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Purpose

This is an executive level briefing the potential benefits omachine readable curricula, as is
currently being trialled by Curriculum Corporation with the Achievement Standards Network.

Background

1 Machine readable curriculum techniqgues move away from managing curricula as prose
documents. Instead, they impose ahigreight and flexible structure over a curriculum:
decomposing it into a collection sfatements(e.g. learning areas, strands, outcomes). Each
statement is individually identified, described and related using constructs understandable by
computers.

U.S and European initiatives are developing and using machine readable curricula.
Curriculum Corporation is engaged in work supporting the national curriculum work of ACARA
through IT infrastructure. As part of this work, they are investigating the potesmtizantages of
machine readable curriculum, building on an approach used in the U.S.
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Assumptions

1 Uptake of the national curriculum in schools will be gradual: in the short to medium term,
jurisdictional curricula will cexist with the national curriculum

9 Teachers will wish to discover resources and contextualise learning using outcomes from both
national and local curricula.

1 Some agencies will extend the curriculum with more detailed descriptions. (For example, the
curriculum may specify numeracy, but anline assessment may be described as specific to
division.)

Summary of advantages of machine readable curricula
In theshort term, machine readable curriculum enables:
1. Learning resources to be easily and unambiguously tagged with relevant learning estcom

For example, learning content can be tagged with the learning outcomes it might support,
an assessment can be tagged with the learning outcomes it assesses.

2.1 aidzRSydQa LINRPINBaa (2 o6S SLFLaiate FyR dzyl YOA:
example, evidg OS Ay | -PartiolarBa@ PeltaQged vBth relevant learning outcomes.

3. Lesson plans and learning paths to be easily and unambiguously mapped to the curriculum.
For example, a learning path proposed by a professional body can nominate a sequence of
outcomes recommended to realise desirable competencies.

4. The curriculum to drive content discovery: teachers want to find online resources matching
particular curriculum outcomes they are teaching.

5. Other elearning applications to be configured to use the curriculum structure to share
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information. For example, a portal can be configured to show learning content relevant to a
learning outcome.

More complex use of machine readable curricula could piewide the followingonger term
advantages:

1. Managing versions of the curriculum over time becomes easier. For example, it is possible to
update individual statements in the curriculum without having tepugblish a whole
document; the relationships beteen new and old statements can be tracked; and the
description of an outcome can still be discovered and used even after it has been
superseded.

2. Statements in different curricula can be compared, and unambiguously mapped to each
other. The mapping is mograightforward with identified statements than with a
GNF RAGAZ2Y I OdzNNRA Odzt dzY R2 OdzYSyid o ¢KS YI LAY 3
alYS a 2dzid2YS .Y YILWAyYy3I Oy SyO2YLI} aa &ai’
ALISOALl £ Ol alprerefuiskedzalteraaies and whatever else may be
appropriate.
3. Mapping between curricula allows gap analysis: once the distinct outcomes of two curricula
are identified and correlated, any gaps in coverage of one or the other can be identified
more ckarly. The comparison can be substantially automated.

4. Agencies can unambiguously extend the curriculum to the level of granularity needed. For
SEFYLX ST GKS OdzNNRA Odzf dzy Yl & aLISOATE ydzySNI Oé .
be described as specifio division. The publisher can specify division as a specialisation of
numeracy.

ASN machine readable approach

Curriculum Corporation has been working with thénidégementStandards Network (ASN) to

SELX 2NB GKS I LILX A Ol 6 Af thé Australilin confext. A&N isiacakugein O £ & 2 f
the United Sates, where curriculum alignment between the Statesa pressing issue foontent

providerswho must describe their content imultiple statecurricula. (The U.S. has neerarching

national arriculum.)

The ASN approach imposes a lightweight and flexible structure over a curriculum: decomposing it
into a collection oktatements(e.g. learning areas, strands, outcomes). Each statement is
individually identified, described and related usimnstructs understandable by computers.

ASN differs from other machine readable approaches in that it uses emerging best practices for
publishing and connecting structured data on the Weie Linked Data Initiative
http://linkeddata.org/). TheASNsolution relies orthree major components:

Resolvable Persistent Identifi¢k$RIsYor curriculum outcomes.
I FNIFYS@E2N] olFl&SR 2y (GKS 5dzof A yindép2rddt a SaG I RIF |
abstract information mode{DCAM).

1 Use ofSemantic Welechnologies (in particular RDF) to align and describe curriculum
outcomes.
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The identifiers allow discrete curriculustatementsto be identified unambiguously and reusably.
This leads to immediate benefits wherever curriculuatommes need to be referred to in an e
learning context: enabling curriculudriven discovery of learning resources, and maciesdable
formulation of lesson plans and learning paths. Because the identifiers are linked to online
descriptions of the curculum outcomes, users can still recover the original curriculum statement.

The ASN framework enables the curriculum to be described using interoperable metadata that is
familiar to resource cataloguers, and includes Australian specific descriptions &8ch@ols Online
Thesaurus subject terms) while also supporting international contexts.

Other benefits of the machineeadable approach are longer term. The Semantic Web provides a
flexible mechanism for mapping curricula to other curricuia particular,State curricula to the

National curriculum, and earlier to later versions of a curriculum. Once such mapping is in place, it is
possible to realise new use cases, such as gap analysis, evaluating assessment, negotiating different
granularities and scoped ourricula, and flexible approaches to metadata.

Finally, by making the identifiers persistent, it becomes possible to access and use historical data on
curricula, and to introduce change management.

Immediate benefits: Identifiers

ASN analyses the textustatements of State curricula, identifies discrete statements of outcomes
and skills developed, and assigns each a persistent identifier (PURL). Each distinct outcome in a
curriculum has an associated URL, which resolves to an online description oftbene.

The persistent identifier achieves the following benefits:
9 Distinct outcomes can be identified succinctly and unambiguously, without having to parse

the text of the outcome statement.

(Outcomes, Mathematics curriculum, North Carolina)

http://purl.org/ASN/resources/S113FA31
"Understand the relationships
between experimental and theoretical
probabilities for simple events."

http://purl.org/ASN/resources/S113FA33

"Understand graphical displays of data
in terms of shape, measures of center
and variability."

http://purl.org/ASN/resources/S113FA32
"Use strategies to identify sample
spaces and probabilities."

9 Learning resources can be tagged as satisfying outcomes efficiently and unambiguously: the
unique identifier is included in the learning object metadata. That means that learning
objects can now be searched according to what curriculum outcomes theyysats$
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solution has already been taken up by the IMS Common Cartridge specification for
describing learning content, and is being piloted.

Learning Object A54

©http /fpurl.org/ASN/resou rcegm\ \

Relevant outcomes:

http://purl.org/ASN/resources/S113FA32

Learning Object A55

http://purl.org/ASN/resources/S113FA33

Relevant outcomes:

T ! &aiddzRSydQa LINPINBaa (GKNRdzZAK GKS OdzNNR Odz dzy
integrate differentsy$Ya RSIFfAy3 gA0GK GKS alyYS adGdRSydQa
Learning Management System can populate thoefolio of a student with evidence of
achievement automatically linked to the outcomes realised.

Evidence: Curriculum:

y

N

n

n

1 Third parties can nominate a sequence of ideéatifoutcomes as a desirable path through
0§KS OdzNNR Odzf dzvy® ! GSI OKSNRa fSaazy LIXLy OFy |
the identifiers used to retrieve relevant resources. A professional body can propose a
learning path, recommending a sequencecofriculum outcomes to realise desirable
competencies (for example to attain a trade licence or membership of a professional body).
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Curriculum:

lesson plan
pathway You are here

1 The identifier for a curriculum outcome provides easy access to the original curriculum
statement: the curriculum outco® Q& ! wL OFy ©6S dzaSR (G2 NBINRSO:
outcome using a web browser.

Examples of ASN identified curriculum statements:
(Outcomes, Mathematics curriculum, North Carolina)
Identifier Outcome Grade

http://purl.org/ASN/resources/S113FA31 Understand the relationships 6
between experimental and
theoretical probabilities for simple
events.

http://purl.org/ASN/resources/S113FA32 Use strategies to identify sample 6
spaces and probabilities.

http://purl.org/ASN/resources/S113FA33 Understand graphical displays of 6
data in terms of shape, measures
of center and variability.

Long -Term benefits: Persistence

The identifier for a curriculum outcome can be made persistent: the identifier can still be used, and
resolved to an online descriptiopyen after it has been superseded in the current curriculum.

This makes change management of curricula possible. If a revised statement is felt to be different

from the original, it is assigned a distinct identifier, and the revision history canratieed. The

identifier remains resolvable after the original curriculum has been superseded, which is important

F2NI KAAG2NAOI £ O2y(SEG&AsS Sd3Td RSGESNNYAYAYI | &0 dzf
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Making a curriculum machireadable, and disaggregatingrito discrete statements, makes it a
different kind of object to manage than the prose text of traditional curriculum documents. In
particular, change management of individual outcomes becomes critical, as so many systems come
to depend on the curriculunilhat requires accountability to be in place for curriculum changes, and
to be accessible to users of various systems.

Long -Term benefits: Mapping curricula

Once identifiers of outcomes are available, the outcomes in different curricula can be compated, an
mapped to each other. The mapping is more straightforward with identifiers than with the source
text of curricula.

Curriculum A

Curriculum B

Aligning and mapping curricula to each other under the macheaelable approach relies on

Semantic Web technologies. TBemantic Welallows metadata about resources, and the relations
between resources, to be expressed in a semantically rich way, allowing more powerful searches to
be carried out. RDF in particular allows relations between two resources to be expressed as a graph
using ieéntifiers for the resources related, and for the relation between them. An intelligent search
engine can reason about the various resources related through RDF, and come up with relations that
have not been coded explicitly.

This allows an opeanded and pwerful vocabulary for aligning outcomes with each other: the
FfAIYyYSyd ySSR y2d 0S NBAGNAROGSR G2 aalyYS ags o
prerequisites, alternates, and whatever else may be appropriate. These relations can be explored
andsearched through intelligent search engines.

Long -Term benefits: Granularity and metadata

Because the relations expressed through RDF are dynamic, differences in granularity and scope of
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outcomes between different agencies can be addressed, without digimgrhe existing repertoire

of curriculum outcomes. If an ad hoc outcome is needed to describe a piece of assessment more
specifically, it can be formulated in a way that search engines and other systems can deal with. This
is done through derived stateemts: more specific curriculum outcomes used to describe resources,
but not present in the published curricula. RDF relates those derived statements back to the
published curriculum. Because they are related back, a search for the published curriculameutc
can still discover these more specific outcomes.

Example:
http://purl.org/ASN/resources/S113FA33 Understand graphical Original
displays of data in terms of  statement
shape, measures of center
and variability.
http://purl.org/ASN/resources/S113FA33/1  Understand graphical Derived
displays of data in terms of  statement
shape.
http://purl.org/ASN/resources/S113FA33/2  Understand graphical Derived

displays of data in terms of  statement
measures of center.

http://purl.org/ASN/resources/S113FA33

derived from
http://purl.org/ASN/resources/S113FA33/1

derived from

http://purl.org/ASN/resources/S113FA33/2

RDF also allows third parties to create nestadata about curriculum statements, without being
constrained by the structure of the original outcome descriptions. For example, Curriculum
Corporation has been exploring associating subject terms from the Schools Online Thesaurus (ScOT)
with curriculumstatements. Given that Curriculum Corporation learning content is already tagged

with ScOT terms, this provides a convenient path for mapping between curriculum outcomes and
curriculum content.
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Use cases

The combination of these two approaches (idepti§i + semantic web) makes possible a range of use
OFrasSa GKFG NS RAFTFAOMAZ G 6AGK2dzi YIF OKAYS NBI RI of
interaction with the curriculum substantially. These include:

9 The curriculum can be incorporated explicitijo content classification and discovery: the
curriculum has a direct impact on how teachers design and assess their courses.

1 Gap analysis of curricula against each other: once the distinct outcomes of two curricula are
identified and correlated, any gajps coverage of one or the other can be identified more
clearly; the comparison can be substantially automated.

T ¢NIya¥TSNI 2F FaasSaavySyid o0SaGasSSy aalasSay | &l
OdzNNA Odzt dzy ONR G SNA I OF yond $he siamlcyfrgudalang Sighedi 2 |
to each other and to the national curriculum. Again, this translation can be substantially
automated, and any required remedial work can be identified quickly.

i dzl
V2

1 The explicit change management of curricula at the levéeldi¥idual outcomes means that
updates to courses can reflect updates to the curriculum more closely, without guesswork or
the risk of slippage.

Advantages of semantic web over traditional metadata
approaches

This section is more technicalpibvides mee detail onthe Semantic Web approach to resource
description.
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