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ISO (the

International Organization for Standardization) and IEC (the International Elect
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rotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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nnical committees collaborate in fields of mutual interest. Other international organizations, go
non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of
nnology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
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ndards adopted by the joint technical committee are circulated to national hodies for voting. Pu
nternational Standard requires approval by at least 75 % of the national hodies casting a vote.

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

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

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

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

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reviewed until the data they provide are considered to be no longer valid or useful.

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

/IEC TR 29163-3/ which is a Technical Report of type 3, was prepared by the Advanced
rning (ADL) Initidtive (as SCORM® 2004 3rd Edition Run-Time Environment Version 1.1
pted, under«a\special “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1,
hnology, invparallel with its approval by the national bodies of ISO and IEC.

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

(RTE)

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

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

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

The Sharable Content Object Reference Model (SCORM®) is often described as a set of
books on a bookshelf. The Run-Time Environment (RTE) book is one of a set of books

(rpfpr to Fignrp 1.1a: The Run-Time Environment Book as Part of the SCORM

Bookshelf). More information on the other SCORM books and their relationships-ta)pne
another can be found in the SCORM 2004 Overview. The SCORM RTE book-describes
the Learning Management System (LMS) requirements in managing the run-tine
environment (i.e., content launch process, standardized communication between content
and LMSs and standardized data model elements used for passing information relevant to
the learner’s experience with the content). The RTE book also covers'the requiremerjts
of Sharable Content Objects (SCOs) and their use of a common Application
Programming Interface (API) and the SCORM Run-Time Environment Data Model.

IEEE Data Model 1484.11.2

|IEEE AP1 1484.11.1

Key SCORM® Technologies
« API
« APl Instance
* Launch
+ Session Methods
+ Data Transfer Methods
* Support Methods
+ Temporal Model
+ Data Model

Run-Time Environment

Figuret.la: The SCORM Run-Time Environment Book as Part of the SCORM Bookshelf

1.124)° What is Covered in the SCORM RTE Book?

There are several key concepts that are introduced in the SCORM RTE book. The bgok

covers theessentiat-EivtSresponsibitities forsequencimgcontent objects{(SCOs o
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 RTE Management: Launching of content objects — SCOs and Assets,
Management of communications with a SCO, Run-time environment data model
management

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1 RTE-1-3
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1.1.

Application Programming Interface (API): LMS API requirements, SCORM
communication requirements, communication error conditions

SCORM Run-Time Environment Data Model: Data model management and
behavior requirements, Data type requirements

2. Using the SCORM RTE Book

This
supp
com

book should prove useful to LMS, SCO and authoring tool vendors wishing to
ort SCORM in their products, and to anyone wishing to understand the
munications relationship between content and LMSs, such as SCORM content

developers.

Sect
RunA

on 1: The SCORM® Run-Time Environment (RTE) and Section 2: Managing the
Time Environment (RTE) of this book cover general RTE-related concepts. These

sectipns are recommended reading for those seeking an introduction to‘the concepts

behi
who
RTH
how

Sect
tech
errof
API

Sect
mod
requ

11

Whi
orm
betw
com
Mod

nd the SCORM RTE and who may not wish to delve into its technical details. Others
may find these sections useful include those wishing to learn;about updates to the

. Section 2.1: Run-Time Environment (RTE) Management,-for instance, discusses
the new Sequencing and Navigation book impacts thec<SEORM RTE.

on 3: Application Programming Interface (API) isithe first section providing

nical details about the RTE. This section explains-every SCORM API method and
message available to content developers, and.even provides sample code as well as
Usage Requirements and Guidelines.

on 4: SCORM® Run-Time Environment Data Model covers every SCORM data
b| element in detail, which includesz listing of specific LMS and SCO behavior
rements in relation to a given elément.

3. Relationship-with other SCORM Books

e the various SCORM books are intended to stand alone, there are areas of overlap
utual coverage:-For instance, while this book focuses primarily on communication
een learning:content and LMSs, it frequently refers to SCOs that conduct that
munication. SCOs are discussed in some detail in the SCORM Content Aggregation
el (CAM) book.

Simi

larly, while the SCORM Sequencing and Navigation (SN) book covers the details of

SCORM sequencing and navigation processes, including detailed coverage of how an
LMS evaluates navigation requests and related activities, this book deals with content
delivery, and as such, lightly touches on how an LMS determines which piece of content
to deliver at any given time.
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1.1.3.1 The SCORM Content Aggregation Model (CAM) Book

The SCORM CAM book [18] defines responsibilities and requirements for building
content aggregations (i.e., the process of assembling, labeling and packaging content).
The book contains information on creating content packages, applying metadata to the
components in the content package and applying sequencing and navigation details in the
context of a content package. Several dependencies span from the SCORM CAM book
to the SCORM RTE book.

Metadata is “data about data”. Metadata can be used to describe the different
components of the SCORM content model (Content Aggregations, Content
Organizations, Activities, SCOs and Assets). Metadata, a form of labeling, enhances
search and discovery of these components. At this time, there are no defined
relationships between metadata and the SCORM Run-Time EnvironmentData Mode|.
For these reasons, metadata is not discussed in detail in the SCORM-RTE book. Thig
relationship may change as SCORM evolves.

A Content Package, in a general sense, bundles content objects, with a content structure
that is described by a manifest. A SCORM Content Packagé-may represent a SCORIM
course, lesson, module or may simply be a collection of(related content objects that may
be stored in a repository. The manifest, an essential part of all SCORM Content
Packages, is contained in an Extensible Markup Language (XML)-based file named
imsmanifest.xml. This file, similar in mapy,ways to a “packaging slip”, describes the
contents of the package and may include an<ptional description of the content structdire.

SCORM Content Packages may include‘additional information that describes how an
LMS is intended to process the Conterit' Package and its contents. Some of these
elements are utilized by the SCORM "RTE model.

e Content object launch-tocations and launch parameters are also described as
elements in a SCORM Content Package. These elements are essential to the
launch and delivery of content objects. The SCORM RTE book details these
elements and.their effects on launching content objects.

e Several elements in a SCORM Content Package affect initialization and
management of a content object’s run-time data model. The SCORM RTE bqok
details' these data model elements and the required LMS behaviors.

e _Other elements in a SCORM Content Package describe initial values for specific
elements of a content object’s run-time data model. The SCORM RTE book
details these data model elements and their initialization behavior.

e When a SCORM Content Package includes a description of content structure,

oc(jijci"lbii"lg information-etements may be-atded-to-define-an-intended appi'ucu.h to
sequencing the package’s content objects. 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 present, enabled or hidden.
When a content object is launched, as defined in this book, these elements may be
used, in conjunction with sequencing information (refer to the SCORM SN book),
to present the correct (at the time of rendering) Ul navigation controls (e.g.,
“Continue” or “Previous” user interface controls).
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For a better understanding of how all of the elements described above are specified in a
SCORM Content Package, refer to the SCORM CAM book.

1132 The SCORM Sequencing and Navigation (SN) Book

The

SCORM SN book is based on the IMS Simple Sequencing (SS) Specification [17],

which defines a method for representing the intended behavior of an authored learning
experience such that any SCORM conformant LMS will sequence discrete learning
actiVities consistently.

The
exte
that

SCORM SN model defines how the IMS SS specification is applied and it is
nded in a SCORM environment. It defines the required behaviors and functionality
SCORM conformant LMSs must implement to process sequencing informatian at

run-time. More specifically, it describes the branching and flow of learning activities in

term
cont

5 of an Activity Tree, based on the results of a learner’s interactions with.taunched
ent objects and an authored sequencing strategy. An Activity TreedSa conceptual

struqgture of learning activities managed by the LMS for each learner;

The
be tr

SCORM SN book describes how learner- and system-initiated navigation events can
ggered and processed, resulting in the identification of leatning activities for

deliyery. Each learning activity identified for delivery willhave an associated content

obje
The

ct. The SCORM RTE model describes how identified content objects are launched.
sequence of launched content objects, for a givenearner and content structure,

proviides a learning experience (learner interaction.with content objects); the SCORM
RTH Model describes how the LMS manages the-resulting learning experience and how

that

earning experience may affect the Activity Tree.
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1.2. Run-Time Environment Overview

This book defines the SCORM RTE model, which details the requirements for launching
content objects, establishing communication between LMSs and SCOs, and managing the
tracking information that can be communicated between SCOs and LMSs. In the context
of SCORM, content objects are either:

e SCOs, which communicate during run-time, or
e Assets, which do not communicate during run-time.

The SCORM RTE book describes a common content object launch mechanism, a
common communication mechanism between content objects and LMSs,-and a comnpjon
data model for tracking a learner’s experience with content objects. ‘These aspects create
an environment where several of the ADL “-ilities” are satisfied:“For example, contept
objects that communicate through the standardized communigation mechanism can bg
moved from LMS to LMS without modification to their communication attempts; thig
increases learning object portability and durability, thereby lowering the cost of
development, installation and maintenance.

The SCORM RTE defines a model that picks up atthe point when a specific content
object has been identified for launch. The actual identification of the content object tp be
launched is out of scope of this book and canbe found in the SCORM SN book [11].

This book only deals with the management of the run-time environment, which inclugles:

e The delivery of a content ebject to the learner’s Web browser (i.e., launch);
e If necessary, how a content object communicates with the LMS; and

e What information is:tracked for a content object and how the LMS manages that
information.

The following sections explain the relationships between the SCORM RTE book and|the
remaining SCORM books. In addition, frequently used terminology will be introducgd at
a high levelto-eliminate the need for the reader to become an expert in the entire
SCORM.to.understand this book. This, however, is not an effective method to learn and
apply SCORM and its concepts as a whole. It is strongly recommended that each
SCORM book be read to more fully understand the purpose, details, relationships ang
advantages of all of the SCORM concepts.

SCORMwas devetoped-toenabtethedevetopmentof content objects that—arereusable
and interoperable across multiple LMSs. For this to be possible, there must be a common
way to launch and manage content objects, a common mechanism for content objects to
communicate with an LMS and a predefined language or vocabulary forming the basis of
the communication. As illustrated in Figure 1.2a, these three aspects of the RTE are
Launch, APl and Data Model.
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Figure 1.2a: SCORM ConceptuahRun-Time Environment.

|_aunch process defines a common way-for LMSs to start Web-based content objects.
ferm “content object” is used generically here to describe any piece of content that

pe launched for a learner. In SCORM, there are two types of content objects: SCOs
Assets. The launch process defines procedures and responsibilities for the

lishment of communicationtbetween the launched content object and the LMS. The
munication mechanism is-standardized with a common API.

API is the communication mechanism for informing the LMS of the conceptual
munication state petween a content object and an LMS (e.g., initialized, terminated
Dr in an error,condition), and is used for retrieving and storing data (e.g., score, time
S, etc.) between the LMS and the SCO.

hta Modet'is a standard set of data model elements used to define the information
j tracked for a SCO, such as the SCO’s completion status or a score from an

asse

bsmént such as a quiz or a test. In its simplest form, the data model defines data

model elements that both the LMS and SCO are expected to “know about.” The LMS
must maintain the state of SCO’s data model elements across learner sessions, and the
SCO must utilize only these predefined data model elements to ensure reuse across

mult

iple systems.
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SECTION 2
. I it . t
(RTE)

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

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

From IMS Content Packaging v1.1.4 Copyright 2004, by IMS Global Learning Consortium Inc. and IMS Simple Sequencing v1.0
Copyright 2003, by IMS Global Learning Consortium Inc. All rights reserved.
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2.1. Run-Time Environment (RTE) Management

While the learner interacts with content objects (the learning experience), the LMS
evaluates learner performance and navigation requests (refer to the SCORM SN book).
When the LMS identifies an activity for delivery to the learner, the activity has a content
object associated with it. The LMS will launch the content object and present it to the

learner. Figure 2.1a depicts how the content structure (organization section of a
manifest) can be interpreted in a tree (i.e., activity tree). The tree representation-isjust a
different way of presenting the content structure found in the manifest (refer to the
SCORM CAM book).

<item>

|| <item> <fe B SCO
ID_0 1

| e [ <resource> | | sco
ID_1 ) Res_2

<manifest>
<organizations>
<organization>
ditem>
<item identifier="ID_0" identifierref="Res_1"/>
<item identifier="ID_1" identifierref="Res_2"/>
</item>
</organization>
</organizations>
<resources>
<resource identifier="Res_2">...</resource>
</resources>
</manifest>

Figure 2.1a: Conceptual Content Structure Illustration

A common launch model addresses delivery of Web-enabled content objects in the form
of SCOs and Assets within the context of a learning experience. This launch model
enables consistency of content object launch behavior across LMSs without specifying
the underlying LMS implementation. In this context, the term “LMS” is used to describe
any system that provides the launch of content objects.
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2.1

1. Run-Time Environment Temporal Model

A learner becomes engaged with the content object once an activity with the associated
content object (i.e., SCOs or Asset) has been identified for delivery and the content object
has been launched in the learner’s browser-environment. Several key aspects need to be
defined to aid in the tracking of the learner during the learning experience. The following
terms are defined by the Institute of Electrical and Electronics Engineers (IEEE)
1484.11.1 Standard for Learning Technology — Data Model for Content Object

Com

Leal
activ
may

Leal
cont

Con
and

Log

munication [1] and are referenced throughout this document:

ner Attempt — A tracked effort by a learner to satisfy the requirements of a learning
ity that uses a content object. An attempt may span one or more learner sessions and
be suspended between learner sessions [1].

ner Session — An uninterrupted period of time during which a learner ds-accessing a
ent object [1].

munication Session — An active connection between a content ‘object (i.e., SCO)
in application programming interface [1].

n Session — A period of time during which a learner beginsg a session with a system

(logged on) until the time the learner terminates the sessionywith the system (logged out).

Theg
Assq
learn
learr]
SCC
(eith
in th
a SC
sessi
with
learn
endg
learn
learr]
the f

e four terms are relevant when it comes to managing the RTE for a SCO. For an

t, the RTE consists of only independent learner attempts and learner sessions; one

er attempt with a corresponding learner session for each launch of the Asset. The

er attempt begins once an activity has heen identified to be delivered (refer to the
RM SN book). During the attempt, the-learner will be engaged with a content object
er a SCO or Asset). Once the learner becomes engaged (content has been launched

e learner’s Web browser), a learner session begins. If the launched content object is
O, as soon as the SCO initializes communication with the LMS, a communication
on begins. A communication session ends when the SCO terminates communication
the LMS. Learner sessions can end leaving the SCO in a suspended state (the

er is not through with the SCO) or leaving the SCO in a normal state (the learner

d the learner attempt by meeting requirements defined by the SCO). For a SCO, the
er attempt ends-when a learner session ends in a normal state. For an Asset, the

er attempt-€nds once the Asset is taken away from the learner. Figure 2.1.1a depicts
pur termsyand their relationships with one another for a specific SCO.
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LoginSession

Learner Attempt
Take Away Take Away
Launch SCO From Learner Launch 5CO From Learner
L r 3 L3l L arnar S orcion LBl
tearrer-Sessiomr i
LN ]
Communication Communication
Session Session
Initialize() Terminate() Initialize() Terminate()

Figure 2.1.1a: Temporal Model Relationships for & Specific SCO

2111 Managing Learner Attempts and Learner Sessions

A learner attempt is associated with an important LIMS requirement defining the
management of the set of run-time data model elements that the SCO may communic|
to the LMS. When a new learner attempt begins for a SCO, the LMS is required to ¢
and initialize a new set of run-time data for.the SCO to access and use (refer to Sectig
SCORM® Run-Time Environment Data*Model for more details). SCORM does not
specify exactly when the new set of run-time data is created, but all data model acces
must appear (to the SCO) as if they, are being performed on a new set of run-time dat

What the LMS does with the previous attempt’s data is outside the scope of SCORM
The LMS may elect to store:this data for historical purposes or for other purposes suc
reporting, auditing, diagnostic or statistical. The LMS may elect to discard any run-t
data collected during the previous attempt. The LMS is only required to keep run-tin
data for the learner attempt if the learner attempt was suspended. SCORM does not

specify any LMS requirements on the persistence or access to previous learner attempt

data. However, if the learner session is suspended, hence causing the learner attempt
be incomplete (i.e., suspended), the LMS is responsible for ensuring that any run-tim
data that was set prior to the suspension is available when the next learner session for
SCO:begins; that is, the next time the (suspended) learning activity associated with th
SCO is identified for delivery, the previous learner attempt is resumed and the run-tir

ate
reate
n4:

bES

b==4

h as
me
e

to

a)
”

the

data from the prpvinuq learner attempt is pm\/idpd in a new learner session

The following figures (2.1.1.1a, 2.1.1.1b and 2.1.1.1c) illustrate several different

relationships between a learner attempt and learner session(s). Figure 2.1.1.1a illustrates

a single learner attempt being accomplished with one learner session.
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Time

Learner Attempt

tearmer Sessiom (1)

Figure 2.1.1.1a: Single Learner Attempt with one Learner Session

Figure 2.1.1.1b illustrates a single learner attempt spread over several learner sessions.
Thege sessions have been suspended and the learner attempt has been subseguently

resu

med until a learning session ends in a normal state.

Time ,.O\\

| Learner Attempt |

Learner Session (1) |

Learner Session (2) | Pearner Session (n)

Figure 2.1.1.1b: Learner Attempt Spread Over Several Learner Sessions

Figure 2.1.1.1c illustrates successive learner attempts. Within each of these learner
attempts, any number of learner sessions may take place.

N3
| f'.O Time
I Learner Attempt | | Learner Attempt |
Learner Learner Learner Learner
Session (1) Session (n) Session (1) Session (n)

Figure 2.1.1.1c: Successive Learner Attempts, Spread Over Several Learner Sessions
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2.1.2. Launching Content Objects

As described in the SCORM CAM [18], the SCORM Content Model is made up of three
components:

e Assets
e SCOs
e Content Organizations

The SCORM CAM book describes the characteristics of launchable content objects;
SCOs and Assets are the defined content model components that can be launched:
Different launching requirements exist depending on the content object’s type,-The
launching process defines the common way for LMSs to launch content objécts to thq
learner’s Web browser. The procedures and responsibilities for establishing
communication between the launched content object and the LMS vary depending on the
type of the launched content object.

It is the responsibility of the LMS to manage the sequencing, between learning activitjes
(refer to the SCORM SN book) based on well-defined behaviors and the evaluation of
defined sequencing information applied to activities. @he progression through learning
activities that comprise a particular learning experieénce may be sequential, non-
sequential, user-directed or adaptive, depending-on-the sequencing information defing¢d
and the interactions between a learner and coritent objects.

It is the responsibility of the LMS (or sequencing component/service thereof), based pn
some navigation event, to determine which learning activity to deliver. The LMS may
identify the next learning activity in<the sequence defined in the content structure,
identify a user selected learning activity or determine which learning activity to deliver
based on learner performance.inpreviously experienced content objects in an adaptive
fashion. A learning activity identified for delivery will always have an associated content
object. It is the responsibility of the LMS (or launch component/service thereof) to
launch the content opject associated with the identified learning activity. Upon
determining the appropriate content object to launch, the LMS uses the Universal
Resource Locator (URL) defined by the content object’s launch location, defined in the
content package (refer to Code Illustration 2-1), to navigate to, or replace the currently
displayed content object with the content object referenced by the launch location.
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<man

<organizations>

</organizations>

<

ifest>

<organization>
<item>
<item identifierref="RES_1">.</item>
<item> .. </item>
<item> .. </item>
</item>
</organization>

resources>

</mal

<resource identifier="RES_ 1"
type="'webcontent""
adlcp:scormType="'sco""
href="Lessonl/Modulel/scol_htm"> .. </resource>

/ resources>
hifest>

Itis
SCQ
URL

Refe
abso

The
laun
laun
the g
deliy

2.1.3

For
LM
LMY

2.1.3

Code Illustration 2-1: Href used for Launching

the responsibility of the LMS to determine the appropriate fully quakified URL. The
RM CAM defines the requirements on how to build the fully qualified URL. The
is built based on the following pieces (if they exist in a manifest):

xml:base declarations
Launch Parameters (i.e., query component [6] of a URL)
Href declarations

r to the SCORM CAM for more information on<the process involved in building the
lute URL for the content object.

LLMS may implement the launch in any:tmanner desired or may delegate the actual

ch responsibility to the client or server portion of the LMS as needed. The actual

ch must be accomplished using the:Hypertext Transfer Protocol (HTTP). Ultimately,
ontent object identified by the daunch location in a content package is launched and
ered to the client Web browser.

A1 Asset

content objects that represent Assets, the SCORM launch model only requires that an
launch the Asset using the HTTP protocol. An Asset does not communicate to the
via the ARI'and Data Model.

2 Sharable Content Object (SCO)

For

ontent objects that represent SCUS, the SCOURIM Taunch model requires that an LIVIS

launch and track one SCO at a time (per learner). In other words, the LMS launches and
tracks one SCO at a time (per learner).

The
(ie.,
as a

LMS must launch the SCO in a Web browser window that is a dependent window
“pop-up” window) or child frame of the LMS window that exposes the API Instance
Document Object Model (DOM) object [8]. The API Instance must be provided by

the LMS.
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It is the responsibility of the SCO to recursively search the parent and/or opener window

hierarchy until the API Instance is found. Once the API Instance has been found the
SCO may initiate communication with the LMS. Section 3.3: SCO Responsibilities
defines the requirements of the SCO. The SCO is responsible for adhering to all
requirements defined by the API Instance functions (refer to Section 3.1: Application
Programming Interface).

2.1.3. Taking Content Objects Away

At the conclusion of a learner session, the content object currently being experienced
the learner will be taken away and replaced with the next content object identified for
delivery (refer to Section 2.1.2: Launching Content Objects). Typicallycontent obje
are taken away in response to a learner or system triggered navigatiornevent (refer to
SCORM SN book for more details). After the current content object'is taken away, t
LMS needs to have the most accurate information regarding the*learner’s interactiong
with the content object to make correct sequencing evaluations: If the content object
taken away is an Asset, the LMS will make assumptions régarding the learner’s
interactions. If the content object taken away is a SCQ,'the SCO may have
communicated more finely grained information regarding the learner’s interactions
during the just ended learner session. It is the LMSS’ responsibility to account for
information communicated by a SCO through¢its-run-time data model that may affect
successive sequencing evaluations. The run=time data model section describes the LI
responsibilities for mapping the data madel elements that may affect sequencing
evaluations to the learning activity associated with the SCO. To ensure timely use of]

by
cts

the
he

S

run-

time data in sequencing evaluations;.it is recommended that LMSs account for run-time

data changes on each commit data:event (refer to Section 3: Application Programmin
Interface).

In some cases, the content-author does not want to allow the user to interact with the
after it has finished (whatever "finish" means in the context of the SCO). In such a c3
the following behaviors are allowed, depending on the type of window in which the §
was launched (refer to Section 3.2: LMS Responsibilities):

1. If the-window in which the SCO was launched is a top-level window (i.e., the
window has no parent window, but it has an opener) then the SCO may attem

0

5CO
hse,
CO

close the window after calling Terminate(“~”). There is no requirement that

2. If the window is not a top-level window (i.e., the window has a parent window),
the SCO may not act on the parent window or any window in the chain of parents.

For example, a SCO is not allowed to attempt to close the top window, unless
its own window.

itis
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In such a case, the recommended behavior is for the SCO to display neutral,
passive content while waiting to be taken away by the LMS.
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SECTION 3

Application Programming Interface
(API)

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

i i ata_Copyright 2002 IFEFE: and IFFE Std 1484 12 3-2005 IFEF Standard for | darning
Technology — Extensible Markup Language (XML) Schema Definition Language Binding for Learning Object Metadata, Copyright
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3.1. Application Programming Interface (API)

3.1.1. API Overview

Fr—xrly versions of SCORM, up-to and inr‘luding SCORM Version 1.2 _were hased on

run-time environment functionality defined in the AICC’s CMI001 Guidelines for.
Interoperability [7]. Since then, the Aviation Industry CBT Committee (AICC)has
submitted their work to the IEEE Learning Technology Standards Committee:(LTSC
with the emphasis to standardize various pieces of the Computer Managednstructior
(CMI) Guidelines for Interoperability. SCORM describes the IEEE 1484:11.2-2003
Standard for Learning Technology - ECMAScript Application Programiming Interfac
Content to Runtime Services Communication [2] as used in SCORM. The standard
describes the API for content to run-time service (RTS) communication. An RTS is
defined as the software that controls the execution and delivery of learning content ar
that may provide services such as resource allocation, seheduling, input-output contrg
and data management [2]. From a SCORM perspective; the term RTS and LMS are
terms that could be used interchangeably. The APLenables the communication of da
between content and an RTS typically provideddby an LMS via a common set of API
services using the ECMAScript [9] (more commonly known as JavaScript) language.
this section, the term “content” used by the\JEEE standard relates to a SCO (because
SCORM, SCOs are the content objects that communicate to an LMS using the API).

The use of a common API fulfills many of SCORM’s high-level requirements for
interoperability and reuse. It prevides a standardized way for SCOs to communicate
LMSs, yet it shields the particular communication implementation from the SCO
developer. How the LMS-grovided API Instance communicates with the server-side
component of the LMS ds-outside the scope of SCORM. This back-channel
communication can be implemented anyway the LMS vendor likes.

There are severalterms that are used throughout SCORM: API, API Implementation
API Instance. -Figure 3.1.1a describes the terms and their relationships to each other.
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Figure 3.1.1a: llustration of API, ARl Instance and API Implementation

In it$ simplest terms, the API is merely a set'of defined functions that the SCO can rely
on being available.

An APl Implementation is a piece*af functional software that implements and exposes the
functions of the API. How an API Implementation functions should not matter to a SCO
developer, as long as the ART implementation uses the same public interface and adheres
to the semantics of the interface. The LMS need only provide an API Implementation
that jmplements the functionality of the API and exposes its public interface to the client
SCQ.

An API Instance-is an individual execution context and state of an API Implementation
[2]. [The ARl-Instance represents the piece of executing software that the SCO interacts
with|during the SCOs operation.

A key-aspectof-the- APHsto-provide-acommuricationmechantsm-thataHowsthe- SEO
to communicate with the LMS. It is assumed that once the SCO is launched it can then
store and retrieve information with an LMS. All communication between the LMS and
the SCO is initiated by the SCO. There is currently no supported mechanism for LMSs
to initiate calls to functions implemented by a SCO.

The methods exposed by the APl Implementation are divided into three categories. Table
3.1.1b defines these categories.
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Table: 3.1.1b: Categories of APl Methods

Method Description

Session Methods Session methods are used to mark the beginning and end of a
communication session between a SCO and an LMS through
the API Instance.

Data-transfer Methods Data-transfer methods are used to exchange data model values
between a SCO and an LMS through the API Instance.

innlnnrt Methaods Quppnrf methods are used for am(iliary communications ( 0.,

error handling) between a SCO and an LMS through the’API
Instance.

3.1.2. API Methods and Syntax

The use of a common API fulfills many of SCORM’s high-level requirements for
interoperability and reuse. It provides a standardized way for SCOs to communicate with
LMSs, yet it shields the particular communication implementation from the SCO

developer. This is true if a SCO can find the API Instance-in-a consistent manner.
Otherwise, content developers must adapt their content to)work on different LMS
vendor’s systems. This is one of the primary reasons\why there are restrictions on where,
in the Document Object Model (DOM) hierarchy, the LMS provides the API Instancg
and why there is a common name of the API lnstance to search.

There are some general requirements dealing with the API that shall be adhered to:

All function names are case sensitive and shall be expressed exactly as shown,
All function parameters or arguments are case sensitive.
Each call to an API function, other than the Support Methods, sets the error code.
All parameters and return values are passed as characterstrings and shall be
compatible with the*data types and formats described by the data models that pse

the API for communication. All values that are type as integers, real numberq and
times are to be’encoded as they would be by the ECMAScript-to-string cast
conversion, ‘Several examples throughout SCORM include return data with
quotes (¥”). The quotes are not intended to be part of the characterstring retunned.
The ‘guotes are used to delineate the value as a characterstring.

A key-aspect of the API is that it allows the SCO to communicate with the LMS. It i$
assumed that once the SCO is launched, it exchanges (i.e., “get” and “set”) informatign
with an LMS. All communication between the API Instance and the SCO is initiated{by
the SCO. In other words, the communication is initiated in one direction, from the SCO

to the LMS. The SCO always invokes functions on the LMS’s API Instance. The LMS
does not invoke any functions defined by the SCO. This should not be confused with the
notion of the API Instance returning a value. That is done purely in response to the call
initiated by the SCO. There are currently no supported mechanisms for LMSs to initiate
calls to functions implemented by a SCO.
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All of the API functions are described in detail in the following sections. Some functions
refer to a data model. The data model is described in detail in Section 4: SCORM® Run-
Time Environment Data Model. Error handling and error codes are described in detail in
Section 3.1.7: API Implementation Error Codes.

3.1.3. Session Methods

A SCO uses session methods to initiate and terminate data communication between itself
and an API Instance.

3.1.3.1 Initialize

Method Syntax: return_value = Initialize(parameter)

Desgription: The function is used to initiate the communication session: It allows the
LM$ to handle LMS specific initialization issues.

Parameter: (“”) —empty characterstring. An empty characterstring shall be passed as a
parameter.

Return Value: The function can return one of two values. The return value shall be
reprgsented as a characterstring. The quotes (“”) arenet part of the characterstring
retuned, they are used purely to delineate the values returned.

4 “true” — The characterstring “true’shall be returned if communication session
initialization, as determined by the.LMS, was successful.

4 “false” — The characterstring:‘false” shall be returned if communication
session initialization, as determined by the LMS, was unsuccessful. The API
Instance shall set the error code to a value specific to the error encountered. The
SCO may call GetLastError() to determine the type of error. More detailed
information pertaining to the error may be provided by the LMS through the
GetDiagnostie(®) function.

3.13.2 Terminate

Method Syntax: return_value = Terminate(parameter)

Desgription: The function is used to terminate the communication session. It is used by
the SCO when the SCQ has determined that it ho Inngnr needs to communicate with the

LMS. The Terminate() function also shall cause the persistence of any data (i.e., an
implicit commit(**) call) set by the SCO since the last successful call to
Initialize(“””) or Commit(*"), whichever occurred most recently. This guarantees to
the SCO that all data set by the SCO has been persisted by the LMS.

Once the communication session has been successfully terminated, the SCO is only
permitted to call the Support Methods.
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Parameter: (“”’) —empty characterstring. An empty characterstring shall be passed as a

parameter.

Return Value: The method can return one of two values. The return value shall be
represented as a characterstring. The quotes (“”) are not part of the characterstring
returned, they are used purely to delineate the values returned.

e “true” — The characterstring “true” shall be returned if termination of the
communication session as determined by the | MS _was successful

e “false” — The characterstring “false” shall be returned if termination of the
communication session, as determined by the LMS, was unsuccessful. ~-Fhe A
Instance shall set the error code to a value specific to the error encountered. T
SCO may call GetLastError() to determine the type of error. Mare detailed
information pertaining to the error may be provided by the LMS-through the
GetDiagnostic() function.

3.1.4. Data-Transfer Methods

A SCO uses data-transfer methods to direct the storage and retrieval of data to be use
within the current communication session. The SCO"uses these methods to transfer r
time data to and from the LMS. For example, the LMS can use this data to help
determine completion/mastery of activities and-thake sequencing and navigation
decisions.

3.141 GetValue

Method Syntax: return_valuel= GetValue(parameter)

Description: The function requests information from an LMS. It permits the SCO t
request information fromythe LMS to determine among other things:

e Values for data model elements supported by the LMS.
e Version of the data model supported by the LMS.
e Whether or not specific data model elements are supported.

Parameter:” The parameter represents the complete identification of a data model
element.

Return VValue: The method can return one of two values. The return value shall be

Pl
'he

D

represented as a characterstring.

e A characterstring containing the value associated with the parameter

e If an error occurs, then the API Instance shall set an error code to a value specific

to the error and return an empty characterstring (“”). The SCO may call
GetLastError() to determine the type of error. More detailed information
pertaining to the error may be provided by the LMS through the
GetDiagnostic() function.
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The SCO should not rely on an empty characterstring returned from this function as being
a valid value. The SCO should check to see if the error code indicates that no error was
encountered. If this is the case, then the empty characterstring is a valid value returned
from the LMS. If an error condition was encountered during the processing of the
request, then this would be indicated by an appropriate error code (refer to Section 3.1.7:
API Implementation Error Codes).

3.1.42 Set\alue

Method Syntax: return_value = SetValue(parameter_1, parameter_2)

Desgription: The method is used to request the transfer to the LMS of the value of
pargmeter_2 for the data element specified as parameter_1. This method allows'the
SCQ to send information to the LMS for storage. The API Instance may be designed to
immediately persist data that was set (to the server-side component) or store|data in a
local (client-side) cache.

Parameter:

4 parameter_1 — The complete identification of a data model element to be set.

4 parameter_2 — The value to which the contents of parameter_1 is to be set. The
value of parameter_2 shall be a characterstring-that shall be convertible to the
data type defined for the data model element.identified in parameter_1.

Return Value: The method can return one of twe-values. The return value shall be
reprgsented as a characterstring. The quotes () are not part of the characterstring
retuned, they are used purely to delineate the values returned.

4 “true” — The characterstring “true” shall be returned if the LMS accepts the
content of parameter_2 tq set the value of parameter_1.

4 “false” — The characterstring “false” shall be returned if the LMS encounters
an error in setting the contents of parameter_1 with the value of parameter_2.
The SCO may call-GetLastError() to determine the type of error. More detailed
information pertaining to the error may be provided by the LMS through the
GetDiagnostic() function.

3.143 Commit

Method(Syntax: return_value = Commit(parameter)

Descriptiorn: T e method Tequests forwarding to the persistent data store any data from
the SCO that may have been cached by the API Instance since the last call to
Initialize(“) or Commit(*"), whichever occurred most recently. The LMS would
then set the error code to 0 (No Error encountered) and return “true”.

If the API Instance does not cache values, Commit(“’*) shall return “true” and set the
error code to 0 (No Error encountered) and do no other processing.
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Cached data shall not be modified because of a call to the commit data method. For
example, if the SCO sets the value of a data model element, then calls the commit data
method, and then subsequently gets the value of the same data model element, the value
returned shall be the value set in the call prior to invoking the commit data method. The
Commit(**) method can be used as a precautionary mechanism by the SCO. The method
can be used to guarantee that data set by the Setvalue() is persisted to reduce the
likelihood that data is lost because the communication session is interrupted, ends
abnormally or otherwise terminates prematurely prior to a call to Terminate(*”).

Parameter: (
parameter.

) — empty characterstring. An empty characterstring shall be passed’ps a

Return Value: The method can return one of two values. The return valae’shall be
represented as a characterstring. The quotes (“”) are not part of the charaeterstring
returned, they are used purely to delineate the values returned.

e “true” — The characterstring “true” shall be returned if the data was successfully
persisted to a long-term data store.

e “false” — The characterstring “false” shall be returned if the data was
unsuccessfully persisted to a long-term data store:” The API Instance shall set(the
error code to a value specific to the error en¢ountered. The SCO may call
GetLastError() to determine the type of error. More detailed information
pertaining to the error may be provided py the LMS through the
GetDiagnostic() function.

3.1.5. Support Methods

Support methods exist within the API to allow a SCO to determine error handling andl
diagnostic information. \With each API function described so far, and only those
described so far, error.conditions may occur. When these error conditions are
encountered the error.code is changed to indicate the error encountered. The calls to
support methods‘donot affect the error state. In other words, calling any of the supp@rt
methods shall(not change the current error code. These support methods allow the SCO
to determine-if an error occurred and how to handle any error conditions encountered

3.1.5:% GetLastError

Method Syntax: return_value = GetLastError()

Description: This method requests the error code for the current error state of the API
Instance. If a SCO calls this method, the API Instance shall not alter the current error
state, but simply return the requested information.

A best practice recommendation is to check to see if a Session Method or Data-transfer
Method was successful. The GetLastError() can be used to return the current error
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code. If an error was encountered during the processing of a function, the SCO may take
appropriate steps to alleviate the problem.

Parameter: The API method shall not accept any parameters.

Return Value: The API Instance shall return the error code reflecting the current error
state of the API Instance. The return value shall be a characterstring (convertible to an
integer in the range from 0 to 65536 inclusive) representing the error code of the last
error_encountered

3.15.2 GetErrorString

Method Syntax: return_value = GetErrorString(parameter)

Desgription: The GetErrorString() function can be used to retrieve a textnal
description of the current error state. The function is used by a SCO to request the textual
description for the error code specified by the value of the parameter.”The API Instance
shalll be responsible for supporting the error codes identified in Section 3.1.7: API
Implementation Error Codes. This call has no effect on the current'error state; it simply
retunns the requested information.

Parameter:

4 parameter: Represents the characterstring of\the error code (integer value)
corresponding to an error message.

Return Value: The method shall return a textual message containing a description of the
errolf code specified by the value of the parameter. The following requirements shall be
adhdred to for all return values:

4 The return value shall be a.characterstring that has a maximum length of 255
characters.

4 SCORM makes no requirement on what the text of the characterstring shall
contain. The error-codes themselves are explicitly and exclusively defined. The
textual description for the error code is LMS specific.

4 If the requested error code is unknown by the LMS, an empty characterstring (“”*)
shall be returned. This is the only time that an empty characterstring shall be
returped.

3.15.3 GetDiagnostic

Method Syntax: return_value = GetDiagnostic(parameter)

Description: The GetDiagnostic() function exists for LMS specific use. It allows the
LMS to define additional diagnostic information through the API Instance. This call has
no effect on the current error state; it simply returns the requested information.
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Parameter:

e parameter: An implementer—specific value for diagnostics. The maximum
length of the parameter value shall be 255 characters. The value of the
parameter may be an error code, but is not limited to just error codes.

Return Value: The API Instance shall return a characterstring representing the

diagnostic information. The maximum length of the characterstring returned shall be 255
characters. If the parameter is_unknown hy the L MS_an empty r‘hamr"rnrcfring (“") shall

be returned.

If the parameter passed into the GetDiagnostic() function is an empty characterstiing
(“"), then it is recommended that the function return a characterstring representing
diagnostic information about the last error encountered.

3.1.6. Communication Session State Model

The IEEE defines a conceptual state model that the API Instance transitions through
during its existence. Figure 3.1.6a, describes the states that an API Instance transitiofs
through for a given SCO at run-time. The states of the APl Instance specify the
transitions of the API Instance to specific events., Each of the defined API Instance states
defines which functions a SCO may invoke. The states encountered by the API Instapce

are defined as:

e Not Initialized
e Running
e Terminated

An implementation is not required to implement a state model. The state model is just a
conceptual model used te-help illustrate the intended behavior of the API functions
during a typical communication session.
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Figure 3.1.6a: Conceptual API Instance State Transitions

Not [Initialized: This describes the conceptual communicatign-state between the actual
launghing of the SCO and before the Initialize(*”) APkmethod is successfully
invoked by the SCO. During this state, it is the SCO’s «esponsibility to find the API
Instgnce provided by the LMS. The SCO is permittedito call the following set of API
functions:

¢ Initialize()

o GetLastError()

¢ GetErrorString()
¢ GetDiagnostic()

Running: This describes the canceptual communication state once the Initialize(*)
APl method is successfully invoked by the SCO and before the Terminate(*”) API
method call is successfully invoked by the SCO. The SCO is permitted to call the
follgwing set of API functions:

¢ Terminate()

J GetValue)

q SetValue()

d Commit(Q

o GetlLastError()

d “GetErrorString()

e GetDiagnostic()

Terminated: This describes the conceptual communication state once the
Terminate(“”) APl method is successfully invoked. The SCO is permitted to call the
following set of API functions:

e GetLastError()
e GetErrorString()
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e GetDiagnostic()

3.1.7. APl Implementation Error Codes

All error codes are required to be integers represented as characterstrings. The IEEE
standard [2] requires that all error codes be in the range of 0 to 65536 inclusive. The
standard has also reserved the range of 0 to 999 inclusive for future editions of the

standard. Additional error codes may be defined by implementations and profiles jn

range of 1000 to 65535. SCORM does not define any additional error codes to bg us
for error conditions. This does not preclude implementations for defining errgr|codes
using those codes in implementation-defined practices. SCORM only requires the us
the given error code in the defined error conditions (defined in this section).

Every API function, except for Support Methods: GetLastError(); GEtErrorStrin
and GetDiagnostic(), sets the currently maintained error code«f the API Instance.

SCO may invoke the GetLastError() function to assess whether or not the most rec
API function call was successful, and if it was not successful,what went wrong. The
GetLastError() function returns an error code that can be used to determine the typ
error raised, if any, by the most recent API function call.

The IEEE has defined the following categories and humeric ranges for the various ert
codes:

Table 3.1.7a: Errot:€ode Categories and Range

Error Code Category Error Code Range |
No Error 0

General Errors 100 — 199

Syntax E¥fors 200 — 299

RTS Efrors 300 — 399

Data,Model Errors 400 - 499
Implementation-defined Errors | 1000 - 65535

3.1.7.1 Successful API Function Invocation

If, duringithe execution of an API function, no errors are encountered, the LMS shall
the APJ*Instance’s error code to 0. This indicates that the API function invocation
encountered no errors while processing the request.
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If after an API function call, the error code is 0, one can assume the following based

the actual function called:

e Initialize(*): The API Instance has successfully performed the appropriate

LMS specific communication session initialization procedures. The

communication session has been established and the API Instance is ready for
other function calls. The conceptual communication state of the API Instance is

now “Running”.
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e GetValue(parameter): The requested data model element’s value is returned.
The value from the request shall be considered reliable and accurate according to
the LMS. The conceptual communication state has not changed.

e SetValue(parameter_1, parameter_2): The value passed in as parameter_2

of the setvalue() was successfully set (stored as the value associated with the

data model element described by parameter_1) by the LMS. A request to

GetValue() for the data model element used in the Setvalue(), parameter_1,

shall return the value that was stored by the LMS. The conceptual

communication state has not changed.

4 Ccommit(*’): Any values that were set (using the Setvalue() method call) since

Initialize(“) or the last Commit(“) method call, have been successfully

forwarded to the persistent data store. This method guarantees that the data;will

be available during subsequent learner sessions within the same learnerattempt
with the SCO. The conceptual communication state has not changed,

4 GetLastError(), GetErrorString() and GetDiagnostic(): /fhese API

methods do not affect or alter the error code for the API Instance.

4 Terminate(“): The API Instance has successfully performed the appropriate

LMS specific communication session termination procedures. The

communication session has ended. The conceptual cammunication state of the

API Instance is now “Terminated”.

3.1.1.2 General Error Codes

The General Error codes describe errors that are-encountered during the processing of
APl method requests. These errors are useddased on several conditions:

Current state of the conceptual c@mmunication state model
Type of API request being processed by the API Instance

3.1.17.21 General Exception (101)

The (General Exception error condition indicates that an exception occurred and no other
specyfic error code exists:” The API Instance shall use the General Exception error code in
scenprios where a more specific error code is not defined.

3.1.1.2.2 General Initialization Failure (102)

The General"Initialization Failure error condition indicates that a failure occurred while
attempting to initialize the communication session. The General Initialization Failure
error-coeesn aHbetsedby-anr-APHRstancewhen-thecommunication—sesstor
initialization process fails while the conceptual communication state is “Not
Initialized” and no other specific error code exists. The API Instance shall set the
error code to 102 and return “false” to the SCO. The conceptual communication state
shall remain unchanged (“Not Initialized”).
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3.1.7.2.3 Already Initialized (103)

The Already Initialized error condition indicates that the SCO attempted to initialize the
communication session after the communication session has already been initialized
successfully. The Already Initialized error code shall be used by an API Instance when
the SCO attempts to initialize the communication session ( Initialize(*”) ) more than
once during that communication session. This error code shall be used when the
conceptual communication state is “Running” and the request is made to initialize the

communicationsession—hrthisscenariothe APHmnstance shattset theerrorcodeto 103
and return a “false” to the SCO. The conceptual communication state shall remain
unchanged (“Running”).

3.1.7.24 Content Instance Terminated (104)

The Content Instance Terminated error condition indicates that the ecgmmunication
session has already terminated. This error condition occurs whena-SCO attempts to
invoke the Initialize(*”) method after a successful call to.the*Terminate(*’")
method has occurred. This error code shall be used when thie 'eonceptual communication
state is “Terminated” and the request to initialize the communication session occurs) In
this scenario, the API Instance shall set the error codeo 104 and return a “false” to|the
SCO. The conceptual communication state shall remain unchanged (“Terminated”)

3.1.7.25 General Termination Failurée\(111)

The General Termination Failure error cendition indicates a failure occurred while
attempting to terminate the communication session. The General Termination Failur¢
error code shall be used by an API Istance when the communication session termingtion
process fails while the conceptugl:communication state is “Running” and no other erifor
information is available (i.e., a\more specific communication session termination errd
condition). The API Instance shall set the error code to 111 and return “false” to th¢
SCO. The conceptual.communication state shall remain unchanged (“Running”).

=

D

3.1.7.2.6 Termination Before Initialization (112)

The Termination Before Initialization error condition indicates that the SCO attemptgd to
terminate the'communication session before the communication session was ever
initialized (conceptual communication state is “Not Initialized”). The Termination
Befaore/Initialization error code shall be used by an API Instance when the SCO tries o
invoke Terminate(*””) prior to a successful call to Initialize(*’”). The API Instahce
Shall set the error code to 112 and return “false” to the SCO. The conceptual

communication state shall remain unchanged (“Not Initialized”).

3.1.7.2.7 Termination After Termination (113)

The Termination After Termination error condition indicates that the SCO attempted to
terminate the communication session after the communication session has already been
terminated successfully. The Termination After Termination error code shall be used by
an API Instance when the SCO has invoked the Terminate (**) method after a previous
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Terminate(“~”) method has already been processed successfully. The API Instance shall
set the error code to 113 and return “false” to the SCO. The conceptual communication
state shall remain unchanged (“Terminated”).

3.1.7.2.8 Retrieve Data Before Initialization (122)

The Retrieve Data Before Initialization error condition indicates that the SCO attempted
to retrieve data prior to a successful communication session initialization. The Retrieve

+ h tha CCO

Datg-Before-tnitiatization-error-cotde-shat-be-used-by-an-APHnstarce-wher-the-SEO
attemipts to invoke the GetVvalue() method prior to a successful call to the

Initialize(*”) method. The API Instance shall set the error code to 122 and return-an
empty characterstring (“”’). The conceptual communication state shall remain unchanged

(“Not Initialized”).

3.1.1.2.9 Retrieve Data After Termination (123)

The Retrieve Data After Termination error condition indicates that the'SCO attempted to
retrigve data after the communication session has successfully terminated. The Retrieve
Datg After Termination error code shall be used by an API Instance ‘when the SCO
attemipts to invoke the Getvalue() method after a successful@all to the Terminate(**”)
method. The API Instance shall set the error code to 123 ahd return an empty
chargcterstring (“”). The conceptual communication state shall remain unchanged
(“Terminated”).

3.1.1.2.10 Store Data Before Initialization(132)

The Store Data Before Initialization error candition indicates that the SCO attempted to
storqg data prior to a successful communigation session initialization. The Store Data
Befqre Initialization error code shall he-used by an API Instance when the SCO attempts
to inpoke the setvalue() method:prior to a successful call to the Initialize(*”)
method. The API Instance shall'set the error code to 132 and return “false”. The
condeptual communication state shall remain unchanged (“Not Initialized”).

3.1.7.2.11 Store Data After Termination (133)

The Store Data After' Termination error condition indicates that the SCO attempted to
storqg data afterthe communication session has successfully terminated. The Store Data
Aftef Termination error code shall be used by an API Instance when the SCO attempts to
invoke the Setvalue() method after a successful call to the Terminate(*’”) method.
The ARIAnstance shall set the error code to 133 and return “false”. The conceptual

communication state shall remain unchanged (" Terminated™).

3.1.7.2.12 Commit Before Initialization (142)

The Commit Before Initialization error condition indicates that the SCO attempted to
commit data to persistent storage prior to a successful communication session
initialization. The Commit Before Initialization error code shall be used by an API
Instance when the SCO attempts to invoke the Commit(**) method prior to a successful
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call to the Initialize(*””) method. The API Instance shall set the error code to 142 and
return “false”. The conceptual communication state shall remain unchanged (“Not
Initialized”).

3.1.7.2.13 Commit After Termination (143)

The Commit After Termination error condition indicates that the SCO attempted to
commit data to persistent storage after the communication session has successfully

torrmanat

when the SCO attempts to invoke the Commit(***) method after a successful call te-the
Terminate(*”) method. The API Instance shall set the error code to 143 andcreturn
“false”. The conceptual communication state shall remain unchanged (“Términated”).

3.1.7.3 Syntax Error Codes

The Syntax Error codes describe error conditions that are relevanto the syntax of thg
API methods. At this time, the IEEE standard has defined one error code dealing with
syntax specific error conditions. The following section deseribes the defined error
condition and its usage scenarios.

3.1.7.3.1 General Argument Error (201)

The General Argument Error error condition.indicates that an attempt was made to pass
an invalid argument to one of the API functions, and no other defined error condition|can
be used to describe the error. Data Modelerrors should be used to specify a more
specific error condition , if one occursiIf no other error code can be used to describe|the
error condition, the API Instance should use error code 201. One scenario where this
error code shall be used occurs when parameters are passed to the following API calls:

e Initialize(*”)
e Terminate(*)
o Commit(*”)

All three of these:API calls have a restriction that an empty characterstring parameterfis

passed to it. _If a'SCO passes any other argument to these function calls the API Instgnce
shall return “false” and set the error code to 201. The conceptual communication state
shall remain unchanged.

3.207.4 RTS Error Codes

oA

The-RTSErrorcotes-describe-errorconditions-thatarerelevanttoamtmplementation of
an RTS. At this time, the IEEE standard has defined three error codes dealing with run-
time specific error conditions. The following sections describe these defined error
conditions and their usage scenarios.
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3.1.74.1 General Get Failure (301)

The General Get Failure error condition indicates a general get failure has occurred and
no other information on the error is available (more specific error code). This error
condition acts as a catch all condition for processing a Getvalue() request. The General
Get Failure error code shall be used by an API Instance when a retrieve data event
(Getvalue()) error has occurred and the API Instance cannot determine a more specific
error condition to report (more specific error code). The API Instance shall set the error

codertosorandreturmanmempty characterstring(“*)—Thiserror conditioncarmronty
hapgen if the conceptual communication state is “Running”. If this error condition is
encduntered, the conceptual communication state shall remain unchanged (“Running’),

3.1.7.4.2 General Set Failure (351)

The General Set Failure error condition indicates a general set failure has occurred and no
othef information on the error is available (more specific error code). This-error
condition acts as a catch-all condition for processing a Setvalue() request. The General
Set Failure error code shall be used by an API Instance when a storé data event
(setivalue()) error has occurred and the API Instance cannot determine a more specific
erroif condition to report (more specific error code). The APIdnstance shall set the error
code to 351 and return “false”. This error condition can gnly happen if the conceptual
communication state is “Running”. If this error condition is encountered, the conceptual
communication state shall remain unchanged (“Runming”).

3.1.7.4.3 General Commit Failure (391)

The General Commit Failure error conditiontindicates a general commit failure has

occurred and no other information on the-error is available (more specific error code).

This|error condition acts as a catch alcondition. The General Commit Failure error code

shall be used by an API Instance whéen a commit data event (Commit(**”)) error has

occurred and the API Instance cannot determine a more specific error condition to report
!

(more specific error code). (The API Instance shall set the error code to 391 and return
“fallse”. This error condition can only happen if the conceptual communication state is
“Running”. If this error-condition is encountered, the conceptual communication state
shall remain unchanged (“Running”).

3.1.45 Data Model Error Codes
One [ofthe’features of the API is to allow content to communicate data to and retrieve

datalfroman I MS F)uring the Inmr‘pq':ing of such events_certain errar conditions may he
encountered. The IEEE standard has defined several error conditions that describe
general-purpose data model errors. The following sections describe these defined error
conditions and their usage scenarios.
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3.1.751 Undefined Data Model Element (401)

The Undefined Data Model Element error condition indicates that:

The data model element passed as the parameter in the
GetValue(parameter) is undefined and not recognized by the API Instance.
This condition indicates that an attempt was made to use a data model element
that is not recognized by the API Instance.

Tho data madal clamant naccod a6 maeramat ey 1 1N tha CAt\/A B A~ 1
A% % LA AY LILLY A L]

An unrecognized or undefined data model element is any element that is‘iot formally
defined by the SCORM Run-Time Environment Data Model or an implementation-
defined extension element that is not recognized by the API Instance.” The Undefined
Data Model Element error code shall be used by an API Instancewhen one of the twg
scenarios described above is encountered. The API Instance shall:

3.1.75.2 Unimplemented Data Model Element (402)

The Unimplemented Data-Model Element error condition indicates that:

All of the SCORM Run-Time Environment Data Model elements are required to be
impfemented by an LMS. This error condition shall not occur when accessing SCORM

ramaoaftaosr
LA | TTCTCTTIC | SASSESATAS IS i SAe ey = T oot Tvarat pPar amc e

parameter_2) is undefined and not recognized by the API Instance. This
condition indicates that an attempt was made to use a data model element that
not recognized by the API Instance.

S

For a Getvalue() request: set the error code t6'401 and return an empty
characterstring(“””). This error condition can only happen if the conceptual
communication state is “Running”. If this error condition is encountered, the
conceptual communication state shall f€main unchanged (“Running”).

For a Setvalue() request: set the.erfor code to 401 and return “false”. Thi
error condition can only happen df.the conceptual communication state is
“Runniing”. If this error condition is encountered, the conceptual communication
state shall remain unchanged+(“Running”).

\"2J

The data model element passed as parameter in the Getvalue(parameter) i
recognized by the API Instance but is not implemented.

The data model element passed as parameter_1 in the Setvalue(parameter] 1,
parameter_2) is recognized by the API Instance but is not implemented.

[

Run-Time Environment Data Model elements, but may occur when accessing extens1on

data mand

al alamantc

ULt 1iriuucTT CICTTIvIimg.

3.1.75.3 Data Model Element Value Not Initialized (403)

The Data Model Element Value Not Initialized error condition indicates that a SCO
attempted to retrieve a data model value that has never been initialized. A data model
element may be initialized in several manners:
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e By the LMS: Some data model elements are initialized by values defined in a
Content Package. Some data model elements may be initialized by some learner
registration process or learner profiling requirements defined by the LMS.

e By the SCO: Some data model elements are initialized by the SCO.

The Data Model Element Value Not Initialized error code shall be used by an API
Instance when the SCO attempts to mvoke the Getvalue() on an element that has no

modgl element request Therefore, the value returned may not be reliable and the SCO
should check the error code to determine whether the value is reliable. If the error code
was pet to 0 — No Error, then this indicates that the empty characterstring was the‘current
valug, stored by the LMS, for the data model element requested. This error condition can
onlylhappen if the conceptual communication state is “Running”. If this errgr-condition
is encountered, the conceptual communication state shall remain unchanged (“Running”).

3.1.1.54 Data Model Element Is Read Only (404)

The PData Model Element Is Read Only error condition indicates-that a SCO attempted to
storg a data model value for an element that is implemented. as read-only. This error
condition may be encountered with the use of the SCORM-Run-Time Environment Data
Model, SCORM Navigation Data Model or any otherdata model used in a SCORM
envifonment (extension data model). The Data Model Element Is Read Only error code
shalll be used by an API Instance when the SCQ.attempts to invoke the Setvalue() on a
readtonly data model element. The API Instafce shall set the error code to 404 and
retunn “false”. This error condition can only happen if the conceptual communication
state|is “Running”. If this error conditiofn'is encountered, the conceptual communication
state| shall remain unchanged (“Running”).

3.1.15.5 Data Model Element Is Write Only (405)

The Data Model Element Is Write Only error condition indicates that a SCO attempted to
retrigve a data model value for an element that is implemented as write-only. This error
condition may be encountered with the use of the SCORM Run-Time Environment Data
Model, SCORM Navigation Data Model or any other data model used in a SCORM
envifonment (eéxtension data model). The Data Model Element Is Write Only error code
shalll be used-by an API Instance when the SCO attempts to invoke the Getvalue() on a
writ¢-only)data model element. The API Instance shall set the error code to 405 and
retunn @n’empty characterstring (“”’). This error condition can only happen if the
conceptual communication state is “Running”. If this error condition is encountered, the
conceptual communication state shall remain unchanged (“Running”).

3.1.75.6 Data Model Element Type Mismatch (406)

The Data Model Element Type Mismatch error condition indicates that a SCO attempted
to store a data model value for a data model element and the value was not of the correct
data type. This error condition may be encountered with the use of the SCORM Run-
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Time Environment Data Model, SCORM Navigation Data Model or any other data
model used in a SCORM environment (extension data model). The Data Model Element
Type Mismatch error code shall be used by an API Instance if the value passed as
parameter_2 in a Setvalue() does not evaluate to a valid type or defined format for the
data model element indicated in parameter_1 of a Setvalue(). The API Instance shall
set the error code to 406 and return “false”. This error condition can only happen if the
conceptual communication state is “Running”. If this error condition is encountered, the
conceptual communication state shall remain unchanged (“Running”).

3.1.75.7 Data Model Element Value Out Of Range (407)

The Data Model Element Value Out Of Range error condition indicates thata,SCO
attempted to store a data model value for an element, however the value was not in th
specified range of values for the element. This error condition may be,encountered with
the use of the SCORM Run-Time Environment Data Model, SCORM Navigation Data
Model or any other data model used in a SCORM environment {éxtension data mode}).
The Data Model Element Value Out Of Range error code shall be used by an API
Instance if the value passed as parameter_2 in a Setvalué() is out of range for the (lata
model element indicated in parameter_1 of a Setvalué(). The API Instance shall set
the error code to 407 and return “false”. This errar'eondition can only happen if the
conceptual communication state is “Running”. If this error condition is encountered,|the
conceptual communication state shall remain unchanged (“Running”).

D

3.1.75.8 Data Model Dependency Not Established (408)

The Data Model Dependency Not Established error condition shall be used when relgvant
dependencies are not in place. A dependency represents one or more key values in a data
model that shall have been set prior to other data model elements. The dependencies|data
model elements for the SCORM Run-Time Environment Data Model are described if
Section 4. SCORM® Run-Time Environment Data Model.

This error conditionds;described by the IEEE standard as being used for situations that
may arise during.a Getvalue() or Setvalue() request, however, SCORM does not
define any situations for use of this error code during the processing of Getvalue()
requests. ForiSetvalue() requests, some data model elements have requirements that
certain other data model elements be set prior to other data model elements. By setting
elements in a specific order, this maintains the integrity of a dependency being met. |f
one-of these dependency requirements have not been established the LMS shall set the

3.1.7.6 SCORM Extension Error Conditions

Due to the nature of the SCORM Run-Time Environment Data Model elements and the
binding of the data model elements (dot-notation), SCORM defines extension error
conditions to cover error scenarios that may occur within a SCORM environment. There
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is no mechanism, defined by the IEEE standard, to permit extension error codes to be set
by an API Instance. In the following sections, SCORM defines a set of error conditions.
If these error conditions are encountered, API Instance shall behave as follows:

e Set the error code to 301 (for Getvalue() failures) or 351 (for Setvalue()
failures), and return “false”.

e If requested by a SCO to return more information about the error encountered

(CatDiaanocticO) 1t is racammeandead that tha | MS retiirn infarmatiaon detatling
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the error conditions that follow.

3.1.4.6.1 Data Model Element Does Not Have Children

The Data Model Element Does Not Have Children error condition indicates thataSCO
attempted to retrieve a list of supported data model elements (children) for adata model
element that does not have children (refer to the SCORM Run-Time Envisonment Data
Model for information regarding the data model elements). The Data Model Element
Does Not Have Children error condition should be used by an APl Instance if the value
passed as parameter in Getvalue() is a request for a listing of child“elements for a data
modgl element that does not have any children (refer to the SEORM Run-Time
Environment Data Model for more information on processing-of children requests). The
API [Instance shall set the error code to 301 and return an empty characterstring (“”).
This|error condition can only happen if the conceptual gommunication state is
“Runining”. If this error condition is encountered,.the conceptual communication state
shall remain unchanged (“Running”).

Example: Getvalue(“cmi . learner_name: children”);

For this example the API Instance shallset the error code to 301 and return an empty
chargacterstring (“”’). The learner_mame element is considered a child element and does
not have any children. If the SCO requests further information about the error (by
invoKing GetDiagnostic())yit1s recommended that the LMS return a characterstring
indigating that the data model element does not have children, such as, “The data model
elerment does not have ehildren”.

3.1.1.6.2 Data-Model Element Cannot Have Count

The Data Medel Element Cannot Have Count error condition indicates that a SCO
attempted-to-retrieve the number of entries (count) currently stored in a data model

element that is not an array (refer to the SCORM Run-Time Environment Data Model for
datalmodel elements that are arrays and array hnndling) The Data Model Element

Cannot Have Count error condition shall be used by an API Instance if the value passed
as parameter in a Getvalue() is a request for the number of entries (count) currently
stored in a data model element that is not an array. The API Instance should set the error
code to 301 and return an empty characterstring (“”). This error condition can only
happen if the conceptual communication state is “Running”. If this error condition is
encountered, the conceptual communication state shall remain unchanged (“Running”).
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Example:
e GetValue(“cmi.learner_name._count™);

For this example the API Instance shall set the error code to 301 and return an empty

characterstring (*”’). The learner_name element is not a collection and therefore does
not have a count. If the SCO requests further information about the error (by invoking
GetDiagnostic()), it is recommended that the LMS return a characterstring indicating

that the data-model element is not an-array and-does-not have a count, such-as~“The data

model element is not a collection and therefore does not have a count”.

3.1.7.6.3 Data Model Element Collection Set Out Of Order

The Data Model Element Collection Set Out Of Order error condition indicates that g
SCO attempted to set a value in an array where the index number usedy(n) is not the rext
available position in the array. All collections (refer to Section 4,2.1:3: Handling
Collections) are required to be packed arrays (no skipped positions). When a new vajue
is added to the array it must be in the next available position.. The SCO can determin
this position by using the _count keyword data model element (refer to Section 4.1.1{5:
Keyword Data Model Elements).

D

The Data Model Element Collection Set Out Of Order error condition should be used by
an API Instance if the value for the index position (n) passed as parameter_1in a
SetValue(), for a new entry in the array, isaot the next available position in the array.
The API Instance shall set the error code t0:351 and return “false”. This error condition
can only happen if the conceptual communication state is “Running”. If this error
condition is encountered, the conceptual communication state shall remain unchanged
(“Running”).

Example:

e SetValue(“cni.objectives.0.1d”,”identifier_17);
e SetValue(“emi.objectives.2.id”,”identifier_2");

For this example:the API Instance shall set the error code to 351 and return “false”.| The
second request’is attempting to set the objective identifier in position 2, prior to posit{on
1, in the-array. If the SCO requests further information about the error (by invoking
GetDiagnostic()), it is recommended that the LMS return a characterstring indicating
that-the data model element collection was set out of order, such as, “The data model
element collection was attempted to be set out of order”.

3.1.7.6.4 Data Model Collection Element Request Out Of Range

The Data Model Collection Element Request Out Of Range error condition indicates that
a SCO attempted to retrieve a data model element found in a collection and the index
value provided is larger than what is currently being maintained by the LMS. All
collections (refer to Section 4.1.1.3: Handling Collections) are required to be packed
arrays (no skipped positions). The SCO can determine the current number of data model
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element values being stored by using the _count keyword data model element (refer to
Section 4.1.1.5: Keyword Data Model Elements).

If the current data model collection only contains four values, this implies that the index
positions that are accessible by the SCO are 0, 1, 2, and 3. If the SCO attempts to
retrieve a value from a position with an index (n) greater than 3, the API Instance shall
set the error code to 301 and return an empty characterstring “”. This error condition can
only happen if the conceptual communication state is “Running”. If this error condition

is encourtered; thetonceptuat-commumnication state shatt rermaimurnchanged(“Runming -

If the SCO requests further information about the error (by invoking GetDiagnostic()),
it is fecommended that the LMS return a characterstring indicating that the data model
collgction element does not exist due to an index out of range, such as, “The data‘model
element request failed to be processed due to an index out of range error”.

3.1.1.6.5 Data Model Element Not Specified

The Data Model Element Not Specified error condition indicates that.a SCO attempted to
make a GetValue() or SetvValue() APl method call without providing any indication of
the data model element to retrieve or store. Both of the API method calls require the
presg¢nce of a data model element:

GetValue(parameter_1)
SetValue(parameter_1, parameter_2)

The Data Model Element Not Specified error cendition should be used by an API
Instgnce if the value passed as parameter_l.iva GetValue() request or parameter_1 in
a SetVvalue() request is not specified (i.e:, empty characterstring — “”).

4 Getvalue(“’): The API Instance should set the error code to 301 — General Get
Failure and return an empty‘characterstring ().

4 Setvalue(*“”,”3.4).:~The API Instance should set the error code to 351 —
General Set Failure and return “false”.

This|error condition can-only happen if the conceptual communication state is
“Runining”. If this errer condition is encountered, the conceptual communication state
shall remain unchanged (“Running”). If the SCO requests further information about the
errof (by invoking GetDiagnostic()), it is recommended that the LMS return a
characterstring indicating that the data model element was not specified, such as, “The
datajmodel element was not specified”.

3.1.7.6.6 Unique Tdentifier Constraint Violated

The Unique ldentifier Constraint Violated error condition should be used by an API
Instance if the value passed as parameter_2 in a Setvalue() request is to be used to set
an identifier for which the identifier is required to be unique. The API Instance should
set the error code to 351 and return “false”. This error condition can only happen if the
conceptual communication state is “Running”. If this error condition is encountered, the
conceptual communication state shall remain unchanged (“Running”).
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Example:

e APICalll: setvalue(“cmi.objectives.0.id”,”objectivel)
e APICall 2: setvalue(“cmi.objectives.1.id”,”objective2”)
e APICall3: setvalue(“cmi.objectives.2.id”,”objectivel™)

In the example above, the identifier for the objective data stored in position 2 of the array
is trying to set the identifier of the objective to objectivel. This identifier was used for

required to be a unique identifier, this would cause a General Set Failure error. The’llMS
shall not set the requested element, return “false” and set the error code to 351 If the
SCO requests further information about the error (by invoking GetDiagnostic()), itlis
recommended that the LMS return a characterstring indicating that there was a uniqug
identifier constraint violated, such as, “The data model element’s value'is-already in yse
and is not unique”.

3.1.7.6.7 Smallest Permitted Maximum Exceeded

The Smallest Permitted Maximum (SPM) Exceeded error'condition should be used ir
two situations:

e if the value passed as parameter_2 in a SetValue() request is to be used to get a
data model element that has a SPM angd-the length of parameter_2 exceeds the
SPM for the data model element, or

e if the value is being placed in a cellection and the collection’s SPM has been
exceeded

These situations do not necessarily describe “error conditions”, however depending o
the implementation, these situations may be handled differently. In both situations
described above, the APl Instance should set the error code to 0 and return “true”. This
error condition can only_happen if the conceptual communication state is “Running”.| If
this error condition is_encountered, the conceptual communication state shall remain
unchanged (“Runining”).

=)

If the SCO requests further information about the error (by invoking GetDiagnosticl)),
it is recommended that the LMS return a characterstring indicating that an SPM was
violated, such as, “The value to be used to set the data model element exceeds the SPM
forthe’data model element. The value was truncated.”

The SPMs defined represent implementation storage requirements. An implementatipn
has to support the storage of af Teast the SPM.An implementation may elect to support
the storage of more than the SPM. If an implementation only supports the SPM and
performs a truncation of the characterstring, then ADL recommends that the
implementation make information available through the GetDiagnostic() method call
indicating that truncation of a characterstring has occurred.
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3.1.7.6.8 Data Model Element Does Not Have Version

The

Data Model Element Does Not Have Version error condition indicates that a SCO

attempted to retrieve the version of the data model (_version) on a data model element
for which it is not permitted. The _version keyword should only be applied to the base

data
(cmi

model identified by the SCORM Run-Time Environment Data Model
._version). The Data Model Element Does Not Have Version error condition shall

be used by an API Instance if the value passed as parameter in a Getvalue() IS

som

Bty other tharmcmi - _version (8.9, cmi - fearner_id._version). 11e APl

Instgnce should set the error code to 301 and return an empty characterstring (*”). This
erroif condition can only happen if the conceptual communication state is “Running”. (If

this

error condition is encountered, the conceptual communication state shall remain

unchanged (“Running”).

If th
itis
requ

3.1.%

The
Instg
an iqg
Instg
only
is en

Exar

In th
was
to ol

e SCO requests further information about the error (by invoking GetDiagnostic()),
recommended that the LMS return a characterstring indicating thattheversion
est is invalid, such as, “The _version keyword was used incorrectly™.

6.9 Identifier Value Can Only Be Set Once

Identifier Value Can Only Be Set Once error condition.should be used by an API

nce if the value passed as parameter_2 in a SetVadue() request is to be used to set
entifier to a value different than the value that has already been set. The API

nce should set the error code to 351 and return “false”. This error condition can
happen if the conceptual communication state is “Running”. If this error condition
countered, the conceptual communicatiof’state shall remain unchanged (“Running”).

nple:

APl Call 1: Setvalue(“cmi.objectives.0.id”,”objectivel)
API Call 2: setvalue({‘cmi.objectives.0.id”,”objective2)

e example above, the identifier for the objective data stored in position 0 of the array
nitially set to objeétivel. API Call 2 is trying to set the identifier of the objective
jective2. Since the value objective2 is different than the value that was already

set, this would cause-a General Set Failure error. The LMS shall not set the requested

elem
infol
LMS
violg

ent, returp;“False” and set the error code to 351. If the SCO requests further

mation @bout the error (by invoking GetDiagnostic()), it is recommended that the
return a characterstring indicating that there was a unique identifier constraint

ted; such as, “The data model element’s value is already set and cannot be changed”.
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3.2. LMS Responsibilities

SCORM requires the LMS to provide an instance of the API as defined by the IEEE
standard and SCORM. The API Instance shields the SCO from the particular
implementation details. SCORM does not place any restrictions on the underlying
communication infrastructure of the API Instance. The following sections describe those

additional requirements, not described thus far, of an API Instance for an LMS
implementation.

3.2.1. APIlInstance

SCORM requires that an LMS supply an API Instance that implements the required API
functionality described earlier. In order for a SCO to utilize the"API Instance developed
by an LMS, the LMS has certain requirements on where and how to provide access tq the
API Instance. To provide for an interoperable means to locate the API Instance, the
LMS’s API Instance must be accessible via the DOM{8}-as an object named
AP1_1484_11. The LMS must provide the ability for the SCO to access the API Instance
via ECMAScript.

In order for SCOs to find the LMS-provided'API Instance, the LMS is responsible fof
launching SCOs in a particular DOM higrarchy. The LMS shall launch the SCO in a
browser window that is a child window: or a child frame of the LMS window that
contains the API Instance.

Figure 3.2.1a describes the valid/locations in the DOM hierarchy that an LMS is
permitted to place its API Instance. The algorithm defined by the IEEE standard is built
to search for the API Instance in specific locations and in a specific order. The specific
locations that an LMS:can provide an API Instance is determined based on the
implementation requirements of the LMS.

Chain of Parents: In this case, the SCOs and Assets are being launched in a structur
where the APJ Instance is in an HTML Frameset. In this case, the LMS can provide the
API Instancé somewhere in the hierarchy of parent frames within the frameset. The
algorithim described in the IEEE standard will search for the API by walking the “chain
of parents” either until the API Instance is found or until it reaches a point where there
are’no other parent frames.

D

Opener: In this case, the SCOs and Assets are being launched in a new window. This
new window is sometimes referred to as a “pop-up” window. The new window contains
the SCO or Asset. In this case, the LMS can provide the API Instance in the opener
window (i.e., the window that was responsible for launching, or opening, the new
window in which the SCO or Asset was launched in). The algorithm described in the
IEEE standard will determine if the SCO was launched by an opener window. If so, the
opener will be searched for the API Instance.
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Chain of Parents of the Opener: In this case, the SCOs and Assets are being launched
in a new window and the LMS has placed the API Instance in a parent frame of the
opener window. The algorithm described in the IEEE standard will determine if the SCO
was launched in an opener window. If so, the opener window will be searched for the
API Instance. If the API Instance is not found in the opener window, the algorithm
determines if the opener window has a parent. The algorithm is designed to search the
parent window hierarchy until it either finds the API Instance or determines that there are
no more parent windows.

/ Parent 3 \
Y
~

Parent 2
Opener
SCO API_1484_11 §)
\ / SCO Window
L
API Location: Chain of Parents API Location{ Opener

.

Parent 4
API_1484_11 s h
)
\ / SCO Window
b /

API Locdtign: Chain of Parents of the Opener

Figure 3.2.1a: Permitted DOM Locations of an APl Implementation
There.are ongoing research and development efforts investigating alternative methods

(e.g., asaWebService) for tivtS vendors to provide SCOs access to the APHTStarce:
However, SCORM only supports the method described above, the DOM and
ECMAScript are reliable technologies that have been around for some time and are
simple to use. Future versions of SCORM may introduce other communication protocols
that support the fundamental requirements defined by the IEEE standard.
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3.2.1.1 Version Attribute

The IEEE standard requires that the API Instance be accessible viaa DOM Object. The
standard also requires the DOM object to have an attribute named version. The value of
the attribute represents the version of the API Instance. The value assigned to the
attribute is required to consist of a period-delimited string containing major and minor
release values as whole numbers. To indicate that the API Instance is built in

conformance with the IEEE Standard, the first three characters are required tobe 1.0. If
an implnmnntntinn wants to qppnnd additional characters to the value to represent

internal versioning information, then the fourth character is required to be another-pefiod-
delimiter (e.g., 1.0.).
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3.3. SCO Responsibilities

All SCOs have certain responsibilities when communicating across the APl. SCOs must
be able to consistently find the API Instance. This is one of the primary reasons why
there are restrictions on where, in the DOM hierarchy, the LMS provides the API
Instance and why there is a common name of the API Instance to locate. If the API

Instgnce were allowed to exist anywhere in the DOM hierarchy, this would make it
extramely difficult to provide a consistent communication mechanism and management
of the run-time environment.

3.3]1. Finding the API Instance

In onder for a SCO to begin tracking a learner’s experience with an LMS, the SCO must
be alple to find the LMS provided API Instance. Since the content ebjects, in the SCORM
envifonment, are launched in Web browsers, the Web browsers provide a DOM in which
to place an API Instance. The DOM can be considered a definee structure or
orgahization of the objects in a page. In order for SCOs todind the API Instance from
one LMS to another, the IEEE standard has placed restrictions on where the API Instance
can e placed in this hierarchy. The important fact is¢hat the SCO must look in the
follawing locations, in the order specified, for the ARI Instance:

1. The chain of parents of the current window, if any exist, until the top of the
window of the parent chain is reached

The opener window, if any

The chain of parents of the opener window, if any exist, until the top window of
the parent chain is reached

QDO

The SCO must search for the-API Instance in this manner and stop as soon as an API
instgnce is found. For the SCO to know what it is looking for, the IEEE standard has also
defined a mandatory name for the object in the DOM that is associated with the API
Implementation. The name defined for the APl Implementation is AP1_1484 11.
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/ Parent N ﬁ / \
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API Location: Chain of Parents of the Opener
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N4 J

ARMN.ocation: Chain of Parents

Figure 3.3.1a: Illustration of Finding the API

Once a SCO finds an API Instance, the SCO is required to, at a minimum, issue
Initialize(G<)and Terminate(*”) API calls.

The IEEE«standard has provided a simple piece of ECMAScript that will find the AP
Instanee.in a consistent manner. It is not a requirement to use this ECMAScript code}
Other variations can be written.
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var nFindAPITries = 0;
var APl = null;

var maxTries = 500;
var APlIVersion = ""';

// The ScanForAP1() function searches for an object named API_1484 11
// in the window that is passed into the function. If the object is
// found a reference to the object is returned to the calling function.
// ITf the instance is found the SCO now has a handle to the LMS

// provided APl Instance. The function searches a maximum number

// of parents of the current window. If no object is found the

// function returns a null reference. This function also reassigns a
// vplue to the win parameter passed in, based on the number of

// pprents. At the end of the function call, the win variable will be
// spt to the upper most parent in the chain of parents.

funcjtion ScanForAPI(win)

{
whille ((Win_API_1484 11 == null) && (win.parent != null)
&& (win_parent != win))
{
NnFindAPITries++;
if (nFindAPITries > maxTries)
{
return null;
g _
win = win.parent;
}
return win.API_1484 11;
}
// The GetAPI() function begins the process a@f“searching for the LMS
// provided API Instance. The function takes.'in a parameter that
// rgepresents the current window. The function is built to search in a
// specific order and stop when the LMS_ provided APl Instance is found.
// The function begins by searching thelcurrent window’s parent, if the
// cprrent window has a parent. |If _the APl Instance is not found, the
// function then checks to see if thére are any opener windows. IF
// the window has an opener, the_ Tunction begins to look for the
// APl Instance in the opener WwiAdow.
funcjtion GetAPI(win)
{
if ((win.parent != nulll) && (win.parent !'= win))
{
APl = ScanForARL(win.parent);
}
iff ((AP1 == null) && (win.opener != null))
{
APl = ScanForAPIl(win.opener);
}
iff (APE=I= null)
APIVersion = APl .version;
¥
}
by

Code Illustration 3.3.1b: Example ECMAScript for finding the APl Implementation

This example ECMAScript code is based on the algorithm defined in the IEEE standard.
The algorithm was updated to add narrative text describing the functions, removed an
error message that is not necessary and updated to explain the win variable found in the
algorithm in more of a context. Organizations are not required to use the ECMAScript
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code as defined in IEEE or SCORM and are free to create their own ECMAScript. The
organizations must make sure the algorithm searches for the API Instance as defined in
the IEEE and SCORM.

3.3.2. APl Usage Requirements and Guidelines

This section outlines several additional requirements and guidelines for using the API to

communicate information to an LMS.

3321 Unexpected events

SCOs are built in a variety of different ways. When developing a SCO, ¢entent authars
need to be aware of the design of the SCO, how the SCO is intended.to,be delivered in an
LMS, and the different ways a learner may interact with the SCO,

For example, some SCOs are built as a collection of pages, which allow internal SCC
navigation from one page to another. In this design, some.content authors may
implement the SCO to invoke the Initialize(*”) call’on the first page and
Terminate(“~””) only on the last page. What happens.iP’there was an unexpected
behavior that was encountered during the learning experience? The unexpected event
may fall into several categories:

e Accidental exit
e Deliberate user action
e Catastrophic termination (e.gg-lost connection, browser crash)

Some LMSs handle these different scenarios by simulating the effect of Terminate({™)
function if it detects that a SCO that successfully called Initialize(*"”) became
unexpectedly inaccessible before invoking the Terminate() function. This is done
because there is no wayo detect (or decide) the cause of the problem - was it an
accident, a deliberate_user action, or just a poorly built SCO? Of course, if there is a
catastrophic event (lost connection, complete browser crash, etc.) then only the data that
had been copied from a client side cache (if one is being used) through a Commit(**)
function survives in the server side database.

One of.the main reasons why Commit(***) is in the API is to minimize time-consuming
communication delays between the client side of a runtime service and the server sid¢
that would occur if every data element value update was transmitted across the netwark
in real time. Implementations of the API are free to provide a client side cache that only

transmits and persists data state when the Commit(***) function is invoked.

A SCO has no way to detect if the API Instance it is communicating through is providing
a client side cache or sending all data updates to the server. To help minimize unexpected
behaviors and problems that may be encountered, SCO developers should adhere to the
following recommendations:
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e Invoke commit(**”) whenever something significant happens that must be
recorded, regardless of what might happen later.

e Do NOT call commit(**) after every Setvalue() call -- that defeats the
performance enhancement and can lead to serious problems with some LMS
implementations. DO call Commit(“~*) only after a "batch™ of setvalue() calls.

e There is typically no benefit in calllng Commit(*”) immediately prior to calling

PATEITAN + Aaoo Ibhaovrna crnng tha e ba CISHT-PNE-PXTVE P-NP-V-N - A VT 3
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during the Terminate () function call.

4 Call Terminate(*) prior to the SCO being taken away from the learner (i.e.;
unloaded from the browser). The SCO should keep track of whether it has
successfully invoked Terminate(“”), so the SCO can be built not to inveke
Terminate(“~)again. A properly built LMS will be able to handlethe call. It
should ignore the second call and set the error status accordingly</f the client
browser is Microsoft Internet Explorer, call Terminate(**”) in an
onbeforeunload handler rather than in an onunload handler, because there is a
much better chance that all the resulting work involved with unloading the SCO
will actually happen in an orderly manner. Other browsers do not raise an event
called onbeforeunload and therefore rely on the enunload event. It may be
wise to provide a mechanism to terminate the communication session somewhere
other than the onunload event.

4 Use Setvalue() and Commit(*~*) on arxengoing basis during the communication
session rather than trying to save a large amount of data immediately prior to
Terminate(*””). Do this because there is anecdotal evidence that some browsers
or browser versions actually staff’loading the next page even while onunload is
executing, and do not finish-executing some operations triggered by onunload
especially if the operations involve posting across a network. This could make for
a difficult situation on:thé back end, and in some implementations, some data may
not be committed properly or completely. If the data has been saved and
committed beforéunload occurs, then this data is most likely safe.
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SECTION 4
SCORM® Run-Time Environment Data

Model

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

O3 HFE-—HFFE Ste—3484-142 1
T otoT505 1. 1-

A Liaat n. Latorf. for Caontantta Nat: fl H ol ieati ol ieat-20)
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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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4.1. Data Model Overview

The purpose of establishing a common data model is to ensure that a defined set of
information about SCOs can be tracked by different LMS environments. If, for example,
it is determined that tracking a learner’s score is a general requirement, then it is
necessary to establish a common way for content to report scores to LMS environments.

If SCOs use a unique scoring representation, LMSs may not know how to receive, store
or process the information.

API Requests

RTS

GetValue("parameter”)
SetValue("parameter_1""parameter\2”)

@
o
=
=]
]
vy
=
o
<C

Figure 4.1.1a: Illustration of Using the Data Model with the API

The SCORM Run-Time Envirgnment Data Model is based on the 1484.11.1 Standard for
Learning Technology - Data Model for Content Object Communication [1] standard
produced by the IEEE LTSC CMI. 1484.11.1 is a standard that defines a set of data
model elements that,can be used to communicate information from a content object (j.e.,
SCO in SCORM) to an LMS. This set of data includes, but is not limited to, information
about the learnér; interactions that the learner had with the SCO, objective information,
success status,;and completion status. This information may be vital for many purposgs.
This data tan be used to track the learner’s progress and status, aid in sequencing
decisigns-and report on the overall learner interaction with the SCO.

The-data model in this section is defined as the SCORM Run-Time Environment Dat
Model. Prior to SCORM 2004, the SCORM Run-Time Environment Data Model waks

-

basedomthe ATCC-CVH 00T Gurdetimeforinteroperabitity {71—Smce theTetease of
SCORM Version 1.2, AICC has submitted CMI001 to the IEEE for standardization.
SCORM 2004 introduces the changes to the data model as defined by the IEEE 1484.11.1
Standard for Learning Technology Data Model for Content Object Communication [1].
Since the IEEE standard purely defines data model elements and their data types,
SCORM needs to apply more requirements pertaining to the use, behavior and
relationship with the API Instance. The SCORM Run-Time Environment Data Model
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defines a particular binding (dot-notation), implementation guidance and behavioral
requirements of the IEEE 1484.11.1 standard.

4.1.1. SCORM Run-Time Environment Data Model Basics

41.1.1 Data Model Elements

To idlentify the data model, all of the names of the data model elements described in the
SCQRM Run-Time Environment Data Model start with cmi. This signals to LMSs that
thes¢ data model elements are part of the IEEE 1484.11.1 Data Model for Content Object
Communication standard[1]. It is envisioned that as alternative data models are
developed they will start with a different designation (e.g., adl.elementName instead of
cmi.elementName) or may have a different binding other than the dot-notatiarn:

All data model elements described by SCORM are required to be implemented and their
behgviors supported by an LMS.

All data model elements are optional for use by SCOs. SCOs afeyrequired only to use the
API functions Initialize(*””) and Terminate(**’); they arg-not required to use
SetJalue() or Getvalue(). SCOs may be very, very small and not designed to be
tracked in detail. However, if they are to be tracked, they must conform to a common
datajmodel for reusability across multiple LMS environments.

All data model element names are bound to an EEMAScript characterstring using a dot-
notafion (e.g., cmi .success_status). During’Setvalue() method calls, all values to be
used| for setting the data model element are bound as ECMAScript characterstrings. The
ECMAScript standard [9] supports andds in conformance with the Unicode Standard [13]
(Version 2.1 or later). SCOs and LMSs need to be aware that since these characterstrings
are Wnicode encoded they may inctude Unicode escape sequences. When dealing with
any (lata that may be rendered.irvthe browser, SCOs must be aware of the level of support
for the Unicode in the different browsers and versions of browsers.

41.1.2 Data Model Effects on Sequencing

SCQRM Sequencing (refer to the SCORM SN book) describes how a series of content
objects are identified for delivery based on defined sequencing information, sequencing
behgviorsand results of learner interaction with launched content objects. Assets have a
limited’effect on sequencing. An LMS only tracks the fact that an Asset is launched.
Once-the SSethnasoeehrad pl-ivpmipiv Asset-shatH-be-considered COMPTetear- S€an
affect sequencing by reporting the results of a learner’s interactions during a learner
session with that SCO; this is done through the SCO’s Run-time Environment Data
Model. An LMS is required to utilize information reported by the SCO, through the
SCORM Run-time Environment Data Model, to affect the sequencing of subsequent
learning activities. SCORM does not mandate a specific method or timing for how and
when a SCO's run-time data is used for sequencing. SCORM prescribes only that the
most recent information is used when a sequencing evaluation requires it. Specific LMS

(13
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requirements for this data mapping are provided in the following tables, broken down by
each data model element (for more information refer to the Sequencing Impacts section

of relevant tables).

For example, if the SCO reports the learner’s completion of the SCO through
cmi .completion_status, the activity identified with that SCO will be assumed to al
be completed.

ADL Note: If the currently experienced content object is a SCO and the | earner At

SO

mpt

on it ends due to an Abandon or Abandon All Navigation Request, no data mapping

occurs. An abandoned Learner Attempt does not affect the state of the SCO’s associated

activity.

41.1.3 Handling Collections

Some data model elements collect sets of data related to their respective requirements.

The collection of data is referred to as a record of data throughout this document. Ea
record of data shall be collected as a single entity in the array:~The record of data is
accessed by an index value representing the record of data’s position in the array. Al
arrays shall be implemented with a starting index of 0dzero-based arrays).

The following data model elements are defined as collections of records of data:

e Comments from learner (cmi .commetts_from_learner)
e Comments from LMS (cmi .comments_from_Ims)

e Objectives (cmi.objectives)

e Interactions (cmi . interactions)

These data model elements exist-Wwith the intention that SCOs may track multiple
comments, objectives and/orinteractions.

There are two distinct.error conditions that can occur when invoking a Getvalue()
request:

1. GenerakGet Failure: Data Model Collection Element Request Out Of Range.
Therecord of data does not exist at the array position (i.e., index) requested.
example, if data exists for objectives in array positions 0,1 and 2 and the SCO
invokes a Getvalue() request for objective information at position 4, the LM
shall set the error code to 301 — General Get Failure and return an empty
characterstring. It is recommended that the LMS provide to the SCO, if reque

-or

S

sted

by a GetDiagnostic() request, more specific information about the error

encountered (refer to Section 3.1.7.6.4: Data Model Collection Element Request

Out Of Range)

Another scenario that may happen is that a SCO attempts to create a new reco

rd

of data in an array position. Some of the data model element collections contain
requirements that certain data model elements be set first, which will allow the
LMS to set up the record of data in the appropriate array position. If any of these
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data model elements is set successfully, it would cause a newly created record of
data to be added to the containing collection, increasing the collection’s count by:

1. The following list identifies the set of data model elements that would cause
the new record of data to be created:

0
3

.objectives.n.id

0
3

.interactions.n.id
L

B

Becs
Mod
posit

DO

(9]

. -.comments_from_learner.n.comment

0

. -.comments_from_learner._n.location

0
3 3 3

) -comments_from_learner._n_timestamp

0

When an LMS receives an invalid Setvalue() request against one ofthese data
model elements, the LMS will return false and set the appropriate API error
code. The size of the containing collection shall not be incremented. If a _count
request is made prior to the invalid Setvalue() request and the same _count
request is made immediately after the invalid Setvalue():réquest, then the value
returned by both calls shall be identical (i.e., the collection size has not changed).

If an LMS receives a Getvalue() request immediately following an invalid
Setvalue() request on one of these data modelelements, then the behavior shall
be:

(1) Return an empty characterstring ()
(2) Set the API Error Code 9301 — General Get Failure

Data Model Element VValue Notdhnitialized. The record of data exists at the array
position, however the data requested has not been initialized with a value yet. For
example, if the SCO makes.a request to get an objective’s scaled score
(cmi.objectives.0.sCore.scaled), however the scaled score was never
initialized with datal_In this case, the objective’s record of data exists (i.e., the
cmi .objectives. 0. id has been set) at position 0, however the scaled score was
never initialized.” The LMS shall set the error code to 403 — Data Model Element
Value Not Initialized and return an empty characterstring.

use of thécurrent dot-notation binding of the SCORM Run-Time Environment Data
el, these-data model elements contain an integer value representing the index (or
ion).in'the array. The index is just that, an index. Indices should not be considered

uniq

e for any given SCO, meaning that there is no quarantee from LMS to LMS (or

learner session to learner session) that the same objective is stored at the same index.
SCO developers should keep this in mind when using these data model elements.

The Objectives and Interactions data model elements contain an identifier data model

elem
inter

ent that indicates a unique identifier for each of the SCO’s objectives and
actions. This value should be used when searching for the index of a specific set of

objective or interaction data. To retrieve values for a specific Objective or Interaction, it
is recommended that the list of all of the SCO’s Objectives or Interactions be searched
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for a given identifier to determine its index rather than relying on a specific (hard-coded)
index position. The index position is not guaranteed to be the same from learner session
to learner session. All new collection elements shall be added sequentially. Indices used
to access collection elements shall not have insignificant starting zeros — “15” not
“0015”. When a value is to be added to a collection, the SCO must determine the last
index position used for that collection. The SCO and LMS shall not skip index positions
(packed arrays) when constructing or appending to a collection element. The _count
keyword data model element can be used to determine the current number of data model

elements in the collection. For instance, to determine the number of objectives currently
stored for the SCO, the following API call would be used:

| var numOfObjectives = GetValue(*'cmi.objectives._count™);

All collection data model elements, besides cmi .comments_from_Ims (this data modegl
element is read-only from a SCO perspective), can have their sub-elements overwritt¢n
by the SCO. Overwriting or appending is a decision that is made®y the SCO developer
during the creation of the SCO.

Data model elements in a collection are referred to using & det-number notation
(represented by .n).

cmi.objective.n.completion_status

For instance, the value of the completion status data model element in the first objectjve
in a SCO would be referred to as ""cmi .objective.0.completion_status", and the
completion status data model element in.the fourth objective would be referred to as
"cmi.objective.3.completion_status".

4114 Smallest Permitted Maximum (SPM)

There are two cases when describing data model element requirements where there are
SPMs defined. The twa cases are for characterstring lengths and the number of data
model elements contained in collections (arrays, bags, etc.). The SPM is defined as the
minimum number. of entries (in a collection) or characters (length of characterstrings) that
an implementation must accept or process. Implementations are free to accept and
process more than the SPM; however, they must support at least the SPM. For example,

e _‘Characterstrings: If a characterstring is defined with an SPM of 100, then an
implementation must accept and support at least 100 characters. Implementations
may support more than the defined SPM. SCORM is silent on handling of
characterstrings that contain more than the SPM number of characters (e.g., a

—

implementation is free to truncate the characterstring). Because an
implementation shall support at least the SPM, if an implementation truncates
values, the implementation shall truncate at the SPM. Implementations should be
aware of the consequences if the characterstring contains more than the defined
SPM.

e Collections: If a collection (e.g., array, set, bag) is defined with an SPM of 100,
then an implementation must accept and support at least 100 entries in that

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1 RTE-A-7
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collection. Implementations may support more than the defined SPM. SCORM
is silent on handling of collections that contain more than the SPM number of
entries (e.g., an implementation is free to not accept new entries).
Implementations should be aware of the consequences if the number of entries
exceeds the defined SPM.

The SPMs defined represent implementation storage requirements. As mentioned above,
an implementation has to support the storage of at least the SPM. An implementation

may etectto-supportthe-storage-of more-thanthe SPM—Hartmplementation-only
supports the SPM and performs a truncation of the characterstring, then ADL
recopnmends that the implementation make information available through the
GetDiagnostic() method call indicating that truncation of a characterstring has
occurred.

For ¢xample, if an implementation truncates a characterstring (because it only-supports
the §PM), then if the SCO calls GetDiagnostic() the implementation could return a
characterstring that states: “The SetValue() call was successful. Thevalue was greater
than|the SPM and was truncated”.

All yalidation of characterstrings and collections should be done-prior to the actual
storgge of the value. If an implementation elects to truncate the characterstring at the
SPM, the validation process will enforce the validation of the characterstring prior to this
trungation. The SPM for the characterstrings are in place for content developers to
utilize. Content developers need to be aware of the'SPM and what may happen if an
SPM is exceeded. It is recommended that content.developers keep within the SPM
constraints for maximum interoperability.

4115 Keyword Data Model Elements

SCORM defines a set of keyword-gata model elements in the binding of the IEEE
Content Object Communication'Data Model. The three keyword data model elements
are: | version, _count and(Cehildren. The keyword data model elements are managed
by the LMS and are derived from the state of the other data model elements. These
keywords allow SCQOs-te find out descriptive information about the data model elements.
The keyword data model elements can only be applied to certain other data model
elements (refer te:Section 4.2 for more information). The keyword data model elements
shall be implemented as read-only. If a SCO attempts to set (i.e., Setvalue() API
requpst) akeyword data model element (as defined in Section 4.2), then the LMS shall
set the.errar code to 404 - Data Model Element Is Read Only and return “false”.

Key (ords cannot be npplipd to other l(pywnrdc Eor mmmplra,

cmi.interactions._children._version is not permitted. If this situation is attempted
by a SCO, then the LMS shall return an empty characterstring and set the error code to
401 — Undefined Data Model Element.

_version: The _version keyword data model element is used to determine the version
of the data model supported by the LMS. This keyword data model element cannot be
applied to any data model element (refer to Section 4.2.1: Data Model Version for
implementation details).
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_count: The _count keyword data model element is used to determine the number of
data model elements currently in a collection. The count is the total number of data
model elements in the collection. This value can be requested by the SCO to determine
the next index position that is free to be used for storing information. This keyword data
model element can only be applied to a data model element that is a collection.

_children: The _children keyword data model element is used to determine all of the
data model elements in a parent data model element that are supported by the LMS. The
i d
listing of all of the data model elements supported by the LMS. The listing of data;model
elements returned shall match the data model elements found in Section 4.2 (i.e.;-casg-
sensitive naming of data model elements apply). The data model element names shalll be
considered reserved tokens and if white space is provided in the characterstring (i.e., used
in separating the reserved tokens), then the white space shall be ignored: The order of the
data model elements returned in the characterstring shall not matter. This keyword data
model element can only be applied to a data model element thatias children.

41.1.6 Reserved Delimiters

Due to the nature of the dot-notation binding, some of the data model elements need {o
convey more information than what can easily be represented as a characterstring. In
these cases, a special reserved delimiter has been created to meet the requirements of|the

dot-notation binding. These special delimiters appear in either the characterstring used in
a Setvalue() request or in the characterstring returned from a Getvalue() request. [The
cases where a special reserved delimiter may be needed are:

e Representing the language.type for a particular characterstring (Data Type:
localized_string_type)

e Representing the indication of whether or not order matters in a learner response
to an interaction

e Representing-the-indication of whether or not case matters in a learner responge to
an interaction

e Representing a set of values in a list or a pair of values

For each of the cases described above, a default value is provided, if applicable. Thig
defaultvalue shall be used if the special reserved delimiter is not specified. In all casgs,

the reserved delimiters shall not be counted toward the value of the SPM. Table 4.1.1.6a
describes the specifics of the reserved delimiters.

Hora

ali
1 L_y IJCIIIIIII.CI J

[}
'ES

Reserved Delimiter Syntax | Default Value Example

{lang=<language_type>} {lang=en} {lang=en}

{case_matters=<boolean>} | {case matters=false} | {case matters=true}

{case_matters=false}

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1 RTE-A-9
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{order_matters=<boolean>} | {order_matters=true} | {order_matters=true}

{order_matters=false}

Because these delimiters are not required, the default value shall be assumed for those
cases where the delimiter is not specified. If the delimiters are used in the
characterstring, there are other requirements on placement of the delimiter and the

delimiter-syntax:

Property Delimiter Syntax Requirements: The delimiter shall be treated as a constant
set of characters with the following format:

delimiter ::= “{” + name + “=” + value + “}”

The [*{* and “}” are required to indicate the beginning and ending portions©f-a delimiter.
The [*=""Is required to separate the name and value pieces of the delimitér.- The absences
of these required characters will cause the delimiter to not be recognized by the system;

instead, the set of characters will be treated as part of the underlying characterstring data
value.

The pame represents the identifier of the delimiter. The name is represented by a set of
resefved tokens:

lang
case_matters
order_matters

For the {lang=<language_type>} delimiter to be recognized as the language for the
characterstring, it must be placed at theteginning of the characterstring being qualified.
If the¢ {lang=<language type>} delimiter is not the first set of characters, then the default
langpage shall be assumed.

The pame token must be represented as-is (i.e., one of the following: lang,
casg_matters Or orden.matters). Any derivatives of these tokens (e.g., padding the
token names with white'space) will result in an unrecognized delimiter and the set of
characters will be treated as part of the underlying characterstring.

The value indicates the value for the named delimiter. The value portion of the
delirpiter is'restricted to the following:

p.“Fang: Restricted to the value represented by a language_type (refer to Section

4 1177 Data Types for requirements of a fanguage_type)-
e case_matters. Restricted to either true or false
e order_matters:. Restricted to either true or false

If the value does not meet its named delimiter’s type requirements, then the delimiter is
improperly formed and the characterstring does not meet the requirements of its type (i.e.,
causing a 406 — Data Type Mismatch error to occur).

RTE-A-10 SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1
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Valid Examples:

e SetValue(*‘cmi.comments_from learner.0.comment™,
”{lang=en}Characterstring in the English language’)

e SetValue(“cmi.interactions.0.correct_response.0.pattern”,
”{lang=en}{case_matters=true}Characterstring in the English
language where the case matters™)

a0 ant??
T

Py Coat\/alunlinmes ~nmmantc o I
ot TTvaraC T e CommcTTesS__TTom_—_¥

”{lang =fr}Characterstring in the English language™)

o cOomm
o TICT O COoOmmcTTC 5

There is no delimiter qualifying this Characterstring — “{lang =Fr}” i$ not
considered a language delimiter because it contains white space, which is not
lexically equivalent to the 1ang reserved delimiter. In this case, the overall
Characterstring includes {lang =fr} and is still consideredwvalid; its default
language is English (“en”). If this Setvalue call is invoked, the LMS shall sq
the data model element associated with the call to

»{lang =Ffr}Characterstring in the English, language”, set the erro
code to 0 — No Error and return true.

—

e SetValue(“cmi.comments_from_ learner.0O.Comment”,
”{case_matters=invalid}CharacterstrKing in the English languagel’)

There are no delimiters qualifying this‘Characterstring —
“{case_matters=invalid” is notypart of the defined format for
cmi .comments_from_learner.h-comment. In this case the overall
Characterstring includes {case matters=invalid} and is still considered valid;
its default language is English (“en”). If this Setvalue call is invoked, the LIMS
shall set the data model-glement associated with the call to
”{case_matters=invalid}Characterstring in the English language
set the error codeto 0 — No Error and return true.

Invalid Examples:

e SetVadue(“cmi.interaction.O.correct_response.O.pattern,
”{case matters=invalid}{lang=en}Characterstring in the English
lahguage™)

Assuming that the type of cmi . interaction.0 is fill-in, the case matters
delimiter is invalid because it requires a value of true or false. This example
uses “invalid.” Because the delimiter is improperly formed, an LMS should ot

set-thedatamodetetementassoctated-withthecali —set-theerrorcodeto206—
Data Type Mismatch, and return false.

e SetValue(“cmi.comments_from learner.0.comment”,
”{lang= fr}Characterstring in the French language’)

In this example, the lang delimiter is invalid because its value includes white
space, which is not part of a valid language string. Because the delimiter is
improperly formed, an LMS should not set the data model element associated
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with the call, set the error code to 406 — Data Type Mismatch, and return
false.

Property Delimiter Placement Reqguirements: The delimiters are required to be placed
in specific positions within the characterstring. In those cases where a combination of
delimiters may be used, the order of the delimiters is described by the data model
element. If a default value is used (implied by the absence of a delimiter) for one of the
delimiters in the set of delimiters, then the order should still be preserved. The delimiters

) n AP Y ) el lozb 2 () e Y olals b =
Shal e LUrLdtetiateu tugyeuicr Wit 1O Wie spalt Jertieu yeivweel Ui uceHimers. TUl
example:

o {case matters=true}{order_matters=true}

No White space or other characters are permitted prior to the first delimiter identified in
the gharacterstring. If there are no delimiters, which implies that the default values are
being used, then the value represents the characterstring used for the data+model element.

If any white space or other character is found at the beginning of the.characterstring, then
this will cause the set of characters to be treated as part of the underlying characterstring.

As mentioned above, Table 4.1.1.6a will be broken up into twotables. Table 4.1.1.6b
will pe updated to describe the Reserved Separator Delimiters as follows:

Table 4.1.1.6b: Reserved Separator Delimiters

Rederved Delimiter Syntax | Default Vall;l\%\\ ) Example

{l1ang=<language_type>} {lang=en} {lang=en}

{cgse_matters=<boolean>} | {caselmatters=false} | {case matters=true}

{case_matters=false}

{onder_matters=<boolean>}{-{order_matters=true} | {order_matters=true}

{order_matters=false}

erved Delimiter Syntax | Default Value Example

[-1 Not applicable, Used to separate a
needs to be provided | pair of values that
are related for an

interaction:
1[-]Ja
[.1 Not applicable, Used to separate a
needs to be provided | set of values for an
interaction’s

collection:

1[-1al.]12[-1cL-13L-1b

[:] Not applicable, Used to represent a
needs to be provided | separator between a
range of numeric
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values:

1[:]100 - a range
where the numeric
value is between 1

and 100 (inclusive)

Separator Delimiter Syntax Requirements: The delimiter shall be treated as a constant

set of characters with the following format:

delimiter :-:= “[” + reserved_character + *]”

The “[* and *“]” are required to indicate the beginning and ending portions-of the
delimiter. The absences of these required characters will cause the delintiter to not bg
recognized by the system; instead, the set of characters will be treated-as part of the
underlying characterstring.

The reserved_character represents the defined separator, (The reserved_charact
is represented by a set of reserved tokens:

The reserved_character token must be represented as-is (i.e., one of the following
[-1. [.1or [:1). Any derivatives of these tokens (e.g., padding the reserved_charac
tokens with white space) will result in‘@n unrecognized delimiter and the set of chara
will be treated as part of the underlying characterstring.

Separator Delimiter Placement Requirements: The delimiters are required to be
placed in specific positions within the characterstring. The delimiter is used to separd
various data values defined by a particular data model element. For more informatio
the data model elements that use these separator delimiters refer to Section 4.2: SCOF
Run-Time Environment Data Model.

4117 Data Types

Each ofthe data model elements has a defined data type. All applications of these data

types-are required to adhere to the defined requirements. This section outlines the set
data types and the specific requirements for each of the data types.

er

er
Cters

\te
ely
M

of

Characterstring; A characterstring is a string of characters thatare defimedim SO
10646. 1SO 10646 is equivalent to the Unicode Standard.

Each data model element defined as type characterstring specifies an SPM number of
characters that shall be supported by LMSs. It should be noted that this is the number of

characters not the octet string which is created by a particular character set encoding
scheme (e.g., UTF-8, UTF-16).
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localized string type: A localized characterstring is a characterstring that has an

indi

cator of the language of the characterstring. There are certain data model elements

where the language information is important. SCORM applies a reserved delimiter for
representing the language of the characterstring: {lang=<language_type>}.

The format of the characterstring is required to have the following syntax:

“{lang=<language_type>}<actual characterstring>”

Exampte:

“{lang=en}The content presented an excellent point dealing with the topic.”

The {lang=<language_type>} shall represent the delimiter that indicates the language. of
the gharacterstring to follow. The {lang=<language type>} is optional. The default
langpiage_type, if not specified, shall be “en” (English). The <language_type>.\value

shal

| be implemented with an SPM of 250 characters.

language type: A data type used to represent a language. The format of this data type is

a characterstring consisting of a required language code (langcode), followed by

mul

tiple, optional, hyphen-prefixed subcodes (subcode):
language_type ::= langcode [“-” subcode]*

where the langcode:

and

The

4 2-letter codes are defined by ISO 639-1 [14]

4 3-letter codes are defined by ISO 639-2 [15]

4 The value “i” is reserved and used as a-prefix for registrations defined by Internet
Assigned Numbers Authority (IANA)

4 The value “x” is reserved and used-as a prefix for private use

he subcode:

2-letter subcodes are 1SO"3166-1 alpha-2 country codes[16]
subcodes of from 3 ta.8 letters are registered with IANA

requirements for additional subcode values are not defined. Both the langcode and

subgode Vvalues shall be 1 to 8 characters in length.

1SO |639-2 specifies two code sets (bibliographic and terminology) for the language code.
Either code-Set may be used. The langcode and subcode is case insensitive. SCORM
recommends that the language_type be represented with the following format:

The

tangcode tsnormatty givenimtower case;,and
e subcodes (if any) are normally in upper case.

language_type is also permitted to be an empty characterstring for certain data

model elements. The language_type of a localized_string_type is not permitted to
be an empty characterstring. The default value for the language_type portion of a
localized_string_type is “en” (English). The language_type may be an empty
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characterstring for all other data model elements defined as this type (refer to Section
4.2.13: Learner Preference).

long identifier_type: The long_identifier_type represents a label or identifier. This
label or identifier shall be unique within the context of the SCO. The
long_identifier_type shall be a characterstring that conforms to the syntax defined for
Universal Resource Identifiers (URI), refer to RFC 3986 [6]. SCORM recommends that
the URI be a globally unique identifier in the form of a Uniform Resource Name (URN),

144 21

refertoe RFC2HH3T}:

All URNS are required to have the following syntax (phrases in quotes are required):
<URN> = “urn:”<NID>*:"<NSS>

where <NID> is the Namespace Identifier and <NSS> is the Namespace Specific String

[3].
Example: urn:ADL:interaction-id-0001

Since an empty characterstring does not provide sufficient semantic information to
uniquely identify a value, then a long_identifier_type value.shall not be an empty

characterstring and cannot contain all white space characters. The long_identifier_type
value shall be implemented with an SPM of 4000 characters.

short identifier type: The short_identifier_type represents a label or identifier. Thjs
label or identifier shall be unique within thecontext of the SCO. The
short_identifier_type shall be a characterstring that conforms to the syntax defined fof
URI, refer to RFC 3986 [6].

Since an empty characterstring does not provide sufficient semantic information to
uniquely identify a value, then-ashort_identifier_type value shall not be an empty
characterstring and cannot contain all white space characters. The short_identifier_type
value shall be implemented with an SPM of 250 characters.

integer: The integef data type indicates that the data model element is a member of the
set of positive whole numbers (i.e., 1,2,3, etc.), negative whole numbers (i.e., -1, -2, 3,
etc.) and zeroA0).

state: Some of the data model elements values have a defined set of states. This is
defined by a statement like:

state (browse,normal,review)

Each state is bound to a reserved token. These reserved tokens are specific

characterstring representations of the state values defined by the data model elements.
These reserved tokens are defined in the Value Space section in the Data Model Element
Implementation Requirements. Each defined state does not necessarily map one-to-one
to a reserved token (e.g., not_attempted state value maps to the not attempted
reserved token).

real (10,7): The real(10,7) data type denotes a real number with a precision of seven
significant digits.
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time (second, 10, 0): The time (second,10,0) data type represents a point in time. This
data type shall have a required precision of 1 second and an optional precision of 0.01
seconds [1]. Implementations should be aware of this required precision versus the
optional precision, for it may impact implementation decisions. For example, if an
application is expecting the optional precision, it may not be supported. The SCORM
dot-notation binding defines a particular format for a characterstring to represent a point
in time. The format of the characterstring shall be as follows:

YY\ NEAMNMMEDPDDIIThbhlpanmalcal o271 T117177 3 ol o o
T IVIIVITTU UL THIN LTI ool .ol T&UU 111111 VVIITIT

4 YYYY: Afour-digit year (1970 <= YYYY <=2038)

4« MM: A two-digit month (01 through 12 where 01=January)

4 DD: A two-digit day of month (01 through 31, depending on the value of month

and year)

hh: Two-digits of hour (00 through 23)

mm: Two-digits of minute (00 through 59)

ss: Two-digits of second (00 through 59)

s: One or more digits representing a decimal fraction of a seCond. If fractions of a

second are used, SCORM further restricts the string to_a maximum of 2 digits

(e.g., 34.45 —valid, 34.45454545 — not valid).

4 TZD: Time zone designator (z for UTC or +hh :mmor —hh:mm).

0 The hh and mm shall adhere to the requirements defined above for hh and
mm.

0 The time zone designator uses the e€xtended format as defined by ISO
8601-2000. The extended format requires the use of the colon ( : ) asa
separator between the hours<and minutes. If the difference between local
time and UTC is required;-then the time can be expressed in hours and
minutes (i.e., 03:10), ot if the time difference is exactly an integral number
of hours, then hours‘only (03).

0 The leading zero-is required for hours less than 10.

o0 If no TZD designator is provided, then the default time zone shall be
interpreted as “local time”.

o0 If TZD-is:defined, then hh:mm:ss.s shall also be defined, although they
may(be-all zeros.

4 At least the-four-digit year must be present. If additional parts of the time are

included, the character literals -, T, : and . are part of the character lexical

representation [1].

Example:
e 2005
e 2005-07-25T03:00:00
e 2005-07-25T03:00:00-03:10
e 2005-07-25T03:30:35.5+05
e 2005-07-25T03:00:00Z

timeinterval (second, 10,2): The timeinterval (second, 10, 2) denotes that the value for
the data model element timeinterval represents elapsed time with a precision of 0.01
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seconds[1]. The SCORM dot-notation binding defines a particular format for a
characterstring to represent a timeinterval.

The format of the characterstring shall be as follows:
PlyY][mM][dD][T[hH][NnM][s[.s]S]] where:

y: The number of years (integer, >= 0, not restricted)
m: The number of months (integer, >=0, not restricted)

d: The number of days (integer, >=0, not restricted)

h: The number of hours (integer, >=0, not restricted)

n: The number of minutes (integer, >=0, not restricted)

s: The number of seconds or fraction of seconds (real or integer, >=0, hot
restricted). If fractions of a second are used, SCORM further restricts the string to
a maximum of 2 digits (e.g., 34.45 — valid, 34.45454545 — not valid).

e The character literals designators P, Y, M, D, T, H, M and Shall appear if the
corresponding non-zero value is present.

e Zero-padding of the values shall be supported. Zero~padding does not changq the
integer value of the number being represented by-a set of characters. For
example, PTO5H is equivalent to PT5H and P TTO00005H.

Example:

e P1Y3M2DT3H indicates a period of time of 1 year, 3 months, 2 days and 3 hgurs
e PT3H5M indicates a period of time of 3 hours and 5 minutes

Implementers should be aware that the format and binding is for the communication ¢f
the data between a SCO and an EMS. Since the format is representing a period of time,
then a duration like PT5M is equivalent to PT300S.

If the data model element;-that is of type timeinterval(second,10,2) contains a value, §hen

e The designator P shall be present;

e If the value of years, months, days, hours, minutes or seconds is zero, the valye
and corresponding character literal designation may be omitted, but at least one
character literal designator and value shall be present in addition to the designator
o

s The designator T shall be omitted if all of the time components (hours, minutgs
and seconds) are not used. A zero value may be used with any of the time

A ants (o ~ DTACQY
CUMTPUTICITIS (S YT TUg),

41.1.8 Extending the SCORM Run-Time Environment Data Model

The SCORM Run-Time Environment Data Model itself shall not be extended. If an
LMS receives an API request in which the parameter is cmi.elementName (where
elementName is some other token not defined in Section 4.2), then an LMS shall behave
as follows:
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e GetValue(parameter): The LMS shall return an empty characterstring and set
the error code to 401 — Undefined Data Model Element

e SetValue(parameter_1, parameter_2): The LMS shall return “false” and
set the error code to 401 — Undefined Data Model Element

There is work currently taking place to address additional ways of extending and defining
other data models. SCORM may be updated to include these development efforts as they
progress and become stable.
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4.2. SCORM Run-Time Environment Data Model

The SCORM Run-Time Environment Data Model contains a set of data model elements
that can be tracked by the SCO with an LMS during the run-time of the SCO. The data
model elements can be used to track items like status, scores, interactions, objectives, etc.
Some of the run-time environment data model elements impact each other or are used in

coordination with others. Some of the data model elements, if used, impact the contr
and sequence of other SCOs that are being used in the same context (e.g., lesson-or
course). Table 4.2.a summarizes high level information about each data model elems

Table 4.2a: SCORM Run-Time Environment Data Model Elements Summary

Data Model
Element

Comments From
Learner

Dot-Notation Binding

cmi.comments_from_learner

Description

Contains text from the learner.

DI

nts.

Comments From
LMS

cmi.comments_from_Ims

Contains comments'and annotations intended to be made
available to thedearner.

Completion Status

cmi.completion_status

Indicates whéther the learner has completed the SCO.

Completion cmi.completion_threshold Identifies a value against which the measure of the progrgss

Threshold the“tearner has made toward completing the SCO can be
compared to determine whether the SCO should be
considered completed.

Credit cmi.credit Indicates whether the learner will be credited for performpnce
in this SCO.

Entry cmi.entry Contains information that asserts whether the learner has
previously accessed the SCO.

Exit cmi.exit Indicates how or why the learner left the SCO.

Interactions

cmi.interdctions

Defines information pertaining to an interaction for the
purpose of measurement or assessment.

Launch Data

emi.launch_data

Provides data specific to a SCO that the SCO can use for
initialization.

Learner Id

cmi.learner_id

Identifies the learner on behalf of whom the SCO instanc
was launched.

Learner)Name

cmi.learner_name

Represents the name of the learner.

Learner Preference | cmi.learner_preference Specifies learner preferences associated with the learner’s use
of the SCO.

Location cmi.location Represents a location in the SCO.

Maximum Time cmi.max_time_allowed Indicates the amount of accumulated time the learner is

Allowed allowed to use a SCO in the learner attempt.

Mode cmi.mode Identifies the modes in which the SCO may be presented to
the learner.

Objectives cmi.objectives Specifies learning or performance objectives associated with

a SCO.
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Progress Measure cmi.progress_measure Identifies a measure of the progress the learner has made
toward completing the SCO.

Scaled Passing cmi.scaled_passing_score Identifies the scaled passing score for a SCO.

Score

Score cmi.score Identifies the learner’s score for the SCO.

Session Time cmi.session_time Identifies the amount of time that the learner has spent in the
current learner session for the SCO.

Success Status cmi.success_status Indicates whether the learner has mastered the SCO.

Suspend Data cmi.suspend_data Provides information that may be created by a SCO as a

result of a learner accessing or interacting with the SCO.

Timg Limit Action | cmi.time_limit_action Indicates what the SCO should do when the maximum dime
allowed is exceeded.

Tota] Time cmi.total_time Identifies the sum of all of the learner’s learner.session times
accumulated in the current learner attempt prior_to the current
learner session.

The following sections define the requirements for implementation‘ef the SCORM Run-
Tim¢ Environment Data Model. Each data model element is presented in a new section
(i.e.,|4.2.1,4.2.2, etc.). Each section contains a table that deseribes the specific
requjrements for the data model element. These requirements apply to both LMS and
SCQ implementations. Some requirements impact LMS implementations; some impact
SCQ implementations and some impact both LMS and’SCO implementations.

Table 4.2b describes the layout and format of thetables and provides descriptive
infofmation describing each portion of the tables.

Table 4.2b: Data Model Element Table Explanation
Doi-Notation Binding Details \

<dgt-notation characterstring This section provides descriptive data about the data model
repfesentation of the data model element> | element.

Data Model Element Implementation Requirements: This
section of the table defines the data model element implementation
requirements. This section outlines those requirements about the
data type that both an LMS and a SCO shall adhere. This 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 as defined by the IEEE standard [1].
e Value Space: Represents the space of values that can be
held by the data type. For example, the data type may be

a bhal abtl‘:l atl il Y, hUVVCVCI that bhal a\‘tcmtl il LY dﬂtﬂ va:uca
may be restricted to the ASCII character set.

e Format: Describes any format restrictions placed on the
value for the data type. For example, times may have a
certain format (i.e., hh:mm:ss).

LMS Behavior Requirements:

e  This section describes the set of requirements that an

LMS is required to follow.

Sequencing Impacts:
e  This section describes the impacts of the data model
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element on sequencing rules and behaviors. If this
section is omitted, the data model element has no impacts
on sequencing.

SCO Behavior Requirements:
e  This section describes the set of requirements that a SCO
is required to follow.

API Implementation Requirements:
e  GetValue(): This section outlines the specific behaviors
that an LMS shall adhere to when processing GetValue()
requests for the specified data model element. This

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

Additional Behavior Requirements:
e  This section outlines,anyjadditional behavior
requirements that are specific to the data model eleme

Example:
e  This section ‘eatlines valid APl method calls using the

data modeél element.

—
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42.1. DataModel Version

The cmi ._version keyword data model element can be used by the SCO to determine
the data model version supported by the LMS. The associated cmi._version for the
SCORM Run-Time Environment Version 1.3 shall be 1.0. This value is defined by the
IEEE standard [1]. This value can be requested by a SCO to determine the version of the

SCORMRun-Time Environment Data Maodel Quppnrmd hy the L MS._For nyamplp, a
SC( could be authored to support multiple versions of the SCORM Run-Time
Environment Data Model if so desired.

Table 4.2.1a: Dot-notation Binding for the Data Model VVersion Data Model Element
Dor-Notation Binding Details \
cm|._version Represents the version of the data model.

Data Model Element Implementation Reguirements:

e Data Type: characterstring

e Value Space: 1SO-10646-1.[5]

e Format: The value shall eansist of a period-delimited
characterstring containing-major and minor release values
as whole numbers. Any-characters appearing after the
minor release value-shall be separated from the minor
release value by,a period (“.”) [1].

The characterstring shall represent the value defined by
the IEEE standard: 1.0
LMS Behaviar.Réquirements:

e  This data model element is mandatory and shall be
implemented as read-only.

e\ The LMS is responsible for returning the characterstring
1.0, when requested by the SCO.

SE0 Behavior Requirements:

e  This data model element is required to be implemented by
an LMS as read-only. The SCO is only permitted to
retrieve the value of the data model version
(cmi._version) data model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the value 1.0 (refer
to Data Model Element Implementation Requirements
above) and set the error code to O — No Error.

e  SetValue(): If the SCO invokes a SetValue() request to
set the cmi._version, then the LMS shall set the error code
to 404 — Data Model Element Is Read Only and return
“false”.

Example:

e Getvalue( cmi._version)
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4.2.2. Comments From Learner

There may be times where the content designer wishes to collect comments from the
learner about the learning experience. The data model permits the tracking of comments
from the learner on a per SCO basis. How the comments are collected or presented is
out5|de the scope of SCORM. For example, an LMS may prowde an option to collect

may have the ability to collect comments built dlrectly into the SCO How the comiments
are used is also outside the scope of SCORM. For example, once the comments have
been collected, an LMS may provide the designers (of the SCO) the ability te:create 3
report listing out the comments. These may be able to be collected for thewentire content
organization. These comments then may be used by the designer to evaluate the current
design and structure of the content.

The cmi .comments_from_learner data model element provides. the ability to not only
collect the actual text of the comment but also the location (where in the content) and|a
timestamp (when).

The cmi .comments_from_learner contains freeform text generated by the learner. [The
structure of the text is not specified. The value of this data model element is intended to
provide feedback about the SCO or the learning.€xperience with the SCO from a spegific
learner. Using this data model element for ather purposes may adversely affect
interoperability.

The LMS shall support at least the SPIM of 250 comments from the learner. Each

comment from the learner containg a'data model element that represents the textual
comment made by the learner.: This textual comment has a SPM of 4000. In either cgse,
the LMS is free to support more than the SPM.

Table 4.2.2a: Dot:notation Binding for the Comments from Learner Data Model Element

Dot-Notation Binding Details

cmi.comments_from: learner._children The cmi.comments_from_learner._children data model element
represents a listing of supported data model elements. This data
model element is typically used by a SCO to determine which dgta
model elements are supported by the LMS. The characterstring
returned may be used by the SCO to dynamically build parameters
for the GetValue() and SetValue() requests.

Data Model Element Implementation Requirements:
e Data Type: characterstring

Py \alue Qpar‘n' 1S0-10646-1 ['—‘\]

e Format: A comma-separated list of all of the data model
elements in the Comments From Learner parent data
model element that are supported by the LMS. Since all
data model elements are required to be supported by the
LMS, the characterstring shall represent the following
data model elements:

o comment
0 location
0 timestamp
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LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by an LMS as read-only.

e  The LMS is responsible for returning a comma-separated
list of all of the Comments From Learner child data
model elements (refer to Data Model Element
Implementation Requirements above).

SCO Behavior Requirements:
e  This data model element is required to be implemented by
an LMS as read-only. The SCO is only permitted to

TEMriEve the valug of the
cmi.comments_from_learner._children data model
element.

API Implementation Requirements:

e  GetValue(): The LMS shall return a comma-separated
list of the Comments From Learner child data model
elements supported by the LMS (refer to Data Model
Element Implementation Requirements abave) and set the
error code to O — No Error. The ordering of data model
elements is not important. The characterstring returned
shall adhere to the requirements identified in the Data
Model Element Implementatign Requirements.

e  SetValue(): If the SCO invokes a SetValue() request to
set the cmi.comments_from_learner._children, then the
LMS shall set the error cade to 404 — Data Model
Element Is Read Only and return “false”.

Example:
o GetValue(*tmi.comments_from_learner._children”)

cm|.comments_from_learner._count The cmi.commentsfrom_learner._count keyword describes the
current numberof learner comments that are being stored by the
LMS for thé<SCO. The total number of entries currently being
managedby the LMS shall be returned.

Data-Model Element Implementation Requirements:
s Data Type: integer
e Value Space: Non-negative integer
e Format: The characterstring representing the number of
learner comments that the LMS is currently managing.

LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by the LMS as read-only.

e |fthe LMS receives a request to get the
cmi.comments_from_learner._count value prior to any
comments being set by the SCO, then the LMS shall
adhere to the requirements listed below for API
Implementation Requirements.

SCO Behavior Reqguirements:

e  The data model element is required to be implemented by
an LMS as read-only. The SCO is only permitted to

retrieve the value of the
cmi.comments_from_learner._count data model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the number of learner
comments currently stored by the LMS and set the error
code to O — No Error.

0 If no comments have been set by the SCO, then
the LMS shall return O, set the error code to O -
No Error.
o SetValue(): If the SCO invokes a SetValue() request to
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set the cmi.comments_from_learner._count, then the
LMS shall set the error code to 404 — Data Model
Element Is Read Only and return “fFalse”.

Example:
o GetValue(“cmi.comments_from_learner._count”)

cmi.comments_from_learner.n.comment The cmi.comments_from_learner.n.comment data model element
shall describe textual input [1]. The characterstring value
represents a localized characterstring.

Data Model Element Implementation Requirements:

e Data Type: localized_string_type (SPM: 4000)

e  Value Space: A characterstring (defined by 1SO51064
1) with localization information

e Format: Refer to Section 4.1.1.7: Data Typesfor mor
information on the requirements for theformat of the
localized_string_type data type.

LMS Behavior Requirements:

e  The data model element is mandatory and shall be
implemented by an LMS asdead/write.

e  The value is supplied by the.SCO. The LMS shall not
make any assumption onan initial value for this data
model element. Ifa«GetValue() request is made befo
the actual comment has been set by the SCO, then the
LMS shall behave according to the API Implementatio
Requirementsbelow.

SCO Behavior.Réguirements:
e  The.data model element is required to be implemented|by
an“LMS as read/write. The SCO is permitted to retrieje
and store the value of the
cmi.comments_from_learner.n.comment data model
element.

e  During a SetValue() request, the SCO should be awareg
that the delimiter is optional. If the delimiter is not
provided as part of the characterstring, the LMS will
assume that the default language is “en” (English).

e  During a GetValue() request, the SCO should be awarg
that the delimiter may be part of the characterstring
returned by the LMS (depending on the LMS
implementation). What the SCO does with the
characterstring returned by the LMS is dependent on t
implementation of the SCO.

API Implementation Requirements:

e  GetValue(): The LMS shall return the value stored fo|
the cmi.comments_from_learner.n.comment data modg|
element and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is

(2]
T

D

(4]

=]

@D

ITTPITOTI Itb‘d as pab'r\cd array.s. :f thc SCO
invokes a GetValue() request where the index
(n) is a number larger than what the LMS is
currently maintaining (e.g., the request
indicated an n value of 5 when there are only 3
comments in the array), then the LMS shall set
the error code to 301 — General Get Failure and
return an empty characterstring (“”). Refer to
Section 3.1.7.6: SCORM Extension Error
Conditions for further recommendations on
processing this request.
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0 Ifthe SCO attempts to retrieve the
cmi.comments_from_learner.n.comment and
the record of data has been created but the
comment data model element has not been set
by the SCO, then the LMS shall set the error
code to 403 - Data Model Element Value Not
Initialized and return an empty characterstring
().

e  SetValue(): The LMS shall set the
cmi.comments_from_learner.n.comment to the supplied

Value e Setvalue() Tequest, Setthe erTor COue 0= NO
Error and return “true”.

0 If the supplied value of the SetValue() does not
meet the requirements of the Data Model
Element Implementation Requirements, then
the LMS shall set the error code to 406 —)Data
Model Element Type Mismatch andceturn
“false”. The LMS shall not alterthe state of
the data model element based,on'the request.

0 The data model binding fat collections is
represented as packed arrays. If the SCO
invokes a SetValue() request where the index
(n) provided is a nmber that is greater than the
current number(of)comments from learner being
stored (can be-determined by requesting the
cmi.comments_from_learner._count ), then the
LMS shallset the error code to 351 — General
Set-Railure and return “false”. Refer to
Section 3.1.7.6: SCORM Extension Error
Conditions for more information on processing
this request.

Additional Behavior Requirements:

o \If the data model element is implemented, the SCO has
the responsibility to make sure that
cmi.comments_from_learner.n.comment is set initially in
a sequential order. The SCO has the ability to retrieve
previously set comments and overwrite these comments,
updating the comment, location and timestamp. The SCO
should be aware of the smallest permitted maximum
number of characters (4000) that shall be implemented by
the LMS.

Example:
e  GetValue(“cmi.comments_from_learner.0.comment”)

e  SetValue(“cmi.comments_from_learner.0.comment”,”So
me comments about the SCO”)

cm|.comments—from_learner.n.location The cmi.comments_from_learner.n.location data model element
indicates the point in the SCO to which the comment applies. This
data model element is implementation-defined by each SCO. If no
value is specified for location, then the comment is applicable to the

entire SCO (as a whole) rather than a specific location in the SCO.
[1].
Data Model Element Implementation Requirements:
o Data Type: characterstring (SPM: 250)
e Value Space: 1SO-10646-1
e Format: The format of this data model element is
defined and controlled by the SCO. Refer to Section
4.1.1.7: Data Types for more information on the
requirements for the format of the characterstring data
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type.
LMS Behavior Requirements:

e  The data model element is mandatory and shall be
implemented by the LMS as read/write.

e  The value is controlled and supplied by the SCO. Ifa
GetValue() request is made before the actual location has
been set by the SCO, then the LMS shall behave
according to the APl Implementation Requirements
below.

SCO Behavior Requirements:

e  The data model element is required to be implemented|by
an LMS as read/write. The SCO is permitted to retrigve
and store the value of the
cmi.comments_from_learner.n.location data-model
element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the value stored foj
the cmi.comments_from_learnern.tocation data model
element and set the error code.to O — No Error. The
characterstring returned shall'adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The datamodel binding for collections is
represented as packed arrays. If the SCO
invokes a GetValue() request where the index
(n) is a number larger than what the LMS is
currently maintaining (e.g., the request
indicated an n value of 5 when there are only 3
comments in the array), then the LMS shall get
the error code to 301 — General Get Failure pnd
return an empty characterstring (“”). Refer t
Section 3.1.7.6: SCORM Extension Error
Conditions for further recommendations on
processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.comments_from_learner.n.location and the
record of data has been created but the locatipn
data model element has not been set by the
SCO, then the LMS shall set the error code tp
403 - Data Model Element Value Not
Initialized and return an empty characterstrir|g
(")

e  SetValue(): The LMS shall set the
cmi.comments_from_learner.n.location to the supplied
value in the SetValue() request, set the error code O -
No Error and return “true”.

0 The data model binding for collections is
represented as packed arrays. If the SCO
invokes a SetValue() request where the inde
(n) provided is a number that is greater than the

=)

current number of comments from learner being
stored (can be determined by requesting the
cmi.comments_from_learner._count ), then the
LMS shall set the error code to 351 — General
set failure and return “false”. Referto
Section 3.1.7.6: SCORM Extension Error
Conditions for more information on processing
this request.

Additional Behavior Requirements:
e  The SCO has the ability to retrieve previously set
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comments and overwrite these comments, updating the
comment, location and timestamp. The SCO should be
aware of the smallest permitted maximum number of

characters (250) that shall be implemented by the LMS.

Example:
e  GetValue(“cmi.comments_from_learner.0.location”)

e  SetValue(“cmi.comments_from_learner.0.location”,”PA
GE1SECTION#3")

cmi.comments_from_learner.n.timestamp | The cmi.comments_from_learner.n.timestamp data model element

indicatesthepointinrtimeat-whichrthecomment-wascreated ot
most recently changed. Implementation shall support, minimally,
time periods in the range of January 1, 1970 through January 1,
2038 [1].

Data Model Element Implementation Requirements:

e Data Type: time (second,10,0)

e  Value Space: The data type denotes the valuefor'time is
expressed as a value that is accurate to one,second and
optionally accurate to one hundredth ofia second (0.01).
e Format: Refer to Section 4.1.4,7:.Data Types for
more information on the requirements for the format of
the time (second,10,0) data type.

LMS Behavior Requirements:

e  The data model element-is-mandatory and shall be
implemented by the L'MS'as read/write.

e  The value is controtled and supplied by the SCO. Ifa
GetValue() request is made before the timestamp has
been set, then the LMS shall behave according to the API
Implementation Requirements below.

SCO Behavior Requirements:

e  The data model element is required to be implemented by
an‘MSs as read/write. The SCO is permitted to retrieve
and store the value of the
cmi.comments_from_learner.n.timestamp data model
element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the value stored for
the cmi.comments_from_learner.n.timestamp data model
element and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is
represented as packed arrays. If the SCO
invokes a GetValue() request where the index
(n) is a number larger than what the LMS is
currently maintaining (e.g., the request
indicated an n value of 5 when there are only 3
comments in the array), then the LMS shall set

the-error-code-t0-301—General-Get-Falure-and

return an empty characterstring (*”). Refer to
Section 3.1.7.6: SCORM Extension Error
Conditions for further recommendations on
processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.comments_from_learner.n.timestamp and
the record of data has been created but the
cmi.comments_from_learner.n.timestamp data
model element has not been set by the SCO,
then the LMS shall set the error code to 403
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Data Model Element Value Not Initialized and
return an empty characterstring ().

SetValue(): The LMS shall set the
cmi.comments_from_learner.n.timestamp to the supplied
value in the SetValue() request, set the error code O -
No Error and return “true”.
0 If the supplied value of the SetValue() does not
meet the requirements of the Data Model
Element Implementation Requirements, then
the LMS shall set the error code to 406 — Data

Example:

Model ETement Type Mismatch and return
“False”. The LMS shall not alter thestate |of
the data model element based on the feguest
0 The data model binding for collections is
represented as packed arrays. If the SCO
invokes a SetValue() request where the inde
(n) provided is a number that-is greater than the
current number of comments from learner bding
stored (can be determined by requesting the
cmi.comments_from_learner._count ), then the
LMS shall set-the'error code to 351 — Genergl
set failuresand-return “false”. Refer to
Section'3:147.6: SCORM Extension Error
Conditions for more information on processipg
thisfequest.

GetValue(**cmi.comments_from_learner.0.timestamp”
SetValue(“cmi.comments_from_learner.0.timestamp”,['20
03-07-25T03:00:00™)
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4.2.

3. Comments From LMS

The cmi .comments_from_Ims data model element contains comments and annotations
intended to be seen by all learners for the SCO for which they are defined. These
comments are intended to be a mechanism for adding information of interest to all
learners in a particular community, instructor notes, etc. SCORM does not define a

mec

anism for how these comments are initialized. | MSs are free to pravide a

mec
requ

How
wou
laun

The
or th
SCQO

The
free

nanism to support the creation and initialization of this data. This support is not
red for SCORM conformance.

this information is presented or used is outside the scope of SCORM. One suckh’use
d be for the ability to retrieve the comments and display them to the learnef:upon
ch of the SCO (or during some point in the learner session).

value of cmi . comments_from_Ims is intended to provide information about the SCO
e learning experience with the SCO. The structure of this data is not specified by
RM.

LMS shall support at least the SPM of 100 comments fromthe LMS. The LMS is
fo support more than the SPM.

Table 4.2.3a: Dot-notation Binding for the Comment.from LMS Data Model Element

-Notation Binding Details

cm|.comments_from_Ims._children The cmigomments_from_Ims._children data model element
represents a listing of supported data model elements. This data
model“element is typically used by a SCO to determine which
data model elements are supported by the LMS. The
characterstring returned may be used by the SCO to
dynamically build parameters for the GetValue() and SetValue()
requests.
Data Model Element Implementation Requirements:

e Data Type: characterstring

e  Value Space: 1SO-10646-1 [5]

e  Format: A comma-separated list of all of the data
model elements in the Comments From LMS parent
data model element that are supported by the LMS.
Since all data model elements are required to be
supported by the LMS, the characterstring shall
represent the following data model elements:

0 comment

o location

0 timestamp
LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by an LMS as read-only.

e  The LMS is responsible for returning a comma-
separated list of all of the data model elements (refer
to Data Model Element Implementation Requirements
above).

SCO Behavior Requirements:

e  This data model element is required to be

implemented by an LMS as read-only. The SCO is
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only permitted to retrieve the value of the
cmi.comments_from_Ims._children data model
element.

API Implementation Requirements:

e  GetValue(): The LMS shall return a comma-

separated list of data model elements supported by the
LMS (refer to Data Model Element Implementation
Requirements above) and set the error code to O — No
Error. The ordering of elements is not important.
The characterstring returned shall adhere to the

rnqnirnmnnfe identified-in-the-Data- Model Element
Implementation Requirements.
o  SetValue(): If the SCO invokes a SetValueQ:requpst
to set the cmi.comments_from_Ims._childfen;-then the
LMS shall set the error code to 404 — Data Model
Element Is Read Only and return “fal'se”.

Example:
o  GetValue(“cmi.comments_from) Ims._children™)

cmi.comments_from_Ims._count The cmi.comments_from_Ims._count keyword is used to
describe the current number of comments from the LMS that
are currently being stored by‘the LMS. The total number of
entries currently being stored by the LMS shall be returned.

Data Model Element Implementation Requirements:
e Data Type? integer
e ValueSpace: Non-negative integer
e Format: The characterstring representing the nunber
of‘comments that the LMS is currently persisting.

LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by the LMS as read-only.

e Ifthe LMS receives a request to get the
cmi.comments_from_Ims._count value prior to any
comments being set by the SCO, then the LMS shdl
adhere to the requirements listed below for API
Implementation Requirements.

SCO Behavior Requirements:

e  The data model element is required to be
implemented by an LMS as read-only. The SCO i
only permitted to retrieve the value of the
cmi.coments_from_Ims._count data model element

API Implementation Requirements:

e  GetValue(): The LMS shall return the number of
comments currently stored by the LMS and set the
error code to O — No Error.

o If there are no comments defined for this|

element, then the LMS shall return O and

set the error code to O.

e SetValue(): If the SCO invokes a SetValue() requpst

to set the cmi.comments_from_Ims._count, then the
LMS shall set the error code to 404 — Data Model
Element Is Read Only and return “false”.

Example:
e GetValue(“cmi.comments_from_Ims._count”)

cmi.comments_from_Ims.n.comment The cmi.comments_from_Ims.n.comment data model element
shall describe comments or annotations associated with a SCO
[1]. The characterstring value represents the localized
characterstring.
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Data Model Element Implementation Requirements:
e Data Type: localized_string_type (SPM: 4000)
e  Value Space: A characterstring (defined by 1SO-
10646-1) with localization information
e Format: Referto Section 4.1.1.7: Data Types for
more information on the requirements for the format
of the localized_string_type data type.

LMS Behavior Requirements:
e  The data model element is mandatory and shall be
implemented by an LMS as read-only.

e How this data model efement is initialized is outside
the scope of SCORM. The LMS may provide a
means to allow the author/instructor to provide the
comments and these comments may then be used to
initialize this value. If a GetValue() request is made
prior to the comment being set or initialized-by the
LMS, then the LMS shall behave according to’'the
API Implementation Requirements below,

SCO Behavior Requirements:

e  The data model element is requifed\to be
implemented by an LMS as read-only. The SCO is
only permitted to retrievethe value of the
cmi.comments_from_Ims.nh.comment data model
element.

e  During a GetValue()-request, the SCO should be
aware that the delimiter may be part of the
characterstring returned by the LMS (depending on
the LMSimplementation). What the SCO does with
the characterstring returned by the LMS is dependent
on the implementation of the SCO. If no delimiter is
pravided the SCO shall assume the default language
of “en”.

API*lmplementation Requirements:

e  GetValue(): The LMS shall return the value stored
for the cmi.comments_from_Ims.n.comment data
model element and set the error code to O — No Error.
The characterstring returned shall adhere to the
requirements identified in the Data Model Element
Implementation Requirements.

0 The data model binding for collections is
represented as packed arrays. If the SCO
invokes a GetValue() request where the
index (n) is a number larger than what the
LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there
are only 3 comments in the array), then the
LMS shall set the error code to 301 —
General Get Failure and return an empty
characterstring (“””). Refer to Section
3.1.7.6: SCORM Extension Error

Conditions Tor further recommendations on
processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.comments_from_Ims.n.comment and the
record of data has been created but the
comment data model element has not been
set by the LMS, then the LMS shall set the
error code to 403 — Data Model Element
Value Not Initialized and return an empty
characterstring (“”).
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e  SetValue(): If the SCO invokes a SetValue() request
to set the cmi.comments_from_Ims.n.comment, 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 data model
element based on the request.

Example:
o GetValue(“cmi.comments_from_Ims.0.comment”)

cmi.comments_from_Ims.n.location

The cmi.comments_from_Ims.n.location data model element

imdicates the poimt i the SCOtowhittT the comment appties
This data model element is implementation-defined by eaeh

SCO. If no value is specified for location, then the camment]is
applicable to the entire SCO (as a whole) [1].

Data Model Element Implementation Requirements:
Data Type: characterstring (SPIM:-250)
e Value Space: 1SO-10646-1
e Format: Referto Section 4:1:1)7: Data Types for
more information on therequirements for the formg
of the characterstring.data type.

LMS Behavior Requirements;

e  The data model‘efement is mandatory and shall be
implemented-hy the LMS as read-only.

e  How thiscelement is initialized is outside the scope|of
SCORM\"The LMS may provide a means to allow
the author/instructor to provide the comments (alorng
Wwith a location and date) and these comments may
then be used to initialize this value. If a GetValue
request is made prior to the location being set or
initialized by the LMS, then the LMS shall behave
according to the APl Implementation Requirementp
below.

SCO Behavior Requirements:

e  The data model element is required to be
implemented by an LMS as read-only. The SCO is
only permitted to retrieve the
cmi.comments_from_Ims.n.location data model
element.

API Implementation Requirements:
e  GetValue(): The LMS shall return the value storel

for the cmi.comments_from_Ims.n.location data

model element and set the error code to O — No Errpr.

The characterstring returned shall adhere to the
requirements identified in the Data Model Element]
Implementation Requirements.

0 The data model binding for collections i

represented as packed arrays. If the SCQ

invokes a GetValue() request where the

index (n) is a number larger than what the
tha

=3

1%

LMS ic cvrranthy maintainina (o o
= O—TS-Co ety HHa e g S5~

I
request indicated an n value of 5 when there
are only 3 comments in the array), then the
LMS shall set the error code to 301 —
General Get Failure and return an empty
characterstring (“””). Refer to Section
3.1.7.6: SCORM Extension Error
Conditions for further recommendations on
processing this request.

0 Ifthe SCO attempts to retrieve the

cmi.comments_from_Ims.n.location and the
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record of data has been created but the
location data model element has not been
set by the LMS, then the LMS shall set the
error code to 403 - Data Model Element
Value Not Initialized and return an empty
characterstring (“”).

e  SetValue(): If the SCO invokes a SetValue() request
to set the cmi.comments_from_Ims.n.location, then
the LMS shall set the error code to 404 — Data Model
Element Is Read Only and return “false”. The

VIS ShalT ot alter the State of the data model
element based on the request.

Example:
e  GetValue(“cmi.comments_from_Ims.0.location”)

cm|.comments_from_Ims.n.timestamp The cmi.comments_from_Ims.n.timestamp data model-glement
indicates the point in time at which the comment was.Created or
most recently changed. Implementation shall support,
minimally, time periods in the range of January 1Y1970 through
January 1, 2038 [1].

Data Model Element Implementation Requirements:

e Data Type: time(second10,0)

e Value Space: The data-type denotes that the value for
time is a number expressed as a real data type with
values that are accurate to one second and optionally
accurate to one-hundredth of a second (0.01). The
number of Seconds in the time value is the number of
seconds&ince 00:00 on January 1, 1970 [1].

e Format: Referto Section 4.1.1.7: Data Types for
moretinformation on the requirements for the format
of the time (second,10,0) data type.

LMS.Bebavior Requirements:

e." The data model element is mandatory and shall be
implemented by the LMS as read-only.

e  How this element is initialized is outside the scope of
SCORM. The LMS may provide a means to allow
the author/instructor to provide the comments (along
with a location and date) and these comments may
then be used to initialize this value. If a GetValue()
request is made prior to the timestamp being set or
initialized by the LMS, then the LMS shall behave
according to the APl Implementation Requirements
below.

SCO Behavior Requirements:
e  The data model element is required to be
implemented by an LMS as read-only. The SCO is
only permitted to retrieve the value of the
cmi.comments_from_Ims.n.timestamp data model
element.
ADP] Implnmnnm_mqu#gmen‘ts'

o  GetValue(): The LMS shall return the value stored
for the cmi.comments_from_Ims.n.timestamp data
model element and set the error code to O — No Error.
The characterstring returned shall adhere to the
requirements identified in the Data Model Element
Implementation Requirements.

0 The data model binding for collections is
represented as packed arrays. If the SCO
invokes a GetValue() request where the
index (n) is a number larger than what the
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LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there
are only 3 comments in the array), then the
LMS shall set the error code to 301 —
General Get Failure and return an empty
characterstring (“”’). Refer to Section
3.1.7.6: SCORM Extension Error Condition
for further recommendations on processing
this request.

0 Ifthe SCO attempts to retrieve the

cmi.comments from lmsn timncmmln and

the record of data has been created but'the
timestamp data model element has.not bgen
set by the LMS, then the LMS shall’set the
error code to 403 - Data Madel Element|
Value Not Initialized andreturn an empt
characterstring (“”).

e  SetValue(): Ifthe SCO invokes a SetValue() requpst
to set the cmi.comments_from,/Ims.n.timestamp, th¢n
the LMS shall set the errarcode to 404 — Data Model
Element Is Read Only and return “false”. The
LMS shall not alter.the state of the data model
element based,efithe request.

Example:
o GetValug(Cemi.comments_from_Ims.0.timestamp’()
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4.2.4.

Completion Status

The cmi .completion_status data model element indicates whether the learner has
completed the SCO [1]. How the SCO determines its completion status is outside the
scope of SCORM. This value indicates the overall completion status for the SCO as
determined by the SCO developer.

Table 4.2.4a: Dot-notation Binding for the Completion Status Data Model Element

Dor-Notation Binding Details

cm|.completion_status

Data Model Element Implementation Requirements:

LMS Behavior Requirements:

Data Type: state (completed, incomplete, not_attempted, unknown)
Value Space: The IEEE defines four state values. SCORM binds these
state values to the following restricted vocabulary tokens:

o0 “completed”: The learner has experienced engugh of the SCO to
consider the SCO complete [1]. How complétionis determined is
controlled and managed by the SCO. The-completion status can
be overridden by an LMS based on the/requirements defined in
4.2.4.1: Completion Status Evaluation.

o0 “incomplete”: The learner has not experienced enough of the
SCO to consider the SCO complete [1]. How completion is
determined is controlled and«managed by the SCO.

0 “notattempted”: The learner is considered not to have used the
SCO in any significantway [1].

0  “unknown”: No assertion is made [1]. This indicates that no
applicable assertionican be made that indicates the completion
status.

Format: The format.of'the data model value shall be one of the four
restricted vocabulary:tokens listed above (“completed”, “incomplete”,
“not attempted™, “unknown”).

This data-model element is mandatory and shall be implemented by an LMS
as read/write.

If«aicmi.completion_threshold is not defined, the determination of
cmi.completion_status is controlled and managed by the SCO, the LMS
cannot imply any value for the cmi.completion_status in any way. There is
no requirement in SCORM that mandates a SCO to set
cmi.completion_status. If the SCO does not set the cmi.completion_status,
the LMS shall use the default value of “unknown” as the value for
cmi.completion_status.

If a cmi.completion_threshold is defined, it is the responsibility of the LMS
to maintain congruence between the cmi.completion_threshold,
cmi.progress_measure, and the value used by the LMS for
cmi.completion_status. The LMS must report (when requested via a
GetValue() call) cmi.completion_status by adhering to the requirements
defined in section 4.2.4.1: Completion Status Evaluation.

Sb‘l.lut.'l Ibil 19] illlpdblb.

If the SCO or LMS (through the process described in Section 4.2.4.1) sets
cmi.completion_status, of the SCO to “unknown”, the Attempt Progress
Status for the learning activity associated with the SCO shall be false.

If the SCO or LMS (through the process described in Section 4.2.4.1) sets
cmi.completion_status, of the SCO to “completed”, the Attempt Progress
Status for the learning activity associated with the SCO shall be true, and
the Attempt Completion Status for the learning activity associated with the
SCO shall be true.

If the SCO or LMS (through the process described in Section 4.2.4.1) sets

RTE-A-36

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1
© ISO/IEC 2009 — All rights reserved



https://iecnorm.com/api/?name=beb86799b6db2e19fa5e09cca0929689

ISO/IEC TR 29163-3:2009(E)

cmi.completion_status, of the SCO to “incomplete”, the Attempt Progress

Status for the learning activity associated with the SCO shall be true, and

the Attempt Completion Status for the learning activity associated with the

SCO shall be false.

If the SCO or LMS (through the process described in Section 4.2.4.1) sets

cmi.completion_status, of the SCO to "not attempted”, the Attempt Progress
Status for the learning activity associated with the SCO shall be true and the
Attempt Completion Status for the learning activity associated with the SCO

shall be false.

SCO Behavior Reguirements:

APl Implementation Requirements:

The data model element is required to be implemented by the LMS as
read/write. The SCO is permitted to retrieve and store the value of the
cmi.completion_status data model element.

The SCO should be aware that setting the cmi.completion_status will affd
the learning activity associated with the SCO, therefore passibly affectin
sequencing.

If there is sequencing information applied to the learning activity associa
with the SCO that relies on completion status, the/SC© must ensure
completion information is accurately sent to thé LMS ( SetValue() ) priof
the SCO’s learner session ending. Otherwisé;the LMS will use the valug
“unknown” as the completion status of the learning activity associated w
the SCO when processing sequencing4dnformation.

Example:

GetValue(): The LMS shall return-the associated cmi.completion_status
currently managed by the LMSfor the learner and set the error code to O
No Error. The characterstring returned shall adhere to the requirements
identified in the Data Mg@del Element Implementation Requirements.

o Ifacmi.cempletion_threshold is defined, then the LMS shall
report.(when requested via GetValue() call) cmi.completion_std
by .adhering to the requirements defined in section 4.2.4.1:
Completion Status Evaluation.

o ~(Ifa cmi.completion_threshold is not defined, until the SCO
reports a value, the default value of the cmi.completion_status
“unknown”.

SetValue(): If the SCO invokes a request to set the cmi.completion_stat
and the value is not a member of the restricted vocabulary tokens describ
above, then the LMS shall set the API Error Code to 406 — Data Model
Element Type Mismatch and return “false”. The LMS shall not alter the
state of the data model element based on the request.

GetValue(“cmi.completion_status”)

” 9

SetValue(“cmi.completion_status”,”incomplete”)

—+

(0]

th

\tus

w
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4,2:4:1 Completion Status Evaluation
Typically, the completion status of the SCO is determined by the SCO. The complet

on

status of the SCO can be designed by the content developer In various ways, Including

but not limited to:

e Number of pages visited by the learner
e Result of a learner selecting a user interface control (e.g., learner pressing a

button)

e Completion of the learner viewing a piece of video or reading a document
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e Completion of various objectives in the SCO (i.e.,
cmi .objectives.n.completion_status)

Regardless of how the determination is made by the SCO, this process involves the SCO
setting the cmi .completion_status. SCORM does not require the SCO to track (i.e.,
Getvalue() or Setvalue() function calls) any SCORM Run-Time Environment Data
Model elements. With this in mind, the LMS has additional behaviors that are required
in the determination of completion status. Under certain circumstances, the LMS is

requjTedto berave differently:

The emi .completion_status data model element is impacted by two other SCORM
RuniTime Environment Data Model Elements (Completion Threshold —

cmi Jcompletion_threshold and Progress Measure — cmi .progress_measure): -The
follgwing table defines the possible states of these values and the defined LMS-behavior.
The Completion Threshold value may be defined in the imsmanifest.xml file (refer to
Sect|on 4.2.5: Completion Threshold for more details). Both the Progress'Measure and
Completion Status are determined and set by the SCO. Table 4.2.4.1a defines the LMS
behgviors associated with the combinations of these values being set/defined or not
set/defined. The LMS behavior shall be applied when a Getvalue() request to retrieve
the value of the cmi .completion_status is made by the SCQ? Whether or not the
actual value stored by the LMS for cmi .completion_status is overridden and persisted
during this evaluation process is outside the scope of SCORM and is implementation
specjfic.

Table 4.2.4.1a: GetValue() Evaluation of Completion Status

Completion Progress Completion LMS GetValue() Behavior
ceshold (*) | Measure Status
Nope defined No value set by | No value-set by The cmi .completion_status shall be
the SCO the SCO evaluated as unknown and this value shall be
returned to the SCO.
Nope defined No value set by, {*One of the No action, the cmi .completion_status
the SCO defined currently being maintained by the LMS (i.e., the value
vocabularies set in the last successful call to SetValue() by the
SCO) shall be returned to the SCO.
Nope defined 06 One of the No action, the cmi .completion_status
defined currently being maintained by the LMS (i.e., the value
vocabularies set in the last successful call to SetValue() by the
SCO) shall be returned to the SCO.
0.8 0.5 One of the The cmi .completion_status shall be
defined evaluated to incomplete and this value shall be
vocabularies returned to the SCO.

RATIONALE: 0.5<0.8. Refer to the requirements
defined by cmi .completion_threshold and
cmi.progress_measure.

0.8 0.9 One of the The cmi .completion_status shall be
defined evaluated to completed and this value shall be
vocabularies returned to the SCO.

RATIONALE: 0.9 >=0.8. Refer to the requirements
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defined by cmi .completion_threshold and
cmi .progress_measure.

0.8

No value set by
the SCO

No value set by
the SCO

The cmi .completion_status shall be
evaluated to unknown and this value shall be
returned to the SCO.

0.8

0.5

No value set by
the SCO

The cmi .completion_status shall be
evaluated to incomplete and this value shall be
returned to the SCO.

RATIONALE:- O C 09 Dafar +o th
LAVARS B A4 B 7 an = = e pre )

8-8—Referto-the-requiremenis
9

defined by cmi .completion_threshold(ng

cmi.progress_measure.

0.8

0.9

No value set by
the SCO

The cmi .completion_status shall be
evaluated to completed and this yalue’shall be
returned to the SCO.

RATIONALE: 0.9 >=0.8. [Refer to the requirements
defined by cmi .completion_threshold ang
cmi .progress_measure.

None defined

0.5

No value set by

The cmi .compléetion_status shall be

the SCO evaluated to unkfown and this value shall be
returned to the,SCO.
0.8 No value set by | One of the The cmin,eompletion_status shall be
the SCO defined evaluated to unknown and this value shall be

vocabularies

réturned to the SCO.

* ADL Note: The Completion Threshold.is defined by the ADL namespaced elemer
<adlcp:completionThreshold> associated with the <adlcp: item> element that

references the SCO Resource. If an.sadlcp:completionThreshold> is defined, the
LMS is responsible for initializing:\the cmi .completion_threshold data model elenpent
to the value used. If no <adlcpZecompletionThreshold> is defined, then the
cmi .completion_thresho}d Is not defined and shall not be initialized to any value lpy

the LMS.

~—+
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4.2.5. Completion Threshold

The value stored in the cmi .completion_threshold data model element can be used to
determine whether the SCO should be considered complete. This can be accomplished
by comparing the cmi .completion_threshold to the cmi .progress_measure, made by
the learner, towards the completion of the SCO.

Dor-Notation Binding

cm|.completion_threshold

Table 4.2.5a: Dot-notation Binding for the Completion Threshold Data Model Element

Details |

Data Model Element Implementation Requirements:
Data Type: real(10,7) range (0..1)
Value Space: 0.0 <= cmi.completion_threshold <=1:0
e Format: Referto Section 4.1.1.7: Data Types/for_more
information on the requirements for the format of the
real(10,7) data type.

LMS Behavior Requirements:

e  The data model element is mandatéry and shall be
implemented by the LMS as read-only.

e  The LMS is responsible for initializing this data model element
using the ADL Content Rackaging namespace element
<adlcp:completionThreghold>. This element, if needed, shall
only be placed on an <imscp:item> element that references a
SCO resource, fond in a Content Package Manifest.

SCO Behavior Requirements:
e  The data model element is required to be implemented by the
LMS as read-only. The SCO is only permitted to retrieve the
value-ef-the cmi.completion_threshold data model element.

API Implementation Requirements:

o . cGetValue(): The LMS shall return the value stored for the
cmi.completion_threshold data model element and set the error
code to O — No Error. The characterstring returned shall
adhere to the requirements identified in the Data Model
Element Implementation Requirements.

o0 Ifthe SCO attempts to retrieve the
cmi.completion_threshold and no completion
threshold was defined in the Content Package
Manifest (<adlcp:completionThreshold> element),
then the LMS shall set the error code to 403 - Data
Model Element Value Not Initialized and return an
empty characterstring (“”).

e SetValue(): If the SCO invokes a SetValue() request to set the
cmi.completion_threshold, 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 data model

element based on the request.

Example:
o  GetValue(“cmi.completion_threshold”)
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4.2.6.

The cmi .credit data model element indicates whether the learner will be credited for

performance in the SCO [1]. How a SCO is prescribed to be taken for credit or no credit
is outside the scope of SCORM. The default value for this data model element is the fact
that the SCO is being taken for credit.

Typically, one does not choose which SCOs should be for credit and no credit. This

usually handled at the content organization (e.g., course) level. If an LMS provides 4
mechanism for allowing learners to register for content organization for credit'and no
credit, then the value that the learner chooses (or possibly the value that the instructor
requires for the content organization) shall be used throughout all of the SCOs found |i
the content organization.

Table 4.2.6a: Dot-notation Binding for the Credit Data Medel Element

Dot-Notation Binding Details

cmi.credit

Data Model Element Implementation RegUirements:

e Data Type: state (credit, no_ctedit)
e Value Space: The IEEE definés two state values. SCORM binds these
state values to the following restricted vocabulary tokens:
o  “credit”: Thegarner is taking the SCO for credit [1]. The defa
value fopr-this/data model element shall be “credit”. 1f no
mechanisim is supplied to determine or assign this value, then t
defaultof “credit” shall be used. Taking the SCO for credit
affects the determination of the cmi.success_status data model
element (refer to Section 4.2.16.1: Mode and Credit Usage
Requirements for more details).
O “no-credit”: The learner is taking the SCO for no credit [1]. If]
learner is taking the SCO for no credit, then values that affect t
determination of success status or score shall not be interpreted
the LMS and shall not affect the current success status or score
the SCO.
e Format: The format of the data model value shall be one of the two

restricted tokens listed above (“credit”, “no-credit”).
LMS Behavior Requirements:

e  This data model element is mandatory and shall be implemented by an L
as read-only.

e  SCORM does not require that an LMS support a mechanism for prescrib
the credit state for a SCO. Whether or not an LMS supports a mechanisn
for this functionality is outside the scope of SCORM. If the LMS does n
support a mechanism, then the default value (“credit”) of credit shall be
returned in all cases.

SCO Behavior Reguirements:

t

—

the
he

by
for

° I'he data moadel efement IS required to be Implemented Dy the LIVIS as rea

only. The SCO is only permitted to retrieve the value of the cmi.credit data

model element.
e What the SCO does with this data is totally up to the discretion

the SCO. The SCO could use the cmi.credit value to determine

the importance of reporting other data model element values to
LMS (via a SetValue() call).

API Implementation Requirements:
e  GetValue(): The LMS shall return the associated cmi.credit currently
stored by the LMS for the learner and set the error code to O — No Error.

d-

of

the
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The characterstring returned shall adhere to the requirements identified in
the Data Model Element Implementation Requirements.

0 Ifthe SCO requests the cmi.credit and the LMS does not support a
mechanism or process for selecting “credit” vs. “no-credit”, then
the LMS shall return the default value (“credit”).

o Ifthe LMS supports such a mechanism or process, then the LMS
shall return the current value being stored for cmi.credit.

SetValue(): If the SCO invokes a request to set the cmi.credit, then the
LMS shall set the API Error Code to 404 — Data Model Element Is Read
Only and return “false”. The LMS shall not alter the state of the data model

element based on the rnqllncf

Example:

GetValue(*“cmi.credit”)
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4.2.7. Entry

The cmi .entry data model element contains information that asserts whether the learner
has previously accessed the SCO [1].

As defined in the Temporal Model (refer to Section 2.1.1: Run-Time Environment
Temporal Model), an entry value of “ab-initio” indicates that the SCO has a default

(clean) set of run-time data. There Is no run-time data available from any previous
learner attempts. An entry value of “resume” indicates that the SCO is accessing\runt
time data for the current learner attempt as set from the previous learner session,on the

SCO.

Table 4.2.7a: Dot-notation Binding for the Entry Data Model Element

Dot-Notation Binding Details

cmi.entry Data Model Element Implementation Requirements:

LMS Behavior Requirements:

Data Type: state (ab_initio, resume, nil*Y[1]
Value Space: The IEEE defines three'state values. SCORM binds these
state values to the following restricted vocabulary tokens:

0 “ab-initio”: Indicates that the learner has not accessed the SCO
during the current léarner attempt [1]. This value indicates that this
is the first learner'session associated with the current learner
attempt on the SCO.

o “resume?:)Indicates that (1) the learner has previously accessed the
SCO during the current learner attempt, and (2) upon exiting, the
cmi.exit'data model element had the value of “suspend” or “loggut”
[2} or the LMS triggered a Suspend All Navigation Request.
““(empty characterstring): Indicates all other conditions. Ther is
no knowledge of previous access or no specific entry condition
indicated [1]. Another example could be that the SCO was alregady
completed or mastered, and later it was launched for review
purposes.

w

This data model element is mandatory and shall be implemented by an LMS
as read-only.
The LMS is responsible for initializing the cmi.entry data model element
based on the following rules:
o Ifthisis the first learner session on a learner attempt, then the LIMS
shall set the cmi.entry to “ab-initio” upon initial launch of the SCO.
0 Ifthe learner attempt on the SCO is being resumed from a
suspended learner session (cmi.exit was set to “suspend” or
“logout™), then the LMS shall initialize this value to “resume”.
o0 Ifthe previous learner session on the SCO ended due to a Suspgnd
All Navigation Request triggered by the LMS, then the LMS shgll
initialize this value to “resume”.

O FOT all OtrerT COﬂUiLiUIIb, e LIvIS sStidall SE Uie cmi.enlry 10 dNn
empty characterstring (“”).

Upon receiving a Terminate(*”’) request or the user navigates away, the LMS
shall set the cmi.entry to either “”” (empty characterstring) or “resume”. This
value shall be made available during the next learner session in the current
learner attempt. This is determined by the LMS by evaluating the value of
the cmi.exit. If the attempt of the activity is being suspended (either indicated
by the SCO by setting the value of cmi.exit to “suspend” or by some other
LMS provided suspension mechanism such as a Suspend All Navigation
Request), then the LMS shall set cmi.entry to “resume” upon the next attempt
of the activity (that references the associated SCO) for that learner. If the
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SCO set cmi.exit to a value other than “suspend” or did not set the value at
all, then the LMS will set the cmi.entry to an empty characterstring (“”).

SCO Behavior Requirements:

e  The data model element is required to be implemented by the LMS as read-
only. The SCO is only permitted to retrieve the value of the cmi.entry data
model element.

o What the SCO does with this data is totally up to the discretion of
the SCO.
API Implementation Requirements:
o  GetValue(): The LMS shall return the associated cmi.entry value currently

Stored by the LIVIS Tor the learner and Set the error code to U — NO Effor. The
characterstring returned shall adhere to the requirements identified in the
Data Model Element Implementation Requirements.

e  SetValue(): If the SCO invokes a request to set the cmi.entry, then the LM$
shall set the API Error Code to 404 — Data Model Element Is Read Only.and
return “false”. The LMS shall not alter the state of the data model element
based on the request.

Example:
e  GetValue(“cmi.entry”)
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4.2.8. Exit

The cmi .exit data model element indicates how or why the learner left the SCO [1].
This value is used to indicate the reason that the SCO was last exited.

The cmi .exit data model element is involved with temporal aspects of the run-time

execution of the SCO.

e |f the cmi.exit is set to “suspend” then the SCOs current learner attemptdoes
not end. The SCOs Run-Time Environment data model element valuesifor the
current learner session will be available to the SCO if the SCO is relatinched in a

subsequent learner session.

e |f the cmi.exit is set to “normal”, “logout”,*“time-out” or
characterstring) then the SCOs learner attempt ends. The‘SEOs Run-Time

(empty

Environment data model element values of the currentlearner session will NQT

be available if the SCO is relaunched.

ADL Note: If an LMS invokes a Suspend All navigation’request, then the value of

cmi -exit will be ignored. In these cases, the SCOS.current learner attempt does not pnd.

The SCOs Run-Time Environment data model element values shall be persisted and
available to the SCO if the SCO is relaunched:

Table 4.2.8a: Dot-notation Binding for the Exit Data Model Element

Dot-Notation Binding Details

cmi.exit Data Model Element Implementation Requirements:

LMS Behavior Requirements:

Data Type: state (timeout, suspend, logout, normal, _nil_)
Value Space: The IEEE defines five state values. SCORM binds these
state values to the following restricted vocabulary tokens:
0 “time-out”: The SCO terminated because the time limit specified
by max_time_allowed had been exceeded [1].
o  “suspend”: The learner exited the SCO with the intent of
returning to it at the point of exit [1].
o0 “logout”: The SCO signaled a desire to terminate the entire
learning activity of which the SCO is part [1]. ADL Note: The
“logout” keyword is being deprecated and will not be supportedl in
a future version of the SCORM.
o “normal”: The SCO exited normally [1].
0  “” empty characterstring: The exit conditions are undetermine
[1]. The default value.

The data model element is mandatory and shall be implemented by an | MS

as write-only.

The value is completely controlled by the SCO. The SCO is responsible for
setting this value. If the SCO does not set the cmi.exit data model element,
then the default value (empty characterstring — “”) shall be used. If the
LMS receives a request to get the cmi.exit value, then the LMS shall adhere
to the requirements listed below for APl Implementation Requirements.

If there are additional learner sessions within a learner attempt, the cmi.exit
becomes uninitialized (i.e., reinitialized to its default value of (“”’) - empty
characterstring) at the beginning of each additional learner session within
the learner attempt.
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Sequencing Impacts:

e [fthe SCO sets cmi.exit to “time-out”, the LMS shall process an “Exit All”
navigation request when the SCO is taken away, instead of any pending
(from the learner or LMS) navigation request.

e |fthe SCO sets cmi.exit to “suspend”, the LMS shall set the “Activity is
Suspended” value of the learning activity associated with the SCO to true.

o [fthe SCO sets cmi.exit to “logout”, the LMS shall process a “Exit All”
navigation request when the SCO is taken away, instead of any pending
(from the learner or LMS) navigation request.

ADL Note: The “logout” keyword is being deprecated and will not be

supported i a futare Version of the SCORMVE

SCO Behavior Requirements:
e  The data model element is required to be implemented by an LMS as writes
only. The SCO is only permitted to store the value of the cmi.exit data
model element.

API Implementation Requirements:

o  GetValue(): If the SCO invokes a request to get the cmi.exit,ithen the LMS
shall set the error code to 405 — Data Model Element Is Write Only and
return and empty characterstring (“”).

e  SetValue(): This request sets the cmi.exit to the supplied value. The value
must match one of the restricted vocabularies declared for this data model
element. If the value supplied matches one of the'tekens listed above, then
the LMS shall set the value, return “true” and\set the error code to O — No
Error.

o Ifthe value supplied is not equivalent to one of the tokens listed
above, then the LMS shall sef'the error code to 406 — Data Model
Element Type Mismatch’and return “false”. The LMS shall not
alter the state of the-data model element based on the request.

Additional Behavior Requirements:

For each leaner attempt on a SCQ;.it-is the responsibility of the LMS to make
available a cmi.entry value of ‘ab-initio” on the first learner session of that learner
attempt. This value indicatesthat this is the first time the learner is experiencing the
SCO during this learner attempt on the SCO. It also indicates that a default (clean)
data-model is being aceessed by the SCO. The cmi.entry value shall be implemented
by the LMS as read-only. Since the data model element shall be implemented as read-
only, an LMS is responsible for managing this value (the SCO does not directly affect
this value — cannet call SetValue() on cmi.entry). The LMS is responsible for reacting
to other run=time interactions in determining this value. The following explanation is
provided for further clarification:

The cmi.entry value is directly affected by the cmi.exit data model element. The SCO
1sresponsible for setting, if so desired, the cmi.exit value. Depending on the value of
the cmi.exit, the LMS shall react as follows:

1. If the SCO set the cmi.exit to “time-out”, it is assumed that the learner
attempt is ending. Since the learner attempt has ended, the next time the
SCO is launched the LMS shall supply a “clean” set of data model values.
In addition, the LMS shall end the attempt on the content organization for
the learner. This behavior shall be exhibited when a Terminate(*”) request
is received from the SCO that set the cmi.exit to “time-out” or the learner

navigates away.

2. If the SCO set the cmi.exit to “suspend”, then the LMS should set the
cmi.entry to “resume”. By setting the cmi.exit to “suspend”, the SCO is
indicating that the learner has exited the SCO with the intent of returning to
the SCO at a later time. Since the learner attempt was suspended, once the
learner attempt is resumed, the SCO shall have the same set of data that was
acquired during the previously suspended learner attempt.

3. Ifthe SCO set the cmi.exit to “logout”, then this indicates that the SCO has
been exited normally (as determined by the SCO developer) and that learner
attempt on the SCO ended normally. A subsequent learner attempt on the
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SCO will involve a new set of run-time data.

ADL Note: The “logout” keyword is being deprecated and will not be
supported in a future version of the SCORM.

4. |If the SCO set the cmi.exit to “normal”, then this indicates that the SCO has
been exited normally (as determined by the SCO developer) and that learner
attempt on the SCO ended normally. A subsequent learner attempt on the
SCO will involve a new set of run-time data.

5.  Ifthe SCO set the cmi.exit to “”, then this indicates that the exit state is
undetermined and the learner attempt on the SCO ended. A subsequent
learner attempt on the SCO will involve a new set of run-time data.

How or when the cmi.entry is set by the LMS is implementation specific. Howeve
this value shall be available during the next learner session within the learner-attempt.

Example:
e  SetValue(“cmi.exit”,”suspend”).
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4.2.9.

The

Interactions

interactions data model element defines a collection of learner responses that can be

passed from the SCO to the LMS. Interactions are intended to be responses to individual

ques
an L
data

tions or tasks that the SCO developer wants to record. There is no implied behavior
MS shall have when interactions are requested to be set, other than storage of the

Intedactions can be thought of as a collection of information (interaction data). The
interaction data is depicted in Figure 4.2.9a. As defined by the IEEE standard, an LMS is

requ

red to support (i.e., store) at least 250 sets of interaction data [1]. An LMS can elect

to priovide support for more than 250; however, the requirement is to support at least 250

sets

Ther
iden
(cmi
requ
Lear
data
depe
from

Df interaction data.

Interaction Data

Interaction Data

Identifier Identifier

Type Type

Objective Ids Objective Ids
Timestamp Timestamp
Correct Responses RS Correct Responses
Weighting Weighting

Learner Response

Learner Response

Result $\\ Result
Latency (%) Latency
Description \‘S\ Description
N\
Figure 42,9a: Interactions and Interaction Data

e are two important pieees of data that are required to be in the interaction data, an
ifier (cmi . interactions.n.id) and the type of interaction
.interactionsin.type). The cmi.interactions.n.type data model element is
red if the Interaction includes data pertaining to either the Correct Response or

her Response. These two pieces of information are what distinguish the interaction
from other interaction data found in the collection of interactions (considered the
ndencies of the interaction data). The identifier uniquely identifies one interaction
ahother within the scope of the SCO. The type uniquely identifies the type of

inter

The

actionm(true=fatse; matching;etc):

Interactions data model element can be used for two primary means by the SCO:

journaling and status.

A journaling scheme requires the SCO to record interaction data every time the learner is
engaged with the interaction (i.e., new interaction data is appended to the array of
interactions). By applying this scheme for recording interactions, information can be
gathered to study the learner’s experience with the interactions found in the SCO. For
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example, reports can be generated that state how many times the learner responded to the
interaction, what was the latency for each interaction, what the learner’s response was
and the result of the response. This data can be gathered and used to potentially update
the interaction for future use. LMSs may provide this type of information for
independent research and analysis, however, the availability of this data and feature is
outside the scope of SCORM.

A status scheme requires the SCO to record interaction data and keep the interaction

Aokt le-o vt ari-at-o o\ AL aaraak

tptlatet-based-or-thetearner’sexperience-with-the SCO—Forexampleif thetearnet
responds to an interaction, information can be set. If the learner then corrects his/her
response, the same interaction data is updated to reflect the change (versus a new-entty
being added to the interactions array). In this scheme, the interaction data contains the
last recorded state of the interaction. Also in this scheme, the ability to traCk how many
times the learner updated the response to the interaction is lost.

There are pros and cons for using one particular scheme over another. SCO developgrs
should be aware of the two schemes and use the one they desire.“From the LMS
perspective, the journaling scheme provides more burden on.storage requirements. But
then again, the only requirement for the amount of interaetion data to store is 250. SCO
developers need to understand the smallest permitted maximum of 250 indicates that [the
LMS is only required to support 250 sets of interaction data.

As with any data model element stored in arrays, the index position (n) is not what sets
the uniqueness of the data being stored. Thedmplementation requirements defined in|the
standard states that the arrays should bedmplemented as a bag [12]. This data structure
allows the same object (interaction data) to be repeated in the array (unlike a set that
requires the items in the set to be unigue). If using a status scheme, it is recommended
that SCOs be built, if using the interaction data model elements, not to rely on the index

position for the uniqueness. Depending on the learner and the learning session, the same
interaction data may not be stored at the same position in the array. It is highly
recommended that the. SCO be built to search throughout the interaction data looking|for
given identifiers, priorto updating the interaction data. If using the journaling schemge
described above,then this recommendation does not need to be followed since every ftime
a learner intera€ts'a new entry in the array is created.

Table 4.2.9a: Dot-notation Binding for the Interactions Data Model Element

Dot-Notation Binding Details
cmi.interactions._children The cmi.interactions._children data model element represents a listing ¢f

supported data model elements. This data model element is typically uged
by a SCO to determine which data model elements are supported by the

LMS. The characterstring returned may be used by the SCO to
dynamically build parameters for the GetValue() and SetValue() requests.

Data Model Element Implementation Requirements:

e Data Type: characterstring

e Value Space: 1SO-10646-1 [5]

e Format: A comma-separated list of all of the data model
elements in the Interaction parent data model element that are
supported by the LMS. Since all data model elements are
required to be supported by the LMS, the characterstring shall
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represent the following data model elements:
o id

type

objectives

timestamp

correct_responses

weighting

learner_response

result

latency

OO0OO0OO0OO0OO0OO0O0

A A
U UCTOouUIl I|JlIUII
LMS Behavior Requirements:

e  This data model element is mandatory and shall be implemented
by an LMS as read-only.

e  The LMS is responsible for returning a comma-separated list.of
all of the data model elements (refer to Data Model Element
Implementation Requirements above).

SCO Behavior Requirements:
e  This data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
value of the cmi.interactions._children(data model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return a comma-separated list of
data model elements supported-by the LMS (refer to Data Model
Element Implementation Requirements above) and set the error
code to O — No Error./The‘ordering of data model elements is not
important. The characterstring returned shall adhere to the
requirements idefitified in the Data Model Element
Implementation\Réquirements.

o SetValue():NFthe SCO invokes a SetValue() request to set the
cmi.interactions._children, the LMS shall set the error code to
404 = 'Data Model Element Is Read Only and return “false”.

Example:
o _\'GetValue(“cmi.interactions._children”)

cmilinteractions._count

Theemi.interactions._count keyword is used to describe the current
number of interactions being stored by the LMS. The total number of
entries currently being stored by the LMS shall be returned.
Data Model Element Implementation Requirements:

e Data Type: integer

e  Value Space: Non-negative integer

e Format: The characterstring representing the number of

interactions that the LMS is currently persisting.

LMS Behavior Requirements:
e  This data model element is mandatory and shall be implemented
by the LMS as read-only.
e |fthe LMS receives a request to get the cmi.interactions._count
value prior to any interaction data being set, then the LMS shall

adhere to the requirements listed below for API Implementation
Requirements.

SCO Behavior Requirements:
e  The data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
value of the cmi.interactions._count data model element.

API Implementation Requirements:
e  GetValue(): The LMS shall return the number of interactions
currently stored by the LMS and set the error code to O — No
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Error.
0 Until interaction data is available for the SCO, the
LMS shall return O, which indicates that there are no
interaction data currently being stored.
e  SetValue(): If the SCO invokes a SetValue() request to set the
cmi.interactions._count, then the LMS shall set the error code to
404 - Data Model Element Is Read Only and return “false”.

Example:
e  GetValue(“cmi.interactions._count™)

cmir.interactons.n.id

TTHE CMi.INteractions.n.id data model element 1S a fabel Tor the interactgn.
[11.
Data Model Element Implementation Requirements:
e Data Type: long_identifier_type
e  Value Space: A characterstring (SPM: 4000),that-represents
valid URI as per RFC 3986 [6]. It is recommiended that the URI
be a URN as per RFC 2141 [3].
e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements forthe format of the
long_identifier_type data type.

QD

LMS Behavior Requirements:
e  This data model elementiis mandatory and shall be implemented

by an LMS as read/write}

e The LMS is only responsible for storage and retrieval of this ¢lata
model element along with any additional requirements stated jin

the API Implementation Requirements.

SCO Behavior Reguirements:

e  The data model element is required to be implemented by the
LMS.as read/write. The SCO is permitted to retrieve and stofe
the'value of the cmi.interactions.n.id data model element.

e __ ((SCOs have the responsibility of setting interaction data in a
sequential order. All arrays are implemented as packed arrayp.
Packed arrays are implemented with no array positions being
skipped.

e  The cmi.interactions.n.id is required to be set first for each
interaction that needs to be tracked by the SCO.

e Itis recommended that a SCO not alter (set) existing interactipn
ids during a learner attempt. If the SCO alters an
cmi.interactions.n.id during a learner attempt, this could corript
interaction data that has been collected in previous learner
sessions and provide inconsistent information about the
interaction.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.interactions.n.id currently stored by the LMS for the learfer
and set the error code to O — No Error. The characterstring
returned shall adhere to the requirements identified in the Datp
Model Element Implementation Requirements.

fo) The data model hinding for collections is rpprpepnf;d

as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
interactions in the array), then the LMS shall set the
error code to 301 — General Get Failure and return an
empty characterstring (“”’). Refer to Section 3.1.7.6:
SCORM Extension Error Conditions for further
recommendations on processing this request.

e  SetValue(): The LMS shall set the cmi.interactions.n.id to the
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supplied value in the SetValue() request, set the error code to O —
No Error and return “true”.

0 Ifthe supplied value of the SetValue() does not meet
the requirements of the Data Model Element
Implementation Requirements, then the LMS shall set
the error code to 406 — Data Model Element Type
Mismatch and return “false”. The LMS shall not
alter the state of the data model element based on the
request .

0 The data model binding for collections is represented

1 L

1 a LE +lo oM 1 Cot\ L
ao PQL:[\CU mla_ya. Ui OCUUTTTIVURATUO A \)CLVGIUC\’
request where the index (n) provided is a number that
is greater than the current number of interactions being
stored (can be determined by requesting the
cmi.interactions._count ), then the LMS shall setithe
error code to 351 — General Set Failure and return
“False”. Referto Section 3.1.7.6: SCORM(Extension
Error Conditions.

Additional Behavior Requirements: The SCO is responsible for making
sure that new interaction information is inserted ( Set\alue() ) in the index
list in a sequential order. The interaction’s identifier is a required field that
shall be set by the SCO if interaction data will4e requested to be tracked
by the SCO.

Example:
o  GetValue(“cmi.interactions.0vd”)
e  SetValue(“cmi.interaction$,0.id”,”obj1”)

cmilinteractions.n.type The cmi.interactions.n.typé€_data model element indicates which type of
interaction is recorded in‘an instance of an interaction. It is also used to
determine how the intéraction response should be interpreted [1].

Data Model Element Implementation Requirements:
e DataType: state (true_false, multiple_choice, fill_in,
lodg: fill_in, matching, performance, sequencing, likert, numeric,
other)
e “Value Space: The IEEE defines ten state values. SCORM binds
these state values to the following restricted vocabulary tokens:
0 “true-false”: The interaction has two possible
responses [1]. SCORM requires that the two possible
responses be either “true” or “false”. No abbreviated
versions or alternative forms (i.e., t,f,1,0) shall be
permitted.
0 “choice”: The interaction has a set of two or more
possible responses from which the learner may select
[1].
o “fill-in”: The interaction requires the learner to supply
a short response in the form of one or more strings of
characters. Typically, the correct response consists of
part of a word, one word or a few words [1].
o “long-fill-in”: The interaction requires the learner to

Supply a response In the form of a long string of
characters.

o  “likert”: The interaction asks the learner to select from
a discrete set of choices on a scale [1].

0 “matching”: The interaction consists of two sets of
items. Members of the first set are related to zero or
more members of the second set.

o “performance”: The interaction requires the learner to
perform a task that requires multiple steps [1].

0 “sequencing”: The interaction requires the learner to
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identify a logical order for members of a list [1].
0  “numeric”: The interaction requires a numeric
response from the learner. The response is a simple
number with an optional decimal point [1].
o “other”: Any other type of interaction not defined by
the IEEE standard [1].
Format: The format of the data model value shall be one of the
restricted tokens listed above (“true-false”, “choice”, “fill-in”,

“long-fill-in”, “matching”, “performance”, “sequencing”,
“likert”, “numeric” or “other”).

LMS Behavior Requirements:

SCO Behavior Requirements:

This data model element is mandatory and shall be implemented
by an LMS as read/write.
The LMS is only responsible for storage and retrievalloef this ¢lata
model element along with any additional requirements stated |in
the API Implementation Requirements.

API Implementation Requirements:

The data model element is required to'be-implemented by the
LMS as read/write. The SCO is pérmitted to retrieve and storfe
the value of the cmi.interactions.nitype data model element.
SCOs have the responsibility‘ofisetting interaction data in a
sequential order. All arraystare implemented as packed arrayp.
Packed arrays are implemented with no array positions being
skipped.

The cmi.interactions.n.type is required to be set for each
interaction that(needs to be tracked by the SCO in which a
correct_respanse and/or learner_response is also being tracke
The cmisinteractions.n.type shall be set prior to setting the
correctresponse or learner_response. If the
cmisinteractions.n.type is not set prior to the correct_response or
learner_response, then a data model dependency is not being net.
It is recommended that a SCO does not alter (set) existing
interaction types during a learner attempt. If the SCO alters &
interaction type during a learner attempt, this could corrupt
interaction data that has been collected in previous learner
sessions reflective of that type. By altering the type of the
interaction, correct_response and learner_response data may
become invalid.

j=n

=

GetValue(): The LMS shall return the associated
cmi.interactions.n.type currently stored by the LMS for the
learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is representg
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the

mgluncf indicated-an-nvalue of 5 when there are nnlJ/ 3

o

interactions in the array), then the LMS shall set the
error code to 301 — General Get Failure and return an
empty characterstring (“”’). Refer to Section 3.1.7.6:
SCORM Extension Error Conditions for further
recommendations on processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.interactions.n.type and the record of data has been
created but the type data model element has not been
set by the SCO, then the LMS shall set the error code
to 403 - Data Model Element Value Not Initialized
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and return an empty characterstring (*”*).

e SetValue(): The LMS shall set the cmi.interactions.n.type to the
supplied value in the SetValue() request, set the error code to O —
No Error and return “true”.

0 Ifthe SCO invokes a request to set the
cmi.interactions.n.type and the value is not a member
of the restricted vocabulary tokens described above,
then the LMS shall set the error code to 406 — Data
Model Element Type Mismatch and return “false”.
The LMS shall not alter the state of the data model

cmilinteractions.n.objectives._count

element based on the request .

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number that
is greater than the current number of interactions being
stored (can be determined by requesting the
cmi.interactions._count ), then the LMS shall-set the
error code to 351 — General Set Failure and return
“False”. Referto Section 3.1.7.6-SCORM Extension
Error Conditions.

0 If the cmi.interactions.n.id has-not been set prior to the
request to set the cmi.interactions.n.type, then the LMS
shall set the error code t0,408 — Data Model
Dependency Not Established, return “false” and not
change the currentstate of the data model element.

Example:
e  GetValue(“cmi.interactions.0.type”)
e  SetValue(“cmi.interactions.0.type”, true-false™)

The cmi.interactions.n.objectives._count keyword is used to describe the
current number of objectives (i.e., objective identifiers) being stored by the
LMS for. the given interaction (i.e., the interaction data stored at position
n). The.total number of entries currently being stored by the LMS shall be
returped.

Data Model Element Implementation Requirements:
e Data Type: integer
e  Value Space: Non-negative integer
e Format: The characterstring representing the number of
objective identifiers that the LMS is currently persisting. Refer
to Section 4.1.1.7: Data Types for more information on the
requirements for the format of the integer data type.

LMS Behavior Requirements:
e  This data model element is mandatory and shall be implemented
by the LMS as read-only.
e |f the LMS receives a request to get the
cmi.interactions.n.objectives._count value prior to any interaction

abicetiviaidantifiare hatna oot than tha | MNMC chall adhara 0 tha
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requirements listed below for APl Implementation Requirements.

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
value of the cmi.interactions.n.objectives._count data model
element.

API Implementation Requirements:
e  GetValue(): The LMS shall return the number of objective
identifiers for the interactions currently stored by the LMS and
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set the error code to O — No Error.

o Until objective identifiers are requested to be stored by
the SCO, the LMS shall return O, which indicates that
there is no objective identifiers for the interaction data
currently being stored. If no objective identifiers are
requested to be stored by the SCO, the LMS shall
return O, if requested by the SCO.

SetValue(): If the SCO invokes a SetValue() request to set the
cmi.interactions.n.objectives._count, then the LMS shall set the
error code to 404 — Data Model Element Is Read Only and

Example:

retormfFatse™

GetValue(“cmi.interactions.0.objectives._count™)

cmi.interactions.n.objectives.m.id

The cmi.interactions.n.objectives.m.id data model element is.a label for|
objectives associated with the interaction. The label shalllbe unique at least
within the scope of the SCO [1].

The objective identifiers may or may not correspond’to the objective
identifiers found in the Objectives data model’element
(cmi.objectives.n.id). Whether or not there®is a relationship to the objegtive
identifiers is implementation specific. The SCO may be designed to track
this information and relationship.

12

The cmi.interactions.n.objectives:m:id is an array of objective identifier|
The LMS shall maintain an agray-of at a least 10 (required SPM) of
objective identifiers. The LMS-may extend the ability to store more,

however, this is implementation specific.
Data Model Elementdmplementation Requirements:

LMS Behavior Requirements:

Data Type? long_identifier_type

Value Space: A characterstring (SPM: 4000) that represents
valid'URI as per RFC 3986 [6]. It is recommended that the URI
pe'a URN as per RFC 2141 [3].

Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the
long_identifier_type data type.

QO

SCO Behavior Requirements:

d

@D

This data model element is mandatory and shall be implemen
by an LMS as read/write.

The LMS is only responsible for storage and retrieval of this ¢lata
model element along with any additional requirements stated |in
the API Implementation Requirements.
The LMS shall make be capable of storing at least 10 objectiv
identifiers (SPM requirement).

@D

The data model element is required to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and storfe
the value of the cmi.interactions.n.objectives.m.id data model
element.

SCOs have the responsibility of setting interaction data in a

API Implementation Requirements:

STYUCT ﬁia: Ul UICI B A” dairays dit illlp:clllcl Itcd as pab'r\cd arrays.
Packed arrays are implemented with no array positions being
skipped.

Prior to setting any associated objective identifiers, the SCO is
required to have set the cmi.interactions.n.id.

GetValue(): The LMS shall return the associated
cmi.interactions.n.objectives.m.id currently stored by the LMS
for the interaction and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
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identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
objective identifiers in the array), then the LMS shall
set the error code to 301 — General Get Failure and

return an empty characterstring (“”). Refer to Section
3176 SCORM Extension Error Conditions for

further recommendations on processing this request.

e SetValue(): The LMS shall set the
cmi.interactions.n.objectives.m.id to the supplied value in the
SetValue() request, set the error code to O — No Error and réeturn
“true”.

0 If the supplied value of the SetValue() does "0t Meet
the requirements of the Data Model Element
Implementation Requirements, then the LLMS shall set
the error code to 406 — Data Modéel Element Type
Mismatch and return “false”.” The LMS shall not
alter the state of the data model element based on the
request .

0 The data model bindingfor collections is represented
as packed arrays. Ifthe-SCO invokes a SetValue()
request where the index (n) provided is a number that
is greater than the current number of objectives being
stored (can‘e determined by requesting the
cmi.interactions.n.objectives._count ) or the current
number<f interactions being stored (can be determined
by requesting the cmi.interactions._count), then the
L'MS shall set the error code to 351 — General Set
Failure and return “false”. Refer to Section 3.1.7.6:
SCORM Extension Error Conditions.

o If the cmi.interactions.n.id has not been set prior to the
request to set the cmi.interactions.n.objectives.m.id,
then the LMS shall set the error code to 408 — Data
Model Dependency Not Established, return “false”
and not change the current state of the data model
element.

o0 If the supplied value of the SetValue() is a value that
has already been used (not unique within the set of
interaction objective identifiers) in an earlier array
position within a learner attempt, then the LMS shall
set the error code to 351 — General Set Failure and
return “False”. Refer to Section 3.1.7.6: SCORM
Extension Error Conditions. The LMS shall not alter
the state of the data model element based on the
request.

Example:

e Getvalue( cmi.ineractions.U.0bjectives.0.1d ")
e  SetValue(“cmi.interactions.0.objectives.0.id”,“urn:ADL:objectiv
e-id-0001")

cmi.interactions.n.timestamp

The cmi.interactions.n.timestamp data model element is the point in time at
which the interaction was first made available to the learner for learner
interaction and response [1]. The value of the timestamp is represented as
a point in time. If several interactions are presented at the same time, they
have the same timestamp value. If an interaction was never available for
response, such as an interaction that is not used in an adaptive test, no

RTE-A-56

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1
© ISO/IEC 2009 — All rights reserved



https://iecnorm.com/api/?name=beb86799b6db2e19fa5e09cca0929689

ISO/IEC TR 29163-3:2009(E)

timestamp value is available for that interaction. If a timestamp value is
available for an interaction but no learner response data is available, it
should be assumed the interaction has been available to the learner but the
learner did not respond to the interaction.

Data Model Element Implementation Requirements:
e Data Type: time(second,10,0)
e  Value Space: The data type denotes that the value for time is a
number expressed as a real data type with values that are accurate
to one second and an optional precision of one hundredth of a
second (0.01). The number of seconds in the time value is the

number of seconds since 00:00 on January 1, 1970 [1].

e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the
time(second,10,0) data type.

LMS Behavior Requirements:
e  This data model element is mandatory and shall-be implemented

by an LMS as read/write.

e The LMS is only responsible for storage and retrieval of this ¢lata
model element along with any additional requirements stated jin

the API Implementation Requiréments.

SCO Behavior Requirements:

e  The data model element is\tequired to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and storfe
the value of the cmiinteractions.n.timestamp data model
element.

e SCOs have the responsibility of setting interaction data in a
sequential-arder. All arrays are implemented as packed arrayp.
Packedarrays are implemented with no array positions being
skipped:

e  Priorto setting any associated interaction timestamp, the SCQ
required to have set the cmi.interactions.n.id.

is

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated interaction
timestamp currently stored by the LMS for the interaction and set
the error code to O — No Error. The characterstring returned ghall
adhere to the requirements identified in the Data Model Elemgnt
Implementation Requirements.

0 The data model binding for collections is representg
as packed arrays. If the SCO invokes a GetValue(
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
interactions in the array), then the LMS shall set thg
error code to 301 — General Get Failure and returnfan
empty characterstring (“”’). Refer to Section 3.1.7.4:
SCORM Extension Error Conditions for further
recommendations on processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.interactions.n.timestamp and the record of datalhas

o

been created but the cmi.interactions.n.timestamp has
not been set by the SCO, then the LMS shall set the
error code to 403 — Data Model Element Value Not
Initialized and return an empty characterstring (“”).

e  SetValue(): The LMS shall set the cmi.interactions.n.timestamp
to the supplied value in the SetValue() request, set the error code
to O — No Error and return “true”.

0 Ifthe supplied value of the SetValue() does not meet
the requirements of the Data Model Element
Implementation Requirements, then the LMS shall set
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the error code to 406 — Data Model Element Type
Mismatch and return “false”. The LMS shall not
alter the state of the data model element based on the
request.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number that
is greater than the current number of interactions being
stored (can be determined by requesting the
cmi.interactions._count ), then the LMS shall set the

arrar ceada to 201 Ganaral Sat Eailiiva and rotiivn
HOr-c86ae-t6oo= eRetat trahteaheFettit

“false”. Referto Section 3.1.7.6: SCORM Extension
Error Conditions.

0 If the cmi.interactions.n.id has not been set prior to the

request to set the cmi.interactions.n.timestamp, then, the

LMS shall set the error code to 408 — Data Modégl

Dependency Not Established, return “fal s&2and not

change the current state of the data modéDelément.
Example:

e  GetValue(“cmi.interactions.0.timestamp”)

e  SetValue(“cmi.interactions.0.timestamp“2003-07-25T03:00:00)
cmilinteractions.n.correct_responses | The cmi.interactions.n.correct_responses:_count keyword is used to
._cdunt describe the current number of correetresponses being stored by the LMS.

The total number of entries currently being stored by the LMS shall be
returned.
Data Model Element Implementation Requirements:

o Data Type;:.integer

e  Value Space: Non-negative integer

e  Format:-The characterstring representing the number of correct
responses that the LMS is currently persisting. Refer to Section
4.1:1.7: Data Types for more information on the requirements for
the format of the integer data type.

LMS.Behavior Requirements:

e  This data model element is mandatory and shall be implemented
by the LMS as read-only.

e |f the LMS receives a request to get the
cmi.interactions.n.correct_responses._count value prior to any
correct responses for the interaction being set, then the LMS shall
adhere to the requirements listed below for API Implementation
Requirements.

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
value of the cmi.interactions.n.correct_responses._count data
model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the number of correct
responses for the interactions currently stored by the LMS and
set the error code to O — No Error.

0  Until correct_responses are requested to be stored by
the SCO, the LMS shall return O, which indicates that
there are no correct responses for the interaction data
currently being stored.

e  SetValue(): If the SCO invokes a SetValue() request to set the
cmi.interactions.n.correct_responses._count, then the LMS shall
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set the error code to 404 — Data Model Element Is Read Only and
return “False”.

Example:
e  GetValue(“cmi.interactions.0.correct_responses._count”)

cmi.interactions.n.correct_responses
.n.pattern

The cmi.interactions.n.correct_responses.n.pattern data model element
defines one correct response pattern for the interaction. The format of the
pattern value depends on the type (cmi.interactions.n.type) of interaction.

The cmi.interactions.n.correct_responses collection is a packed array of
correct responses for an interaction. Depending on the type

(cmi.interactions.n.type) of interaction, the number of correct response
patterns required to be supported varies. Refer to Section 4.2.9.1: Correct
Responses Pattern Data Model Element Specifics for more details.on edch
type.

Data Model Element Implementation Requirements:

e The data type and format for the pattern varies’depending on the

type (cmi.interactions.n.type) of interaction. Section 4.2.9.1:

Correct Responses Pattern Data Model [Element Specifics deflines

the data model element implementation requirements and format

for each type of interaction.

e During SetValue() and GetValue() processing, LMSs and SCPs,
need to be aware of the format of the pattern based on the
interaction type. How(the'LMS and/or SCO handles and

processes the patterfris outside the scope of SCORM. For

example, the SCQ may need to parse the characterstring returped

from the LMS inJorder to display the value to a learner.

LMS Behavior Reguirements:

e  The data model element is mandatory and shall be implemented

by an'LMS as read/write.

e  The-SCO is responsible for setting this value if appropriate. The

1:MS cannot make any judgments of what the correct responsgs

are for the interaction. If an LMS receives a GetValue() request

prior to the value being set by the SCO, then the LMS shall sgt

the appropriate error code (refer to API Implementation
Requirements).

SCO Behavior Requirements:

e  The data model element is implemented by an LMS as
read/write. The SCO is permitted to retrieve and store the value
of the cmi.interactions.n.correct_responses.n.pattern data madel
element. The data model element requirements and format fgr
the correct responses are described in detail in Section 4.2.9.1:
Correct Responses Pattern Data Model Element Specifics.

e  Prior to setting any associated interaction correct response, thg
SCO is required to have set the interaction’s cmi.interactions.id
and cmi.interactions.n.type data model elements.

API Implementation Requirements:
e  GetValue(): The LMS shall return the associated
cmi.interactions.n.correct responses.n.pattern currently storgd

by the LMS for the learner and set the error code to O — No Error.
The characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
correct_responses in the array), then the LMS shall set
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the error code to 301 — General Get Failure and return
an empty characterstring (“”). Refer to Section 3.1.7.6:
SCORM Extension Error Conditions for further
recommendations on processing this request.

e SetValue(): The LMS shall set the
cmi.interactions.n.correct_responses.n.pattern data model
element to the parameter passed as parameter_2 of the SetValue()
call, set the error code to O — No Error and return “true”.

0 If either cmi.interactions.n.id or cmi.interactions.n.type
are not set prior to the request to set the

emintaractiaone n oaarrant racnancnc N nattarn tha

emtRteracHonRs-eorrect—respensestpatternthen
the LMS shall set the error code to 408 — Data Model
Dependency Not Established, return “false” and not
change the current state of the data model element.

0 Ifthe SCO tries to set the
cmi.interactions.n.correct_responses.n.patterntg’a
value that does not meet the requirements defined in
Section 4.2.9.1: Correct Responses Pattérn Data
Model Element Specifics for the interaction’s type
(cmi.interactions.n.type), then the LMS shall set the
error code to 406 - Data Model Element Type
Mismatch, return “false’ The LMS shall not alter
the state of the data model.glement based on the
request.

The data model binding for collections is-represented as packed arrays. If
the SCO invokes a SetValue() request where the index (n) provided is a
number that is greater than the currént'number of interactions being stored
(which can be determined by reguesting the cmi.interactions._count ) or
correct response patterns beihg stored (which can be determined by
requesting the cmi.interactions.n.correct_responses._count), then the LMS
shall set the error code t0~351 — General Set Failure and return “False”.
Refer to Section 3.1.7:67 SCORM Extension Error Conditions.

Example:

o  GetValue(“cmi.interactions.0.correct_responses.1.pattern™)
o - SetValue(“cmi.interactions.0.correct_responses.0.pattern”,”true”)

cmilinteractions.n.weighting Thescmi.interactions.n.weighting data model element is the weight given to
the-interaction that may be used by the SCO to compute a value for a score.
The interaction weights typically are used to explain the effect of an
interaction on the value of the score but are not intended to be used by
systems other than the SCO to compute the score [1]. How this value or
any calculation of a total score is computed by the SCO is outside the
scope of SCORM.

Data Model Element Implementation Requirements:
e Data Type: real (10,7)
e  Value Space: A real number with values that is accurate to
seven significant decimal figures.
e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real (10,7)

tatatype:
LMS Behavior Requirements:

e  The data model element is mandatory and shall be implemented
by an LMS as read/write.

e The SCO is responsible for setting this value if appropriate. The
LMS cannot make any judgments of the weighting of the
interaction unless reported otherwise from the SCO. If an LMS
receives a GetValue() request prior to the value being set by the
SCO, then the LMS shall set the appropriate error code (refer to
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API Implementation Requirements).

SCO Behavior Reguirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.interactions.n.weighting data model element.

e  Prior to setting any associated interaction weighting, the SCO is
required to have set the cmi.interactions.n.id

API Implementation Requirements:
e  GetValue(): The LMS shall return the associated

cmiinteractionsimwetghtingcurrentty-stored-by-theHiviS-forthe
learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementatign
Requirements.

0 The data model binding for collections/is representd
as packed arrays. If the SCO invoKes a GetValue()
request where the index (n) is@number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value-of 5 when there are onlly 3
interactions in the array); then the LMS shall set thd
error code to 301~ General Get Failure and return jan
empty characterstting (“”). refer to Section 3.1.7.6;
SCORM Extension Error Conditions for further
recommenidations on processing this request.

0 If the SCOattempts to retrieve the
cmi.interactions.n.weighting and the record of data has
been created but the cmi.interactions.n.weighting h
not been set by the SCO, then the LMS shall set the
error code to 403 - Data Model Element Value Ng
Initialized and return an empty characterstring (“”).

o

w

—F

o SetValue(): The LMS shall set the cmi.interactions.n.weightjng
data model element to the parameter passed as parameter_2 of
the SetValue() call, set the error code to O — No Error and retyirn
“true”.

0 Ifthe SCO ftries to set the cmi.interactions.n.weightjng
to a value that is not a real number, then the LMS shall
set the error code to 406 - Data Model Element Type
Mismatch, return “false”. The LMS shall not altgr
the state of the data model element based on the
request.

0 The data model binding for collections is representd
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number thiat
is greater than the current number of interactions bding
stored (can be determined by requesting the
cmi.interactions._count ), then the LMS shall set thg
error code to 351 — General Set Failure and return
“False”. Refer to Section 3.1.7.6: SCORM Exten
Error Conditions.

o

174

on

O the cmiinteractions.mid1as ot beerT Set prior to the
request to set the cmi.interactions.n.weighting, then the
LMS shall set the error code to 408 — Data Model
Dependency Not Established, return “false” and not
change the current state of the data model element.
Example:
e  GetValue(“cmi.interactions.0.weighting™)
e  SetValue(“cmi.interactions.0.weighting”,”1.0”)

cmi.interactions.n.learner_response

The cmi.interactions.n.learner_response data model element consists of
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the data generated when a learner responds to an interaction [1]. The
learner’s response shall have one of ten possible variants. Each variant
depends on the type (i.e., cmi.interactions.n.type) of interaction.

Refer to Section 4.2.9.2: Learner Response Data Model Element Specifics
for more details on each type.

Data Model Element Implementation Requirements:
e  The data type for the value varies depending on the type
(cmi.interactions.n.type) of interaction. Section 4.2.9.2: Learner
Response Data Model Element Specifics defines the data model

element implementation requirements and format Tor eacn type
of interaction.

e  During SetValue() and GetValue() processing, LMSs and SCOs
need to be aware that the format of the learner response is based
on the interaction type. How the LMS and or SCO handles and
processes the learner response is outside the scope of SCORM.
For example, the SCO may need to parse the characterstring
returned from the LMS in order to display the valie'to a learner.

LMS Behavior Requirements:

e  The data model element is mandatory and‘shall be implemented
by an LMS as read/write.

e The SCO is responsible for setting this value if appropriate. The
LMS is not responsible for making,any judgments of whether or
not the learner response is correct-If an LMS receives a
GetValue() request prior to the-value being set by the SCO, then
the LMS shall set the appropriate error code (refer to API
Implementation Requirements).

SCO Behavior Requiremeénts:

e  The data modéehelement is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value-ef the cmi.interactions.n.learner_response data model
element:»The data model element requirements and format for
the_learner response are described in detail in Section 4.2.9.2:
Learner Response Data Model Element Specifics.

o .\ Prior to setting any associated interaction learner response, the
SCO is required to have set the cmi.interactions.n.id and
cmi.interactions.n.type data model elements.

e  The cmi.interactions.n.learner_response is not required to be set,
if the learner did not respond to an interaction, then it is up to the
SCO to determine whether or not a
cmi.interactions.n.learner_response is set. It should be
considered a best practice not to set the
cmi.interactions.n.learner_response if the learner did not respond
to the interaction.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.interactions.n.learner_response currently stored by the LMS
for the learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements

identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
interactions in the array), then the LMS shall set the
error code to 301 — General Get Failure and return an
empty characterstring (“”’). Refer to Section 3.1.7.6:
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SCORM Extension Error Conditions for further
recommendations on processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.interactions.n.learner_response and the record of
data has been created but the learner_response data
model element has not been set by the SCO, then the
LMS shall set the error code to 403 - Data Model
Element VValue Not Initialized and return an empty
characterstring (“”).

e SetValue(): The LMS shall set the

CITIT-ITItET AT IT. Iear T _TESPONSE Uata modet etement to th
parameter passed as parameter_2 of the SetValue() call, set-th
error code to O — No Error and return “true”.

0 Ifthe SCO tries to set the
cmi.interactions.n.learner_response to ‘a’vdlue that
does not meet the requirements defined in Section
4.2.9.2: Learner Response Data Maodel Element
Specifics, then the LMS shall.Setythe error code to 406
- Data Model Element Type Mismatch, return
“False”. The LMS shall not alter the state of the fata
model element based on the request.

0 The data model binding for collections is representdd
as packed arrays. N the SCO invokes a SetValue()
request whete the index (n) provided is a number thiat
is greater ‘than the current number of interactions bding
stored {(can be determined by requesting the
cmi.interactions._count ), then the LMS shall set thg
etror code to 351 — General Set Failure and return
“false”. Refer to Section 3.1.7.6: SCORM Exten
Error Conditions.

0 If the cmi.interactions.n.id and cmi.interactions.n.type
are not set prior to the request to set the
cmi.interactions.n.learner_response, then the LMS
shall set the error code to 408 — Data Model
Dependency Not Established, return “false” and pot
change the current state of the data model element.

D

@D

174

on

Example:

e  GetValue(“cmi.interactions.0.learner_response”)

e  SetValue(“cmi.interactions.0.learner_response”,”true’)

cmi.interactions.n.result

The cmi.interactions.n.result data model element is a judgment of the
correctness of the learner response [1].

Data Model Element Implementation Requirements:
e Data Type: state (correct, incorrect, unanticipated, neutral, rgal
(10,7))
e Value Space: The IEEE defines five state values. SCORM
binds these state values to the following restricted vocabulary
tokens:

U “\.;UI ICbt”. ThC :Cal TICT TTOPUTIST vWas LUTT Cbt [1].

0 “incorrect”: The learner response was incorrect [1].

0 “unanticipated”: The learner response was not
expected [1].

0 “neutral”: The learner response was neither correct nor
incorrect [1].

o real (10,7): A real number. This result provides the
capability of reporting a numeric estimate of the
correctness of the learner response [1].

e Format: The format of the data model value shall be one of the

restricted tokens listed above (“correct”, “incorrect”,
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“unanticipated”, “neutral”) or a real number with values that is
accurate to seven significant decimal figures real.

LMS Behavior Requirements:

e  The data model element is mandatory and shall be implemented
by an LMS as read/write.

e  The SCO is responsible for setting this value if appropriate. The
LMS cannot make any judgments of the result for the learner
response of the interaction unless reported otherwise from the
SCO. If an LMS receives a GetValue() request prior to the value
being set by the SCO, then the LMS shall set the appropriate

error code (refer to APl Implementation Requirements).

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.interactions.n.result data model element.

e  Prior to setting any associated interaction result, the SCO is
required to have set the cmi.interactions.n.id.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.interactions.n.result currently stored by the LMS for the
learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Efement Implementation
Requirements.

0 The data model-binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the’LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
ifiteractions in the array), then the LMS shall set the
error code to 301 — General Get Failure and return an
empty characterstring (“”). Refer to Section 3.1.7.6:
SCORM Extension Error Conditions for further
recommendations on processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.interactions.n.result and the record of data has
been created but the cmi.interactions.n.result has not
been set by the SCO, then the LMS shall set the error
code to 403 - Data Model Element Value Not
Initialized and return an empty characterstring (“”).

e  SetValue(): The LMS shall set the cmi.interactions.n.result data
model element to the parameter passed as parameter_2 of the
SetValue() call, set the error code to O — No Error and return
“true”.

o0 If the SCO tries to set the cmi.interactions.n.result to a
value that does not meet the Data Model
Implementation Requirements, then the LMS shall set
the error code to 406 - Data Model Element Type
Mismatch, return “fallse”. The | MS shall not alter

the state of the data model element based on the
request.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number that
is greater than the current number of interactions being
stored (can be determined by requesting the
cmi.interactions._count ), then the LMS shall set the
error code to 351 — General Set Failure and return
“false”. Referto Section 3.1.7.6: SCORM Extension
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Error Conditions.

0 If the cmi.interactions.n.id has not been set prior to the
request to set the cmi.interactions.n.result, then the
LMS shall set the error code to 408 — Data Model
Dependency Not Established, return “false” and not
change the current state of the data model element.

Example:
e  GetValue(*“cmi.interactions.0.result™)

e  SetValue(“cmi.interactions.0.result”,”1.0”)
e SetValue(“cmi.interactions.0.result”,”correct™)

cmi.interactions.n.latency The cmi.interactions.n.latency data element is the time elapsed betweer] the
time the interaction was made available to the learner for response and the
time of the first response. The latency information is not available for gn
interaction if the learner did not respond. The latency is, in effect, the time
difference between the cmi.interactions.n.timestampjofithe interaction gnd
the time of the first response [1].

Data Model Element Implementation Regdirements:
e Data Type: timeinterval (secondy10,2) - a time interval with
resolution to 0.01 seconds
e Format: Refer to Section‘4/1.1.7: Data Types for more
information on the requirements for the format of the
timeinterval (second;10,2) data type.

LMS Behavior Requirements:
e  The data model*element is mandatory and shall be implemented

by an LMS\as read/write.

e The SCO isresponsible for setting this value if appropriate. The
LMS cannot make any judgments of the latency for the
interaction unless reported otherwise from the SCO. If an LMIS

receives a GetValue() request prior to the value being set by the

SCO, then the LMS shall set the appropriate error code (refer|to

API Implementation Requirements).

S€0 Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.interactions.n.latency data model element.

e  Prior to setting any associated interaction latency, the SCO is
required to have set the cmi.interactions.n.id.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.interactions.n.latency currently stored by the LMS for the
learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for collections is representg
as packed arrays. If the SCO invokes a GetValue()

o

TEQUEST WHeTe the INdex (M) 15 a Numper farger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only 3
interactions in the array), then the LMS shall set the
error code to 301 — General Get Failure and return an
empty characterstring (“”’). Refer to Section 3.1.7.6:
SCORM Extension Error Conditions for further
recommendations on processing this request.

0 Ifthe SCO attempts to retrieve the
cmi.interactions.n.latency and the record of data has
been created but the cmi.interactions.n.latency has not
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been set by the SCO, then the LMS shall set the error
code to 403 - Data Model Element Value Not
Initialized and return an empty characterstring (“”).

e  SetValue(): The LMS shall set the cmi.interactions.n.latency
data model element to the parameter passed as parameter_2 of
the SetValue() call, set the error code to O — No Error and return
“true”.

0 Ifthe SCO ftries to set the cmi.interactions.n.latency to
a value that does not meet the Data Model
Implementation Requirements, then the LMS shall set

the error code to 406 — Data Model Element Type
Mismatch, return “false”. The LMS shall not alter
the state of the data model element based on the
request.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a Set\alug()
request where the index (n) provided is a number that
is greater than the current number of ipteractions being
stored (can be determined by requesting-the
cmi.interactions._count ), then the KKMS shall set the
error code to 351 — General Set Failure and return
“False”. Referto Section 3:17.6: SCORM Extension
Error Conditions.

0 If the cmi.interactionsin.id has not been set prior to the
request to set the cmizihteractions.n.latency, then the
LMS shall set thé\error code to 408 — Data Model
Dependency’ Not’Established, return “false” and not
change the-current state of the data model element.

Example:

o GetValue(‘;cmivinteractions.0.latency”)
e  SetValue(‘cmi.interactions.0.latency”,” PT5M”) — A period of
time of'5’minutes

cmilinteractions.n.description

The cmi.interactions.n.description data model element is a brief
informative description of the interaction.

Data:Model Element Implementation Requirements:
e Data Type: localized_string_type (SPM: 250)
e Value Space: A characterstring that represents a localized
characterstring.
e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the
localized_string_type data type.

LMS Behavior Requirements:
e  The data model element is mandatory and shall be implemented
by an LMS as read/write.
e The SCO is responsible for setting this value if appropriate. The
LMS cannot make any judgments on the description for the
interaction unless reported otherwise from the SCO. If an LMS

TECEIVES a GELValue() Tequest prior 10 the value being Set by the
SCO, then the LMS shall set the appropriate error code (refer to
API Implementation Requirements).

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.interactions.n.description data model
element.

e  Prior to setting any associated interaction description, the SCO is
required to have set the cmi.interactions.n.id.
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e During a SetValue() request, the SCO should be aware that the
{lang=<language_type>} delimiter is optional. If the delimiter is
not part of the characterstring, the LMS will assume that the
default language is “en”.

e During a GetValue() request, the SCO should be aware that the
{lang=<language_type>} delimiter may be part of the
characterstring returned by the LMS (depending on the LMS
implementation). What the SCO does with the characterstring
returned by the LMS is dependent on the implementation of the
SCO. If the characterstring does not contain the delimiter, then

an”

the SCO can-assume that the Inngllngn T

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.interactions.n.description currently stored by the LMS foy
the interaction and set the error code to O — No Error.” The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

0 The data model binding for callections is representg
as packed arrays. If the'SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is eurrently maintaining (e.g., the
request indicated'an’n value of 5 when there are onlly 3
interactions in‘the array), then the LMS shall set thd
error codé-to 301 — General Get Failure and return jan
empty‘characterstring (“”’). Refer to Section 3.1.7.4:
SCORM Extension Error Conditions for further
reedommendations on processing this request.

0~ \f’the SCO attempts to retrieve the
cmi.interactions.n.description and the record of datg
has been created but the cmi.interactions.n.descriptjon
has not been set by the SCO, then the LMS shall sef the
error code to 403 - Data Model Element Value No
Initialized and return an empty characterstring (“”).

e SetValue(): The LMS shall set the
cmi.interactions.n.description data model element to the
parameter passed as parameter_2 of the SetValue() call, set th
error code to O — No Error and return “true”.

0 If the SCO tries to set the
cmi.interactions.n.description to a value that does not
meet the Data Model Implementation Requirementg,
then the LMS shall set the error code to 406 - Dat
Model Element Type Mismatch, return “false”. TThe
LMS shall not alter the state of the data model element
based on the request.

0 The data model binding for collections is representg
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number that
is greater than the current number of interactions bding
stored (can be determined by requesting the

o

—F

@D

o

cmi-interactions—count)themrthe EiviSshattset the
error code to 351 — General Set Failure and return
“False”. Referto Section 3.1.7.6: SCORM Extension
Error Conditions.

0 If the cmi.interactions.n.id has not been set prior to the
request to set the cmi.interactions.n.description, then
the LMS shall set the error code to 408 — Data Model
Dependency Not Established, return “false” and not
change the current state of the data model element.

Example:
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e  GetValue(“cmi.interactions.0.description”)
e  SetValue(“cmi.interactions.0.description”,”Which of the
following are red?”) - default language of en is used.

4.29.1 Correct Responses Pattern Data Model Element Specifics

The cmi . interactions.n.correct_responses.n.pattern data model element holds

a vaEe that varies depending on the interaction type (cmi - interactions.n.type). This
sectipn defines the requirements of the data model value for the characterstring value
defined by the pattern.

Table 4.2.9.1a: Correct Response Pattern Format Requirements

Iriteraction Correct Response Pattern Format

Data Type

trlie_false The IEEE defines a correct response for the true_false interaction type as:
true_false:

state(true, false)

Data Model Element Implementation Requirements:
e Data Type: characterstring
e Value Space: 1SO-10646-1
e Format: The IEEE defines two state values. SCORM binds these state values to
the following restricted vocabularytokens:
o0  “true”: Indicates that the'€orrect response is true.
o “false”: Indicates that'the correct response is false.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms to
the Data Model Element Implementation Requirements, described above, and
is stored at a specific index of the correct responses collection.

e  The LMS shall enforce that there may only be one correct response for this type
of interactien.VIf a SCO tries to invoke a SetValue() to store an additional pattern
(a correct/responses index, n, greater than zero), the LMS shall set the error code
to 352 ~General Set Failure and return “false”. The LMS shall not add the
new value to the valid list of patterns nor should the LMS alter the state of the
currently stored pattern, if one exists.

Example:
e SetValue(“cmi.interactions.0.correct_responses.0.pattern”, “true”)

multiple_choiee | The IEEE defines a correct response for the multiple_choice interaction type as:

multiple_choice:
set of set of short_identifier_type
I/l The set SPM: 10 sets

1 Thesetof short_derntifier _type-SPivi-36short_identifier type

Data Model Element Implementation Requirements:

e Data Type: characterstring

e Value Space: An ISO-10646-1 characterstring representing a set of
short_identifier_types, where each element of the set is separated by a special
reserved token (“[,]”). The LMS shall support characterstrings that include at
least 36 (the required SPM) short_identifier_types, separated by the reserved “[,]”
token. The LMS may extend the ability to support more; however, this is
implementation specific. The LMS is only responsible for managing the SPM of
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36 short_identifier_types. Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the short_identifier_type data
type.
e  Format: The format of the characterstring shall be:
0 <short_identifier_type>[,]<short_identifier_type>
The following requirements shall be adhered to when building the characterstring:

e The set shall contain one or more sets of short_identifier_types.
e The set of short_identifier_types may contain zero or more short_identifier_types.

If a set of short_identifier_types is empty, it represents that the correct response is
nao choice

o If the set contains more than one short_identifier_type (interaction has multiple
correct answers — all of which are required), then each short_identifier_type.shal
be separated by the special reserved token “[,]”.

e Each short_identifier_type shall occur in the set only once.

e The order of the short_identifier_types is insignificant.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms
the Data Model Element Implementation Requirements, described above, ar
is stored at a specific index of the correct responsesicollection.

e  The LMS shall support at least 10 (the required/SPM) patterns for the correct
responses collection. The LMS may extend the ability to support more; howevg
this is implementation specific. The LMS is‘only responsible for managing the
SPM of 10.

e  The LMS shall enforce the uniquenessof the correct response sets. If a SCO tries
to invoke a SetValue() to store a sef\that already exists in the correct responses
collection, LMS shall set the efrorcode to 351 — General Set Failure and return
“False”. The LMS shallgiot add the new value to the valid list of patterns not
should the LMS alter the‘state of any currently stored pattern.

o O

=

Example:
e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,*
choicel[,]chaice2[,]Jchoice3”)
e  SetValue(“cmitinteractions.0.correct_responses.l.pattern”,” choicel[,]Jchoice2”

This is an example©f a choice interaction where the correct responses collection has two
patterns. The API method calls indicate that the correct response is either

e “thoicel”, “choice2” and “choice3”, or

e \ehoicel” and “choice2”

fill_in The-EEE defines a correct response for the fill_in interaction type as:

fill_in:
bag of record
{
case_matters:
boolean,
order_matters:
boolean,
match_text:
array (0..9) of localized_string_type(250),

7 The Tatch_textarray SPviT 10 focatized —String_types
// The localized_string_type SPM: 250 characters
}/ The bag of record SPM: 5 records

Data Model Element Implementation Requirements:
e Data Type: characterstring
e Value Space: An ISO-10646-1 characterstring representing an array of
localized_string_types, where each element of the array is separated by a special
reserved token (“[,]”). The LMS shall support characterstrings that include at
least 10 (the required SPM) localized_string_types, separated by the reserved
“[,]” token. The LMS may extend the ability to support more; however, this is
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implementation specific. The LMS is only responsible for managing the SPM of
10 localized_string_types. Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the localized_string_type data
type.
e Format: The format of the characterstring shall be the following:
o0 {case_matters=<hoolean>}{order_matters=<boolean>}<localized_string_ty
pe>[,]<localized_string_type>

The following requirements shall be adhered to in building the characterstring:

0 The array may contain one or more localized_string_types.

o Etha avvav, contatne vy th aonelacalized——ctrina tna (Hha tntaraotion b
=3 TS 13

o—I-the-array-containsmere-than-enetocatized—string—type-{the-trteraction-has
multiple correct answers — all of which are required), then they shall be
separated by the special reserved token “[,]”.

0 Each localized_string may occur more than once.

0 The {case_matters=<boolean>} delimiter indicates whether or not
the case matters for evaluation of the correct response pattern. The
case_matters value shall be applied to all of the localized_string_typ€s in the
array. The {case_matters=<boolean>} may come befare or after
the {order_matters=<boolean>} delimiter. This delimiter is
optional; if it is not specified the default value for case, matters is
“False”. Referto Section 4.1.1.6: Reserved Delimiters for more
information on the requirements for the format of the
{case_matters=<boolean>} delimiter.

o0 The {order_matters=<boolean>} indicates whether or not the order
matters for evaluation of the correct response)pattern. The order_matters
value shall be applied to all of the localized® string_types in the array. The
{order_matters=<boolean>} may come before or after the
{case_matters=<boolean>}delimiter. This delimiter is optional; if
it is not specified the default value’for order_matters is “true”. Refer
to Section 4.1.1.6: Reserved\Delimiters for more information on the
requirements for the formapof the {order_matters=<boolean>}
delimiter.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms to
the Data Model Element Implementation Requirements, described above, and
is stored at a specific index of the correct responses collection.

e  The LMS shall support at least 5 (the required SPM) patterns for the correct
responsescollection. The LMS may extend the ability to support more; however,
this-issimplementation specific. The LMS is only responsible for managing the
SPM-of 5.

Example:
e ) SetValue(“cmi.interactions.0.correct_responses.0.pattern”,
“{case_matters=true}{lang=en}car”)

e  SetValue(“cmi.interactions.0.correct_responses.1.pattern”,
“{case_matters=true}{lang=en}automobile”)

This is an example of a fill_in interaction where the correct responses collection has
two patterns. The APl method calls indicate that the correct response is either “car” or

“automobile”. The correct response must be all lowercase and the language of the
localized cfring f\)/rr_m is I:nglich

e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,”{lang=en}car”)

This is an example of a fill_in interaction where the correct responses collection has
one pattern. The API method call indicates that the correct response is “car”. The
case of the correct response does not matter; however, the language of the
localized_string_type is English.

e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,”car’”)

This is an example of a fill_in interaction where the correct responses collection has
one pattern. The API method call indicates that the correct response is “car”. Since
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neither of the reserved delimiters is specified the default values are used. In this
example the case of the correct response does not matter; however, the language of the
localized_string_type is English.

e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,”{case_matters=true}{
order_matters=true}car[,Jautomobile™)

This is an example of a fill_in interaction where the correct responses collection has
one pattern. The API method call indicates that the correct response is “car” and
“automobile” in exactly that order. The correct response must be lowercase and the
language of each localized_string_type is English.

long_fill_in The IEEE defines a correct response for the long_fill_in interaction type as:

long_fill_in:
bag of record
{
case_matters:
boolean,
match_text:
localized_string_type(4000),
/I The localized_string_type SPM: 4000 characters
}/ The bag SPM: 5 records

Data Model Element Implementation Requirenients:
e Data Type: characterstring
e Value Space: An ISO-10646-1 characterstring representing a
localized_string_type. Refer to Section 4.1.1.7: Data Types for more informatign
on the requirements for the format of the localized_string_type data type.
e Format: The format of tfe‘characterstring shall be:

o {case_matters=<hpolean>}<localized_string_type>

The following reguirements shall be adhered to when building the
characterstringt

0 The characterstring must include one localized_string_type.
0 Thedicase_matters=<boolean>} delimiter indicates whether or not
the case matters for evaluation of the correct response pattern. This

delimiter is optional; if it is not specified the default value for
case_matters is “fFalse”. Referto Section 4.1.1.6: Reserved
Delimiters for more information on the requirements for the format of the
{case_matters=<boolean>} delimiter.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms
the Data Model Element Implementation Requirements, described above, ar
is stored at a specific index of the correct responses collection.

e  The LMS shall support at least 5 (the required SPM) patterns for the correct
responses collection. The LMS may extend the ability to support more; howevg
this is implementation specific. The LMS is only responsible for managing the
SPM of 5.

o O

=

Example:

The following examples do not include the entire Gettysburg Address. They are written to
save space and to describe the data type only. A practical use would include the entire text
of the Gettysburg Address.

e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,
“{case_matters=true}{lang=en}Four score and seven years ago...”)

This is an example of a long_fill_in interaction where the correct responses collection
has one pattern. The API method call indicates that the correct response is some
portion of the Gettysburg Address. The case of the correct response does matter and
the language of the localized_string_type is English.
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e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,”{lang=en}Four score
and seven years ago...”)

This is an example of a long_fill_in interaction where the correct responses collection
has one pattern. The API method call indicates that the correct response is some
portion of the Gettysburg Address. Since the {case_matters=<boolean>} delimiter is
not specified, the default value (false) is used. In this example, the case of the correct
response does not matter and the language of the localized_string_type is English.

likert

The IEEE defines a correct response for the likert interaction type as:
likert:

short_identifier_type

Data Model Element Implementation Requirements:
e Data Type: short_identifier_type
e Value Space: An ISO-10646-1 characterstring representing a
short_identifier_type. Refer to Section 4.1.1.7: Data Types for more information
on the requirements for the format of the short_identifier_type data type.
e Format: The format of the characterstring shall be:

0 <short_identifier_type>

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms to
the Data Model Element Implementation Requiremients, described above, and
is stored at a specific index of the correct responses collection.

e  The LMS shall enforce that there may only be-arie/correct response for this type
of interaction — cmi.interactions.n.correct_responses.0.pattern. If a SCO tries to
invoke a SetValue() to store an additional pattern (a correct_responses index
greater than zero), the LMS shall set the error code to 351 — General Set Failure
and return “false”. The LMS shall not add the new value to the valid list of
patterns nor should the LMS alterthé state of the currently stored pattern, if one
exists.

Example:
e  SetValue(“cmi.interactions.1.correct_responses.O.pattern”,“likert_1")

This is an example of.adikert interaction where the correct responses collection has
one pattern. The APl'method call indicates that the correct response is “likert_1".
The SCO is responsible for understanding the significance of this value. For example,
the identifier value of likert_1 might have a meaning of “strongly agree”.

mAtching

The IEEE defings'a correct response for the matching interaction type as:

matching;
bag-of-bag of record
{
source:
short_identifier_type,
target:
short_identifier_type,
}

/I The bag of bag SPM: 5 bags

/] Tha han of racard CDRA- 20 racardc
H—HE-Bag- B TecoroorTv—3oTeeoras

Data Model Element Implementation Requirements:

e Data Type: characterstring

e Value Space: An ISO-10646-1 characterstring representing a bag of records,
where each record consists of two short_identifier_types —a ‘source’ and a
‘target’. The record’s short_identifier_types are separated by a special reserved
token (“[.]”). Refer to Section 4.1.1.7: Data Types for more information on the
requirements for the format of the short_identifier_type data type. Each record in
the bag is separated by a special reserved token (“[,]”). The LMS shall support
characterstrings that include at least 36 (the required SPM) records, separated by
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the reserved “[,]” token. The LMS may extend the ability to support more;
however, this is implementation specific. The LMS is only responsible for
managing the SPM of 36 records.
e Format: The format of the characterstring shall be:
0 <short_identifier_type>[.]<short_identifier_type>[,]<short_identifier_type>[
.J<short_identifier_type>

The following requirements shall be adhered to when building the characterstring:

0  The bag shall contain one or more records.
0 Each record shall include both a ‘source’ and a “target’ value separated by

The Special reserved token .1

0 The ‘source’ and ‘target’ values are short_identifier_types.

o0 Ifthe bag contains more than one record, they shall be separated by the
special reserved token “[,]”.

0 There is no restriction on the number of times a short_identifier_type occu
in a given characterstring.

0  The order of the records is insignificant.

w

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms
the Data Model Element Implementation Requitements, described above, ar
is stored at a specific index of the correct responses collection.

e  The LMS shall support at least 5 (the required’SPM) patterns for the correct
responses collection. The LMS may extend\the ability to support more; howevé
this is implementation specific. The LMS-is only responsible for managing the
SPM of 5.

o O

=

Example:
e  SetValue(“cmi.interactions,0:carrect_responses.0.pattern”, “1[.]a[,]12[.]c[.13[.]0’

This is an example of a matching interaction where the correct responses collection
has one pattern. The API method call indicates that the correct response is:

~

Source Target
1 - matches 2> a
2 -_matches > c
3 ~“matches > b

The SCQ.is responsible for understanding the significance of the correct response anfl
its constituent source/target pairs.

performance

The-IEEE defines a correct response for the performance interaction type as:

performance:
bag of record
(
order_matters:
boolean,
answers:
array(0..124) of record
/I The array of record SPM: 125 records,
(

step_name :

StoTt_Tdentifier _type,
step_answer :
choice

state( literal, numeric)

)

of

literal :
characterstring (1SO-10646-1),
/I SPM 250
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numeric :
record

( -
min :
real (10,7),
max :
real (10,7),
)

)

) /[ The baq of record SPM: 5 records

Data Model Element Implementation Requirements:

e Data Type: characterstring

e Value Space: An ISO-10646-1 characterstring representing a record that
consists of an {order_matters=<boolean>} delimiter and an array of
records. Each of the array’s records consists of one or two of the followiag
values separated by a special reserved token (“[.]”):

0 The ‘step name’ — A short_identifier_type. Refer to Section 4.1.1.7:
Data Types for more information on the requirementsfor the format of
the short_identifier_type data type.

0 The ‘step answer’ — Either a characterstring-0f.a numerical range. If
the ‘step answer’ is a characterstring, the©MS shall support at least
250 (the required SPM) characters. They=MS may extend the ability to
support more; however, this is implementation specific. The LMS is
only responsible for managing,thé SPM of 250 characters. If the ‘step
answer’ is a numeric range, itsformat shall be:

e <min>[:]<max>

Each record in the array is separated by a special reserved token (“[,]”). The
LMS shall support characterstrings that include at least 125 (the required SPM)
records, separated by theweserved “[,]” token. The LMS may extend the ability
to support more; however, this is implementation specific. The LMS is only
responsible for managing the SPM of 125 records.

e  Format: The format of the characterstring shall be:

o {order, matters}<step_name>[.]<step_answer>[,]<step_name>[.]<step_ans
Wer>

The following requirements shall be adhered to when building the characterstring:

O , The array shall contain one or more records.

0 The {order_matters=<boolean>} delimiter indicates whether or not
the order of the array records matters for evaluation of the correct response
pattern. This delimiter is optional; if it is not specified the default value for
order_matters is “true”. Referto Section 4.1.1.6: Reserved
Delimiters for more information on the requirements for the format of the
{order_matters=<boolean>} delimiter.

0 Each of the array records shall include either a ‘step_name’ or a ‘step
answer’, or both, separated by the special reserved token “[.]”.

0 The ‘step name’ value is a short_identifier_type.

0 The 'step name’ value Is optional. T the array record does not Include a
‘step name’, then the array record must include a ‘step answer’ preceded by
“LI™.

o Ifthe “step answer’ value is a not a numerical range, it shall be represented
as a characterstring with an SPM of 250.

o If the “step answer’ value is a numerical range, it shall exhibit the following
format, where <min> and <max> are both of real(10, 7) data type. Refer to
Section 4.1.1.7: Data Types for more information on the requirements for
the format of the real(10, 7) data type.

=  <min>[:]<max> — Indicates that the correct response is greater than or
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equal to the minimum value supplied and less than or equal to the
maximum value supplied. If the <min> and the <max> are identical
numbers, then the correct response is exactly that number.

= [:]J<max> - Indicates that there is no lower bound for the correct
response, only an upper bound. The value must be less than or equal
to the maximum value supplied.

= <min>[:] - Indicates that there is no upper bound for the correct
response, only a lower bound. The value must be greater than or equal
to the minimum value supplied.

= [:]- Indicates that there is no upper or lower bound.

0 Ine ‘step answer” value 1s optional. [T the array record does not include.a
‘step answer’, then the array record must include a ‘step name’ succeeded py
“LI™

o Ifthe array contains more than one record, they shall be separated by the
special reserved token “[,]”.

0  There is no restriction on the number of times a ‘step hame’ occurs in a
given characterstring.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a chafacterstring that conforms
the Data Model Element Implementation Requirements, described above, ar
is stored at a specific index of the correct respofses collection.

e  The LMS shall support at least 5 (the requiréd/SPM) patterns for the correct
responses collection. The LMS may extend\the ability to support more; howevé
this is implementation specific. The LtMS-is only responsible for managing the
SPM of 5.

o O

=

Example:
e  SetValue(“cmi.interactions/0:cerrect_responses.0.pattern”,
“{order_matters=false}[Jdrink coffee[,][.]eat cereal”)

This is an example of a pefformance interaction where the correct responses collecti
has one pattern. The AP{:method call indicates that the correct response is to “drink
coffee” and “eat cereal”; in any order. The API method call also indicates that no
‘step_name’ was irtelevant and not provided.

=}

e  SetValue(“emi.interactions.0.correct_responses.0.pattern”,”step_1[.Jinspect
wound[;Jstep_2[.]Jclean wound[,]step_3[.]Japply bandage”)

This is anyexample of a performance interaction where the correct responses collecti
has onepattern. The API method call indicates that the correct response is to perform
“‘step~ 1" followed by “step_2” followed by “step_3”, in exactly that order, with the
carresponding answers.

>

sequencing The IEEE defines a correct response for the sequencing interaction type as:

sequencing:
bag of array (0..35) of short_identifier_type,
/I The bag of array SPM: 5 arrays
// The array of short_identifier_type SPM: 36 short_identifier_types

Data Model Element Implementation Requirements:
e Data Type: characterstring

hd ‘v’a:uc Spa\,c. AI T :SO‘lGG’-‘rO'l l:: al at,tm Dtl il Ig I Cpl CoT1 Itil Ig alrdal |ay Uf
short_identifier_types, where each element of the array is separated by a special
reserved token (“[,]”). The LMS shall support characterstrings that include at
least 36 (the required SPM) short_identifier_types, separated by the reserved “[,]”
token. The LMS may extend the ability to support more; however, this is
implementation specific. The LMS is only responsible for managing the SPM of
36 short_identifier_types. Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the short_identifier_type data
type.

e  Format: The format of the characterstring shall be:
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0 <short_identifier_type>[,]<short_identifier_type>
The following requirements shall be adhered to when building the characterstring:

0 The array may contain zero or more short_identifier_types.

0 Ifthe array contains more than one short_identifier_type (the interaction has
multiple correct answers — all of which are required) they shall be separated
by the special reserved token “[,]”.

o Each short_identifier_type may occur more than once within the array.

0  The order of the short_identifier_types is significant.

LMS Behavior Requirements:

ch carrnnt rnocnanon nattarn 1o ranrncantnd hhy A chavantarctrina that ~anfarmnc +0

[ gy r
OCT COTTC et TCSpPoT Sttt 1o TC pPTre sttt ooy o CraraCteTStrttg ot COTToTToto

the Data Model Element Implementation Requirements, described above, and
is stored at a specific index of the correct responses collection.

e  The LMS shall support at least 5 (the required SPM) patterns for the correct
responses collection. The LMS may extend the ability to support more; however;
this is implementation specific. The LMS is only responsible for managing:the
SPM of 5.

e  The LMS shall enforce the uniqueness of the correct responses. If aSCO tries to
invoke a SetValue() to store an array that already exists in the correct.responses
collection, LMS shall set the error code to 351 — General Set.Failure and return
“False”. The LMS shall not add the new value to the valid list of patterns nor
should the LMS alter the state of any currently stored pattern.

Example:
e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”,“a[,]b[,]c”)
e  SetValue(“cmi.interactions.0.correct_responses.t-pattern”,“b[,]c[,]a”)

This is an example of a sequencing interaction where the correct responses collection
has two patterns. The API method calls indi€ate that the correct response is the
sequence of a then b then c, or b then ¢ thén a.

(LT}

e  SetValue(“cmi.interaction.0.correct “responses.1.pattern”,
buildHouse/buyMaterials[,]buildHouse/buildFoundation[,]buildHouse/buildFirst
Floor[,]buildHouse/buildSecondFloor)

This is an example of a sequencing_interaction where the correct responses collection has
one pattern. The API method-¢all indicates that the only correct response is the sequence of
a then b then a.

nymeric

The IEEE defines a correct response for the numeric interaction type as:

numeric:
record
«
min:
real(10,7),
max:
real (10,7)

The numeric correct response is represented as two numbers with an optional decimal
point. The numbers may be used to express an inclusive range for the correct response. If
the numbers are the same, then a single number is specified as the correct response [1].

Data Model Element Implementation Requirements:

e Data Type: characterstring
e Value Space: An ISO-10646-1 characterstring representing a numeric range.
e Format: The format of the characterstring shall be:

0 <min>[:]<max>

The following requirements shall be adhered to when building the characterstring:

o Ifthe characterstring value is a numerical range, it shall exhibit the
following format, where <min> and <max> are both of real(10, 7) data type.
Refer to Section 4.1.1.7: Data Types for more information on the
requirements for the format of the real(10, 7) data type.
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= <min>[:]<max> — Indicates that the correct response is greater
than or equal to the minimum value supplied and less than or equal to
the maximum value supplied. If the <min> and the <max> are
identical numbers, then the correct response is exactly that number.

. [[]J<max> - Indicates that there is no lower bound for the correct
response, only an upper bound. The value must be less than or equal
to the maximum value supplied.

] <min>[:] — Indicates that there is no upper bound for the correct
response, only a lower bound. The value must be greater than or equal
to the minimum value supplied.

L] [-]=Indicates that there is no upper or lower bound

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms
the Data Model Element Implementation Requirements, described above, ar
is stored at a specific index of the correct responses collection.

e  The LMS shall enforce that there may only be one correct respense for this typd
of interaction — cmi.interactions.n.correct_responses.0.patterin I a SCO tries td
invoke a SetValue() to store an additional pattern (a correctZresponses index
greater than zero), the LMS shall set the error code t0-351~ General Set Failurg
and return “False”. The LMS shall not add the néw-value to the valid list of
patterns nor should the LMS alter the state of the-currently stored pattern, if one
exists.

Examples:

e  SetValue(“cmi.interactions.0.correct\responses.0.pattern”,“4[:]10™)

This is an example of a numeric interaction where the correct responses collection ha
one pattern. The API method call indicates that the correct response is some real
number between or equal “4” and $10”.

o O

17

w

e  SetValue(“cmi.interactions.0.correct_responses.0.pattern”, “[:]10”)

This is an example of a fumeric interaction where the correct responses collection has
one pattern. The APImethod call indicates that the correct response is some real
number less than aregual to “10”.

e  SetValue(“emi.interactions.0.correct_responses.0.pattern”, “4[:]”)

This is an example of a numeric interaction where the correct responses collection hg
one pattern.” The API method call indicates that the correct response is some real
number.greater than or equal to “4”.

e ()SetValue(“cmi.interactions.0.correct_responses.0.pattern”, “3.14159[:]3.14159’

This is an example of a numeric interaction where the correct responses collection hg
one pattern. The API method call indicates that the correct response is a real numbe
exactly equal to “3.14159”.

w

~

w

other The IEEE defines a correct response for the other interaction type as:

other:
characterstring (1SO-10646-1)
/I The characterstring SPM 4000 characters

Data Model Element Implementation Requirements:

e Data Type: charactersiring

e  Value Space: An ISO-10646-1 characterstring

e Format: The other correct response is used to support other types of interactions
not defined by the IEEE standard. The format of the characterstring is left to the
implementer of the interaction.

LMS Behavior Requirements:

e  Each correct response pattern is represented by a characterstring that conforms to
the Data Model Element Implementation Requirements, described above, and
is stored in a specific index of the correct responses collection.

e The LMS shall enforce that there may only be one correct response for this type
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of interaction — cmi.interactions.n.correct_responses.0.pattern. If a SCO tries to
invoke a SetValue() to store an additional pattern (a correct_responses index
greater than zero), the LMS shall set the error code to 351 — General Set Failure
and return “fFalse”. The LMS shall not add the new value to the valid list of
patterns nor should the LMS alter the state of the currently stored pattern, if one
exists.

4.2.9.2 Learner Response Data Model Element Specifics

The emi . interactions.n. learner_response data model element holds values that
vary|depending on the interaction type (cmi . interactions.n.type). This section
defines the requirements of the data model value for characterstring defined by the

learner_response.

Interaction Data

_Type

true| false

Table 4.2.9.2a: Learner Response Format Requirements

Learner Response Format

The IEEE defines the learner response for the true_false jnteraction as:

true_false:
state( true, false)

Data Model Element Implementation Requiréments:
e Data Type: characterstring
e  Value Space: 1SO-10646-1
e Format: The IEEE defings two state values. SCORM binds these state values to
the following restricted vocabulary tokens:

0  “true”: Andicates that the learner response is true or a synonym of true
(e.g.,agree, yes)

o “false”: Indicates that the learner response is false or a synonym of false
(e<g., disagree, no)

Example:
e  SetValue(“cmi.interactions.0.learner_response”,“true’)

This is an example of a true_false interaction where the learner response is “true”.

mulfiple_choice

The IEEE defines the learner response for the multiple choice interaction as:

multiple_choice:
set of short_identifier_type

/] The set of short_identifier_type SPM: 36 short_identifier_types

Data Model Element Implementation Requirements:
e Data Type: characterstring

Value Space: An ISO-10646-1 characterstring representing a set of
short_identifier_types, where each element of the set is separated by a special
reserved token (“[,]”). The LMS shall support characterstrings that include at
least 36 (the required SPM) short_identifier_types, separated by the reserved “[,]”
token. The LMS may extend the ability to support more; however, this is
implementation specific. The LMS is only responsible for managing the SPM of
36 short_identifier_types. Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the short_identifier_type data
type.
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e  Format: The format of the characterstring shall be:
0 <short_identifier_type>[,]<short_identifier_type>
The following requirements shall be adhered to when building the characterstring:

0 The set may contain zero or more short_identifier_types.

o If the set contains more than one short_identifier_type, then they shall be
separated by the special reserved token “[,]”.

0 Each short_identifier_type shall occur in the set only once.

0  The order of the short_identifier_types is insignificant.

Example:
e  SetValue(“cmi.interactions.0.learner_response”, “choicel[,]Jchoice2[,]Jchoicesy)
This is an example of a choice interaction where the learner response is “choicel”,
“choice2” and “choice3”.
fill_in The IEEE defines the learner response for the fill_in interaction type,as:
fill_in:
array (0..9) of localized_string_type(250),
I/l The array SPM: 10 localized_string_type
Il The localized_string type SPM: 250 characters
}
Data Model Element Implementation Reguirements:

Data Type: characterstring

Value Space: An 1SO-10646-1 characterstring representing an array of

localized_string_types,awhere each element of the array is separated by a specjal

reserved token (“[,]”).\The LMS shall support characterstrings that include at
least 10 (the required’SPM) localized_string_types, separated by the reserved {[,]”
token. The LMS'may extend the ability to support more; however, this is
implementation‘specific. The LMS is only responsible for managing the SPM|of

10 localized_string_types. Refer to Section 4.1.1.7: Data Types for more

information on the requirements for the format of the localized_string_type data

type:
e FOrmat: The format of the characterstring shall be:
0 <localized_string_type>[,]J<localized_string_type>
The following requirements shall be adhered to when building the characterstring:

0 The array may contain one or more localized_string_types.

o0 Ifthe array contains more than one localized_string_type (the interaction|has
multiple correct answers — all of which are required), then they shall be
separated by the special reserved token “[,]”.

0 Each localized_string may occur more than once.

0 The order of the localized_strings is significant.

Example:

e  SetValue(“cmi.interactions.0.learner_response”, “{lang=en}car”)

This Is an example of a fill_in interaction where the learner response is “car” and the

language of the localized_string_type is English.

e  SetValue(“cmi.interactions.0.learner_response”,”car”)

This is an example of a fill_in interaction where the learner response is “car” and the

language of the localized_string_type is English.

e  SetValue(“cmi.interactions.0.learner_response”,”car[,Jautomobile™)

This is an example of a fill_in interaction where the learner response is “car” followed

by “automobile” and the language of both localized_string_types is English.
SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1 RTE-A-79

© ISO/IEC 2009 — All rights reserved


https://iecnorm.com/api/?name=beb86799b6db2e19fa5e09cca0929689

ISO/IEC TR 29163-3:2009(E)

long_fill_in The IEEE defines the learner response for the long_fill_in interaction type as:
long_fill_in:
localized_string_type(4000),

I/l The localized_string_type SPM: 4000 characters
}

Data Model Element Implementation Requirements:
Data Type: characterstring

Value Space: An ISO-10646-1 characterstring representing a
localized_string_type. Refer to Section 4.1.1.7: Data Types for more information
on the requirements for the format of the localized_string_type data type.

e Format: The format of the characterstring shall be:

0 <localized_string_type>

The following requirements shall be adhered to when building the characterstring:
0  The characterstring must include one localized_string_type

Example:

The following examples do not include the entire Gettysburg Address. They are written to
save space and to describe the data type only. A practical use wiould include the entire text
of the Gettysburg Address.

e  SetValue(“cmi.interactions.0.learner_response”.~{lang=en}Four score and seven
years ago..."”)

This is an example of a long_fill_in interaction‘where the learner response is “Four
score and seven years ago...” and the language of the localized_string_type is English.

e  SetValue(“cmi.interactions.0.learnér_response”,”Four score and seven years
ago...”)

This is an example of a long_fill_in interaction where the learner response is “Four

score and seven years ago.../~and the language of the localized_string_type is English.

likent The IEEE defines the learngf response for the likert interaction type as:

likert:
short_identifier_type

Data Model"Elément Implementation Requirements:
Data Type: short_identifier_type
e \\Value Space: An ISO-10646-1 characterstring representing a
short_identifier_type. Refer to Section 4.1.1.7: Data Types for more information
on the requirements for the format of the short_identifier_type data type.
e Format: The format of the characterstring shall be:

0 <short_identifier_type>

Example:
e  SetValue(“cmi.interactions.0.learner_response”, “strongly_disagree”)

This is an example of a likert interaction where the learner response is

“strongly_disagree”.

e  SetValue(“cmi.interactions.1.learner_response”,”likert_1")
This is an example of a likert interaction where the learner response is “likert_1".

matching The IEEE defines the learner response for the matching interaction type as:
matching:
bag of record
{
source:
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short_identifier_type,
target:
short_identifier_type,
} // The bag of record SPM: 36 records

Data Model Element Implementation Requirements:

e Data Type: characterstring

Value Space: An ISO-10646-1 characterstring representing a bag of records,
where each record consists of two short_identifier_types —a ‘source’ and a
‘target’. The record’s short_identifier_types are separated by a special reserved

211 i AN
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requirements for the format of the short_identifier_type data type. Each record in
the bag is separated by a special reserved token (“[,]”). The LMS shallssupport
characterstrings that include at least 36 (the required SPM) records, separated py
the reserved “[,]” token. The LMS may extend the ability to support,more;
however, this is implementation specific. The LMS is only responsible for

managing the SPM of 36 records.

e  Format: The format of the characterstring shall be:
0 <short_identifier_type>[.]<short_identifier_type>[,]<short_identifier_type>[.

]<short_identifier_type>

The following requirements shall be adhered to when building the characterstring:

0 The bag shall contain zero or more records.
0 Each record shall include both a_‘Source’ and a ‘target’ value separated by the

special reserved token “[.]”.

0 The ‘source’ and ‘target’ values'are short_identifier_types.
o Ifthe bag contains more than one record, they shall be separated by the

special reserved token-[,]”.

0  There is no restrictiomen the number of times a short_identifier_type occlirs

in a given charagterstring.

0  The order of théyrecords is insignificant.

Example:

o  SetValue(“cmiinteractions.0.learner_response”, “2[.]Jc[,]1[.Ja[.]3[.]b”)
This is an example of a matching interaction where the learner response is:

Source Target
1 - matches > a
2 - matches > c
3 - matches > b

The SCO is responsible for understanding the significance of the correct response and

its constituent source/target pairs.

performance

The IEEE defines the learner response for the performance interaction type as:

performance:
array(0..249) of record
[/l The array of record SPM: 250 records
(

step_name:

Lo 2ol P +
SHOTT_IGCTIOTICT _tY Pey
step_answer:
choice

state(literal, numeric)

)

of

literal:
characterstring (1SO-10646-1)
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/I The characterstring SPM: 250 characters
numeric:
real(10,7)
)

Data Model Element Implementation Requirements:

Data Type: characterstring
e Value Space: An ISO-10646-1 characterstring representing an array of records.
Each of the array’s records consists of one or two of the following values

Separated Dy a special reserved token (L1 )

0 The ‘step name’ — A short_identifier_type. Refer to Section 4.1.1.7:
Data Types for more information on the requirements for the format of
the short_identifier_type data type.

o0 The ‘step answer’ — Either a characterstring or a numerical value) If the
‘step answer’ is a characterstring, the LMS shall support at least 250
(the required SPM) characters. The LMS may extend the-ability to
support more; however, this is implementation specific. The LMS is
only responsible for managing the SPM of 250 characters. If the ‘step
answer’ is a numerical value, its format shall be real(10, 7). Refer to
Section 4.1.1.7: Data Types for more information on the requirements
for the format of the real (10,7) data type.

Each record in the array is separated by a special-reserved token (“[,]”). The LMS
shall support characterstrings that include at least 250 (the required SPM) records,
separated by the reserved “[,]” token. The'kMS may extend the ability to support
more; however, this is implementation(specific. The LMS is only responsible for
managing the SPM of 250 records,

e  Format: The format of the charaeterstring shall be:

0 <step_name>[.]J<step_answer>[,]<step_name>[.]<step_answer>

The following requirements.shall be adhered to when building the characterstring:

o The array shall contain one or more records.

0 Each of the afray’s records shall include either a ‘step_name’ or a ‘step
answer’, or both, separated by the special reserved token “[.]”.

0 The ‘step name’ value is a short_identifier_type.

0  The “step name’ value is optional. If the array record does not include a ‘step
name’, then the array record must include a “step answer’ preceded by “[.]”.

o~ Ifthe “step answer’ value is not a numerical range, it shall be represented as a
characterstring with an SPM of 250.

o Ifthe “step answer’ is a numerical value, its format shall be real(10, 7). Refer
to Section 4.1.1.7: Data Types for more information on the requirements for
the format of the real(10, 7) data type.

0 The ‘step answer’ value is optional. If the array record does not include a
‘step answer’, then the array record must include a ‘step name’ succeeded by
“[.]".

0 Ifthe array contains more than one record, they shall be separated by the
special reserved token “[,]”.

o0  There is no restriction on the number of times a ‘step name’ occurs in a given
characterstring.

0 The order of the records is significant.

Example:
e  SetValue(“cmi.interactions.0.learner_response”,”step_1[.]inspect
wound[,]step_2[.]Jclean wound[,]step_3[.]Japply bandage”)
This is an example of a performance interaction where the learner response indicates
that the learner performed the following steps in the following order:
1. step_1 -> inspect wound

2. step_2 - clean wound
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3. step_3 - apply bandage
e  SetValue(“cmi.interactions.0.learner_response”,” step_3[.Japply
bandage[,]step_1[.]Jinspect wound[,]step_2[.]Jclean wound)
This is an example of a performance interaction where the learner response indicates
that the learner performed the following steps in the following order:

1. step_3 > apply bandage

2. step_1 -> inspect wound

3. step_2 -> clean wound

sequencing The IEEE defines the learner response for the sequencing interaction type as:
sequencing:
array (0..35) of short_identifier_type
[/ The array of short_identifier_type SPM: 36 short_identifier_types
Data Model Element Implementation Requirements:
Data Type: characterstring
e  Value Space: An ISO-10646-1 characterstring representing an array of
short_identifier_types, where each element of thearray is separated by a specipl
reserved token (“[,]”). The LMS shall support-characterstrings that include at
least 36 (the required SPM) short_identifier/types, separated by the reserved ‘{[,]”
token. The LMS may extend the ability to'support more; however, this is
implementation specific. The LMS is only'responsible for managing the SPM|of
36 short_identifier_types. Refer to.SeCtion 4.1.1.7: Data Types for more
information on the requirements for the format of the short_identifier_type data
type.
e  Format: The format of the-Characterstring shall be:
0 <short_identifier_type>[,]<short_identifier_type>
The following requirements shall be adhered to when building the characterstring:

0 The array.may contain zero or more short_identifier_types.

o0 If the drray contains more than one short_identifier_type (the interaction has
multiple correct answers — all of which are required), then they shall be
separated by the special reserved token “[,]”.

o “Each short_identifier_type may occur more than once in the array.

@' The order of the short_identifier_types is significant.

Example:
o' SetValue(“cmi.interactions.0.learner_response”, “a[,]b[,]c”)
This is an example of a sequencing interaction where the learner response was the
sequence of a then b then c.
e  SetValue(“cmi.interaction.0.learner_response”,”b[,]c[.]a”)
This is an example of a sequencing interaction where the learner response was the
sequence of b then ¢ then a.

numeric The IEEE defines the learner response for the numeric interaction type as:
numeric:
real (10,7)

Data Model Element Implementation Requirements:
e Data Type: characterstring

Value Space: An 1SO-10646-1 characterstring

Format: The characterstring shall represent a real (10,7). Refer to Section

4.1.1.7: Data Types for more information on the requirements for the format of the

real(10, 7) data type.
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Example:
e  SetValue(“cmi.interactions.0.learner_response”,“4”)

This is an example of a numeric interaction where the learner response was the number
g
e  SetValue(“cmi.interactions.0.learner_response”, “10.5”)

This is an example of a numeric interaction where the learner response was the number
“10.5”.

othef I'he IEEE deTines the learner response Tor the other interaction type as:

other:
characterstring (1ISO-10646-1)
/I The characterstring SPM: 4000 characters

Data Model Element Implementation Requirements:
Data Type: characterstring
Value Space: An 1SO-10646-1 characterstring
e Format: The other learner response is used to support other types of interactions
not defined by the IEEE standard. The format of the characterstring is left to the
implementer of the interaction.
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4.2.10. Launch Data

During the learning experience, there may be a need to provide the SCO associated with a
learning activity with some launch information. This is information that cannot be
represented using parameters to the SCO prior to the launch. The cmi . launch_data data
model element provides the content designer a means to supply this information.

The cmi . launch_data data model element provides data specific to a SCO that the,3CO
can use for initialization. The value of this data model element is not specified [1].

The allowable values for this data model element are defined by the implementeér of the
SCO. Typically, the documentation for the SCO would specify what data’ean or has fo
be provided [1].

This is information that typically cannot be passed as launch parameters to the SCO. |The
information is typically needed for every use of the SCO, in a cértain context.

Table 4.2.10a: Dot-notation Binding for the Launch DatavData Model Element

Dot-Notation Binding | Details

cmi.launch_data Data Model Element Implementation-Requirements:

e Data Type: characterstring (SPM: 4000)

e  Value Space: 1SO-10646-1

e Format: The format.ef this characterstring is left to the discretion of the SCO
developer. The LMS simply returns the data, if requested to by the SCO (
GetValue() ). Refer to Section 4.1.1.7: Data Types for more information of
the requirements for the format of the characterstring data type.

LMS Behavior Reguirements:
e  The data:model element is mandatory and shall be implemented by an LMY as
read<enly.

e _lIfTaunch data is required to operate the SCO, the designers shall provide thjs
faunch data using the mechanisms described in SCORM Content Aggregation
Model. The ADL Content Package extension namespace provides an element
(<adlcp:dataFromLMS>) that is responsible for storing this information. The
element can be associated with an <imscp:item> for which the SCO resourge is
referenced by. The LMS shall initialize the cmi.launch_data value using tHe
value supplied in the <adlcp:dataFromLMS> element. If no element or vallie

is present, then the LMS should not make any assumption on how to initial{ze

this value. If an LMS receives a GetValue() request and no information is
defined in the manifest, then the LMS shall set the appropriate error code (fefer

to API Implementation Requirements).

SCO Behavior Requirements:
e  The data model element is required to be implemented by the LMS as read-
only. The SCO is only permitted to retrieve the value of the cmi.launch_ddta

data madel element

API Implementation Requirements:

e  GetValue(): The LMS shall return the value stored for the cmi.launch_data
data model element and set the error code to O — No Error. The characterstring
returned shall adhere to the requirements identified in the Data Model Element
Implementation Requirements.

o Ifthere is no defined <adlcp:dataFromLMS> for the <imscp:item> in
which the SCO resource is referenced, then the LMS is not
responsible for making an assumption of the initial value for the
cmi.launch_data. If the SCO requests ( GetValue() ) the
cmi.launch_data in these cases, then the LMS shall set the error code
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to 403 - Data Model Element Value Not Initialized and return an
empty characterstring (“”).

e  SetValue(): If the SCO attempts to call SetValue() on the cmi.launch_data
data model element, 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 data model element based on the request.

Additional Behavior Requirements:
e  The SCO developer is responsible for defining the cmi.launch_data. The
Content Package Manifest contains an element (<adlcp: dataFromLMS>) that
shall be used by the SCO developer for declaring this data. The element is

placed in the manifest as a sub-element of the <imscp:item> that references the
SCO resource. The LMS is responsible for initializing the cmi.launch_data for
the referenced SCO with the value defined in the element. The
cmi.launch_data is permitted to be any valid representation of a characterstring
(as defined by the above Data Model Element Implementation Requirements).
The LMS shall at least provide the smallest permitted maximum of 4000
characters. A characterstring that is greater than 4000 characters.iS'not
guaranteed to be stored in its entirety by an LMS. If no data is"defined by the
SCO developer in the manifest and the SCO requests the cmi.lainch_data,
then the LMS shall return an empty characterstring (“”).and\set the appropriate
API Implementation error code.

Example:
e  GetValue(“cmi.launch_data”)
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42.11. Learner Id

The cmi . learner_id data model element identifies the learner on behalf of whom the
SCO was launched. The cmi . learner_id shall be unique at least within the scope of the
SCO [1]. How the cmi - learner_id is assigned is outside the scope of SCORM. One
typical case on how learner_ids are assigned is through some learner registration process

defined h\,’ the LMS_The cmilearner id identifies the learner in a gi\/nn LMS

Table 4.2.11a: Dot-notation Binding for the Learner ID Data Model Element

Dot-Notation Binding Details

cmi.learner_id

Data Model Element Implementation Requirements:
e Data Type: long_identifier_type
e Value Space: A characterstring (SPM: 4000) that represents a valid
Universal Resource Identifier (URI) as per REC’3986 [6]. It is recomme
that the URI be a URN as per RFC 2141 [3].
e Format: Referto Section 4.1.1.7: Data Types for more information on t
requirements for the format of the longcidentifier_type data type.

LMS Behavior Requirements:
e  This data model element is mandatory and shall be implemented by an L
as read-only.

hded

e

e  The LMS shall be responsible for initializing the cmi.learner_id. How this is
done is currently outside the scope of SCORM (e.g., this is typically handled
via a learner registration system within the LMS).

SCO Behavior Requirenjents:

e  This data madelelement is required to be implemented by an LMS as regd-
only. TheSCO is only permitted to retrieve the value of the cmi.learner Jid
data model element.

API Implementation Requirements:

o  GetValue(): The LMS shall return the associated learner identifier currently
stored by the LMS for the learner and set error code to O — No Error. Th
characterstring returned shall adhere to the requirements identified in the
Data Model Element Implementation Requirements.

e  SetValue(): If the SCO invokes a SetValue() request to set the
cmi.learner_id, then the LMS shall set the error code to 404 — Data Modgl
Element Is Read Only and return “false”. The LMS shall not alter the stgte of
the data model element based on the request.

Example:

e  GetValue(“cmi.learner_id”)
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4.2.12. Learner Name

The cmi . learner_name data model element is the name provided for the learner by the
LMS [1]. How the cmi . learner_name is assigned or created is outside the scope of
SCORM. The cmi . learner_name may come from some LMS learner registration

system or through some learner profile information. There may be other mechanisms for
creation-and nccignmnnf of the cmi.learner name however there is no restriction on

how|this process is accomplished.

How the LMS or SCO interprets and processes the delimiter for the characterstring is
outside the scope of SCORM. The SCO may be built to parse out the language
infofmation prior to utilizing the characterstring returned by the LMS.

Dot-Notation Binding

cmi.

earner_name

Table 4.2.12a: Dot-notation Binding for the Learner Name Data Model Element

Details

Data Model Element Implementation Requirements:
e Data Type: localized_string_type (SPM: 250)
e Value Space: A characterstring that repr€sents a localized characterstring.
e Format: Refer to Section 4.1.1.7: Data Types for more information on the
requirements for the format of the localized_string_type data type.

LMS Behavior Requirements:

e  The data model element is mandatory and shall be implemented by an LMS
as read-only.

e  The LMS is responsible-for initializing cmi.learner_name. How this function
is performed is currently outside the scope of SCORM. This function is
typically handled:lay~various mechanisms, some of which are described
above.

SCO Behavior Requirements:

e  This data-model element is required to be implemented by an LMS as read-
onlys. The SCO is only permitted to retrieve the value of the
cmi.learner_name data model element.

e . During a GetValue() request, the SCO should be aware that the delimiter may
be part of the characterstring returned by the LMS (depending on the LMS
implementation). What the SCO does with the characterstring returned by
the LMS is dependent on the implementation of the SCO. If no delimiter is
provided by the LMS, the SCO shall assume that the characterstring is using
the default value (“en”).

API Implementation Requirements:
e  GetValue(): The LMS shall return the associated cmi.learner_name
currently stored by the LMS for the learner and set the error code to O - No
Error. The characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation Requirements.
e SetValue(): If the SCO invokes a SetValue() request to set the

cmi.learner_name, 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 data model element based on the request.

Example:
e  GetValue(“cmi.learner_name”)
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4.2.13. Learner Preference

The Learner preference data specifies learner preferences associated with the learner’s
use of the SCO [1]. There is no restriction on how this learner preference data is
determined. For example, the LMS may provide some interface that permits a learner to
set this data or some sort of profiling system that captures information about the learner.
If such a mechanism is in place, this globally defined data should be used to initialize the

set of data model elements defined in this section. Depending how this mechanisnig
implemented, the data may apply to all of the SCOs in a given content organization, 4
subset of SCOs or a single SCO.

If a mechanism exists to determine and set the learner preference information before fun-
time execution of a SCO, then certain obligations and requirements need to be adhergd to.
Since this data is considered global to the SCOs that are impacted<i.eZ, may apply to gll
of the SCOs in a content organization), the data should not be altered if a SCO sets a
learner preference via a Setvalue() call during a learner attempt. If learner prefererce
data is set during a learner attempt, this data is only availablefor that attempt on the $CO
(i.e., temporarily, for the learner attempt, overrides the-glebally defined preference). |If a
new attempt is underway, any SCO set learner preferences are lost from the previous
learner attempt . The values are initialized backto-default values as defined below of
default to the global values acquired by anothermeans.

If no such mechanism exists to determinethe learner preference information before riin-
time execution of a SCO, default values or a default behavior have been defined for gach
data model element. The same requirements apply dealing with the persistence of the
data, if set by the SCO. The data.should only exist for the learner attempt on the SCQ.

Table 4.2.13a: Dot-notation Binding for the Learner Preference Data Model Element
Dot-Notation Binding Details

cmi.learner_preference._children The cmi.learner_preference._children data model element represent§ a
listing of supported data model elements. This data model element i
typically used by a SCO to determine which data model elements arg
supported by the LMS. The characterstring returned may be used by|the
SCO to dynamically build parameters for the GetValue() and SetValfie()
requests.

Data Model Element Implementation Requirements:
e Data Type: characterstring
e Value Space: 1SO-10646-1 [5]
e Format: A comma-separated list of all of the data model
elements in the Learner Preference parent data model elemgnt

that are supported by the LMS. Since all data model elements
are required to be supported by the LMS, the characterstring
shall represent the following data model elements:

o audio_level
o language
0  delivery_speed
O audio_captioning
LMS Behavior Requirements:
e  This data model element is mandatory and shall be
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implemented by an LMS as read-only.

e  The LMS is responsible for returning a comma-separated list of
all of the data model elements (refer to Data Model Element
Implementation Requirements above).

SCO Behavior Requirements:
e  This data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
cmi.learner_preference._children data model element.

API Implementation Requirements:

—GetVatue)—The S shattreturnmacommasseparatecHist of
data model elements supported by the LMS (refer to Data
Model Element Implementation Requirements above) and set
the error code to O — No Error. The ordering of data model
elements is not important. The characterstring returned Shall
adhere to the requirements identified in the Data Model
Element Implementation Requirements.

e  SetValue(): If the SCO invokes a SetValue() réquest to set the
cmi.learner_preference._children, then the LMS shall set the
error code to 404 — Data Model Element 1s'Read Only and
return “false”.

Example:
o  GetValue(“cmi.learner_preference:_children”)

cmi.learner_preference.audio_level The cmi.learner_preference.audia, level data model element is a
multiplier value that specifies an(intended change in perceived audio level
relative to an implementation=specific reference level with 1 meaning “no
change”. For example, thewalue 0 specifies infinite attenuation, the value
of 0.5 specifies an attenuation of 10 decibels and the value of 2 specifies
an amplification of 10 decibels [1].

Data Model Element Implementation Requirements:
e DataType: real(10,7), range (0..*)
e  Value Space: A real number greater than or equal to 0.
o > Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real (10,7)
data type.

EMS Behavior Requirements:
e  This data model element is mandatory and shall be
implemented by an LMS as read/write.
e  The default cmi.learner_preference_audio_level shall be 1.

SCO Behavior Requirements:

e  This data model element is required to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.learner_preference.audio_level data model
element.

e |faSCO sets the cmi.learner_preference.audio_level during a
learner attempt, this value is only persisted by the LMS for that
learner attempt.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.learner_preference.audio_level value currently being
stored by the LMS for the learner and set the API
Implementation’s error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

o Ifthe SCO invokes a request to get the
cmi.learner_preference.audio_level prior to the value
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being set by the SCO or some other means, then the
LMS shall return the default value of 1 and set the
error code to O — No Error.

SetValue(): The LMS shall set the
cmi.learner_preference.audio_level data model element to the
parameter passed as parameter_2 of the SetValue() call, set the
error code to O - No Error and return “true”.
0 If the SCO ftries to set the
cmi.learner_preference.audio_level to a value that is
not a real number, then the LMS shall set the error

Example:

code to 406 - Data Model Element Type Mismdtch,
return “False”. The LMS shall not alter the stgte of
the data model element based on the request.
0 Ifthe SCO tries to set the
cmi.learner_preference.audio_level to.a value thpt is
a real number, however, the value 1S not greater than
0 (outside the range), then the'.MS shall set the grror
code to 407 - Data ModehElement Value Out Qf
Range. The LMS shall-not'alter the state of the data
model element based oh the request.

GetValue(*“cmi.learner.preference.audio_level”)
SetValue(“cmi.learrier, \preference.audio_level”,”3")

cmi.learner_preference.language

The cmi.learner_preferénce.language data model element is the learper’s

preferred

Data Model Element Implementation Requirements:

LMS Behavior Requirements:

SCO Beh

language for'SCOs with multilingual capability [1].

Data/Type: language_type (SPM 250) or empty
characterstring

\alue Space: 1SO-646 [4]

Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the
language_type data type. The default language shall be “”
(empty characterstring).

The data model element is mandatory and shall be implemgnted
by the LMS as read/write.
If an LMS does not provide a mechanism for initializing the
learner preferences, then the default value for the
cmi.learner_preference.language should be an empty
characterstring (“”).

avior Requirements:
This data model element is required to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.learner_preference.language data model
element.
Since the default value for the cmi.learner_preference.lanquage
is an empty characterstring, the meaning of this value shall be

determined h‘,’ the SCO._For nvnmpln’ an nmphj[ character fring

API Impl

could mean that the default value is English. An empty
characterstring could mean that there is no preferred language
and the SCO could be built to determine if the learner has a
preferred language.

If a SCO sets the cmi.learner_preference.language during a
learner attempt, this value is only persisted by the LMS for that
learner attempt.

ementation Requirements:

GetValue(): The LMS shall return the associated
cmi.learner_preference.language value currently being stored
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by the LMS for the learner and set the API Implementation’s
error code to O — No Error. The characterstring returned shall
adhere to the requirements identified in the Data Model
Element Implementation Requirements.

o Ifthe SCO invokes a request to get the
cmi.learner_preference.language prior to the value
being set by the SCO or some other means, then the
LMS shall set the error code to O — No Error and
return the default value of “”” (empty characterstring).

e SetValue(): The LMS shall set the

et loarnay nvafaraonon lonaiann dafo madel alamant o tha
Crtearer—prererentearguayge OG- CIere T tothc

parameter passed as parameter_2 of the SetValue() call, set the
error code to O — No Error and return “true”.

0  Ifthe SCO tries to set the
cmi.learner_preference.language to a value that-does
not meet the Data Model Element Implementation
Requirements, then the LMS shall set the'error code
to 406 - Data Model Element Type Mismatch, return
“False”. The LMS shall not alter the state of the
data model element based on thérequest.

Example:

e  GetValue(**cmi.learner_preference lafiguage”)
e  SetValue(“cmi.learner_preferencelanguage”,”fr-CA”)

cmi.learner_preference.delivery_speed

The cmi.learner_preference.deliverysspeed data model element is a
multiplier that specifies the learner’s preferred relative speed of content
delivery expressed as a change in speed relative to an implementation-
specific reference speed.. fonexample, 2 is twice as fast as the reference
speed and 0.5 is one halfthe reference speed. The default value shall be 1
[11.
Data Model Element Implementation Requirements:
e DataType: real(10,7), range (0..*)
e  Value Space: A real number greater than or equal to 0.
e ~Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real (10,7)
data type.

L MS Behavior Requirements:
e  The data model element is mandatory and shall be implemented
by the LMS as read/write.

e Ifan LMS does not provide a mechanism for initializing the
learner preferences, then the default value for the
cmi.learner_preference.delivery_speed should be “1”.

SCO Behavior Requirements:

e  This data model element is required to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.learner_preference.delivery_speed data
model element.

o If a SCO sets the cmi.learner_preference.delivery_speed during

a learner attempt, this value is only persisted by the LMS for
that learner attempt.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.learner_preference.delivery_speed value currently being
stored by the LMS for the learner and set the API
Implementation’s error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
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Requirements.
0 Ifthe SCO invokes a request to get the

cmi.learner_preference.delivery_speed prior to the

value being set by the SCO or some other means,

then

the LMS shall return the default value of 1 and set the

error code to O — No Error.

e SetValue(): The LMS shall set the
cmi.learner_preference.delivery_speed data model element
the parameter passed as parameter_2 of the SetValue() call,
the error code to O - No Error and return “true”.

0 [T the SCO tries to set the
cmi.learner_preference.delivery_speed to acvalu

to
set

that

is not a real number, then the LMS shall set\the grror
code to 406 - Data Model Element TypeMism4tch,
return “fFalse”. The LMS shall not alter the stdte of

the data model element based on the request.

0  Ifthe SCO tries to set the
cmi.learner_preference.delivery speed to a valu
is a real number, however the value is less than Q
(outside the range), thef the LMS shall set the er
code to 407 - Data Model Element Value Out G

that

or
f

Range. The LMS-shall not alter the state of the dhta

model element based on the request.
Additional Behavior Requirements: The SCO is responsible for sg
the speed value based on a'learner’s preference. How this value is
collected, determined of<applied to the SCO is outside the scope of
SCORM.

Example:

e  GetValue(“cmi.learner_preference.delivery_speed”)
o (SetValue(“cmi.learner_preference.delivery_speed”,”0.5”)

tting

cmi.learner_preference.audio_captioning

The emi.learner_preference.audio_captioning data model element
specifies whether captioning text corresponding to audio is displayed

Data Model Element Implementation Requirements:
e Data Type: state (off, no_change, on)

[1].

e Value Space: The IEEE defines three state values. SCORM
binds these state values to the following restricted vocabulary

tokens:

0 -1: Represents the “off” state. The captioning ig off
and text corresponding to audio is not displayed [1].

0 0O: Represents the “no_change” state. The currep

default captioning setting is maintained [1]. Thi
the default value.

0 1: Represents the “on” state. The captioning is g
and text corresponding to audio is displayed [1].

LMS Behavior Requirements:

—_

S

=]

e  The data model element is mandatory and shall be implemented

by the LMS as read/write.

SCO Behavior Requirements:

e  This data model element is required to be implemented by the

LMS as read/write. The SCO is permitted to retrieve and s

tore

the value of the cmi.learner_preference.audio_captioning data

model element.

e |faSCO sets the cmi.learner_preference.audio_captioning

during a learner attempt, this value is only persisted by the
for that learner attempt.

API Implementation Requirements:

LMS
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e  GetValue(): The LMS shall return the associated
cmi.learner_preference.audio_captioning value currently being
stored by the LMS for the learner and set the API
Implementation’s error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements.

o Ifthe SCO invokes a request to get the
cmi.learner_preference.audio_captioning prior to the
value being set by the SCO or some other means, then

the-L-MS-shalreturn-the-defauli-value-of O-and-setthe
error code to O — No Error.

e  SetValue(): If the SCO invokes a request to set the
cmi.learner_preference.audio_captioning and the value is riot &
member of the restricted vocabulary tokens described above;
then the LMS shall set the API Error Code to 406 — Data
Model Element Type Mismatch and return “fFalse®. The

LMS shall not alter the state of the data model.élément based on
the request.

Additional Behavior Requirements: How this data‘model element is
initialized is outside the scope of SCORM. The value may be initialized
in a number of ways. For example:
e SCO may be built to set the initialaudio captioning value based
on a learner’s preference, or
e the value may be initialized by some learner preference or
profile data collected by the-LMS.
How this value is collected, determined or applied to the SCO is outside
the scope of SCORM.

Example:
o  GetValue(“cmi.learner_preference.audio_captioning”)

e  SetValue(*Cmi.learner_preference.audio_captioning”,”-1")
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4.2.14. Location

The cmi . location data model element is a location in the SCO. Its value and meaning
are defined by the SCO. The first time the learner attempts the SCO or if there is no
preferred initial location, the value shall be an empty characterstring (“””) [1].

The LMS should not interpret or change this data. The data is opaque to the LMS. The

format of the cmi . location is only understood by the SCO setting the value. If the §CO

communicates a cmi . location, this data model element may be used to indicate.a

“bookmark” or “checkpoint” within the SCO. This data model element may be used jas a
starting point upon re-entry into the SCO after a suspended learner session, n this cgse,
the cmi . location data model element corresponds to the SCO exit pointthe last timp the

learner experienced the SCO. The behavior and use of this data modghelement is

managed by the SCO.

Table 4.2.14a: Dot-notation Binding for the Location Data Model Element

Dot-Notation Binding Details

cmi.location Data Model Element Implementation‘Reduirements:

LMS Behavior Reéguirements:

Data Type: characterstring:(SPM: 1000)
Value Space: 1SO-10646-1715]

Format: The format of this characterstring is left to the discretion of the|
SCO developer. The IZMS simply stores the data, if requested to by the
SCO ( SetValue().), and returns the data, if requested by the SCO (
GetValue() )« 'Refer to Section 4.1.1.7: Data Types for more informationjon
the requirements for the format of the characterstring data type.

SCO Behavior Reguirements:

The.data model element is mandatory and shall be implemented by an LMS
as<téad/write.

This data model element is controlled by the SCO. No initialization step
are required by the LMS. If a GetValue() request is made prior to the value
being set by the SCO, then the LMS shall behave according to the API
Implementation Requirements defined below.

APl Implementation Requirements:

The data model element is required to be implemented by the LMS as
read/write. The SCO is permitted to retrieve and store the value of the
cmi.location data model element.

If storing the data model element, then the value is SCO-implementation
defined and the format of the characterstring shall adhere to 1ISO 10646-1.
The LMS is responsible for simply storing this data and then returning th
data when requested by the SCO.

37

GetValue(): The LMS shall return the associated cmi.location currently

SLOTEU DY e LIVIS 10T e Tedrmer dna Set e error Coue 10 U - NO EITOrT.
The characterstring returned shall adhere to the requirements identified in
the Data Model Element Implementation Requirements.

0 Ifthe SCO requests the cmi.location prior to the value being
initialized by the SCO, then the LMS shall return an empty
characterstring (“””) and set the error code to 403 — Data Model
Element Value Not Initialized.

SetValue(): If the SCO invokes a SetValue() request to set the cmi.location
and the supplied value meets the requirements defined in the Data Model
Element Implementation Requirements, then the LMS shall store the
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supplied value for cmi.location, set the error code to O — No Error and return
“true”.
Example:
e  GetValue(“cmi.location”)
e  SetValue(*“cmi.location”,”chkPt1.p3.f5”)
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4.2.15. Maximum Time Allowed

The cmi .max_time_allowed data model element is the amount of accumulated time the
learner is allowed to use a SCO in the learner attempt. [1]. The learner attempt begins
with the beginning of the first learner session and continues until the activity terminates.

Dot-Notation Binding Details

cmi.max_time_allowed Data Model Element Implementation Requirements:

e Data Type: timeinterval (second,10,2) - a time‘interval witfj
resolution to 0.01 seconds

e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for thefarmat of the
timeinterval (second,10,2) data type.

LMS Behavior Requirements:

e  This data model element is mandatory and the LMS shall be
implemented by the LMS as.read-only.

e  The LMS is responsible fot.initializing this value based on the
value provided by the"SCO developer. This value can be
provided in the Content Package Manifest associated with the
content organization. The LMS shall use the
imsss:attemptAbsoluteDurationLimit attribute of the
<imsss:limitConditions> element, if defined for the
<imscp:item> referencing the SCO Resource in the manifest to
initialize this value.

SCO Behavior Requirements:
e ~ This data model element is required to be implemented by t
LMS as read-only. The SCO is only permitted to retrieve thg

value of the cmi.max_time_allowed data model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return the value stored for the
cmi.max_time_allowed data model element and set the error
code to O — No Error. The characterstring returned shall adhere
to the requirements identified in the Data Model Element
Implementation Requirements.

o0 Ifthere is no maximum time allowed (i.e.,
imsss:attemptAbsoluteDurationLimit attribute for the
<imsss:limitConditions> element) defined in the
manifest and the SCO requests the value for this data
model element, then the LMS shall set the error code
to 403 — Data Model Element Value Not Initializdd
and return an empty characterstring (“”).

e  SetValue(): If the SCO invokes a SetValue() request to set the
cmi.max_time_allowed, then the LMS shall set the error cod¢ to
404 - Data Model Element Is Read Only and return “falsp".
The CMS shall not alter the staie of the data model element
based on the request.

Example:
e  GetValue(“cmi.max_time_allowed”)

@D

1
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4.2.16. Mode

The cmi .mode data model element identifies one of three possible modes in which the
SCO may be presented to the learner [1]. This value can be used to indicate a SCO’s
behavior after launch. Many SCOs have a single “behavior.” Some SCOs, however, can
present different amounts of information, present information in different sequences,

present information reflecting

different training strategies ar stare different sets of data

basef on the mode that the SCO is currently in.

Dor-Notation Binding Details

cm|.mode Data Model Element Implementation Requirements:

Table 4.2.16a: Dot-notation Binding for the Mode Data Model Element

LMS Behavior Requirements:

Data Type: state (browse, normal, review) [1]
Value Space: The IEEE defines three state values. SCORM binds these
state values to the following restricted vocabulary tokens:

o0 “browse”: The SCO is presented without the intent of recording
any information about the current learnér/session [1].

o “normal”: The SCO is presented with the intent of recording
information about the current learner session [1]. This is the
default value if no mechanism is’in place to identify the mode.

o “review”: The SCO has previously recorded information about
the learner attempt andfis presented without the intent of updating
this information with.data from the current learner session [1].

Sequencing Impacts:

This data model element is'mandatory and shall be implemented by the
LMS as read-only.

There is currentlysne.mechanism in place to determine the mode of a SCO.
This is currently left to the implementation of an LMS. If the LMS wants to
provide a way-of previewing (or browsing) a content organization or a way
of reviewing-a content organization, then this is one mechanism for
initializing the cmi.mode in which the content (SCO) in the content
organization should be viewed. The “normal” mode shall be the default
mode for all SCOs.

SCO Beh

The cmi.mode data model element has no impact on sequencing. The value
of cmi.mode does not impact any sequencing behaviors. If the cmi.mode
value is “browse” or “review”, the LMS should treat any data sent by the
SCO as informative (in order to make sequencing decisions). Whether or
not an LMS persists any of the data sent by the SCO, while in a mode of
review or browse, is outside the scope of the SCORM.

avior Requirements:

The data model element is required to be implemented by an LMS as read-
only. The SCO is only permitted to retrieve the value of the cmi.mode data
model element.

API Impl

ementation Requirements:

Example:

GetValue(): The LMS shall return the associated cmi.mode currently stored
by the LMS for the learner and set the error code to O — No Error. If a
mechanism is not in place to support different modes, then the LMS shall
only return “normal” for all cases.

SetValue(): If the SCO invokes a request to set the cmi.mode, 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 data model
element based on the request.
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| | e GetValue(“cmi.mode”) |

4.2.16.1 Mode and Credit Usage Requirements

The cmi .mode and cmi .credit data model elements have a relationship to one
another. The following table describes the relationships:

Table 4.2.16.1a: Mode and Credit Values

cmi .mode value cmi .credit value
“pbrowse” “no-credit”

“review” “no-credit”

“normal” “credit” or “no-credit’

An LMS is required to implement these data model elements as read-only. The SCOlis
not permitted to alter the states of these values with a Setvadue() API call. The LM|S
must guarantee that these values are kept in sync with each other. If credit is “no-
credit”, then any information (success_status, interaetions, etc.) communicated by the
SCO is informative. The data recorded during the Jearner’s interaction with the SCOlis

used to make sequencing decisions. Other thanthat, the LMS is free to do what it wants
with the data.
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4.2.17. Objectives

Instructional designers may wish to associate learning or other types of objectives with a
learning activity and its associated content object. SCORM does not define what an
objective is or place requirements on its use. However, SCORM does define how the
status of objectives, regardless of type, may be tracked during a learner experience, and
how tracked objective status may be used to affect sequencing evaluations

For purposes of a learner experience, objectives are tracked by associating a set of
objettive status information with each tracked objective through the use of an identifie,
The jdentifier used does not have or imply any semantics; it is only used to relate the
results of a learner experience with a content developer defined objective.

The Objectives are treated as a grouping of sets of objective status information for a
givep SCO, which are used to track learning or other types of objectives associated with
the 3CO. A SCO may have zero or more sets of objective status infermation.
Information tracked in the Objectives parent data model element is-Only available to the
SCQ, and it is available for the duration of a learner attempt. Anjdentifier is required to
diffgrentiate between sets of objective status information. Fer-a given SCO, all objective
identifiers must be unique.

Each set of objective status information consists of the following elements:

4 Identifier: an identifier for the set of objective status information

4 Score: ascore (if applicable)

4 Success Status: an indication of the'success status for the objective (if applicable)
4 Completion Status: an indication of the completion status for the objective (if
applicable)

4 Progress Measure: an indication of a measure towards the progress of completing
the associated objectivel

4 Description: a briefyinformative description of the objective

During the learner’s interaction with the SCO, the SCO is permitted to update
status/score information and not have to create a new entry in the array. The objectives
array should act-as\a status of the objectives during the learner’s interaction. The
objective identifier is what makes the objective unique, therefore when new objective
status information is needed to be tracked (new objective identifier), then a new entry in
the grray should be made.

SCO developers can describe the tracked objectives of the SCO — the significance of
objective identifiers — by using the Classification category of the LOM metadata. The
Purpose, Taxonpath and Description elements can also be used to describe and identify
the SCO’s objective(s). However, applying metadata to a SCO is for informative
purposes only. Currently there is no requirement defined for an LMS to process the
metadata associated with a SCO and there is no behavior defined for an LMS to
interoperably utilize the metadata associated with a SCO.
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The LMS shall support at least the SPM of 100 objective status information. The LMS is
free to support more than the SPM.

4.2.17.1 Associating Objective Status Information to SCOs

More than one set of objective status information may be associated with a given SCO.
The mechanism defined to access multiple sets of objective status information is an
indexed list (refer to Section 4.1.1.3: Handling Collections). When setting (Setvalue())

objective status information, the SCO is responsible for inserting objective status
information in sequential order.

Table 4.2.17.1a: Scenarios for Storing Collection Data

Incorrect Correct
cmi.objectives.0.id = “ID1” cmi.objectives.0.id = “ID1”
cmi.objectives.2.id = “ID3” cmi.objectives.l.id = “|D2*
cmi.objectives.1.id = “ID2” cmi.objectives.2.id = “ID3”

To avoid the incorrect scenario shown above, in Table 4.2:17.1a, the SCO can invoks
GetValue() On cmi .objectives._count to retrieve the-next available position in th
indexed list. The LMS is responsible for managing:this list as a zero-based indexed ljst.
When a SCO requests the cmi .objectives._count, the LMS shall return the total
number of objectives currently being managed by the LMS. For example, if the LMY
returns “2” from the Getvalue(“cmi.objectives._count’) request, the SCO shall|use
this value in inserting the next set of objective information. The “2” indicates that the
SCO has already set (Setvalue()) cm@:objectives.0 and cmi.objectives.1
objective information.

D

The order of the sets of objective status information in the indexed list does not defing a

significant relationship between the objectives and the order may change between leagrner
sessions. The recommended method of accessing sets of objective status information is
to search the indexed-lsst for the desired objective identifier. The index where the
identifier is found should be used to access and modify the other elements of objectiv
status information.

D

4.2.17 .2 Initialization of Run-Time Objectives from Sequencing Information

Instructional designers may wish to use objectives to make conditional sequencing
decisions; this desire is explicitly represented in the sequencing information associatgd
with a learning activity (refer to the SCORM CAM book). As a SCO references

objectives through their identifiers, so does the sequencing information associated with a
learning activity. For objectives associated with a learning activity, those that may be
affected by the learning experience are those with identifiers that match identically with
an identifier defined in the cmi .objectives status information for the SCO associated
with the learning activity.

SCORM defines how identifiers are used to relate the objectives defined on the learning
activity for sequencing purposes to the objectives status information (cmi .objectives)
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avai

lable to the activity’s associated SCO during the learning experience. Whenever a

SCO is launched for a new learner attempt, the LMS shall initialize a set of run-time

obje

ctives (cmi .objectives) for the SCO with the objective status information managed

for sequencing the SCO’s associated learning activity. The LMS shall create one entry in
the SCQO’s objectives collection for each objective defined in the sequencing information
(children of the <imsss:objectives> element) applied to the SCO’s associated activity.

The

[\

sequencing information shall be used to initialize the run-time objective as follows:

cmi-objectives - id shattbeinitiatized-with-theobjective*stb(theobjective
ID attribute associated to the objective in the activity’s sequencing information).
cmi .objectives.n._success_status shall be initialized with the Tracking

Information associated with the objective (possibly through a read Objective
Map).

3. cmi.objectives.n.score.scaled shall be initialized with the Tracking

Information associated with the objective (possibly through a read Objective
Map).

When the new learner attempt on the SCO begins and after LMS initialization of the
SCQ’s objective data model elements for that objective, the number of objectives being
storgd by the LMS (cmi .objectives._count) shall equal’the number of objectives
defined in the sequencing information (children of the-<imsss:objectives> element)

appl

ed to the SCQO’s associated activity that have defined Objective IDs, regardless of

whether the activity is tracked or not. During the-learner experience, the SCO may

mod

fy the status of these objectives; the updated status information will be used by the

LMS$ during sequencing evaluations.

When a subsequent learner session on:the SCO begins within the same learner attempt,
the LLMS shall update the SCO’s ohjective data model elements

(cmi

.objectives.n.xxx) for the objectives defined in the activity’s sequencing

infofmation, using the most reeent information available to the LMS’s sequencing

impl
sessi

mentation. Any additienal objectives created by the SCO during a previous learner
on will not be affected.

ADILL Note:

4 If a ledrner attempt on a SCO is suspended and then later resumed, the LMS is

required to update the SCO’s objective data model elements values to reflect
changes in sequencing Tracking Information occurring with any of the SCO’s
associated activity’s objectives while the SCO is suspended.

e The SCO’s objective data model elements shall be initialized even if the SCO’s

associated activity is not tracked (tracked = False). In these cases, ‘read’
objective maps shall be applied to initialize objective state. When no ‘read’
objective maps are defined, the initialized objectives shall have default (unknown)
state.
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e Run-time data related to objectives (cmi .objectives.n.xxx) will not be
initialized for an activity’s associated SCO unless an objective ID attribute is
defined in the sequencing information. In addition, if multiple objectives are
defined for an activity, the order of the SCO’s objectives
(cmi .objectives.n.xxx) need not coincide with the order of the activity’s
objectives — only the IDs are significant.

Table 4.2.17a: Dot-notation Binding for the Objectives Data Model Element

Dot-Notation Binding Details \

=

cmi.objectives._children The cmi.objectives._children data model element represents alisting g
supported data model elements. This data model elementig typically
used by a SCO to determine which data model elements are’supported by
the LMS. The characterstring returned may be used By, the SCO to
dynamically build parameters for the GetValue()-and.SetValue()
requests.

Data Model Element Implementation Reguirements:

e Data Type: characterstring

e  Value Space: 1SO-10646-1 [5]
Format: A comma-separated list of all of the data model
elements in the Objectives parent data model element that afe
supported by the IKMS?” Since all data model elements are
required to be supported by the LMS, the characterstring sha
represent the following data model elements:

o ~id

o) \score

O+ success_status

0 completion_status
O  progress_measure

0  description

L.MS Behavior Requirements:
e  This data model element is mandatory and shall be
implemented by an LMS as read-only.
e  The LMS is responsible for returning a comma-separated lig
of all of the data model elements (refer to Data Model Elemgent
Implementation Requirements above).

SCO Behavior Requirements:

e  This data model element is required to be implemented by &
LMS as read-only. The SCO is only permitted to retrieve tf
value of the cmi.objectives._children data model element.

API Implementation Requirements:

e  GetValue(): The LMS shall return a comma-separated list pf
data model elements supported by the LMS (refer to Data
Model Element Implementation Requirements above) and s¢
the error code to O — No Error. The ordering of data model
elements is not important. The characterstring returned sha
adhere to the requirements identified in the Data Model

—

D =

—

Element Implementation Requirements.

e  SetValue(): If the SCO invokes a SetValue() request to set the
cmi.objectives._children, then the LMS shall set the error code
to 404 — Data Model Element Is Read Only and return
“false”.

Example:
o  GetValue(“cmi.objectives._children™)

cmi.objectives._count The cmi.objectives._count keyword is used to describe the current
number of objectives being stored by the LMS. The total number of
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entries currently being stored by the LMS shall be returned. The LMS is
responsible for supporting the smallest permitted maximum of 100
objectives.

Data Model Element Implementation Requirements:
e Data Type: integer
e  Value Space: Non-negative integer
e Format: The characterstring representing the number of
objectives that the LMS is currently persisting.
LMS Behavior Requirements:
e This data model element is mandatory and shall be

implemented by the LMS as read-only.

e Ifthe LMS receives a request to get the cmi.objectives._count
value prior to any objectives being set, then the LMS shall
adhere to the requirements listed below for API
Implementation Requirements.

SCO Behavior Requirements:
e  The data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to,retrieve the
value of the cmi.objectives._count data model-element.

API Implementation Requirements:
e  GetValue(): The LMS shall returnthe_number of objectives
currently stored by the LMS and set'the error code to O — No
Error.

o0 Until objective infermation is available for the SCO,
the LMS shall feturn O, which indicates that there is
no objective information currently being stored.

o  SetValue(): If the-SCO invokes a SetValue() request to set the
cmi.objectives.«count, then the LMS shall set the error code to
404 - Data.Model Element Is Read Only and return “false”.

Example:
e  GetValGe(“cmi.objectives._count”)

cm|.objectives.n.id

The cmi.objéctives.n.id data model element is an identifier for an
objectivezand shall be unique, at least within the scope of the SCO. The
cmi.objectives.n.id data model element shall contain a valid value if
either the score or status data model elements described below is
implemented [1]. If a SCO is requesting to store objective information,
then the SCO is required to set the identifier first (unless it was
initialized by another means), prior to any other objective information.
Once the cmi.objectives.n.id has a value, the data model element is not
allowed to be reset to a different value.

Data Model Element Implementation Requirements:

e Data Type: long_identifier_type

e Value Space: A characterstring (SPM: 4000) that represents a
valid Universal Resource Identifier (URI) as per RFC 3986 [6].
It is recommended that the URI be a URN as per RFC 2141
[3].

e Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the

long_identifier_type data type.
LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by an LMS as read/write. The data model
element is only permitted to be written to once. SCOs are not
permitted to change the cmi.objectives.n.id value once it has
been established. The value may be set more than once, as
long as the value stays the same.

o If the <imsss:objectives> are defined for an <imscp:item>
element in the Content Package Manifest, then the LMS is
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responsible for initializing objective run-time data
(cmi.objectives.n.xxx) for the SCO based on the Objective
Progress Information referenced and managed for the learning
activity. Run-time data related to objectives
(cmi.objectives.n.xxx) should not be initialized for an
activity’s associated SCO unless an objective ID attribute is
defined in the sequencing information
(<imsss:primaryObjective> or <imsss:objective>). The
objective ID attribute shall be used to initialize the
cmi.objectives.n.id value. The number of objectives defined in

SCO Behavior Reguirements:

the manifest dictates the number of ohjective status
information that need to be initialized. The LMS is also
responsible for initializing status and score for the objéctive
information data if that information is available to the.LMS
(for more information refer to the SCORM SN beok~ Globp
objectives).

API Implementation Requirements:

The data model element is required to be,implemented by al
LMS as read/write. The SCO is permitted to retrieve and stpre
the value of the cmi.objectives.n.id‘data model element.

If a SCO is requesting to store objective information, a SCQ
shall ensure that an id is set'tojuniquely distinguish one
objective from another.~Fhe identifier shall be set first (unlgss
it was initialized by anether means), prior to any other
objective information:

It is recommendedithat a SCO does not alter (set) existing
objective IDs@uring a learner attempt. If the SCO alters an
objective 1D during a learner attempt, this could corrupt
objectiVe data that has been collected in previous learner
sessions and have impact on sequencing decisions made by the
LMS.

GetValue(): The LMS shall return the associated objectivep
identifier currently stored by the LMS for the learner and sef
the error code to O — No Error. The characterstring returned
shall adhere to the requirements identified in the Data Modd|l
Element Implementation Requirements.
0 The data model binding for collections is represerjted
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are oply
3 objectives in the array), then the LMS shall set the
error code to 301 — General Get Failure and returp
an empty characterstring (“”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for
further recommendations on processing this request.
SetValue(): The LMS shall set the cmi.objectives.n.id to the
supplied value in the SetValue() request, set the error code o O
— No Error and return “true”.

o—Hthe-supphed-vatte-ofthe-Setvalte-does-retrmeet
the requirements of the Data Model Element
Implementation Requirements, then the LMS shall
set the error code to 406 — Data Model Element
Type Mismatch and return “false”. The LMS
shall not alter the state of the data model element
based on the request .

0 Collection data model elements are required to be set
in sequential order. If a SCO does not set objectives
in a sequential order, then the LMS shall set the error
code to 351 — General Set Failure and return
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cm

“False”. Referto Section 3.1.7.6: SCORM
Extension Error Conditions.

o Ifthe supplied value of the SetValue() is a value that
has already been used (not unique within the set of
objective information) in an earlier array position
within a learner attempt, then the LMS shall set the
error code to 351 — General Set Failure and return
“false”. Refer to Section 3.1.7.6: SCORM Extension
Error Conditions. The LMS shall not alter the state
of the data model element based on the request.

|.objectives.n.score

.objectives.n.score._children

Q If the cmi nhjprtivm n.id data maodel element has
already been established with a value (either through
a mapping based on the Objective Progress
Information defined for the associated Activity or an
explicit SetValue() call by the SCO) and the SGQ
issues a SetValue() call to change the currentyvalue
to a different value, the LMS shall set the érror'code
to 351 — General Set Failure and return-false”.
Refer to Section 3.1.7.6: SCORM Extension Error
Conditions. The LMS shall not alter the state of the
data model element based on the request.

e [fthe value in the(SetValue() request is
identical to the currént value, then the LMS
shall set the error.code to 0 — No Error and
return “true”,

Additional Behavior Requirements:

e  The SCO is responsible for making sure that new objective
information is inséerted ( SetValue() ) in the index list in a
sequential order,” The cmi.objectives.n.id is required to be set
first prior torany other objective information.

Example:
e  GetValug(“cmi.objectives.0.id”)
o  SetValue(*“cmi.objectives.0.id”,”ohj1”)

Thetmi.objectives.n.score._children data model element represents a
listing of supported data model elements. This data model element is
typically used by a SCO to determine which data model elements are
supported by the LMS. The characterstring returned may be used by the
SCO to dynamically build parameters for the GetValue() and SetValue()
requests.

Data Model Element Implementation Requirements:
Data Type: characterstring
Value Space: 1SO-10646-1 [5]

e Format: A comma-separated list of all of the data model
elements in the Score parent data model element that are
supported by the LMS. Since all data model elements are
required to be supported by the LMS, the characterstring shall

PR S 1 | H (e P | "
TEPTESTTTU U T TUTTUWTTTY Uda TTTUUTT TTTTTTETTLS.

o scaled
o raw
0 min
0 max

LMS Behavior Requirements:
e  This data model element is mandatory and shall be
implemented by an LMS as read-only.
e  The LMS is responsible for returning a comma-separated list
of all of the data model elements (refer to Data Model Element

RTE-A-106

SCORM® 2004 3rd Edition Run-Time Environment (RTE) Version 1.1
© ISO/IEC 2009 — All rights reserved



https://iecnorm.com/api/?name=beb86799b6db2e19fa5e09cca0929689

ISO/IEC TR 29163-3:2009(E)

Implementation Requirements above).

SCO Behavior Requirements:

e  This data model element is required to be implemented by an
LMS as read-only. The SCO is only permitted to retrieve the
value of the cmi.objectives.n.score._children data model
element.

API Implementation Requirements:
e  GetValue(): The LMS shall return a comma-separated list of
data model elements supported by the LMS (refer to Data
Model Element Implementation Requirements above) and set

the error code to O — No Error. The ordering of data model
elements is not important. The characterstring returned-shall
adhere to the requirements identified in the Data Model
Element Implementation Requirements.

o  SetValue(): If the SCO invokes a SetValue() request to setjthe
cmi.objectives.n.score._children, then the EMS shall set the
error code to 404 — Data Model Element'is Read Only and
return “false”.

Example:
e  GetValue(“cmi.objectives.0.score._children™)

cmi.objectives.n.score.scaled The cmi.objectives.n.score.scaled.data- model element is a number thaf
reflects the performance of thedearner for the objective. The value of|the
data model element is scaledto-fit the range -1 to 1 inclusive [1].

If there is sequencing information applied to the learning activity
associated with the SCOthat relies on a measure, the SCO should enspire
score information(iSyaccurately sent to the LMS ( SetValue() ) prior to
the SCO’s learfier Session ending. If the measure is not reported by th
SCO, then the\LMS will use the value “unknown” as the objective
measure for.the appropriate objective (based on objective IDs) of the
learningractivity associated with the SCO when processing sequencing
information.

Data Model Element Implementation Requirements:

e Data Type: real (10,7) range (-1..1)

e Value Space: A real number with a value that is accurate t
seven significant decimal figures. The value shall be in the
range of -1.0 to 1.0, inclusive.

e Format: Referto Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real
(10,7) data type.

LMS Behavior Requirements:

e  The data model element is mandatory and shall be
implemented by the LMS as read/write.

e The SCO is responsible for determining the
cmi.objectives.n.score.scaled. The LMS cannot make any
judgments of the objective’s scaled score unless reported
otherwise from the SCO. If an LMS receives a retrieve (
GetValue() ) request prior to the value being set by the SCQ,

thenthe | MS shall set the npprr\prinfn errorcode (rnfnr ta-API

[

Implementation Requirements).
Sequencing Impacts:

e Ifthe SCO does not set cmi.objectives.n.score.scaled for an
objective of the SCO, the Objective Measure Status for the
associated objective (based on objective IDs) of the learning
activity associated with the SCO shall be false.

e  |fthe SCO sets cmi.objectives.n.score.scaled for an objective
of the SCO, the Objective Measure Status for the objective
(based on objective IDs) of the learning activity associated
with the SCO shall be true, and the Objective Normalized
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Measure for the objective (based on objective IDs) of the
learning activity associated with the SCO shall equal the value
of score.scaled.

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.objectives.n.score.scaled data model
element.

API Implementation Requirements:
e  GetValue(): The LMS shall return the associated

cmi.objectives.n.score.scaled currently stored by the LMS for
the learner and set the API Implementation’s error code to O —
No Error. The characterstring returned shall adhere to the
requirements identified in the Data Model Element
Implementation Requirements.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a numperdarger than
what the LMS is currently maintaining’(e.g., the
request indicated an n value of,5 When there are only
3 objectives in the array), then the LMS shall set the
error code to 301 — Genefal\Get Failure and return
an empty characterstring\(*”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for
further recommendations on processing this request.

o If the SCO attempts to retrieve the
cmi.objectives:A.score.scaled and the record of data
has been-created but the scaled data model element
has not been set by the SCO, then the LMS shall set
theerror code to 403 — Data Model Element Value
Not Initialized and return an empty characterstring
).

e  Set\alue(): The LMS shall set the
cmi.objectives.n.score.scaled data model element to the
parameter passed as parameter_2 of the SetValue() call, set the
error code to O — No Error and return “true”.

o  If the SCO tries to set the
cmi.objectives.n.score.scaled to a value that is not a
real number, then the LMS shall set the error code to
406 - Data Model Element Type Mismatch, return
“False”. The LMS shall not alter the state of the
data model element based on the request.

o If the SCO tries to set the
cmi.objectives.n.score.scaled to a value that is a real
number but the value is not in the range of -1 to 1,
inclusive, then the LMS shall set the error code to
407 - Data Model Element Value Out Of Range,
return “false”. The LMS shall not alter the state
of the data model element based on the request.

0 Since the cmi.objectives.n.id is required to be set first

prioT to-any other objective fmformatior, if the SCO
attempts to set cmi.objectives.n.score.scaled (prior to
setting the identifier), then the LMS shall set the
error code to 408 — Data Model Dependency Not
Established and return “false”. The LMS shall not
alter the state of the data model element based on the
request.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number
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that is greater than the current number of objectives
being stored, then the LMS shall set the error code to
351 — General Set Failure and return “false”.
Refer to Section 3.1.7.6: SCORM Extension Error
Conditions.

Example:
e  GetValue(“cmi.objectives.0.score.scaled”)
e  SetValue(“cmi.objectives.0.score.scaled”,”0.750033")
e  SetValue(*“cmi.objectives.0.score.scaled”,”0.75”)

cmi.objectives.n.score.raw The cmi.objectives.n.score.raw data model element is a number that
reflects the performance of the learner, for the objective, relativeto the
range bounded by the values of min and max [1].

Data Model Element Implementation Requirements:
e Data Type: real (10,7)
Value Space: A real number with values.that is accurate to
seven significant decimal figures.
e Format: Referto Section 4.1.1.7Data Types for more
information on the requirements for the format of the real
(10,7) data type.

LMS Behavior Requirements:

e  The data model element, is mandatory and shall be
implemented by an-LLMS as read/write.

e The SCO is responsible for setting this value if appropriate.
The LMS cannot make any judgments of the objective’s raw
score unless reported otherwise from the SCO. If an LMS
receives a\GetValue() request prior to the value being set by
the SCO,"then the LMS shall behave in accordance with the
ARNmMplementation Requirements.

SCO Behavior Requirements:

o' The data model element is required to be implemented by a
LMS as read/write. The SCO is permitted to retrieve and stpre
the value of the cmi.objectives.n.score.raw data model
element. The raw score for the objective may be determinedg
and calculated in any manner and is controlled by the SCO.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.objectives.n.score.raw currently stored by the LMS for the
learner and set the API Implementation’s error code to O — No
Error. The characterstring returned shall adhere to the
requirements identified in the Data Model Element
Implementation Requirements.

0 The data model binding for collections is represerjted
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger thah
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are oply
3 objectives in the array), then the LMS shall set the
error code to 301 — General Get Failure and returh

17

an empty characterstring (“”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for
further recommendations on processing this request.
0 Ifthe SCO attempts to retrieve the

cmi.objectives.n.score.raw and the record of data has
been created but the raw data model element has not
been set by the SCO, then the LMS shall set the error
code to 403 - Data Model Element Value Not
Initialized and return an empty characterstring (“”).

o SetValue(): The LMS shall set the cmi.objectives.n.score.raw
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data model element to the supplied value passed as
parameter_2 of the SetValue() call, set the error code to O -
No Error and return “true”.

0 Ifthe SCO tries to set the cmi.objectives.n.score.raw
to a value that is not a real number, then the LMS
shall set the error code to 406 - Data Model
Element Type Mismatch, return “false”. The
LMS shall not alter the state of the data model
element based on the request.

0 The data model binding for collections is represented

ao PQ\;!\CU QIICl_yQ. T UIC OCUUTITTIVURATO A \JCLVQIUC\}
request where the index (n) provided is a number
that is greater than the current number of objectives
being stored, then the LMS shall set the error code(to
351 — General Set Failure and return “false™
Refer to Section 3.1.7.6: SCORM Extension Erfor
Conditions.

o0  Since the cmi.objectives.n.id is requiredto be set first
prior to any other objective information, if the SCO
attempts to set cmi.objectives.n.s€ore.raw (prior to
setting the identifier), then the’LMS shall set the
error code to 408 — Data Model Dependency Not
Established and return {“fa¥se”. The LMS shall not
alter the state of the data\model element based on the
request.

Example:
e  GetValue(“cmi.objeetives.0.score.raw”)
e  SetValue(“cmi.objectives.0.score.raw”,”75.0033")
e  SetValue(“cmicobjectives.0.score.raw”,”0.75")

cm|.objectives.n.score.min

The cmi.objectives.n:score.min data model element is the minimum
value, for the objegtive, in the range for the raw score [1].

Data Model Element Implementation Requirements:
Data Type: real (10,7)
Value Space: A real number with values that is accurate to
seven significant decimal figures.
e Format: Referto Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real
(10,7) data type.

LMS Behavior Requirements:

e  The data model element is mandatory and shall be
implemented by an LMS as read/write.

e The SCO is responsible for setting this value if appropriate.
The LMS cannot make any judgments of the objective’s
minimum score unless reported otherwise from the SCO. If an
LMS receives a GetValue() request prior to the value being set
by the SCO, then the LMS shall set the appropriate error code
(refer to API Implementation Requirements).

SCO Behavior Reguirements:

- ThC dutu IIIUdC: C:CIIICIIt ia rcquircd t\) bC imp:clllclltcd b‘y’ un
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.objectives.n.score.min data model element.
The minimum score is determined by the SCO.

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.objectives.n.score.min currently stored by the LMS for the
learner and set the API Implementation’s error code to O — No
Error. The characterstring returned shall adhere to the
requirements identified in the Data Model Element
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Implementation Requirements.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only
3 objectives in the array), then the LMS shall set the
error code to 301 — General Get Failure and return
an empty characterstring (“”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for

Example:

further recommendations on processing this request.

o0 Ifthe SCO attempts to retrieve the
cmi.objectives.n.score.min and the record of'data has
been created but the min data model element’has fot
been set by the SCO, then the LMS shall sét the efror
code to 403 - Data Model Element.Value Not
Initialized and return an empty characterstring (“).

SetValue(): The LMS shall set the cmizgbjectives.n.score.nmin
data model element to the parameter‘passed as parameter_2|of
the SetValue() call, set the error,code to O — No Error and
return “true”.

o If the SCO tries 1@ _set the cmi.objectives.n.score.n
to a value that.is/hot a real number, then the LMS
shall set theerror code to 406 — Data Model
Element_Fypé Mismatch, return “false”. The
LMS;shall not alter the state of the data model
element based on the request.

0 _“The data model binding for collections is represerted
as packed arrays. If the SCO invokes a SetValue
request where the index (n) provided is a number
that is greater than the current number of objectives
being stored, then the LMS shall set the error codg¢ to
351 - General Set Failure and return “false”.
Refer to Section 3.1.7.6: SCORM Extension Errof
Conditions.

0  Since the cmi.objectives.n.id is required to be set first
prior to any other objective information, if the SCD
attempts to set cmi.objectives.n.score.min (prior tg
setting the identifier) then the LMS shall set the efror
code to 408 — Data Model Dependency Not
Established and return “false”. The LMS shall|not
alter the state of the data model element based on the
request.

n

GetValue(“‘cmi.objectives.0.score.min”)
SetValue(*cmi.objectives.0.score.min”,”1.0”)
SetValue(*“cmi.objectives.0.score.min”,”500")

cmi.objectives.n.score.max

The cmi.objectives.n.score.max data model element is the maximum
value, for the objective, in the range for the raw score [1].

Data IViodel Element Implementation Kequirements:

LMS Behavior Requirements:

Data Type: real (10,7)

Value Space: A real number with values that is accurate to
seven significant decimal figures.

Format: Refer to Section 4.1.1.7: Data Types for more
information on the requirements for the format of the real
(10,7) data type.

The data model element is mandatory and shall be
implemented by an LMS as read/write.
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e The SCO is responsible for setting this value if appropriate.
The LMS cannot make any judgments of the objective’s
maximum score unless reported otherwise from the SCO. If an
LMS receives a GetValue() request prior to the value being set
by the SCO, then the LMS shall set the appropriate error code
(refer to API Implementation Requirements).

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.objectives.n.score.max data model

eterment— T e Tax ScoTe 15 uetermmimed by theSCo:

API Implementation Requirements:

e  GetValue(): The LMS shall return the associated
cmi.objectives.n.score.max currently stored by the LMS for the
learner and set the APl Implementation’s error code to,0 --No
Error. The characterstring returned shall adhere to the
requirements identified in the Data Model Element
Implementation Requirements.

0 The data model binding for collections’is represented
as packed arrays. If the SCO invokes a GetValue()
request where the index (n) s a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only
3 objectives in the afray), then the LMS shall set the
error code to 301 = General Get Failure and return
an empty charagterstring (“”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for
further recdmmendations on processing this request.

o If the’SCO attempts to retrieve the
cmisobjectives.n.score.max and the record of data has
been created but the max data model element has not
been set by the SCO, then the LMS shall set the error
code to 403 - Data Model Element Value Not
Initialized and return an empty characterstring (“”).

o . (SetValue(): The LMS shall set the cmi.objectives.n.score.max
data model element to the parameter passed as parameter_2 of
the SetValue() call, set the error code to O - No Error and
return “true”.

0 Ifthe SCO tries to set the cmi.objectives.n.score.max
to a value that is not a real number, then the LMS
shall set the error code to 406 - Data Model
Element Type Mismatch, return “false”. The
LMS shall not alter the state of the data model
element based on the request.

0 The data model binding for collections is represented
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number
that is greater than the current number of objectives
being stored, then the LMS shall set the error code to
351 - General Set Failure and return “false”.

Refer 10 Section 3.1.7.6; SCORM EXTension Error
Conditions.

0 Since the cmi.objectives.n.id is required to be set first
prior to any other objective information, if the SCO
attempts to set cmi.objectives.n.score.max (prior to
setting the identifier) then the LMS shall set the error
code to 408 — Data Model Dependency Not
Established and return “false”. The LMS shall not
alter the state of the data model element based on the
request.
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Example:
o  GetValue(“cmi.objectives.0.score.max”)

e  SetValue(*“cmi.objectives.0.score.max”,”1.0")
e  SetValue(**cmi.objectives.0.score.max”,”500”)

cmi.objectives.n.success_status The cmi.objectives.n.success_status data model element indicates
whether the learner has mastered the objective [1]. How the SCO
determines the cmi.objectives.n.success_status for the objective is
outside the scope of SCORM. The SCO could base this decision on a
certain percentage of interactions being passed that map to the objective,

atotal score for a test or auiz.b. st
ey

a mastery score, etc. This value indicates the overall success status for
the SCO as determined by the SCO developer.

If there is sequencing information applied to the learning activity

associated with the SCO that relies on objective status, the’'SCO must
ensure objective information is accurately sent to the L{MS ( SetValue() )
prior to the SCO’s learner session ending. Otherwisel.the LMS will upe
the value “unknown” as the objective status for the,appropriate objectjve
(based on objective IDs) of the learning activity associated with the SCO
when processing sequencing information,

Data Model Element Implementation Requirements:

e Data Type: state (passed; failed, unknown)

e Value Space: The IEEE\défines three state values. SCORI
binds these state valtesito the following restricted vocabulafy
tokens:

0 “passed™ The learner has passed the SCO [1].
Indicates that the necessary number of objectives
Was mastered or a necessary score was achieved.

0) “failed”: The learner has failed the SCO [1].
Indicates that the learner did not master the
necessary number of objectives or that a required
score was not achieved.

0  “unknown”: No assertion is made [1]. This
indicates that no applicable assertion can be made|
that indicates the success status.

e Format: The format of the data model value shall be one of
the three restricted values listed above (“passed”, “failed”,
“unknown”).

LMS Behavior Requirements:

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

e Normally the SCO will report its own
cmi.objectives.n.success_status to the LMS, however there Is
no requirement in SCORM that mandates a SCO to set
cmi.objectives.n.success_status. If the
cmi.objectives.n.success_status is not reported by the SCO,
then the LMS shall use the default of “unknown” as the valy
of the objectives success status.

Sequencing Impacts:
e [Ifthe SCO sets cmi.objectives.n.success_status for an objec

=

D

ve

of the SCO 1o “unknmown ™, the Objective PTOYTESS Status fo
the objective (based on objective IDs) of the learning activity
associated with the SCO shall be false.

e Ifthe SCO sets cmi.objectives.n.success_status for an objective
of the SCO to “passed”, the Objective Progress Status for the
objective (based on objective IDs) of the learning activity
associated with the SCO shall be true, and the Objective
Satisfied Status for the objective (based on objective IDs) of
the learning activity associated with the SCO shall be true.

e |fthe SCO sets cmi.objectives.n.success_status for an objective
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SCO Behavior Reguirements:

of the SCO to “failed”, the Objective Progress Status for the
objective (based on objective IDs) of the learning activity
associated with the SCO shall be true, and the Objective
Satisfied Status for the objective (based on objective IDs) of
the learning activity associated with the SCO shall be false.

The data model element is required to be implemented by the
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.objectives.n.success_status data model
element.

API Implementation Requirements:

GetValue(): The LMS shall return the objectives associated
cmi.objectives.n.success_status currently stored by the LMS
for the learner and set the error code to O — No Error. The
characterstring returned shall adhere to the requirements
identified in the Data Model Element Implementation
Requirements. Until the cmi.objectives.n.success_status has
been set, the default value of the data model element shall be
“unknown”.

o If the SCO attempts to retrievethe
cmi.objectives.n.success_status and the record of
data has been created butSueeess_status data model
element has not been set\by’the SCO nor determined
by the LMS, then thé LMS shall return the default
value of “unknown” and set the error code to O — No
Error.

0 The data modelbinding for collections is represented
as packed\arrays. If the SCO invokes a GetValue()
requesh Where the index (n) is a number larger than
what the LMS is currently maintaining (e.g., the
request indicated an n value of 5 when there are only
3 objectives in the array), then the LMS shall set the
error code to 301 — General Get Failure and return
an empty characterstring (“”). Refer to Section
3.1.7.6: SCORM Extension Error Conditions for
further recommendations on processing this request.

SetValue(): If the SCO invokes a SetValue() request to set
the cmi.objectives.n.success_status and the supplied value
meets the requirements defined in the Data Model Element
Implementation Requirements, then the LMS shall store the
supplied value for cmi.objectives.n.success_status, set the error
code to O — No Error and return “true”.

o0 Ifthe SCO invokes a request to set the
cmi.objectives.n.success_status and the value is not a
member of the restricted vocabulary tokens
described above, then the LMS shall set the API
Error Code to 406 — Data Model Element Type
Mismatch and return “false”. The LMS shall not
alter the state of the data model element based on the
request.

\vj Thc data IIIUdC: b;lld;lly fUI bU::Ubt;UIIO ;D IC}JICOCIIth
as packed arrays. If the SCO invokes a SetValue()
request where the index (n) provided is a number
that is greater than the current number of objectives
being stored, then the LMS shall set the error code to
351 - General Set Failure and return “false”.
Refer to Section 3.1.7.6: SCORM Extension Error
Conditions.

o0 Since the cmi.objectives.n.id is required to be set first
prior to any other objective information, if the SCO
attempts to set cmi.objectives.n.success_status (prior
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to setting the identifier) then the LMS shall set the
error code to 408 — Data Model Dependency Not
Established and return “false”. The LMS shall not
alter the state of the data model element based on the
request.

Example:
e  GetValue(“cmi.objectives.n.success_status™)

e  SetValue(*“cmi.objectives.n.success_status”,”passed”)

miohicetiviac n comnlatinn ctatic
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whether the learner has completed the associated objective [1]. Hawthe
SCO determines the cmi.objectives.n.completion_status for the-abject{ve
is outside the scope of SCORM. For example, the SCO could)base th|s
decision on a number of interactions associated with the abjective beipg
completed.

Since the determination of cmi.objectives.n.completion’ status is

controlled and managed by the SCO, the LMS cannot imply that the
SCO is completed in any way. If no cmi.objectives.n.completion_statlis
is reported by the SCO, then the LMS can-only rely on the fact that the
cmi.objectives.n.completion_status is “unknown”.

Data Model Element Implementation“Requirements:

e Data Type: state (completed, incomplete, not_attempted,
unknown).

e Value Space: TheZlEEE defines four state values. SCORM
binds these staté,values to the following restricted vocabulafy
tokens:

o0 ~‘completed”: The learner has experienced enough of
the SCO for the associated objective to be considgred
complete [1]. How completion is determined is
controlled and managed by the SCO.

0 “incomplete”: The learner has not experienced
enough of the SCO for the associated objective to|be
considered completed [1]. How completion is
determined is controlled and managed by the SCQ.

0 “not attempted”: The learner has experienced the
SCO, but the associated objective has not been
attempted [1]. The SCO is responsible for
determining whether or not the objective was
attempted.

0  “unknown”: No assertion is made [1]. This
indicates that no applicable assertion can be made|
that indicates the completion status.

e Format: The format of the data model value shall be one of
the four restricted vocabulary tokens listed above
(“completed”, “incomplete”, “not attempted”, “unknown”).

LMS Behavior Requirements:

e  This data model element is mandatory and shall be
implemented by the LMS as read/write.

e  Normally the SCO will report its own objectives completio
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that mandates a SCO to set cmi.objectives.n.completion_status.
If the SCO does not set the cmi.objectives.n.completion_status,
then the LMS shall treat the cmi.objectives.n.completion_status
as “unknown”.

SCO Behavior Requirements:

e  The data model element is required to be implemented by an
LMS as read/write. The SCO is permitted to retrieve and store
the value of the cmi.objectives.n.completion_status data model
element.
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