Tree. This can be caused by an Exit All‘ora Suspend All
navigation request, or an exit action sequencing rule (refer to Section 4.5: Termination
Behavior) 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

attempton-an-activity-bya-learnerthatactivity-shal-have-associated-tracking statusdata-
Learner interactions with a content object may affect the tracking data of the activity te

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 non-communicative
content. Communicative content may communicate informationabout the learner’s
interactions with the content through the SCORM Run-Time Environment Application
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 learner<progress via the SCORM Run-Time
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 informationzbased 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 at
any given time.

Suspenehing the attempt on the root activity of the Activity Tree causes the LMS to
rememmber the last activity experienced by the learner in the Activity Tree and end the
sequiencing session in a suspended state. The learner may later resume the attempt on the
root of the Activity Tree, at which time the last activity experienced by the learner will
also be resumed.

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

.3.4. Learning Objectives

|_earning objectives are separate from learning activities. SCORM does not place any
estrictions on how learning objectives are associated with learning activities nan does it
lefine 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
competency, is it a mastery or is it simply a shared value, etc). From adracking
perspective, a set of objective status information (objective satisfaction ‘status and
pbjective satisfaction measure) is maintained for each learning objective associated with
 learning activity.

Activities may have more than one objective associated with'them. However, the
SCORM SN model makes no assumptions about the semantics or meanings of multiple
pbjectives 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
nformation, an activity may reference multiple‘globally shared objectives. Multiple
ctivities may reference the same global shared objective, thus sharing its objective
status information. Shared global objectives may be shared within a single Activity Tree
br they may be shared across multipleActivity Trees within the LMS. There are two
estrictions on how an activity mayeference shared global objectives:

1. A local objective can obtain (“read”) objective status data from one and only
one shared global-gbjective.

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\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-
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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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

ha ncad ta daceribha and affact variarc caagrionecina hohavinre  In additinn cavaral
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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 may-be used by
content developers to define intended sequencing behavior. The definition model
elements are applied to learning activities within the context of an Activity’Tree. Each
element has a default value that is to be assumed by any sequencing impléementation in
the absence of an explicitly defined value. The effects of the SCORM Sequencing
Definition Model elements only apply during the application of/'SCORM Sequencing
Behaviors (refer to Section 4: Sequencing Behaviors). A SCORM conformant LMS musf
support the behaviors that result from the values associated-with all of the defined
Sequencing Definition Model elements, including both explicitly declared and default
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 values of Sequencing Definition Model
elements applied to an activity are, become,or remain static for any period. So long as
the value space of an element is adhered.to, an LMS may alter the element’s value as it
desires. However, some groups of Sequencing Definition Model elements are highly
coupled to one another through thesSCORM 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.

SCORM does not place any requirements on when or how SCORM Sequencing
Definition Model elements are applied to learning activities. However, the SCORM
CAM book [3] does'describe how these elements are applied to a Content Organization
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 the
ContentPackage is processed. This allows author time declaration of intended
sequencing behaviors to be communicated through a Content Organization so that
sequencing information can be interoperably transferred between systems using SCORM
Content Packages.
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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

vays:

e 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.

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

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

Trable 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
bequencing Control Choice, Sequencing Control Flow and Sequencing Control Forward
Dnly modes will have no effect if applied to leaf activities:/Multiple modes can be
bnabled 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 not-éxplicitly defined for an activity, the
lefault values defined in Table 3.2a will apply.

Table 3.2a: Descriptian of Sequencing Control Modes

No. Name Description Value SpaceDefault
Value

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

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

LA

B |Sequencing Control Flow Indicates the Flow Subprocess may be boolean False
applied (True or False) to the children of this
activity.
L [Sequeneing Control Forward Indicates that backward targets (in terms of |boolean False
ORly Activity Tree traversal) are not permitted
(True or False) from the children of this
:mfi\/if\]/
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 Sequencing 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-parent
has Sequencing Control Choice defined to be True is a valid target for a Chaice
navigation request. In some cases, a content developer may wish to allow g learner to
choose activities, but only under certain conditions. Valid targets of ChoiCe navigation
requests can be conditionally constrained by applying the Sequencing Control Choice
Exit element (refer to Section 3.2.2: Sequencing Control Choice Exit), elements of the
Constrained Choice Controls (refer to Section 3.3: Constrain Chigice Controls) or a
Hidden From Choice Pre Condition Sequencing Rule (refer'to Section 3.4: Sequencing
Rule Description).

An LMS must provide some mechanism (user interface navigation control such as a
“menu”, "map” or “table of contents™) for learnefs'to “choose” activities that would result
in Choice navigation requests for activities whe-have parent activities in which the parent
activity has Sequencing Control Choice set,to True. When the learner chooses an
available activity, the Sequencing Behavior (refer to Section 4.8.6.7: Choice Sequencing
Request Subprocess) attempts to traverse the Activity Tree to the desired activity. The
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 learner.

The Sequencing Control Cheice 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

@ O &)

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

bnly 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,

. L
| Retivity R
1) Sequencing Control Modes

r | * Sequencing Control Choice: true
¢ |+ Sequencing Control Choice Exit: true
p + Sequencing Control Flow: false
£ » Sequencing Control Forward Only: false

®

= Activity B \
- . Sequencing Control Modes
- * Sequencing Control Choice: false
° + Sequencing Control Choice Exit: true
* Sequencing Control Flow: true
* Sequencing Control Forward Only: false

Figure 3(2)lh: Choosing a Cluster Activity with Flow Enabled

2. As depicted ip-Figure 3.2.1c, the target of the Choice navigation request (Activity
B) has a Seguencing Control Flow defined to be False. In this case, no activity
can be identified for delivery (clusters cannot be delivered). Because Activity B
has Seguencing Control Choice defined to be True, an LMS shall provide some
mechanism 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:{alse

Figure 3.2.1c: Choosing a Cluster Activitycwith Flow Disabled

3.2.2. Sequencing Control Choice Exit

The Sequencing Control Choice Exit elemeént, hereafter referred to as Choice Exit,
indicates whether a Choice navigation.request can target activities that are not
descendents of the affected activity,thereby causing the affected activity to terminate.
Choice Exit only applies to active activities. 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 ability
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 has
Choice Exit defined as False. Although the parent of Activity 3 has Sequencing Contro
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
would.result in Activity 3 terminating, violating the intention of the Choice Exit control.
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 a
Previous navigation request from Activity 3 to progress through the learning experience.

It is recommended that | MSs do not pm\/idp enabled mechanisms for learners to

“choose” activities that would result in a Choice Exit control mode violation.
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Activity A
Seq ing Control Modi

» Sequencing Control Choice: true

* Sequencing Control Choice Exit: true

* Sequencing Control Flow: false

* Sequencing Control Forward Only: false —

.

+ Activity B
@ :l Sequencing Control Modes
£

* Sequencing Control Choice: true
’ * Sequencing Control Choice Exit: true
* Sequencing Control Flow: true

@ * Sequencing Control Forward Only: false

. 000

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 ControkFlow

TThe Sequencing Control Flow element indicates that system directed sequencing through
the child activities of a cluster is supported. This element contains a boolean
True/False) value. Thedefault value for Sequencing Control Flow, if not defined
explicitly for an activity, is False; that is, a sequencing implementation will not
hutomatically evaluate’the order in which the activity’s children should be experienced
pased on Continue and Previous navigation requests.

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

n-some cases, content developers may wish to trigger Continue and Previous navigation

requests from within the content object. IT the Sequencing Control FTow control mode 1S
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.

SN-3-8 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


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

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

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 requestwould be invalid(not onored) white the tearmer 1S exXperiencing
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 belayior
helps to maintain a consistent flow-based learner experience. However Activity 3:is 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 request ending the
learner’s current attempt on the Activity Tree.

\
Activity A
Sequencing Control Modes

* Sequencing ControlChbice: false

+ Sequencing Control Choice Exit: true

* Sequencing Control Flow: true

* SequencingControl Forward Only: false

| Continue |—)[ €obtinue |—)| 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/False)
value. The default value for Forward Only, if not defined explicitly for the activity, is
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.

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-3-9

© ISO/IEC 2009 — All rights reserved


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

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

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.

W

A:tlwty A

Sequencing Control Modes

* Sequencing Control Choice: false

» Sequencing Control Choice Exit: true

* Sequencing Control Flow: true

» Sequencing Control Forward Only: true

d)é)é)

Figure 3.2.4a: Sequencing Control Forward Only Example

f Forward Only is defined as True for an activity, traversal of the-Children of that node

s always in forward order. For example, when entering a cluster as the result of a
Previous sequencing request, the first child activity, rather-than the last child activity, will
pe considered first. Also, if both Forward Only and Sequencing Control Choice are
lefined as True on the cluster a learner is currently. experiencing, the learner cannot
farget an activity that is a previous sibling of the agtivity currently being experienced with
h Choice navigation request

B.2.5. Use Current Attempt.Objective Information

TThe Use Current Attempt Objective Information element indicates how Objective
Progress Information (refer to Section 4.2: Tracking Model) for the children of the
ctivity will be managed aAd-used during the various sequencing behaviors; this behavior
s summarized in Table@3.2:5a [1]. This element contains a boolean (True/False)
yalue. The default value for Use Current Attempt Objective Information, if not defined
explicitly for the activity, is True.

f the Use Cuyrrent Attempt Objective Information element on a cluster is defined as
False, the\LMS will use the Objective Progress Information from the most recent
pttempt-on’the cluster’s child activities, even if that information was recorded during the
previous attempt on the cluster.

fthsvatue s defimedas T rue (defautt), themevatuatiomof 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.

SN-3-10 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


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

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

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 Objecti\/e Progregs post=, exit anllnnr‘ing Pnllllp Rules
Objective Information is and Rules Q)
Information Recorded Measure (\Q
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 Information element 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 default
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 previous
attempt on the cluster:

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

If thistvalue is defined as Fal se, then evaluation of the Attempt Progress Information of
ahy 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
attemptofthe Fatse Fatse Yrkmmown
True clusf[er 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

oot \A/haln thic £l

Ravigationreguest—WhHe-this-Hexibtityis-usefuHn-some-sequeneng-StrategiesHsa
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 request- \Jboolean False
should only allow activities that are logically
next in a “flow” from the activity to be
identified for delivery.

2 [Prevent Activation Indicates that a Choice sequencing.request  |boolean False
should only allow descendents of the activity
to be identified for delivery, if the activity is
already active.

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 targeted
by a Choice sequencing-request. The activity with a Constrain Choice element defined
as True may be epeountered on any active ancestor of the Current Activity while
processing a Choice Sequencing Request Subprocess (refer to Section 4.8.6.7: Choice
Sequencing Request Subprocess). Although a Choice navigation request may be allowed
to target any-valid activity, an encountered Constrain Choice element defined as True
prevents the target activity from being identified for delivery. This element contains a
boolean (True/False) value. The default value for Constrain Choice, if not defined
explicitly for the activity, is False.

The purpose for the Constrain Choice element is to constrain the valid set of “Choice”
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

nd 22 will he sticcessful taraets aof 2 Chaoice saauancing reauast  Ta maove nact Activiby
e WHBE-SHEEESSHH RGeS0 o RoIGE-SeGUHeRGHIG e guesSHE—1-0- Ve pPast-AGHHLY

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

| MS must honor the Constrain Choice element by not enabling User Interface pavigation
levices to target (trigger a Choice navigation request for) activities that would.nct result
n 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:\idhc

- L y .

Activity B Activity C

Sequencing Control Modes Sequencing Comtral Modes

= Sequencing Control Cheoice: tuc * Sequencing Control Cholce: true

» Sequencing Control Choice Exit: Lruv - Sequencing Contrel Cheice Exit: false

* Sequencing Control Flow: true

» Sequencing Control Flow: lrue

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

* Constrain Choice: true

Figure 3.3.1a: Constrain Choice Example

3.3.2. Prevent-Activation

A Prevent Aetivation element defined as True on an activity indicates that an attempt on
the activity'should not begin because of a Choice sequencing request targeting a
lescendent of the activity. That is, descendents of the activity with the Prevent
Activation element defined as True will not be identified for delivery 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

Activation element by not enabling User Interface navigation devices to target (trigger a
Choice navigation request for) activities that would not result in the identification of-an
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

N

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: true

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

rartous-sequencthg-behaviors{referto-Appendb-C—Sequencing-BehaviorPseude-Code)-
Fach 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: SequencingRule Conditions and Actions

3.4.1. Condition Combijnation

ndividual conditions can be'combined to create a set of conditions for evaluation such
that any one individual candition must be True or all conditions must be True in order
for the resulting action to’be triggered. The Condition Combination element is defined in
Trable 3.4.1a for Sequencing Rules:

e All (defautt 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.

e -Any: The condition set evaluates to True if any of the individual conditions
evaluates to True [1]. Acts as a logical Or.

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 element
consists of one or more individual Rule Condition elements that are combined as defined
by the Condition Combination (refer to Section 3.4.1: Condition Combination) applied to
the Sequencing Rule. Each Rule Condition element must be one.member of the set of
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 be
honored. Sequencing implementations are free ta ignore all or some duration-based
conditions when evaluating a Sequencing Rule.If a Sequencing Rule only uses duration-
based conditions, sequencing implementations are free to ignore the entire Sequencing
Rule. Content developers should be aware that applying a duration-based condition to a
Sequencing Rule might not be honored by the LMS.

Table3:4.2a: 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.

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

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

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

Obijective Measure Less The Condition evaluates to True if the Objective Measure Status for
Than the objective associated with the activity (indicated by Rule Condition
Referenced Objective) is True and the Objective Normalized Measure
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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
activity is True and Activity Attempt Count for the activity is positive
(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.
Always The Condition always evaluates to True.

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

8.4.3. Rule Condition Referenced Objective

TThe Rule Condition Referenced Objective element (refer to Table 3.4.3a) applies to a
bpecific Rule Condition. It is used to identify which objective, out of the set of objectives
efined for the activity, should be used during the evaluation of the Rule Condition. The
Rule Condition Referenced Objective element is only used for the following conditions,
which apply to Objective Progress Information (refer to Section 4.2: Tracking Model):

Satisfied

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

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

ADL Note: TheRule Condition Referenced Objective element has no effect if defined
for Rule Conditions other than those defined above.

Table 3.4.3a: Description of Rule Condition Referenced Objective

Description Value Default Value
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
Obijective element to define a measure threshold used for comparison during the
evaluation of the Rule Condition. This element is only used with the following
conditions:

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

The content developer should keep in mind that the comparisons performed with the Rulg
Condition Measure Threshold element are greater than (>) anddess than (<). There is no
explicit rule conditions defined that allow the greater than of équal to (>=) or the less
than or equal to (<=) comparison operators, however, these-¢an be performed by negating
(applying the “Not” operator (refer to Section 3.4.5: Rute Condition Operator) to the
appropriate condition.

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

Table 3.4.4a: Description of Rule Condition Measure Threshold

No. Name Description Value Default Value

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: IMS 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 '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.

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

3.4.6. Rule Action

TThe Rule Action element (Table 3.4.6a, 3.4.6b and 3.4.6¢) represents the intended action
pr behavior that the LMS is responsible for during the variousSequencing Behaviors,
ivhen a Sequencing Rule’s condition set is True. The setcof actions are categorized by
three evaluation timing situations:

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

e Post Condition Actions: Apply whenrtan attempt on an activity terminates.

e 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

'Vocabulary

Ignore

considered a candidate for delivery
during a Flow sequencing request.
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 Meadel [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
sequencing request.

'Vocabulary

Ignore

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 Qimlnlp quupnr‘ing Behavior and Information Maodel [1]

ADL Note: SCORM does not utilize the Stop Forward Traversal Rule Action when
processing flow-based sequencing requests (Continue, Previous, Start and Retry); this
hction only applies when an activity forward (in a preorder traversal) from the Cuxrent
Activity has been targeted by a Choice sequencing request. Furthermore, the sequencing

behaviors have been updated to remove the respective evaluations of the StepdForward
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
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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;. ‘Therefore,
LMSs are not required to manage data for or honor the evaluation of any-of the optional
portions of the Limit Conditions Check Process (refer to Appendix CWP.1).

3.5.1. Attempt Limits

There may be use cases where a content developer wants to 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 valte that specifies the maximum number
of attempts that may be taken on the associated.activity for which the Limit Condition is
applied. If the content developer does not define a Limit Condition Attempt Limit value,
then there is no constraint on the number gfattempts 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 L4mit 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

1

1

1

A

There may. he scenarios where a content author wants to limit the duration that can he

5pent in a single attempt of a learning activity. The Attempt Absolute Duration Limit
plement contains a value that specifies the maximum duration that a learner is permitted
0 spend 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 untif
he attempt ends, regardless of system or learner actions during that time. If the content
huthor does not define an Attempt Absolute Duration Limit for a learning activity, then
here is no constraint on how long the learner can spend on the activity.

ADL Note: SCORM does not require the evaluation of duration-based-limit conditions.
TThe Attempt Absolute Duration Limit element is included strictly to enable the activity’s

issociated SCO’s cmi .max_time_al lowed run-time data model element [4] (Section
1.2.15: Maximum Time Allowed) to be initialized. LMSs are not required to honor the
pvaluation of this element during the Limit Conditions Chegk 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-a learner is permitted to spend
Duration Control on any single attempt on the activity has been

established (T;rue 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

[
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hvailable 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.
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SCORM does not require LMSs to support Auxiliary Resources. If an LMS chooses to
mplement 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
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or more Rollup Rules may be applied to a cluster activity and the rules are evaluated
during the Overall Rollup Process (refer to Section 4.6: Rollup Behavior). Each ReHup
Rule consists of a set of child activities to consider, a set of conditions evaluatedtagainst
the tracking information of the included child activities, and a corresponding-action that
sets the cluster’s tracking status information if the set of conditions evaluatésto True.
Figure 3.7a depicts the structure (if [condition_set] True for [child
activity set] then [action]) of a Rollup Rule.

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

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

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

3.7.1. Condition Combination

For each actiyity included in rollup, individual conditions can be combined to create a set
of conditians)such that any one individual condition must be True or all conditions must
be True.ZThe result of evaluating the Condition Combination for each activity included
in rollup’is evaluated against the Rollup Rule’s defined Child Activity Set to determine if

the.resulting action should be triggered. The Condition Combination element is defined
inTable 3.7.1a for Rollup Rules:

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).
e Any - The rule condition evaluates to True
if any of the individual rollup conditions
evaluates to True (logical or).
bource: IMS Simple Sequencing Behavior and Information Model [1]

3.7.2.  Rollup Conditions

T'he Rollup Conditions element contains a set of conditions that are evaluated in the
context of each activity included in the evaluation of the Rollup Ruley The Rollup
Conditions element consists of one or more individual Rollup Condition elements that are
combined as defined by the Condition Combination (refer to Section 3.7.1 Condition
Combination) applied to the Rollup Rule. Each Rollup Condition element must be one
member of the set of restricted vocabulary tokens (referdoTable 3.7.2a) that are based on
plements in the Tracking Model (refer to Section 4.2: Tracking Model).

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

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.

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

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 besapplied to
each Rollup Condition element. It indicates a unary logical operation-to be applied after
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 should be
used.
e Not: The result of the Rollup Condition evaluation should be negated.

Table 3.7.3a: Description of RoHup Condition Operator

Description Value Default Value
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.

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

3.7.4. Rellup Child Activity Set

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

e By defining Tracked (refer to Section 3.13.1: Tracked) to be False: This

indicates that the nr‘fi\/ify does not maintain any. tmr‘l.(ing status infnrmnfinn1

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.

e 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.

T'he Rollup Conditions are applied to all of the included activities (baséd.on the criteria
lescribed above) during a rollup rule evaluation. The Rollup Child(Activity Set element
refer to Table 3.7.4a) defines how the results of the included activaty’s condition
pvaluations are used to determine if the Rollup Action applies.cThe Child Activity Set
consists of a fixed vocabulary describing when the Rollup-Action should be applied:

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

e Any: If any of the included activities have-a Condition Combination that
evaluates to True, then apply the spegified Rollup Action.

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

e 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.

e At Least Percent~Jfat 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

No. Name Description Value Space Default
Value
| Rollup Child The set of children of the activity whose data values [Mocabulary |All
Activity Set are used to evaluate the rollup condition.

Py AU - The rollun rule avialuates to True if and
FH—=—-EFOHHP-HEe-8Vat to—Hde-H-aha

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
True.

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 Count
element is an integer value indicating the minimum nupiber of activities that must have
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 0. If
the value is left unspecified, no activities will Be required 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 Minimum
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 ofthe Rollup Minimum Percent element is 0.0. If the value is
left unspecified, no activities will be required during the rollup evaluation, forcing the
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 Rallun Action mav affoect the tracking status madel (refor tao Section 4 2-
38— OGHHUP-AGCHOR- &Y e HEeGHREHAGKIHIG-StatHS-OGEe+{HEe+e10=e6HBR 4=

Tracking Model) for the activity the Rollup Rule is associated with, as defined in Table
8.7.5a.

Table 3.7.5a: Description of Rollup Actions

Rollup 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<bjective
associated with the activity to True.

Not Satisfied Set the:

e  Objective Progress Status for the)yolled-up objective
associated with the activity-te/True.

e  Objective Satisfied Status)for the rolled-up objective
associated with the activity is set to False.

Completed Set the:

e  Attempt ProgresSs-Status for the activity to True.
o  Attempt Complétion Status for the activity to True.

Incomplete Set the:

e Attempt Progress Status for the activity to True.
e Attempt Completion Status for the activity to False.

bource: IMS Simple Sequencing Behavier 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

restricted during rollup.

Table 3.8a: Description of Rollup Controls

Description Value Space Default
Value

Rollup Objective  |Indicates whether the activity contributes to the boolean

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 (which-has'  [Precision of
the Objective Contributes to Rollup equal to-True) |at least 4
associated with the activity used duringaolup 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 Information Model [1]

3.8.1. Rollup Objective Satisfied

The Rollup Objective Satisfied efement indicates if the activity’s tracking status
information (refer to Section 4.2: 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 not
defined explicitly for the activity, is True.

If the Rollup Objective Satisfied on the activity is defined as False, the LMS will not
consider the-activity’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 status
information recorded.

3.8.2. Rollup Objective Measure Weight

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

he r‘fi\/ify has an ﬁhjnrfi\/n

3.8.3.  Rollup Progress Completion

TThe Rollup Progress Completion element indicates if the activity’s tracking status
nformation (refer to Section 4.2: Tracking Model) will be applied to its pareat*s Rollup
Rules, having Completed and Incomplete Rollup Actions. This element centains a
poolean (True/False) value. The default value for Rollup Progress.Completion, if not
lefined explicitly for the activity, is True.

f the Rollup Progress Completion on the activity is defined as False, the LMS will not
consider the activity’s tracking status information in any of4ts parent’s Rollup Rules that

nave a Completed or Incomplete Rollup Action, even if the activity has tracking status
nformation 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 being
evaluated (Rollup Condition) is “unknown”, then, in most cases, the roltup-evaluation
will result in an “unknown” value. Through implementation and community feedback,
ADL discovered this behavior was too strict for many common roHup scenarios. ADL
has defined a set of Rollup Consideration Controls as defined in/Table 3.9a that further
refine the conditions under which an activity contributes to the\rollup of its parent.

Table 3.9a: Description of Rollup Consideration Controls

No. Name Description Value Space Default

Value

Measure Satisfaction If Indicates that the activity’s rolled-up measurelboolean True
Active should be evaluated against the activity’s
Minimum Normalized Measure even if the
activity is still active.

2 [Required For Satisfied Indicates \Wwhen 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 rollup evaluation 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
e ifNotSkipped — the child contributes
to the rollup evaluation of its parent
if it is not skipped at the time of the
evaluation
. [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 time ‘of
the evaluation

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

o ifNotSkipped ~the child contributes
to the rollup:évaluation of its parent
if it is ngt-Skipped at the time of the
evalyation

b [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 attempted at the time
of the evaluation

hd Ifr\lIUtS;\IIJIJCd = thC bhl:d CUI Itl ibutca
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

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‘olled-up
objective when the attempt on the activity ends and the activity becomes-inactive. Until
that time, the satisfaction status of the activity’s rolled-up objective shall be considered
“unknown”.

@
© O

O+ O—+@
®

©

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, Tolup 1S iNVOKed each time an attempt on a chifd
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 Fal se, the satisfaction of

Activity B’s rolled-up (primary) objective will not be evaluated until Activity B becomes
nactive — it will remain “unknown” regardless of the recorded measures of Activity B’s
children. One way for Activity B to become inactive is for it to be explicitly exited by a
bequencing Exit action rule applied to Activity B evaluating to True.

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

1. Set the Measure Satisfaction If Active element to False for the'@etivity.
2. Define the Objective Minimum Satisfaction Measure elementfor the objective.

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

3.9.2. Required For Rollup Elements

TThe IMS SS Overall Rollup Process does ngt perform rollup evaluations if any of the
contributing children have a status of “‘unknown”. This behavior causes several
problems when activities may be or-hecome skipped, suspended or disabled. To enable
content developers to provide more-explicit instructions on when to include a child
ctivity in its parent’s rollup evaluation, four elements have been added:
requiredForSatisfied, requiredForNotSatisfied, requiredForCompleted, and
requiredForincomplete;

TThese Required for-Rollup elements indicate the circumstances under which the
issociated activity,will be included in its parent’s rollup evaluation for the Rollup Rule
specified. These elements are evaluated during the Check Child for Rollup Subprocess
refer to Segtion 4.6: Rollup Behavior). The values of these elements include:

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

e ITNOTSUSpended: The chifd contributes to the rolfup evatuation of its parent it 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.

e Required for Rollup element only affects children that Contribute status information
during rollup. The Rollup Child Activity Set, for each evaluated Rollup 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

he elements shown in Table 3.10a.

Table 3.10a: Description of Objective Description

Description Value Space  Defauit
Vaiue

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|boolean False
Measure Normalized Measure is to be used (True or
False) in place of any other method to
determine if the objective associated withhe
activity has been satisfied.

3 Objective Minimum (Indictes the minimum satisfaction measure 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 andthe Objective significant
Normalized Measure for.the objective is equal [decimal digits
to or exceeds this valueythe Objective
Progress Status is setto True and the
Objective Satisfied’Status is set to True.

If the Objective-Measure Status for the
objective-1s.True 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
Contriljutes to Rollupfand Objective Normalized Measure for the
objective are used (True or False) during
rollup.

bource:»-lMS 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.
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Figure 3.10a: Obijective Description and Objective Progressiinformation Relationship

Each Objective Description consists of the following information:

e Objective ID: The Objective ID element acts as a link between the
corresponding Objective Progress Information and the activity. There is no
default value defined for the Objective'1D element. The Objective ID element is
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 typexdees not imply that Objective IDs must be unique across
all activities in an Activity Tree, but only unique within the scope the objective
will be used (accessed). By default, an activity will only be able to access
Obijective Progress Information for the set of learning objectives defined for the
activity — these are called “local” objectives. For a given activity, all of its
Objective IDs 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 Satisfied
by Measure element indicates whether or not the Objective Minimum Satisfied
Normalized Measure element, along with the objective’s measure (e.g. score),
should be used to evaluate the objective’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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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.

e Objective Minimum Satisfied Normalized Measure(1.0 — default value): The
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 agctivity, is
1.0.

e Objective Contributes to Rollup (False — default value): The Objéctive
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> will.contribute to rollup (have Objective
Contributes to Rollup equal to True).

8.10.1. Local Objectives ys. Shared Global Objectives

_earning objectives represent a set of locally and globally scoped data items, each with a
et of Objective Progress laformation (refer to Section 4.2: Tracking Model), and they are
considered separate from fearning activities. By default, an activity will only be able to
nccess Objective Progress Information for the set of learning objectives defined for the
ctivity — these arecalled “local” objectives. Other activities cannot directly reference
the Objective Progress Information associated with another activity’s objectives, however
in ObjectivelMap may be defined to relate a local objective to a globally shared
bbjective~Activities may have more than one associated local objective and may
eference-multiple shared global objectives. Multiple activities may reference the same
shared global objective, thus sharing the sets of Objective Progress Information. An
pxample 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 the
scope of shared global objective 1Ds referenced in the Activity Tree. It also defines the
lifetime of Objective Progress Information (refer to Section 4.2: Tracking Model) for the
shared global objectives associated with an_attempt on the Activity Tree. However, it
does not specify how to manage sets of @bjective Progress Information or how resolution
of local and shared global objective IDs is performed. This element contains a boolean
(True/False) value. The defaultvalue for Objective Global to System, if not defined
explicitly for an Activity Tree, isyTrue; shared global objective information will exist per
learner for the lifetime of the.learner in the system.

If the Objectives Global'to’ System element on an Activity Tree is defined as False, the
LMS will maintain and resolve shared global objective IDs scoped to only one attempt or|
the Activity Tree.( Shared global objective information will exist per learner per attempt
on the Activity, Tree.

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

ABLK Note: When deriving an Activity Tree from a SCORM Content Package (refer to
Section 2.1.1: Deriving an Activity Tree from a Content Package), there will be zero or
one Objectives Global to System element defined on the <organization> element being
used to derive the Activity tree; this element defines the scope of all objective 1Ds used

within that Activity Tree.

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-3-43

© ISO/IEC 2009 — All rights reserved


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

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

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.

Tahle 310 33 nncnripfinn of ﬂhjnnfi\ln I\/Inp

Description

Value Space

Default

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 is:a
required value.

Unique
Identifiér

None
\Value is
Required

Read Objective
Satisfied Status

Indicates that the Objective Progress Statusiand
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 Objective4D), when the
progress for the global objective'is defined
(Objective Progress Status/for the identified global
objective is True).

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

boolean

True

\Write Objective
Satisfied Status

Indicates thatthe Objective Progress Status and
Objective Satisfied Status values, for the identified
local objective (Activity Objective 1D), 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
defined (Objective Measure Status for the identified
global objective is True).

boolean

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

<primaryObjectives Element or <objectives element. The XV <mapTnto>
element is used to define objective maps in a SCORM Content 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 Objective
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 Mag-is the key enabler
for sharing Objective Progress Information between activities. There are several rules
when applying objective maps:

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

e By default, no Objective Progress Information is:shared between activities. Each
activity must define a set of Objective Maps4o describe how local objective
information is mapped to shared global gbjectives.

e The Objective Map is utilized whenever.local objective information is altered, as
described by the Tracking Behavior (tefer to Section 4.2.1.7: Tracking Behavior).

e For a given activity, each local ohjéctive can only “read” objective status and / or
objective measure from one shared global objective.

e For a given activity, multipleclocal 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

|||n that can hn wirittan to-state-to-an 1 NMS’c conunnr\lnn mmnlamantatinn o “ninle 4 nf
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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 Default
Value

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 @rman
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 Countdata (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 fromthe set of child activities Integer
associated with.the activity.

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

bource: IMS Simple-Seguencing Behavior and Information Model [1]

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

. Navar /I‘IQ‘FQII“’ \lallln\ Salactian chall never hc\ annllnrl tn Clllcfnr /\‘!! Cf the
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cluster s children, as deflned 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
Selection Count, if not defined explicitly for the activity, is 0. If the Selection Count
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 Count
is valid. This element contains a boolean (True/False) value. The defaultvalue for
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 the

Selection Timing element, the Selection Count Status element must be explicitly defined
to be True and Selection Count must explicitly be defined tohe some non-zero integer.

Otherwise, all of the cluster’s children, as defined in the Activity Tree, are available by

default.

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

Randomization Controls, Table 3.12a, describe when and what actions the LMS will take

Table 3.12a: Description of Randomization Controls

Description Value Space Default
Value

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

'Vocabulary

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

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

TThe two Randomization Controls elements aretightly coupled. First, The Randomization
Timing element indicates when, if ever, the!children of a cluster should be reordered. The
Randomization Timing element is a vocabulary with the following values:

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

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

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

TThe normative Sequéncing Behavior Pseudo Code (refer to Appendix C) does not
explicitly state wher’'the Randomize Children Process is invoked. The LMS is
esponsible 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:
belection’and Randomization Behavior.

Second; the Randomize Children element indicates whether the children of the cluster
should be reordered. This element contains a boolean (True/False) value. The default

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.

SN-3-48 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


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

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

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

L MSctn aid in tha mananamaont nf tha activiatv’c traclana ctatiic infarmatinn Thao
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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 |boolean 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 informationtis tracked 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.©bjective Satisfied Status for [poolean False
Content the activity’s associated objective that has the

Objective Contrikiites to Rollup value of True will
be set by the activity’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, IS True.

Ifthe Tracked element on an activity is defined as False, the LMS will behave as if it
does not initialize, manage or access any tracking status information for the activity. All
evaluations requiring tracking status information will receive the default (*unknown”)
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 Fal se restricts

the set of sequencing strategies that may be applied to the activity, and further, to its
Ancestors.

B8.13.2. Completion Set by Content

TThe Completion Set by Content element indicates that the content object associated with
the activity is responsible for communicating whether or not the activity is‘coemplete; this
nformation affects the activity’s Attempt Progress Information (refer te,Section 4.2:
Tracking Model). This element contains a boolean (True/False) yalue. The default
alue for Completion Set by Content, if not defined explicitly for the-activity, is False.

f the Completion Set by Content element on a leaf activity is defined as True, the LMS
vill make no assumptions concerning the Attempt Compléetion Status for the activity; that
s, if the activity’s associated content object does not communicate completion
nformation, the activity’s completion status will be “unknown” — Attempt Progress
Status will be False.

f the Completion Set by Content element on-aleaf activity is defined as False and the
ctivity’s associated content object does nat communicate completion information, the

L MS will assume the activity has been.Completed when the current attempt on the
ctivity ends — Attempt Progress Status will be True and Attempt Completion Status will
De True.

ADL Note: The default value of the Completion Set by Content element is False,
pnabling noncommunicative content objects (Assets) to take part in sequencing strategies.
Fven when the default\value is used, information communicated by a content object will
hlways be used if itexists and the LMS will not change that information. In general, it is
Innecessary for.acontent developer to explicitly include this element and set it to True

n the specified sequencing information associated with an activity.

TThe Completion Set by Content element has no effect when defined on a cluster activity.

3133 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 elément is Fal se,
enabling noncommunicative content objects (Assets) to take patt4in 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 True
in the specified sequencing information associated'with an activity.

The Obijective Set by Content element has no effect when defined on a cluster activity.
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SECTION 4
Sequencing Behaviors

From IEEE Std. 1484.11.1-2004 IEEE 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 |IEEE Standard for Learning

gtageomamo—To a o0 vietatata oPYIt

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

deseriptions-that-feHow-are-netintended-to-replace-the-detatled-deseriptions-tneludedh
IMS SS; instead, they are intended to help distill the primary features and characteristi¢s
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 Appendix 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 Aetivity Tree — a data
model that maintains the state of an activity, and a data model that describes the content
developer’s sequencing intentions when an activity is processed.,\\a addition, a state
model is defined that maintains the state for each individual activity and the Activity Treg
as awhole. The sequencing processes utilize informationdrom 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 information
gathered from a learner’s interaction.with the content objects associated with
activities. This is a dynamic run-time (while the learner is interacting with a
content object and the LMS) data:model.

e Activity State Model (referto Section 4.2.1 5: Activity State Information):
Manages sequencing state of each activity in the Activity Tree and the global statg
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 sequencing session.

e Sequencing.Definition Model (refer to Section 3: Sequencing Definition Model):
Describes how 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 above. Each sequencing behavior consists 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
nformation is called the Tracking Model.

SECORM does not impose any implementation requirements on how the tracking model is
epresented or managed. Furthermore, there is no requirement that the tracking model
consists of or is limited to the elements described below or that only one set of tracking
nformation exists at a given time for each activity. Implementations are required-{o
exhibit the behaviors described in the Sequencing Pseudo Code (Appendix C). “as-if”
they acted on the tracking model described in this section. Implementations are free to
manage and optimize tracking information in any way they see fit to perform “what-if”
bvaluations of Activity Tree state. However, when the various sequencing processes are
hpplied 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
hpplication of Sequencing Behaviors.

4.2.1. Tracking Model Overview

n previous versions of SCORM, the only data model that was specified was the SCORM
Run-Time Environment Data Model. This information was used to track the learner’s
nteraction with a SCO. With the addition.ef sequencing, an additional data model is
specified for an LMS to manage — the. Tracking Model. The Tracking Model is a
collection of dynamic sequencing state information associated with each activity in the
Activity Tree for each learner. Fhe-initial (default) values for all of the Tracking Model
plements are defined. During a learning experience, Tracking Model elements will be
ipdated to reflect learner interactions with the currently launched content object.

TThe SCORM Run-Time-Environment Data Model defined in the SCORM RTE book is
Iised by SCOs to cemmunicate information about a learner’s interaction with that content
pbject (e.g., status;'scores). Some SCORM Run-Time Environment Data Model elements
lirectly correspand to elements in the Tracking Model. Figure 4.2.1a shows the
conceptualrelationship between the Activity Tree, a specific activity’s tracking
nformatien, that activity’s associated content object, and the content object’s set of run-
fime data. Specific relationships between elements of the two data models are described
nithe following sections. For details on how and when the SCORM Run-Time

Envitonment Data vtodet etfements ap to- Trackimng Modet efements, see the SCORM—————

Run-Time Environment Data Model [4].
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Figure 4.2.1a: Relationship between the Run-Time Envirohment Data Model and the Tracking Model

4211 Tracking Model

All activities have associated tracking.status information specific to each learner that
experiences the activity. Figure 4.2@.1a shows an example Activity Tree and the
tracking information associated with each activity. It is assumed that an LMS updates
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 do'not communicate, there are some defined requirements in the
following sections. to help LMSs manage their associated activity’s tracking information.
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Figure 4.2.1.1a: Tracking Model

Changes in the value of tracking model elements for an aetivity may affect the value of
the activity’s parent tracking status information. The process of evaluating the tracking
status for an activity based on a change of tracking status of one of its children is referred
to as rollup. The rollup behavior is initiated by the,LMS when tracking status
nformation needs to be updated (refer to Section'4.6: Rollup Behavior).

TThe Tracking Model describes the information that must be maintained by a system that
Helivers “tracked”, Tracked equals True)(refer to Section 3.13.1: Tracked), sequenced
earning activities. An LMS must betable to maintain the tracking status information for
pach activity defined; and for SCOs, an LMS must be able to map the SCO’s run-time
lata to the appropriate tracking model elements [4] (Section 4: SCORM Run-Time
Environment Data Model).For “not tracked” (Tracked equals False) activities, the
_MS shall provide the default value of “unknown” for all requests of tracking status
nformation.

The tracking maodel defines the following sets of tracking status information:

e Obijective Progress Information: Describes the learner’s progress related to a
léarning objective.

e ~Activity Progress Information: Describes a learner’s progress on an activity.
This information describes the cumulative learner progress across all attempts on

anmactivity:
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.géets
one set of Objective Progress Information (Table 4.2.1.2a) for each objective assgciated
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 values
for each element. The LMS utilizes the default values until the eleménts are explicitly se
by the LMS’s sequencing implementation.

Table 4.2.1.2a: Obijective Progress Information

No. Element Description Value Space Default Value
1 Objective 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\s True.

3 Objective Measure|Indicates the)objective has a measure value [boolean False
Status (True orlFalse).

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: HMS Simple Sequencing Behavior and Information Model [1]

The description of Objective Progress Information utilizes data model pairs — one
element describes the tracked data and the other describes if that tracked data is valid.
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
element 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
following vocabulary:

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

Similarly, in addition to its normal floating point range, Objective Normalized Measure
ill be described as having the value “unknown” to represent Objective Measure-Status
et to False.

MS SS differentiates between local and shared global Objective Progress Information.
By default, the set of Objective Progress Information initialized for each-objective for
pach attempt on an activity is “local” to that activity. However, the'Sequencing
Definition Model element Objective Map links “local”” Objective Progress Information to
shared global Objective Progress Information. Resolution of Objective Progress
nformation defines what information is retrieved when a<equencing process accesses
the state 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 False, then the local Objective Satisfied Status is retrieved.

4. If the'Objective 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.

o Objective Normalized Measure isrequired-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
seguencing process, the state of the local Objective Progress Information is unaltered.

When an attempt on a tracked (Tracked equals True) activity ends, “write” objective
maps are honored. If a Write Objective Satisfied Status and/or Write Objective
Normalized Measure are specified as True (defaults to False), the appropriate portions
of the Objective Progress Information (Objective Progress Status and Objective Satisfied
Status and/or Objective Measure Status and Objective Normalized Measuteg) are copied
from the local objective to the associated shared global objective(s). Any‘existing
Obijective Progress Information of the shared global objective(s) is tnconditionally
overwritten.

4.2.1.3 Activity Progress Information

Each tracked (Tracked equals True) activity has one set of tracking status information
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 inthe Sequencing Behavior Pseudo Code (refef
to Appendix C) during various sequencinggrocesses. The Activity 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 4,2/1.3a: Activity Progress Information

No. Element Description Value Space ‘Default Value
1 Activity Indicates the activity progress information is |boolean False
Progress Status..meaningful (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
Experienced attempts on the activity, i.e., the time from  |Accuracy 0.1
Duration the initial start of the activity to the end of thejsecond

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.
4 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 mearns it either 1S M progress or
finished.

The value is unreliable unless Activity
Progress Status is True.
bource: IMS Simple Sequencing Behavior and Information Model [1]

TThe Activity Progress Information elements are managed as follows:

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

e Activity Absolute Duration is the total absolute duration of-alt"attempts on the
activity.

ADL Note: SCORM Sequencing does require the-evaluation duration-based
sequencing information (e.g. most limit conditiofs 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.

e 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 Sequencingydoes 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 nothave any effect on the sequencing behavior.

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

4214 Attempt Progress Information

~or each 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

DI ITITOTTITIOtIOTT tADTC U TITICY CaCTT CTCTTICTTC TTIC

are utilized until the elements are explicitly set by the LMS’s sequencing implementation.

ranrace Infarmatinn tahla Aafinac dafault valuac far aach alomaoant  Tha dafanlt valiiac
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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

Real [0..1]

Precision of at least 4
significant decimal
digits

tesservatue eans theattermptis ot
complete.

'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 detérmining the
duration is not definedin this model.

The value is unréliable unless Attempt
Progress Status is True.

Duration
Accuracy 0.1 second

0.0

Attempt
Experienced
Duration

The experienced duration of the attempt
on the activity, i.e., the time from the
start"0f 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]

j—

he Attempt Progress tformatiometerments are marnaged as fotows:

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.

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-4-11

© ISO/IEC 2009 — All rights reserved


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

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

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).

e 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 rule-actions).
Therefore, an LMS is not required to manage this element and if the elemeént has a
value, that value may not have any effect on the sequencing behavior.

e Attempt Experienced Duration is the total experienced duration/ef-Current attempt
on the activity.

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

T'he description of Attempt Progress Information utihzes data model pairs — one element
lescribes the tracked data and the other describes if that tracked data is valid. For
pxample, Attempt Completion Status describes:if the attempt has been completed or not,
ind Attempt Progress Status describes if the*value of Attempt Completion Status is valid.
T'he 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
these 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).

TTo make the descriptions(of sequencing behaviors easier to read in this book, only one
blement will be used to 'describe each pair, and an “unknown” value will be added to its
ocabulary. For example, Attempt Completion Status will be described using the
following vocabalary:

o “completed” — Attempt Progress Status set to True; Attempt Completion Status
Setto True

e >incomplete” — Attempt Progress Status set to True; Attempt Completion
Status set to False

° unknown — Attempt Frogress status Set 1o 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 Appendix C) during various SEqUeNcing processes. The Activity State
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 4.2.1.5a: Activity State Information

Element 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 Current
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 children
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 set
to Fal se 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 set 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.

0 The Current Activity will only have Activity is Active set to True if it has
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 10 Section 4.2.8:
Exit, of the SCORM RTE book [4].

e Available Children maintains an ordered list of the activity’s children available te
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, RoHup
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.

4.2.1.6 Global State Information

TThe 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 Sequencing Behavior Pseudo Code (referto Appendix C) during various sequencing
processes. The Global State Information table defines default values for each element.
TThe default values are utilized until the@©lements are explicitly set by the LMS’s
bequencing implementation.

Table 4.2.1.6a: Global State Information

No. Element Description Value Space ‘Default Value
| Current Activity JIndicates 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 L MS’s sequencing-implementation;-this-activity isthe first

activity considered during the Navigation, Termination and Sequencing
behaviors. All of this activity’s ancestors must have Activity is Active set.to
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, implementations
are not required to use one and only one element. Implementations must only
conform to the normative behaviors described in the Seguiencing Behavior Pseudg
Code; that is, they must appear as if they are only wutilizing one element. For
example, an implementation may want to track the’most recently delivered
activity as the Current Activity and the mostsecently terminated activity as the
First Candidate Activity — and use the First Candidate Activity as the starting
activity for the sequencing request processes.

e Suspended Activity indicates the-unique activity that was the Current Activity
in the previous sequencing session (e.g., a sequencing session that ended due
to a Suspend All navigationrequest). The path of all activities from the root 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 Activity — this could be considered a simple form of
“bookmarking.”

Figure-4.2.1.6a 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

1. The EMS’s sequencing implementation assumes that a content object associated
with'the most recently identified (for delivery) activity has been launched for the
learner; the delivered activity is the Current Activity — it must be a leaf in the
Activity Tree and is currently active. All ancestors (along the “active path”) of
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

cantant ohiaet’c lnarnar attamnt 1c evunechraniond wwath tha cfa'l'a n'F ite accnpiatnd
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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 eitherthe “just
terminated” leaf activity remains the Current Activity, or an ancestorof the leaf
activity becomes the Current Activity. If an ancestor becomes the Current
Activity, the current attempt on that ancestor ends through the‘€nd Attempt
Process — Activity is Active for the ancestor becomes Fal se 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 identified
during the Exit Action Rule Subprocess (refer to-Step #4), if that Current Activity
is not suspended.

6. The Sequencing Behavior processes anyqending 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, the:Content Delivery Environment Process is
invoked. During this process, the identified activity becomes the Current Activity,
and an attempt is started (orrésumed) 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 information.in 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 Model, will have a set of local Objective Progress
Information allocated for each learner and each new attempt an 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

5.
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There are two kinds of Objective Maps:

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_.as
reported information), write objective maps are enforced. Write
objective maps may be applied several times while the activity'is active,
but they must be applied at least once when an attempt on.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;can 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 Measure threshold. This evaluation will be performed instead of
using any availablelocal or shared global Objective Satisfied Status.

ADL Note: Evaluation of a defined measure threshold (Objective Satisfied by
Measure).is-eonditional 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
Trué) 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 | MS 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
sequencing implementation. It defines how the various sequencing behaviors are applied
within the context of a sequencing session. The Overall Sequencing Process encapsulateg
the following sequencing behaviors:

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

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

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

Selection and Randomization Behavior — Deseribes how the activities in a
cluster should be considered during processing a sequencing request.
Sequencing Behavior — Describes how, a‘sequencing request is processed on an
Activity Tree in attempt to identify the*next” activity to deliver.

Delivery Behavior — Describes how an activity identified for delivery is validateg
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

MS SS describes the'hehaviors listed above as independent, stand-alone processes that
1l act on the same'data model — the Tracking Model (refer to Section 4.2). The
Conceptual Madgel of the Overall Sequencing Process (Figure 4.3a) graphically depicts
the relation efthe various sequencing behaviors to one another, the Activity Tree and the
tracking. model. The entry point for the Overall Sequencing Behavior is a navigation
equest:issued by the LMS. Typically, navigation requests will be generated in relation to
somie learner-triggered navigation event or a content-triggered navigation request (refer to
bection 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.

4.3.1.

Begin Sequencing Session*

1)

)

(3)

Start of Sequencing Loop

#)

Sequencing Loop

The learner initiates access to the LMS (e.g., accesses the system; logs in, etc.
and establishes a context within a particular unit of instructionAe.g., selects a
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 Resume
All navigation request, even if a,Choice navigation request is available.

" Prior to the beginning of a sequencing session, the Current Activity shall be
considered to be None (arundefined).

The Navigation Behavior translates the Start, Resume All or Choice
navigation request-into the appropriate sequencing request and processes it.
The sequencing session “officially” begins when an activity is identified for
delivery —.one successful pass through the following Sequencing Loop.

Once-the sequencing session has begun, the Suspended Activity shall be
caonsidered 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 Behavior
traverses the Activity Tree to locate the appropriate activity to deliver to the
learner. If no activity is identified for delivery, then the Overall Sequencing

()

Process stops and waits for another nm/igm‘inn 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 ag_tn”ty X Abandnn, Fyit, ete

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 Modeél, 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 lgarner’s interactions with the
content object. The Rollup Behavior updates-the tracking status model for the
activity and for any of its ancestor activities\within the Activity Tree.

(12) The Sequencing Loop repeats, beginning-at Step 4, until the sequencing
session ends**.

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

Although the Overall Sequencing Behavior shows how the various sequencing process
re related, implementations are-free to invoke the individual sequencing processes at any
time outside of the context of the Overall Sequencing Process. If they do so, they must
provide sufficient state management to ensure the tracking status model for the activities
ind the Activity Tree appear as if they exhibit the behavior described by the Overall
bequencing Process when a navigation request is processed. A common scenario for
nvoking sequencingprocesses outside of the Overall Sequencing Process is to validate
navigation requests, ensuring that only navigation requests that would result in launching
. learning resource are honored, and providing an “intelligent” user interface that only
ncludes yahd navigation controls.

mplémentations are free to invoke sequencing behaviors outside of the context of the
Dyerall Sequencing Process on “dirty” or tentative data (by managing multiple sets of

[racking mformation, providing additionat tracking status modet etements, 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
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called Navigation Events. The means to trigger these events are called Navigation
Controls. The LMS is responsible for processing Navigation Events and invoking its
bequencing implementation with a corresponding navigation request.

1.4.1. Navigation Events

Navigation Events are external (to the LMS’s sequencing implementation) events that
ndicate the learner’s or system’s intention to navigate through contentdn.some manner.
These events are typically triggered by the learner through user interface controls;
nowever, an LMS is free to trigger navigation events. SCORM dogs not place any
estrictions on how navigation events are triggered.

\Vhen a navigation event is detected, the LMS must respand 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 (experiencg) for the learner. SCORM does not
place any requirements on how the LMS 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.

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

1.4.2. Navigation Controls

Navigationieentrols are user interface devices that provide the means for a learner to
ndicatethe desire to navigate away from the Current Activity in a particular manner.
BCORM requires that an LMS provides, at a minimum, navigation controls that trigger
Continue, Previous, and Choice navigation events, when the processing of those events

WITTTesult in content identified for delivery 1o 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’
sequencing implementation. Once the navigation request is issued,,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 pavigation requests and exhibit the
corresponding behavior as defined in Table 4.4.3a.

Table 4.4.3a: SCORM 2004, Navigation Requests

Navigation Request Action

Start If the Current Activity, iS\undefined, issue a Start sequencing request.

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

Continue If Activity.js Active for the Current Activity is True, issue an Exit termination
request.

Issue ‘a’Continue sequencing request.

Previous If*Activity is Active for the Current Activity is True, issue an Exit termination
request.

Issue a Previous sequencing request.

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.

Issue a Choice sequencing request. The request is accompanied by the
identification of the target activity.

Exit Issue an Exit termination request.
Issue an Exit sequencing request.

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
navigation event (e.g., Continue, Previous, Choice).
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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
attempt). An LMS’s sequencing implementation must record sufficient state and
tracking information so that the activities may be resumed in the future.

/Abandon 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, “Fhere is no
rollback of any tracking data.

Abandon All Issue an Abandon All termination request.
Issue an Exit sequencing request.

The current attempt on the Current Activity and all 6f its 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.

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

4.4.4. Navigation Request Process

TThe information in this section is intended:to supplement, not replace, the Navigation
Behavior section of IMS SS. Refer to®IMS SS for more details. Implementations are
equired to exhibit the normative behaviors described in the Sequencing Behavior Pseudo
Code (refer to Appendix C) instéad of the pseudo code described in IMS SS.

TThe Navigation Request Precess is triggered during the Overall Sequencing Process, but
t may also be triggered-directly by an LMS. It accepts a navigation request and may
eturn an exception, asequencing request, or a termination request and a sequencing
equest.

An exceptiopsis.returned when:

e Anundefined (not in Table 4.4.3a) navigation request is issued.
¢ A Start navigation request is issued, but the sequencing session has already
begun.
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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).

e 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

tf-the-target-activity s not-amember-of the-AvattableChitdrenof-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 Choice
navigation request would require an active activity (along the “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 withresult in the corresponding
sequencing request. In addition, if a valid Continue, Previeus or Choice navigation
request was issued and the Current Activity is active, ap:Exit termination request will be
issued to end the current attempt on the Current Activity.

The Exit, Exit All, Suspend, Abandon, Abandon All navigation requests all result in the
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.
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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.
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aind may return a sequencing request.

t is important to distinguish between an activity exiting and the activity’s associated
content object being taken away. How and when an activity’s associated content object

s taken away is out of scope of SCORM; SCORM only requires that SCOs end
communication (by calling Terminate()) prior to exiting. For more information-about
taking content objects away, refer to Section 2.1: Run-Time Environment Managément
RTE) in the SCORM RTE book [4]. An activity exits as part of the internalsequencing
epresentation and behaviors; it is not affected by or affects the content-object being taken
way.

More 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
Current Activity has exited so that the Activity Tree is in the'most current valid state prior
fo processing any sequencing requests. However, the activity exiting may (depending on
the LMS implementation) require its associated content object to be forcefully taken
hway to ensure the most current valid state information is available to the LMS’s
bequencing implementation.

4.5.1. Termination Requests

n general, a termination requestindicates that the current attempt on the Current Activity
must end — the Current Activity.will become inactive. IMS SS defines several types of
termination requests, each-0f\which results in a different behavior; a SCORM conformant
_MS will exhibit these behaviors (Table 4.5.1a).

Table 4.5.1a: SCORM 2004 Termination Requests

Termination Request Action ‘

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

ExitRarent The current attempt on the Current Activity’s parent is terminated
normally; the attempt is 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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Abandon All The current attempts on the active activities (from the root to the Current
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.

4.5.2. Evaluating Post Condition and Exit Action Rules

Activities may have one or more Post Condition and/or Exit action 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 against
the tracking information for the activity. Each condition contributes one yvalue, which
may be negated (Rule 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. I
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 data
and the other describing the validity of that state data. Sequencing Rules that include
evaluation of these elements may produce unknowmuvalues in their [condition set results]
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 théfollowing truth tables:

Table 4.5.2a: Post Condition and Exit Action Rules - NOT Truth Table

False Unknown

Unknown

Table4.5.2b: 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
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False True False Unknown

Unknown True Unknown | Unknown

Sequencing rule actions are partitioned into three sets that correspond generally to the

illl;llg Uf thcil cvaiuatiuu, VVh;bh DCL{UCII\.’;IIQ MTULESSTS thcy appiy tU O.IICI‘l tU thc;l Cfft‘bt
bn those processes. Two types of sequencing Rule Actions, Post Condition and Exit,
hpply during Termination Behavior. EXit action Sequencing Rules are only evaluated
Huring the Sequencing Exit Action Rule Subprocess of the Termination Behavior. Post
Condition Sequencing Rules are only evaluated during the Sequencing Post Conditign
Rules Subprocess of the Termination Behavior.

For example:

e If not satisfied Then retry: Process a Retry sequencing request ‘on the activity if
the activity’s objective status is equal to not satisfied.

e If attempted Then exit parent: Exit the parent of this activity if the activity has
been attempted.

e If attempted Then exit all: Exit the Activity Tree and-end the current
sequencing session if the activity has been attempted.

TThe examples above represent only a small portion ofthe types of sequencing rules that
may be defined for an activity.

ADL Note: Content developers should remembeér that Post Condition rules are only
bvaluated on the Current Activity. If the intended sequencing strategy requires that a Post
Condition action be applied to a clusteractivity, the cluster activity must be explicitly
exited through an Exit Action rule before the Post Condition rule will be evaluated.

4.5.3. Termination.Request Process

T'he information in this section is intended to supplement, not replace, the Termination
Behavior section of IMS SS. Refer to IMS SS for more details. Implementations are
equired to exhibitthe normative behavior described in the Sequencing Behavior Pseudo
Code (refer to Appendix C) instead of the pseudo code described in IMS SS.

TThe Termination Request Process is invoked by the Overall Sequencing Process to end
the attempt on the Current Activity prior to processing a sequencing request. The current
httempt 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

SN-4-30 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1

© ISO/IEC 2009 — All rights reserved


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

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

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

world haain that caaiencing sascian hv avnariancina tha Currant Activity
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During a sequencing session, the most common termination request will be Exit. The
Termination Request Process performs the following actions during an Exit termination
request:

During the End Attempt Process

1) The current attempt on the Current Activity will end (Activity Is Active set to
False for the Current Activity).

2 The content object associated with the activity may.feport status information
that will affect the activity’s tracking information.

3) 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 completed, as appropriate.

4) If the current attempt on the Current Activity ended normally, the attempt may
have ended in a “suspended” (Activity is Suspended set to True) state. The
content object associated with the\activity reports this state.

(5) Rollup is performed — tracking-information from the Current Activity is
propagated up the Activity:Tree, through the Current Activity’s ancestors.

During the Sequencing Exit Action Rules Subprocess

(6) An exit action rule-may be defined on one of the Current Activity’s ancestors,
causing the current attempt on the ancestor to terminate, rollup to be
performed and the ancestor becomes the Current Activity.

During the Sequéencing Post Condition Rules Subprocess

@) If'the Current Activity is not suspended, the Current Activity’s Post Condition
rules are evaluated. These rules may cause ancestors of Current Activity to
terminate (Exit Parent and Exit All rules), or they may indicate a sequencing
request (Continue, Previous and Retry rules). If an ancestor of the Current
Activity terminates, it becomes the Current Activity and Post Condition rules
are evaluated on it (this is a recursive operation). If a sequencing request is
indicated, the request is returned to the Overall Sequencing Process and it
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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

SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-4-31

© ISO/IEC 2009 — All rights reserved


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

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

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
tracking model elements, additional (sub)processes and extended or altered subprocesses.
TThe only requirement for a SCORM conformant LMS is that it behaves as described in
the normative 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
Dverall Sequencing Process is invoked, the current attempt on the Current Activity will
hppear to end as described in the Termination Behavior, prior to processing any pending
bequencing request.

4.5.4. End Attempt Process

TThe End Attempt Process is a utility process that is invokedywhen an activity exits
normally. This process ensures that state of the terminating (“exiting”) activity is up to
late and that information is propagated through the«est of the Activity Tree. The End
Attempt Process does not change which activity isithe Current Activity.

The following actions occur during the End Attempt Process:

e If the terminating activity is a leaf and its associated content object is a SCO, the
SCO may indicate that its most recent learner attempt ended in a “suspended”
state — the SCO set cni .@xi't to suspend. The LMS’s sequencing
implementation will use.this information to “suspend” the current attempt on the
activity.

e 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-@p‘their parent (ancestor) activities, if any leaf activity in the Activity
Treeds-suspended, the root of the Activity Tree will also be suspended. In this
situdtion, 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”.

o If the terminating activity is a leaf and its associated content object is a SCO, the

datamappingdetaited-imTabte 4544, inthe prescribed order, occurs immediatety
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 SCQ’s objective collection

(cmi .objectives.xxx) and from the cmi .success_status and

cmi .score.scaled data model elements. If the SCO only provided information
from one source (through a call to setvalue()), that data shall be mapped to the
activity’s objective that contributes to rollup. If the SCO provides infarmation
from both sources, the data from the cmi .success_status and

cmi .score.scaled data model elements shall be mapped to thecactivity’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 Sequencing Tracking Data Model

Element Element

cmi.objectives.n.success_status Objective Progress Status and Objective
%is 1ed Status for the activity’s objective
4_that shares the same ID as

. Q 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

2. | cmi.objectives.n.score-scaled Objective Normalized Measure for the
B\ activity’s objective that shares the same ID
AN~ 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

3. | cmi. u§e’ess_status Objective Progress Status and Objective
6 Satisfied Status for the activity’s (primary)
,\c.) 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
4. | cmi.score.scaled Objective Normalized Measure for the

activity’s (primary) ohjective 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

5. | 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

¢ Ifthe terminating activity 15 a teaf, the CMS’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.

e The terminating (“exiting”) activity becomes inactive (Activity is Active set to
False).

e 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
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may communicate status information, which is used to affect the activity’s tracklng status
information. Assets do not communicate status information. Sequencing information
can be applied to activities associated with such content objects using either Objective Sef
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.to directly set their
status information. The status of a cluster activity is based on the'status of its children;
the process of evaluating a cluster’s status information is called““rollup.” Figure 4.6a
shows a cluster with three children; this figure will be used-thfoughout this section to
illustrate the various rollup processes. The status informiation of the cluster activity (A) is
determined, through rollup, from the status information-of the cluster’s children (1, 2 and
3).

; X )
Activitp A

Dbjective Description
\ \((* Objective Satisfied: unknown
» Dbjective Measure: unknown
+ Activity Attempt Progress: unknown

. - h - — -
L RN, O - . e L} -
Activity 1 b Activity 3
Objective Description Objective Description
= Objective Satisfied: unknown * Objective Satisfied: unknown

- Objective Mekgure: unknown | | - Objuctive Maasure: unknown

= Activity Atiempt 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.

TThe Overall Rollup Process describes how rollup is applied to the Activity Tree from

some initiating activity. The controlling process ensures that all rollup processes are
pplied appropriately.

TThe Overall 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 (referte
Appendix C).

2. When the state of a shared global objective changes — this may~also occur in
conjunction with an activity terminating (refer to event #1).

n 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, starting with the deepest activity in the
Activity Tree.

C. During the Overall Rollup Process, remove activities from the "rollup set” that
are encountered.

D. Repeat Steps B and C unti the “rollup set” is empty.

Activities encountered during the extended rollup process that affect shared global
pbjectives do not add additional activities to the “rollup set.” The “rollup set” is only
letermined once and.that occurs prior to any invocation of the Overall Rollup Process.

Dther than the two events described above, the LMS is free to invoke rollup at any time.
fan LMS invekes 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
jlobal ebjectives are consistent with the defined sequencing behavior. That is, the
tracking status information calculated during rollup must only be “committed” if that
olfup 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.

- I Frctuded-chitdrers : 4 ATV : §
evaluation set is empty), then no status change occurs.

e Rollup is performed starting at the leaf activity that triggered rollup (due toa
status change) to the root of the Activity Tree.

e Measure rollup is always performed first, followed by Objective and Activity
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 cluster’s unique objective
that contributes to rollup.

e The Overall Rollup Process may be stopped whenthe-status of a cluster activity
does not change.

e Rollup rules define how rollup is evaluated for a’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 Process'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 applied 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.

4.6.2. Evaluating Rollup Rules

Cluster activities may have one or more Rollup Rules associated with them. Rollup
Rules have the structure:

If [child-activity set], [condition set] Then [action]

All'of an activity’s children are considered when evaluating the activity’s rollup, but only
those that are tracked and contribute will affect the activity’s rolled-up status. The
[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

Dperator and the Condition Combination (refer to Appendix C: RB.1.4.1) to sets that
nclude unknown values are defined by the following truth tables:

Table 4.6.2a: Rollup Rules - NOT Truth Table

True False Unknown

NOT
Unknown

Table 4.6.2b: Rollup Rules - AND Truth Table

Unknown

Unknown

True ‘ True

False False False False

Unknown ‘ Unknown False Unknown

Table 4.6.2c: Relup Rules - OR Truth Table

False Unknown

OR

True True

True

False True False Unknown

Unknown True Unknown Unknown

For example;

e Ifany 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
equal to not satisfied.

o |f 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. For a complete definition of the Rollup Rules 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 measure
of the cluster’s children. It only includes children that are tracked-and that have Rollup
Obijective Satisfied equal to True. The Measure Rollup Proeess does not directly affect
the cluster’s objective or progress status; however, the Obje¢tive 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 any 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 Rollup:-Process. The information in the dashed boxes
comes from the sequencing information associated with the activity.
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Figlre4.6.3a: Example Of the Measure Rollup Process

4.6.4. Objective Rollup Process

TThe Objective Rollup Process sets the cluster’s rolled-up objective (the objective with
Dbjective Contributes to Rollup set to True) status to “unknown”, “satisfied” or

‘not \Satisfied”. Itonly considers child activities that are tracked and that have
Rotlup 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
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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 actions
satisfied or not satisfied, 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 —1¥no Rollup Rules are defined on the activity that have the
actions satisfied or not satisfied, the default rollup rules are:

e If alhgsatisfied, Then satisfied
o Ifall (attempted or not satisfied), Then not satisfied

The default rules are evaluated in the same order defined rollup rules would be
evaluated — the not satisfied rule is evaluated first.

ADL Note—tHtherolted=upobjective has Objective Satisfied-by Measureequatto
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
TThe ActivityProgress Rollup Process sets the cluster’s activity attempt progress status to
‘unknown’t “complete” or “incomplete”. It only includes children that are tracked
ind that:have Rollup Progress Completion equal to True. There are two methods of
olling up progress information. The first method that applies is the only one used to
pvaluate 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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2. Default Rule: If no Rollup Rules are defined on the activity that have the actions
complete-er incomplete, the default rollup rules are:

The default rules are evaluated the same order defined rollup rules would be

evaluated — the incompl
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Figure 48:5b: Activity Progress Rollup Using Default Rule

ADL Note: Activity Progress Rollup Process evaluations do not affect the Attempt
Completion Amount \ialue for the activity. The value of Attempt Completion Amount is
not maintained or used by the LMS’s sequencing implementation. LMSs are free to
lefine and implement a rollup behavior extension for Attempt Completion Amount, as
ong as that-behavior extension does not alter the defined objective and activity progress
ollup behaviors.
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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.

tmplementations-arerequired-to-exhibit-the-nermative-behaviors-deseribed--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 duting the various
sequencing processes.

The Select Children Process and Randomize Children Process aré intended to be invoked
appropriately by the LMS’s sequencing implementation, as defined by activities’
Selection and Randomization Controls (refer to Sections 3.11. Selection Controls and
Section 3.12: Randomization Controls), which may occurdudring or after Termination
Behavior, during Sequencing Behavior or during Delivery Behavior. Furthermore, if an
LMS performs tentative evaluations of navigationseguests, the Selection and
Randomization Processes may be invoked outside of the Overall Sequencing Process.
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:

e Never: Never apply the.Selection or Randomization Processes. All of the
child activities will always be considered in the author-time-defined order.

e Once: Apply theSelection 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 OnEach 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 on
the activity beginning and immediately after (during the End Attempt Process) an
attempt on the activity ends.

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.

72

TThe Randomize Children Process enables a content developer to change the order in
ivhich activities are experienced by a learner to enable different learners to experience the
bame set of learning resources in different orders. The content developer can define that
the cluster’s available activities (those defined by the content developer or those selected
juring the Select Children Process) be reordered randomly. The randomization process
loes not alter which activities are contained in the set of available activities, it'only
eorders them. The various sequencing processes will consider children of the activity in
the order 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

rnruurcml tn ovhihit tha narmativa hoho\nnro r*locr\rlhnrl mn-tha annonr\lnn Doho\nnr Pset Tal
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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,to attempt
to determine the “next” activity to deliver by traversing the Activity Tree in.some defined
manner from the Current Activity, or attempt to initiate a new sequencing'session 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 information. The Sequencing
Behavior assumes the state of the Activity Tree is current as.of the moment the
Sequencing Request Process is invoked.

If the Sequencing Behavior was invoked as part of the Overall Sequencing Process, it is
possible that the Sequencing Behavior will not identify an activity to deliver. Itis left to
the LMS to gracefully handle this condition and.manage the learner experience
appropriately.

48.1.1 Sequencing Requests

A SCORM conformant LMS must be able to process the following sequencing requests
and exhibit the corresponding behavior 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
Resume All Resume All Sequencing Request Subprocess
€ontinue 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 manner;
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). It.attempts to
deliver the Current Activity, or its first available child, if the Cutrent Activity is a
cluster.

= 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 sequenCing session is over — this ends
the Overall Sequencing Process and returns control to the LMS. If the Current
Activity is not the root of the Activity Tree, this'request does not identify any
activity for delivery; the LMS’s sequencing;implementation must wait until
another navigation request is issued.

1.8.2. Sequencing RequestProcess

TThe Overall Sequencing Process (refer to Section 4.3) invokes the Sequencing Request
Process with a sequencing request that comes from either the Navigation Behavior or the
Termination Behavior. Theresult of the Sequencing Request Process may identify the
‘next” activity to deliver to the learner; this is called a delivery request. The Sequencing
Request Process invokes the appropriate sequencing subprocess based on the pending
bequencing request.~All of the sequencing subprocesses begin processing at the Current
A\ctivity, even those that act only when the Current Activity is undefined (i.e. Start and
Resume All).

mplementations are free to invoke the Sequencing Request Process outside of the
context of the Overall Sequencing Process. In addition, implementations are free to
nvoke 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 witfthem.
Sequencing Rules have the structure:

If [condition set] Then [action]

The [condition set] defines a set of conditions, which are individually evaluated against
the tracking information for the activity. Each condition contributes one value, which
may be negated (Rule Condition Operator equal to “Not”),.to the [condition set results].
The Condition Combination is applied to the set of valugs.contained in the [condition set
results] to determine a single result (True / False / Unknown) for the rule evaluation. I
the rule evaluation result is true, then the rule [actior is applied.

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 produgce-tinknown values in their [condition set results]
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
SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1 SN-4-51

© ISO/IEC 2009 — All rights reserved


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

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

Table 4.8.4b: Precondition Rules - OR Truth Table

Unknown

OR

True

True True

False True False Unknown

Linknown True Unknown Unknown

Bequencing rule actions are partitioned into three sets that correspond generally to the
fiming of their evaluation, which sequencing processes they apply to, and to their affect
bn those processes. Precondition Sequencing Rules are evaluated at various times durifig
the various sequencing request processes.

Precondition Sequencing Rules are evaluated by the Sequencing Rules Check-Process.
For example:

e If satisfied Then skip: Skip the activity while performing the \Flow Subprocess if
the activity is satisfied.

e If attempted Then disable: Disable the activity if the-activity has been
attempted.

e If always Then hidden from choice: Never allgw-a Choice sequencing request
to target this activity.

TThe examples above represent only a small portierrof the types of sequencing rules that
may be defined for an activity. For a complete definition of the Sequencing Rule
lescriptions refer to Section 3.4.

4.8.5. Flow Subprocess

TThe Flow Subprocess defines-how the LMS’s sequencing implementation will traverse
the Activity Tree from a given activity in a given direction. The Flow Subprocess is used
Dy a number of sequencing processes (Start, Retry, Choice, Continue, Previous) when the
_MS’s sequencingmplementation must control the traversal of the Activity Tree. The
Flow Subprocess-only stops at (and attempts to deliver) leaf activities. The Flow
bubprocess will fail if it encounters an activity with Sequencing Control Mode Flow set
o False. Figure 4.8.5a shows the relative order of leaves in an Activity Tree, assuming
flow is enabled 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 is
False, end the Flow Subprocess, nothing to deliver.

3. If the candidate activity is skipped, attempt to move away from the indicated
activity, onesactivity in the indicated direction (invoke the Flow Tree Traversal
Subprocess)y— loop to Step 2.

4. Confirm the candidate activity is not disabled. If disabled, end the Flow
Subprocess, nothing to deliver.

5. Canfirm 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. If the candidate activity is a cluster, enter the cluster in the appropriate direction:
e |f 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.
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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
equest results in a traversal that flows “off the tree”, the LMS shall end the current
httempt on root of the Activity Tree and on all active descendents, and end the
bequencing session.

4.8.6. Overall Sequencing Process

TThe information in this section is intended to supplement, not replace, the.various
bequencing request subprocesses sections of IMS SS. Refer to IMS_SS.for more details.
mplementations are required to exhibit the normative behaviors deseribed in the
bequencing Behavior Pseudo Code (refer to Appendix C) instead of the pseudo code
lescribed in IMS SS.

4.8.6.1 Start Sequencing Request Subprocess

T'he Start Sequencing Request Subprocess requires’that the sequencing session has not
pbegun yet. It attempts to begin a new sequencing session by “flowing” into the root of
the Activity Tree. The process utilizes the Elow Subprocess (refer to Section 4.8.5).

f the Flow Subprocess ends because it encounters an activity with Sequencing Control
Mode Flow set to False, nothing issidentified for delivery and the sequencing session
loes not begin. In this case, it isTecommended that an LMS provide some mechanism to
llow the learner to indicate the desired activity to begin the sequencing session (e.g., a
choice navigation user intefface control).

4.8.6.2 Resume All Sequencing Request Subprocess

TThe Resume AdSequencing Request Subprocess requires that the sequencing session has
not begun yét.~It examines the Activity State Information element of Suspended Activity
to determine if the last sequencing session ended due to a Suspend All navigation request.
f it did;;the Suspended Activity identifies the activity where to resume the previous
bequiencing session.

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 someé
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 sequenciig-session has already
begun and that the Current Activity is the target to exit. Thissubprocess does not identify
an activity for delivery. If the Current Activity is the rootefithe Activity Tree, the Exit
Sequencing Request Subprocess indicates that the sequencing 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 session
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 forward direction. If the Flow Subprocess identifies an activity, that
activity is identified for delivery.

4.8.6.6 Previgus Sequencing Request Subprocess

The Previous Sequencing Request Subprocess assumes the current sequencing session
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 Tor defivery. 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
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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 purpose
of delivery behavior is, given an identified delivery request, validate that requestand if
valid, deliver the appropriate content object. An LMS must determine, usingthe content
package, the associated content object to deliver for the identified activity-DIf the
Delivery Behavior was invoked as part of the Overall Sequencing Pragess, it is possible
that the delivery request will not be validated. It is left to the LMS to.gracefully handle
this condition and manage the learner experience appropriately.

Delivery Behavior (Delivery Request Process) may be invoked by an LMS outside of the
context of the Overall Sequencing Process. This may be done to perform “what-if”
evaluations of potential delivery requests. The DeliverypyRequest Process does not affect
any tracking information, therefore, it can be invoked without concern for side effects.
However, it is the implementation’s responsibility to manage any results appropriately.

One of the goals of SCORM is that content objects be reusable and interoperable across
multiple LMS. For this to be possible, thefe must be a common way to start attempts on
content objects. The Content Delivery-Environment Process defines a bridge between the
LMS’s sequencing implementation-and SCORM delivery mechanism. It manages the
state of the Activity Tree pending an assumed delivery of a content object and identifies
that learning resource to the SCORM delivery mechanism.

The SCORM delivery miechanism defines a common way for LMSs to start an attempt on
Web-based content objects. This mechanism defines the procedures and responsibilities
for the establishment-of 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 witheut specifying the underlying LMS implementation.

ADL<{Note: In this context, the term “LMS” is used to describe systems that include the
function of managing delivery of learning resources. This delivery scheme addresses
delivery of Web-enabled learning resources in the form of SCOs and launchable Assets
within the context of a learning experience.
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4.9.1. Delivery Request Process

The Delivery Request Process determines if the activity identified by a delivery request
can be delivered — it validates a pending delivery request. This process walks down the
Activity 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

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
bequencing Process. It takes an (assumed valid) delivery request and prepares the
Activity 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.

2. 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 identified-for delivery.

Jpon conclusion of the Content Delivery Envirdament Process, the LMS’s sequencing
mplementation returns control to the LMS and waits for another navigation request.

TThe Content Delivery Environment Proeess should not be invoked outside of the context

pf the Overall Sequencing Process; t0 do so may cause non-conformant and inconsistent
behavior.

ADL Note: When a SCO is.associated with the activity identified for launch, the LMS is
esponsible to initialize (or.update) the SCO’s cmi.objectives data model elements using
the current informatien found in the activity’s Tracking Data and associated Read
Dbjective Maps — Table 4.9.2a summarizes the required run-time data updates. Any
hdditional objectives created by the SCO during a previous learner session will not be
ffected by thevinitialization.

Table 4.9.2a: Sequencing Tracking Data Mapping to SCO Run-Time Data Summary

Sequencing Tracking Data Model Element SCO Run-Time Environment Data
Model Element
1. | For each objective defined for the activity. A cmi.objectives element shall be

initialized that has an ID 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
Objective 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 Pfrocess; this behavior is
defined in the SCORM RTE book [4].
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SECTION 5

The SCORM® Navigation Model

krom 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-
2002 |EEE Standard for Learning Qhject MetadataCopyright 2002 |[EEE: and IEEE Std_1484 12 3-2005 |EEE Standard for | earning

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
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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.of
the LMS; it only acts in response to navigation requests issued by the LMS. Navwvigation
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 that.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 interface devices; instead, thq
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 to
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 interface devices for navigation. The nature of the
user interface and the mechanisms for capturing interactions between the learner and the
LMS are intentionally unspecified. Issuessuch as look and feel, presentation style and
placement of user interface devices or cantrols are outside the scope of SCORM.
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5.2. Triggering Navigation Requests

The SCORM Navigation Model applies only to navigation between learning activities.
At this time, SCORM does not directly address the ability to define sequencing or
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navigation (this ability is entirely controlled by the SCO). For example, SCORM
navigation does not apply to navigation between individual pages of a multi-page SCO.

The SCORM Navigation Model defines a set of navigation events that can be triggered
py a learner through an LMS and content provided user interface devices or directly by
5COs. How such events are triggered inside a SCO or through the LMS is not déefined by
BCORM. Furthermore, SCORM imposes no requirements on the type or style.of the user
nterface, including any user interface devices for navigation. The nature of'the user
nterface and the mechanisms for interactions between the learner and the-LLMS are
ntentionally not specified. Issues such as look and feel, presentation style and placement
pf navigation controls are outside the scope of SCORM.

Navigation requests are processed as defined by the SCORM Sequencing Behaviors
refer to Section 4.4: Navigation Behavior). They provide-the learner and content an
nteroperable means to indicate a desired approach for moving through an Activity Tree,
such as to choose a particular learning activity, continue to the next activity or go back to
h previous activity.

Trable 5.2a describes a set of navigation eventsiand defines how these navigation events
map to navigation requests. In addition, thetable defines the source from which each of
the corresponding navigation requests can be triggered.

Table 5.2ax:Navigation Events and Descriptions

Navigation | Behavior Description Source

Event

This event indicates a desire to identify the first or “starting” activity
available’in the 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

Jhis event results in a Start navigation request.

Resume AllY*| 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
automatically by the LMS when the learner resumes a previously
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.

Previous 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
current attempt on the currently delivered content object with no intent to
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 that’has already
been recorded should be rolled back. For example, if the-activity was
already recorded as passed or completed, then it doesthgt become failed
or incomplete.
This event results in an Abandon navigation reguest.
Abandon All | This event indicates a desire to prematurely or abnormally terminate the LMS or SCO
current attempt on the root activity of the\Activity Tree with no intent to
resume later.
This event ends the current attempt on the Activity Tree’s root activity
and all active learning activities.
All abandoned attempts are Counted.
In no case does Abanden All mean that tracking information that has
already been recorded should be rolled back. For example, if the activity
was already recarded as passed or completed, then it does not become
failed or incomplete.
This event results in an Abandon All navigation request.
Suspend All | This évent indicates a desire to pause the current attempt on the root LMS or SCO
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 suspended by this event will resume.
ln-no-case-does-Suspend-AH-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
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1. If the effect of the navigation request is to end the current attempt on the Activity
Tree, the LMS will process an Exit All navigation request, which ends the attempt
and returns control to the LMS.

2. After evaluating the current tracking status and the applicable sequencing
information on the Activity Tree, the LMS determines that processing the
intended navigation request should not be honored. In that ease, the LMS ignores
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 s
* Sequencing Control Choice Exit: true Ay
* Sequencing Control Flow: false

* Sequencing Control Forward Only: false

L.

Activity C
Si ing Control Mod

q g

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

* Sequencing Control Forward Only: falsqg

Figure 5.3a: Choosing a Cluster Activity with Flow Disabled

Consider a part of an Activity Tree shown in Figure 5.3a and the situation where
the learner is currently experiencing Activity A (not shown). If a choice
navigation request for Activity C is triggered, the | MS 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.

3. 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

C.

does not place any requirements on LMS behavior. However, it is
recommended that the LMS provide minimal distraction to 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 end;-but 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 LMS-behavior.
However, it is recommended that the LMS gracefully-hardle 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

TvT

“done” with the currently launched content object, if one exists. If the LMS chooses t@
honor the learner-triggered navigation event, the LMS must first take away (unload)-the
current launched content object and then process the appropriate navigation request.” The
content object must be removed before processing the navigation request to ensure that
the content object has “committed” any learner progress information that yiay-affect
sequencing.

mndicatac tha doacira tn navinaata SCOPRM accrimac tha loarnar 1c imnhvina that thav ara
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SCOs can communicate navigation intentions directly to the LMS through the SCORM
Navigation Data Model. A SCO must also indicate to the LMSwhen the LMS should acf
on its intensions; this is done by invoking the Terminate() (refer to the SCORM RTE
book [4]). The Terminate() APl method indicates that thie;SCO has completed
communication with the LMS; therefore, if the SCO hasicompleted communication and
indicated a navigation intension, the LMS should act on’it.

Once the Terminate() request has been processed, the LMS shall first process any
pending, learner initiated, navigation events. .If'there 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 must
wait for the learner to indicate a navigation event.

Consider the scenario where:SCO A is launched and then calls Initialize(). While
SCO A is running, the learner chooses another activity using a navigation user interface
control provided by the LMS, 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. In this case, SCO A must call Terminate() when it detects that it is being
forcefully unloaded. The LMS implementation must terminate the communication
session it hadhopened for SCO A, even if SCO A failed to call Terminate().

SCO, Aumust implement a handler for the onUnload event that performs any needed
communication with the LMS and then calls Terminate(). SCORM may introduce a
communication mechanism that allows the LMS to notify the SCO before forcefully
terminating the SCO in the future.

I\Im/igafinn events friggnmd hy the learner nlmmyc take prnrndpnrn over the nn\/igm‘inn

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. Navigation and Auxiliary Resources

TThe IMS SS Specification defines the concept of Auxiliary Resource as a supporting
service provided to learners in conjunction with learning activities. Auxiliary Resources
nclude glossaries, reference manuals, chat rooms, discussion boards, etc. IMS SS
provides only minimal hooks for Auxiliary Resources, and at this time, SCORM does-not
nave sufficient community requirements to further define their use in an interoperable
manner. SCORM does not prohibit the use of Auxiliary Resources; however, it-is

ecommended that content developers and LMS vendors use Auxiliary Resources with
extreme 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 LMS must, at a minimum, provide the ability for a learner to trigger navigation
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 or-style of Ul devices
provided to learners, an LMS must provide triggerable user intgrface devices for
navigation events from which the LMS would produce a valitynavigation request. It is
recommended that the LMS maintain consistent look-and-feel, across all content objects
for provided Ul devices. Furthermore, it is recommended that the behaviors (navigation
events) triggered through an LMS-provided Ul device be consistent across the learning
experience.

SCOs may optionally implement user interface devices for triggering navigation events.
SCORM specifies how a SCO can indicatézand trigger a navigation request and how a
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 Ut devices provided, and further, that the LMS should
not provide redundant Ul devices for the same navigation events. One purpose of this
indication is to avoid confusing the learner with redundant Ul devices, such as “previous’
and “continue” buttons that 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 the isvisible Attribute

The SGORM CAM book [3] describes the use of the i svi si bl e attribute. The

i svi-Si 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 is
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

Col N\ ahbhall not o ot oll s o 1 AACQ vy e la LI Ao, oo £ AL Aoy ooty on
rFarot) olarl NMut apptdl at air it ait Livio~yTuviutTu UT UTVILT TUT LTTUUOT Tiaviyativll

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.

b.6.3. Presentation Information Model

TThe SCORM Navigation Model defines a minimal presentation model that allows content

Presentation

levelopers 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
pbject intends to provide certain Ul devices, and further, that the LMS should not provide
edundant Ul devices for the same navigation events. Table 5.6.3a defines the*structure
Ised to indicate a content object’s presentation intentions. The presentation model may
be used to indicate other content object presentation characteristics in the future.

Table 5.6.3.a: Presentation Information Model

Explanation Value

Information regarding - -
presentation.

Data Type Default

Space

interface devices that ghable the
learner to trigger the-associated tokens
navigation events.

.1 Navigation Interface | Characteristics about the user = -
interface controls.

1.1 Hide LMS UI Indicates that the LMS should Zero or Open, (empty)
not provide specified user more extensible

vocabulary, with
specific defined
tokens (refer to
Table 5.6.3b).

vocabulary

Trable 5.6.3b enumerates the set'ef 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

‘Token Definition Explanation
Drevious 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.
Continue Continue If this token is specified, the LMS should not display an enabled Ul device
navigation device | that can trigger a Continue navigation event while the associated content
object is launched.
exit Exit navigation IT this token 1s specified, the LMS should not display an enabled UI 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 mformation described i the presentation modet carm onty be apptiedto content
objects. The effects of the presentation model only occur for the time a content object
has been launched until the content object is taken away. The presentation model has’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 5.2:
Presentation/Navigation Information) describes how the presentation mode[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 navigation
request. A SCO may wish to know if a given navigatiah 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 accurate set of enabled Ul devices.

Regardless of whether a SCO provides Whdevices, a SCO can directly communicate
navigation intentions to the LMS. A SCO can indicate one, and only one, navigation
request for processing by the LMS:upon the SCO’s termination. For example, a SCO car
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 request and
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 concetning navigation requests is defined in the table below.

Table 5.6.4a: SCORM Navigation Data Model

IN[g Name Explanation Value Space Data Type

1 Navigation | Information regarding navigation
requests.

1.1 Request Information regarding the navigation “ _none_” Vocabulary
request that the SCO would like the LMS | “continue” (Restricted)
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 “true” Vocabulary
Continue navigation request would result | “fFalse” (Restricted)
in the identification of an activity to “unknown”
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.

1.2.2 | Previous This element is used to determine if a “true” Vocabulary
Previous navigation request would result | “false” (Restricted)
in the identification of an activity to “unknown”
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.

1.2.3 | Choice This element is used to determine if a “true” Vocabulary
{target} Choice navigation request for the “False” (Restricted)
specified activity would result in the “unknown”

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.

5.6.5. The SCORM Run-Time Navigation Data Model

The following sections define the reguirements for implementation of the SCORM
Navigation Data Model. Each data-model element is presented in a new section (i.e.,
h.6.6, 5.6.7, etc.). Each section contains a table that describes the requirements for a
specific data model element;.These requirements apply to both LMS and SCO
mplementations. Some-requirements impact LMS implementations, some impact SCO
mplementations and-some impact both LMS and SCO implementations.

Table 5.6.5a: Data Model Element Table Explanation
Dot-Notaticn Binding Details ‘
<dot-notation characterstring Data Element Implementation Requirements: This section of the
représentation of the data model element> | table defines the data model element implementation requirements.

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
Format.
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.

AP Implememtation REqUITEMENTS:

e  GetValue(): This section outlines the specific behaviors
that an LMS shall adhere to when processing GetValde()
requests for the specified data model element. This
section also outlines the error conditions that could occur
using the specified data model element with a’GetValue()
request.

e  SetValue(): This section outlines the-specific behaviors
that an LMS shall adhere to when processing SetValue()
requests for the specified data model-element. This
section also outlines the error.conditions that could occur
using the specified data medel’element with a SetValue()
request.

Additional Behavior Requirements:

e  This section outlines‘any additional behavior
requirements that are specific to the data model element.

Example:
e  This section provides examples of valid APl method calls
using the data model element.

5.6.6. Request

A SCO can indicate one, and only onré, navigation request for processing by the LMS
upon the SCQO’s termination. Ferexample, a SCO can communicate navigation requests
such as Previous, Exit and Chaoose to the LMS. After the SCO has been taken away, the
LMS will process the indicated navigation request and deliver the identified learning
activity.

Prior to the termination of communications with the LMS, as indicated by a successful
invocation of Terminate(), 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 SCO
terminates, and is not persisted under any exit condition.

Consider the following scenarios:

A. During the learning experience, the user encounters learning activity A and is
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_”

element.

the API Instance.

5CO.

adl.nav.request

Wil DE Teturned because no navigation request nas been communicated by the
SCO during this learner session.
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

n scenario B, the adl .nav. request data model element was not persisted from Learner
bession 1; it does not contain the previously set value of “continue”. Te&rminate(), in
this case, 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 having a SCO invoke the “exit
All”, “abandon All” or “suspend All” navigation requests will limit the reusability of the

Table 5.6.6a: Dot-notation Binding forth&Request Data Model Element

Dot-Notation Binding Details

This data model'element is used by a SCO to indicate a desired navigation
request to Besprocessed immediately following the SCO successfully
invokingTFerminate().

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
the content package which is derived from the Activity Tree.

Allother navigationrequestsincluding this delimiter will result in-an
; y

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-thatan-Exit-Alnavigationrequestshould-be

processed immediately following the SCO’s termination.
o “abandon”: Indicates to the LMS that the content,
asserts that an Abandon navigation request should'he
processed immediately following the SCO’s termination.
o “abandonAll”: Indicates to the LMS thafithe content
asserts that an Abandon All navigation reguést should be
processed immediately following the SEO’s termination.
o “suspendAll”: Indicates to the LMS that the content
asserts that a Suspend All navigation request should be
processed immediately following the SCO’s termination.
0 “_none_": Indicates to,the ILMS that the content
asserts that any previousnavigation request indicated by
the SCO should not/e,processed immediately following
the SCO’s termination. Setting this value effectively
clears any pending navigation request.

LMS Behavior Requirements:

e  This element is miandatory and shall be implemented by an LMS
as read/write.

o Normally thé\learner will indicate their desire to navigation
through some navigation user interface control provided by the
LMS. (However, in some cases, the user interface control may be
embedded in a SCO or the SCO may wish to provide a navigation
request on behalf of the learner. In the absence of a learner
invoked navigation request through an LMS provided Ul control,
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 SCO
is permitted to retrieve and store the value of the adl.nav.request
data model element.

API Implementation Requirements:

o  GetValue():
0  The LMS shall return the associated navigation request
currently maintained by the LMS for the SCO and
indicate an error code of O — No error. The

r\hgrar‘fnrcfring returned-shall adhere to the rnqllirnmnnfc

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 If the SCO invokes a request to set the navigation

request and the value is not a member of the restricted
vocabulary tokens described above, the LMS 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 current state of the
element.

o If the navigation request is not*choice” 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 the‘element.

Example:
e GetValue(“adl.nav.request”)

e  SetValue(*adl.navirequest”, “{target=intro}choice”);
e  SetValue(“adl.navsrequest”,”continue™)

b.6.7. Request Valid

Vhen a SCO wishes to provide an embedded user interface device to enable the learner
fo 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
Helivery. For example, a'content designer may choose to develop SCOs in such a way
that they display a “Centinue” or “Next” button only if there is a SCO in logical series.
TThe SCO itself cannet'accurately make any determinations regarding the validity of
navigation requests, however, the LMS does have this information through its sequencing
mplementations The SCO can make calls to the SCORM Navigation Data Model to
uery the.vahdity of several navigation requests.

ADL Note: Although the LMS may indicate a particular navigation request is valid, that
ndication is based on the most recent information available to the LMS. It is

acAammandad that 0 COMN Ao tha 1 NAC For vyalid oy inodi s v oot 3+ 10 Ao ernad
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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 binds these state values to the following
restricted vocabulary tokens:

0 “true”: Indicates that the LMS has determined that a
Continue navigation request processed on the current
known state of the Activity Tree will resultinthe
identification of an activity for delivery.

o “False”: Indicates that the LMS has-determined that 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 thatthe LMS has not or cannot
currently evaluate the resiit 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 Reguirements:

e  Thiselement is mandatory and shall be implemented by an LMS
as read-only.

o —fbis recommended that the LMS perform validation on a Continue
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 Continue
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”.

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.

ADL 1 1 P n A +
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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

mavigationm request, processed o thecurrent knowstate 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:

o0 “true”: Indicates that the LMS has determined-that a
Previous navigation request processed on the current
known state of the Activity Tree will resul{ 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 activity/for-delivery.

o0 “unknown”: Indicates that'the LMS has not or cannot
evaluate the result of aPrevious navigation request
being processed ontthe current 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 formatof the data model value shall be one of the
three restricted-takens listed above (“true”, “false”,
“unknown’)

LMS Behavior Requirements:

e  Thiselement is mandatory and shall be implemented by an LMS
as tead-only.

e LIt 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.
e  The SCO is permitted to retrieve the value of the
adl.nav.request_valid.previous data model element.

e [T "unknown™ IS returned by a Getvalue() request, itis
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 return
“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_valid.choice.{tar | This data model element is used by a SCO to request if a Choice navigation
get=<STRING>} request, for an indicated activity, processed on the current known state of the
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 a
Choice validation request. The argument delimiter is required and shall
immediately follow the final “.” in the parameter of the GetValue() call.

The <STRING> is represented as a charactérstring. The value of the
<STRING> will typically reference the'identifier attribute of an <item>
element from the content package whith derived the Activity Tree.

Data Element Implementation Réquirements:

e Data Type: state(true, false, unknown)
e  Value Space:/SCORM bhinds these state values to the following
restricted vocabulary tokens:

0 (&rue”: Indicates that the LMS has determined that a
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 that a
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 cannot
evaluate the result of a Choice navigation request, for an
indicated activity, 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 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 SCO
is permitted to retrieve the value of the
adl.nav.request_valid.choice data model element.

'Y The | MS isnat rpquimd tamaintain 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:

o  GetValue():

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, Tuee
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 formattedy/LMS shall return
“fFalse”, indicate the error code'to 301 — General Get
Failure.

e SetValue(): If the SCO invokes aSetValue() request to set
the adl.nav.request_valid.chaice, 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:

o GetValue(“adl .nav.request_valid.choice.{targ
et=intro}™)
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APPENDIX A
Acronym Listing
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Acronym Listing

ADL Advanced Distributed Learning
AICC Aviation Industry CBT Committee
AP] Applir‘nfinn Program Interface
ARIADNE Alliance of Remote Instructional Authoring & Distribution
Networks for Europe
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‘Vladel
SN Sequencing and Navigation
SS Simple Sequencing
Ul User Interface
URL Universal Resource Locator
XML Extensible Markup Lahguage
XSD XML Schema Definition
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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 L MS shall implement the sequencing behaviors as described in the

following pseudo code. Content developers should assume the use of Sequencing
Definition Model elements and ADL namespace sequencing extensions shall exhibit the
behaviors detailed in this pseudo code during run-time.

Pseudo Code Index
Overall Sequencing ProCesS [OP.1] ....cociiieieiiieie et re e e e e e g e et e e et e ste st e tesneereens C-4
Navigation Request Process [NB.2.1]......cccciviiviiieiieiineneseseseseeseesie e sresre s e dereesiesresiese s se e snens C-6
Sequencing Exit Action Rules SUbProcess [TB.2.1] ....cccccvviviirrieeiieieiene s ae e seeniestesre e e sve e C-13
Sequencing Post Condition Rules Subprocess [TB.2.2].....ccccovvvvievivieedler N e C-14
Termination Request Process [TB.2.3] ..vcvcieieriieieresieeieeeeeesie e oD ese et eeeie e see e sre e snesnesresnaanens C-15
Measure ROHUP Process [RB.L.L] ..c.ccviiiiiriireieeeiesesese e ns e ettt aensesaesaentesneenenns C-14
Objective Rollup Using Measure Process [RB.1.2 @]........cccouustuee e nieiiiieniee e C-21
Objective Rollup Using Rules Process [RB.1.2 D] ....cooii e dd S C-23
Activity Progress Rollup Process [RB.1.3] ....ccooeovinnieee el C-24
Rollup Rule Check SUBPIOCESS [RB.L.A] ...eoiuiiiiieiiiees BN ittt sttt ettt et C-25
Evaluate Rollup Conditions SUDProcess [RB.1.4.1].. 80 e e C-21
Check Child for Rollup Subprocess [RB.1.4.2] ...l C-28
Overall ROHUP Process [RB.LE] .....ciiiieiie i it i ettt sttt s ae st neene et e eesresresneaneas C-3(
Select Children ProCeSS [SRLL] ...vviiiecieie it estee e eeeie e te st s reste s e esae e et e tesrestesteeseeseensestesresressenneas C-31
Randomize Children ProCeSS [SR.2] ... i ettt st e et be e sre st ne e sr et e besaeereene e C-32
Flow Tree Traversal SUDProcess [SB.2:0] . ccv oo sttt ens C-33
Flow Activity Traversal SUDProCess [SB.2.2] .....cccvoiiiiiiiire et C-36
L Lo AN o] o (0 Tot T 5] = 30720 | I C-38
Choice Activity Traversal SUDPFOCESS [SB.2.4].......coeiiiieiieiee et e C-34
Start Sequencing Request ProCess [SB.2.5] ....cviiiciiiiieiere e C-4(
Resume All SequencingtREUESE ProCeSS [SB.2.6] ... .coiiiiiieiieieiieie ettt et C-41
Continue Sequencing\RequUESt ProCeSS [SB.2. 7] ...cou ittt C-42
Previous Sequencing’Request Process [SB.2.8] ........ccuiiiiririeiienieisiesieis e C-43
Choice Sequencing Request Process [SB.2.9]......cccii oo se ettt eneas C-44
Choice FIQW SHDPIOCESS [SB.2.9.1] . cciciiieie ittt sttt bt ae st a et e besresresneaneas C-5(
Choice Flow/'Tree Traversal SUDProcess [SB.2.9.2].....ccccciiiiiiiieiie e e sttt enes C-5]
Retry<Sequencing Request Process [SB.2.10] .....ccccvcvieierireseseseseeee e see st sre e srae e snesseeneens C-52
Exit\Sequencing Request ProCess [SB.2.11] ....cvccvcieiirieiesiriesiesieseeiesee sttt ens C-53
Sequencing ReqUESt ProCess [SB.2.12].....ccci i iiieieeeeeeies e steste e seea e e s ste e sne e naenaesaesseseesnesresneanens C-54
Delivery Request Process [DB.L.L]......oiiiiieiiiieiiteeses bbb C-56
Content Delivery Environment Process [DB.2] ........cccccuiiieiiirieieieiee e C-51
Clear Suspended Activity Subprocess [DB.2.1] . ..ccueeeiiiiiiiiiiieiiiiiieis st sttt C-54
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
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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
‘Vldiiul Ti ITT]
12.1. Handle the navigation request exception Behavior not
specified.
112.2. Continue Loop - wait for the next navigation request
End If
1)3. If there is a termination request Then If the current
activity iSactive,
end the attempt on
the‘eUrrent 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)3.2.1. 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 seqencing request
Then
1)3.3.1. Replace any pending sequencing request by the sequencing  [There can only be
request returned by the TerminatiomRequest Process one pending
sequencing request.
Use the one
returned by the
termination request
process, if it exists.
End If
End If
1. If there is a sequencing request Then
14.1. Apply the SEguencing Request Process to the sequencing request
114.2. If the Sequiencing Request Process returned sequencing request Not
Valid-Then
114.2.1. Handle the sequencing request exception Behavior not
specified.
14.2.2. Continue Loop - wait for the next navigation request
End If
114.3. If the Sequencing Request Process returned a request to end the
seguencing session Then
144.3.41. Exit Overall Sequencing Process - the sequencing session has [Exiting from the
terminated; return control to LTS root of the activity
trecendsthe
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
SN-C-4 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1
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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
Than
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
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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 CaseravigationreauesHsStart
141. If the Current Activity is Not Defined Then Make sure the
sequencing session
has not already
begun.
111.1. Exit Navigation Request Process (Navigation Request: Valid,;
Termination Request: n/a; Sequencing Request: Start;
Target Activity: n/a; Exception: n/a)
112. Else
112.1. 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
211 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 Defined Fhen Make sure the
previous
sequencing session
ended with a
suspend all request.
2|11.1.1. Exit Navigation Request Process (Navigation Request:
Valid; Termination Request: n/a; Sequencing Request:
Resume All-Target Activity: n/a; Exception: n/a)
211.2. Else
2|11.2.1. Exit Navigation Request Process (Navigation Request: Not
Valid) Termination Request: n/a; Sequencing Request:
nla} Target Activity: n/a; Exception: NB.2.1-3)
End If
2)2. Else
212.1. 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
3LL I 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
SN-C-6 SCORM® 2004 3rd Edition Sequencing and Navigation (SN) Version 1.1
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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.

3.2.1.1. Exit Navigation Request Process (Navigation Request:

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 enabled
Valid; Termination Request: n/a; Sequencing Reguest: 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 DefinedhThen Make sure the
sequencing session
has already begun

4.1.1. Exit Navigation Request Process (Navigation Request: Not
Valid; TerminationgRequest: n/a; Sequencing Request: n/a;

Target Activity: nfa; 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 activity
logically ‘previou§’
to the root of the
activity tree.

4.2.1. If the Sequencing Control Flow for the parent of the Current \Validate that a
Activity is True And the Sequencing Control Forward Only for [‘flow’ sequencing
the parent of the Current Activity is False Then request can be

processed from th¢
current activity.
4.2.1.1, 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.
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
13- Else
413.1. Exit Navigation Request Process (Navigation Request: Not Cannot move
Valid; Termination Request: n/a; Sequencing Request: n/a;  [backward 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 Behaviarnot
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:;\n/a; 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 Choicesnavigation request exists within[Make sure the
the activity tree Then target activity
exists in the
activity tree.
711.1. If the activity specified'Dy the Choice navigation request is the  [Validate that a
root of the activity tree Or the Sequencing Control Choice for  [‘choice’
the parent of the-activity specified by the Choice navigation sequencing request
request is True Then ican be processed
on the target
activity.
7]11.1.1. If.the Current Activity is Not Defined Then Attempt to start the
sequencing session
through choice.
7]11.1.1.1. 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 If
711.12. 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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the choice
sequencing request,
unless the common
ancestor is the
Current Activity —
the current activity
should always be
included in the
activity path.
7.1.1.2.3. If the activity path is Not Empty Then
7.1.1.2.3.1. For each activity in the activity path Make sureé that
‘choosing’“the
targét'will not forde
an.active activity tp
terminate, if that
activity does not
allow choice to
terminate it.
7.1.1.2.3.1.1. If Activity is Active for the activitynis, 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 control
(Navigation Request: Not Valid; mode.
Termination Reguest: n/a; Sequencing
Request: n/a; Target Activity: n/a;
Exception: NB.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;
Seguencing Request: n/a; Target Activity: n/a;
Exception: NB.2.1-9)
End If
End If
7.1.1.3. If 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 Activity,
check if the Current
Activity is allowed
to exit.
7.1.1.3.1 Exit Navigation Request Process (Navigation \Violates control
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
THem activity fras ot
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]11.2.1. Exit Navigation Request Process (Navigation Request: NotViolates control
Valid; Termination Request: n/a; Sequencing Request:  |mode.
n/a; Target Activity: n/a; Exception: NB.2.1-10)
End If
712. Else
712.1. Exit Navigation Request Process (Navigation Request: Not Target activity does
Valid; Sequencing Request: n/a; Termination Request: n/a;  |notéexist.
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 Process (Navigation Request:
Valid; Termination Request: Exit; Sequencing Request:
Exit; Target Activity: n/a) ; Exception: n/a)
8|1.2. Else
8]1.2.1. Exit Navigation Request Process (Navigation Request: Not |Activity has
Valid; Sequeneinig 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
Valids-Sequencing Request: n/a; Termination Request: n/a;
Target Activity: n/a; Exception: NB.2.1-2)
Endf
End-\Case
9 Caseé: navigation request is Exit All
91. 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.
1011 L the-Activity is-Active for the Current Activity is True Then Make sure the ——
current activity(hap
not already been
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 sequencing
session has already
begun,
unconditionally
abandon all active
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
12,1, If the Current Activity is Defined Then If the sequencing
session has already
begun.
12.1.1. Exit Navigation Request Process (Navigation Request: Valid,;
Termination Request: Suspend All; Sequencing Request: Fxit;
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
) Laatials MY + 4 Lladaf: A
r“n TTITranZc TATLU LG.IHCI. W UTIUTTITICU
3. For each activity in the activity path Evaluate all exit
rules along the
active path, starting
at the root 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 first
activity that has an
exit rule evaluating
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’ activity.
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
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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
suspendedaetivity:

111. Exit Sequencing Post Condition Rules Subprocess

End If
2 Apply the Sequencing Rules Check Process to the Current Activity and the |Apply the post
set of Post Condition actions condition rules to
the current aetivity.
3 If the Sequencing Rules Check Process does not return Nil Then
311 If the Sequencing Rules Check Process returned Retry, Continue, Or
Previous Then
311.1. Exit Sequencing Post Condition Rules Subprocess (Termination JAttempt 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
312. If the Sequencing Rules Check Process returned Exit Parent Or Exit All
Then
3{2.1. Exit Sequencing Post Condition Rules Subproegss/(Termination [Terminate the
Request: the value returned by the SequencingRules Check appropriate
Process Sequencing Request: n/a;) activity(ies).
End If
313. If the Sequencing Rules Check Process returned Retry All Then
313.1. 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; Sequeneing 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

LEtha Crivveant Aot 1o Nat DNafin

Ey

naby od Thon
oo ettty 1o o Dt o—icr

L tha corinnaine
LI l.\.: o\..u|u\.| LAY LI Iy
session has not
begun, thergis

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 already
been terminated,
there is nothing to
terminate.
2.1. Exit Termination Request Process (Termination Requeést: 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 Curfent Activity Ensure the state of
the current activity
is up to date.
3.2. Apply the Sequencing Exit Action Rules Subprocess to the Current Check if any of th¢
Activity current activity’s
ancestors need to
terminate.
3.3. Repeat
3.3.1. Set the processed exit to False
3.3.2. Apply the'Segquencing Post Condition Rules Subprocess to the
Current Activity
3.3.3. If the.Sequencing Post Condition Rule Subprocess returned a
termination 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 Alfl
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 activity,
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
3421 Exit Termination quuncf Process (anminafinn
Request: Not Valid; Sequencing Request: n/a;
Exception: TB.2.3-4)
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 of the
Condition Rule Subprocess is Not Retry Then Activity Tree is
ending without a
Retry, the
Sequencing
Session also ends.
3.3.5.1.1. Exit Termination Request Process (Termination Request:
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 requestteturned by the
Sequencing Post Condition Rule Subprocess, if-one exists, otherwise
n/a; Exception: n/a)
End Case
4, Case: termination request is Exit All
4.1, If Activity is Active for the Current*Activity is True Then Has the completion
subprocess and
rollup been applied
to the current
activity yet?
4.1.1, Apply the EndAttempt Process to the Current Activity
End If
4.2 Apply the Terminate Descendent Attempts Process to the root of the
activity. free
4.3. Apply.the 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
current activity.is
not the root of the
activity itree.

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).. "lsuspend.
End If
End If
5.3. Form the activity path as the ordered series of all activitiesffom 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 theroot of the activity tree Move the current
activity to the roof
of the activity tree

5.7. Exit Termination Request Process (Termination Request: Valid,; Inform the

Sequencing Requeést: Exit; Exception: n/a) sequencer that the
sequencing session
has ended.

End Case

6. Case: termination request is Abandon

6.1. Set*Activity 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

7.2. If the activity path is Empty Then

7.2.1. Exit Termination Request Process (Termination Request: Not  |Nothing to

Vaha-SeqgueneingReguestrfa—Exeeption—B23-6) 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
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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 SetthecountedmeasurestoZero(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
objeetive for the
rolled=up measure
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 children.
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 toRolup for the objective is
True Then
6.1.1.2.1.1. Set rolled-up objettive 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. Incremient 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 childrep
does not include a
rolled-up objective.
End If
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
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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
32 Else
6.3.2.1 Set the Objective Measure Status for the target objective to  [No children
False contributed weight.
End If
End If
End If

7] Exit Measure Rollup Process No objective
contributes to
rollup; so we
cahnot 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 measureSatisfactionIfActive SCORM SN.

1+ Setthe-target-objectiveto-Undefned
2. For each objective associated with the activity
2.1. If Objective Contributes to Rollup for the objective is True Then Identify the
objective-that mayj
be altered based of
the activity’s
children’s rolled-
P 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 objective is
satisfied by
measure, test the
rolled-up measure
against the defined
threshold.
3.1.1. If the Objective Measure Status for the target objective is False  [No Measure
Then known, so
objective status 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
3.1.2.12.2¢ Set the Objective Progress Status for the target
objective to True
31h2.1.1.2. Set the Objective Satisfied Status for the target
objective to True
3.1.2.1.2. Else
312121 Set the Objective Pragress 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
= Exit-Objective ReHup-YsingMeasoreProcess Ne-objective
contributes to
rollup, 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. l':Ul cauh ubjcut;vc G.DDUL,;CI.th vv;th thc aut;v;t_y
2.1. If Objective Contributes to Rollup for the objective is True Then [Identify the
objective that\mayj
be altered based of
the activity’s
children’s rolled-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 Not
Satisfied rollup action Satisfied rules firs}.
3.2. If the Rollup Rule Check Subprocess returned TrueyThen
3.2.1. Set the Objective Progress Status for the.farget 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 Subprocess to the activity and the Process all Satisfigd
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 to
rollup, so we
icannot set anything.

Endif
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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
rilnc fivat
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 False
End If
3. Apply the Rollup Rule Check Subprocess to the activity and the Completed Process.all
rollup action Completed
rules Tast.
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
3. 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
Faen activiy-hastalestp
evaluate.
1.1. Initialize rules list 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 this
and the Rollup Action child contributes tp
the status of its
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 rollup
to the child, the Conditien’ Combination, and the  [conditions on the
Rollup Conditions forthe rule child activity.
1.2.2.1.2.2. If Evaluate Rollup €onditions Subprocess returned |Account for a
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
1.2.2.1.2.3.2.1 Add a False value to the contributing
children bag
End If
End If
End If
End If
End For
23 Inttatize-status-ehange-to-False DPeterminetfthe
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
1254 H-the-contributing-chtdrenbagcortatisavalueofFrue
Then
142.5.1.1 Set status change to True
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
142.7. 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 bétween 0..1, inclusive) of
True values contained in the Contributing children bag
equals or exceeds the Rollup*Minimum Percent of the rule
Then
112.8.1.1. Set status change to True
End If
End Case
142.9. If status change.is True Then
1(2.9.1. Exit RellupRule Check Subprocess (Evaluation: True) Stop at the first rule|
that evaluates to
true - perform the
associated action.
End If
End‘For
Endf
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
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track of the
evaluation af\the
rule’s conditions.

2. For each Rollup Condition in the set of Rollup Conditions
2.1. Evaluate the rollup condition by applying the appropriate tracking Evaluate each
information for the activity to the Rollup Condition condition against

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” resultg
in “unknown”.

2.2.1. Negate the rollup condition

End If

2.3. Add the value of the rollup condition to\the rollup condition bag \Add the evaluation
of this condition tg
the set of evaluatefl
conditions.

End For

3. If the rollup condition bag is‘Empty Then If there are no
defined conditions
for the rule, we
cannot determine if
the rule applies.

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 rule
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 SetneludedteFalse
2l If the Rollup Action is Satisfied Or Not Satisfied Then
2.1. If the Rollup Objective Satisfied value for the activity is True Then  [Test the objective
rollup control.
2.1.1. Set included to True Default Behayior=
adlseq:requiredFor|
xxXx] ==@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 is-True)
Then
21.2.1.1. Set included to False
End If
2.1.3. Else
2.1.3.1. If (the Rollup Action is Satisfied And
adlseq:requiredForSatisfied is ifAttempted) Or (the Rollup
Action is Not Satisfied And adlseg:requiredForNotSatisfied
is ifAttempted) Then
21.3.1.1. If Activity Progress Status for the activity is False Or
Activity Attempt Countifor the activity is Zero (0) Then
21.3.1.1.1. Set included-to False
End If
2.1.3.2. Else
2.1.3.2.1. If (the Rollup Action is Satisfied And
adlseq:requiredForSatisfied is ifNotSkipped) Or (the
Relup Action is Not Satisfied And
adlseq:requiredForNotSatisfied is ifNotSkipped) Then
21.3.2.1.1. Apply the Sequencing Rules Check Process to the
activity and its Skip sequencing rules
21.3.2.1.2. 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
EncHf
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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