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(57) ABSTRACT

A computer implemented method and system is provided for
associating and extracting content artifacts from a graphical
representation of electronic content. A multi-dimensional vir-
tual lattice comprising one or more grid layers is created. The
nodes of the multi-dimensional virtual lattice represent meta-
data acquired from predefined content criteria. Electronic
content comprising content artifacts acquired from multiple
content sources is graphically represented within the multi-
dimensional virtual lattice using the grid layers. Each of the
content artifacts from the electronic content attaches to one or
more nodes of the multi-dimensional virtual lattice. A user
provides search criteria comprising keywords. The content
artifacts attached to nodes of the multi-dimensional virtual
lattice whose metadata matches with the keywords are
extracted and displayed to the user. The graphical represen-
tation of electronic content in the multi-dimensional virtual
lattice is used to associate, extract, composite, project, and
organize the content artifacts acquired from the content
sources.
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1
ASSOCIATION AND EXTRACTION OF
CONTENT ARTIFACTS FROM A GRAPHICAL
REPRESENTATION OF ELECTRONIC
CONTENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of U.S. utility
patent application Ser. No. 12/629,026 titled “Association
and Extraction of Content Artifacts from a Graphical Repre-
sentation of Electronic Content”, filed Dec. 1, 2009 in the
United States Patent and Trademark Office which claims the
benefit of U.S. provisional patent application No. 61/121,188
titled “Association And Extraction Of Content Artifacts From
A Graphical Representation Of Online Content™, filed Dec.
11, 2008 in the United States Patent and Trademark Office.

U.S. utility patent application Ser. No. 12/629,026 and
provisional patent application No. 61/121,188 are incorpo-
rated by reference herein in their entirety.

BACKGROUND

In an online collaborative authoring and customized pub-
lishing environment, participating authors, moderators, pub-
lishers, and readers need to manage online books, articles,
study chapters, research papers, other content artifacts online,
etc. Community members may also need to catalog, organize,
search, browse, or navigate through the content artifacts
online. The community members may need to be provided
with current and relevant information related to the content
artifacts. Typically, a catalog of contents may be organized
using one or a combination of online cataloging techniques
based on taxonomy based hierarchical categories, preferred
order of sequence, or conditional parameters. There is a need
for leveraging the user’s context and combining these online
cataloging techniques in order to achieve better results and to
provide reliable and accurate content management solutions
to community members.

Community members may also need to be notified regard-
ing relevant interdependencies related to the content artifacts
as well as information based on multi-dimensional character-
istics, for example, geography, demography, curriculum, etc.
There is a need to provide mechanisms to associate metadata
tags corresponding to the content artifacts, both explicitly and
implicitly to aid the community members in perusing the
content artifacts. Furthermore, there is a need for graphically
representing the online information obtained through search
or publications to visually convey logical associations related
to the searched or published content artifacts. Community
members may also need to narrow down and extract contex-
tual information from available online information obtained
through the search.

Hence, there is a need for a computer implemented method
and system that graphically represents electronic contenton a
multi-dimensional virtual lattice and enables association and
extraction of content artifacts from the graphical representa-
tion of electronic content in order to provide the right content
to the right user at the right time with minimal user interac-
tion.

SUMMARY OF THE INVENTION

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described in the
detailed description of the invention. This summary is not
intended to identify key or essential inventive concepts of the
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2

claimed subject matter, nor is it intended for determining the
scope of the claimed subject matter.

The computer implemented method and system disclosed
herein addresses the above stated needs for associating and
extracting content artifacts from a graphical representation of
electronic content. As used herein, “electronic content” refers
to, for example, online content, web pages, files, word pro-
cessing electronic documents, etc.

The computer implemented method disclosed herein com-
prises: a) creating a multi-dimensional virtual lattice com-
prising one or more grid layers generated based on predefined
content criteria, wherein nodes of the created multi-dimen-
sional virtual lattice represent metadata acquired from the
predefined content criteria; b) graphically representing the
electronic content comprising content artifacts acquired from
multiple content sources within the created multi-dimen-
sional virtual lattice using the grid layers, wherein each of the
content artifacts from the electronic content attaches to one or
more of the nodes of the created multi-dimensional virtual
lattice; ¢) receiving search criteria comprising keywords from
auser; and d) extracting content artifacts attached to nodes of
the created multi-dimensional virtual lattice whose metadata
matches with the keywords in the search criteria.

The predefined content criteria comprise, for example, user
defined content criteria and content criteria obtained from a
metadata database. The predefined content criteria comprise,
for example, domain criteria, standards criteria, pedagogic
criteria, parametric criteria, demographic criteria, chronol-
ogy criteria, format criteria, etc. The computer implemented
method disclosed herein allows unique identification of the
content artifacts attached to the nodes of the created multi-
dimensional virtual lattice using multiple identifiers assigned
by an artifact database. Each of the content artifacts from the
acquired electronic content attaches to one or more of the
nodes of the created multi-dimensional virtual lattice based
on explicit definition provided by a user or implicit matching
criteria generated by the computer implemented system dis-
closed herein.

In an embodiment, the grid layers comprise, for example, a
foundation grid layer for representing the content artifacts
based on domains, a standards grid layer overlaid on the
foundation grid layer for logically representing the content
artifacts based on a curriculum and state standards frame-
work, a pedagogical grid layer overlaid on the standards grid
layer and/or the foundation grid layer for pedagogically rep-
resenting the content artifacts, and a parametric grid layer
overlaid on the pedagogical grid layer for parametrically rep-
resenting the content artifacts based on user defined attributes
and a set of ad hoc representation parameters.

In the computer implemented method disclosed herein,
implicit metadata and explicit metadata are acquired from the
search criteria, the electronic content, and the predefined
content criteria for associating the content artifacts that are
graphically represented within the created multi-dimensional
virtual lattice. The acquired metadata is stored in the metadata
database. The associations between the content artifacts are
also represented within the created multi-dimensional virtual
lattice using the acquired metadata. The acquired metadata is
validated against a predefined set of metadata stored in the
metadata database. A graphical user interface is provided for
acquiring the search criteria, the metadata, and the predefined
content criteria.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, is better understood when read in
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conjunction with the appended drawings. For the purpose of
illustrating the invention, exemplary constructions of the
invention are shown in the drawings. However, the invention
is not limited to the specific methods and instrumentalities
disclosed herein.

FIG. 1 illustrates a computer implemented method of asso-
ciating and extracting multiple content artifacts from a
graphical representation of electronic content.

FIG. 2 exemplarily illustrates a computer implemented
method of creating a multi-dimensional virtual lattice.

FIG. 3 exemplarily illustrates a computer implemented
method of graphically representing electronic content com-
prising content artifacts within a multi-dimensional virtual
lattice for associating and extracting the content artifacts from
the multi-dimensional virtual lattice.

FIG. 4 exemplarily illustrates a computer implemented
method of graphically representing the acquired electronic
content on the multi-dimensional virtual lattice for extracting
content artifacts.

FIG. 5 exemplarily illustrates a computer implemented
method of extracting content artifacts attached to nodes of a
multi-dimensional virtual lattice whose metadata matches
with keywords in search criteria provided by a user.

FIG. 6 exemplarily illustrates a computer implemented
method of associating and extracting multiple content arti-
facts from a graphical representation of electronic content in
a magazine publication platform.

FIG. 7 exemplarily illustrates a computer implemented
method of associating and extracting multiple content arti-
facts from a graphical representation of electronic content in
a movie recommendation platform.

FIG. 8 illustrates a computer implemented system for asso-
ciating and extracting multiple content artifacts from a
graphical representation of electronic content.

FIG. 9 exemplarily illustrates the architecture of a com-
puter system employed for associating and extracting mul-
tiple content artifacts from a graphical representation of elec-
tronic content.

FIG. 10 exemplarily illustrates association of content arti-
facts using the foundation grid layer.

FIG. 11 exemplarily illustrates association of content arti-
facts using the standards grid layer.

FIG. 12 exemplarily illustrates association of content arti-
facts using the pedagogical grid layer.

FIG. 13 exemplarily illustrates association of content arti-
facts using the parametric grid layer.

FIG. 14 exemplarily illustrates a graphical representation
of'acquired electronic content within a created multi-dimen-
sional virtual lattice using grid layers.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a computer implemented method of asso-
ciating and extracting multiple content artifacts from a
graphical representation of electronic content. As used
herein, electronic content refers, for example, to online con-
tent, text files, audio files, video files, multimedia files, word
processing electronic documents, etc. Online content com-
prises information retrieved online, for example, study mate-
rial, textbooks, study notes, articles, images, study chapters,
research papers, etc.

A multi-dimensional virtual lattice comprising one or more
grid layers is created 101. The multi-dimensional virtual lat-
tice comprises a multi-layered virtual coordinate system. The
multi-layered virtual coordinate system is used for the graphi-
cal representation of acquired electronic content. The grid
layers are generated based on predefined content criteria. The
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predefined content criteria comprise user defined content cri-
teria, content criteria obtained from a metadata database, etc.
The predefined content criteria comprise, for example,
domain criteria, standards criteria, pedagogic criteria, para-
metric criteria, demographic criteria, chronology criteria, for-
mat criteria, etc.

Implicit metadata and explicit metadata are acquired from
the predefined content criteria and stored in a metadata data-
base. As used herein, “implicit metadata” refers to metadata
automatically derived or generated by the computer imple-
mented system disclosed herein. Also, as used herein,
“explicit metadata” refers to metadata declared by a user. The
implicit metadata comprises, for example, predefined tags,
usage patterns, parsed keywords, rule-based pre-requisites,
etc. The explicit metadata comprises, for example, user
defined tags and parameters, content dependencies declared
by domain experts, associations related to curriculum frame-
works, etc. The implicit metadata and the explicit metadata
may also be acquired and evolved from the search criteria
provided by the user and the electronic content retrieved from
multiple content sources. The acquired metadata is validated
using a predefined set of metadata stored in the metadata
database to ensure that the acquired metadata is a part of the
predefined set of metadata. If the acquired metadata is not a
part of the predefined set of metadata, the metadata database
is updated by adding the acquired metadata to the set of
predefined metadata. For example, the metadata “CA”, a state
standard, is validated using a predefined set of “state stan-
dards” metadata.

The nodes of the created multi-dimensional virtual lattice
represent the acquired metadata. Electronic content is
acquired from multiple content sources. The content sources
are, for example, web sites, information repositories, online
libraries, content servers, etc. The electronic content is
acquired from the content sources based on search criteria
provided by a user or by predefined criteria. For example,
content licensed under Creative Commons share alike (CC-
by-SA) license may be acquired from a specific web site. The
search criteria comprise keywords and search terms provided
by the user, for example, “algebra”, “algebra: quadratic equa-
tions”, “algebra: quadratic equations by author name”, etc.
The electronic content is acquired using a combination of
search strategies. The search strategies are, for example, a
hierarchical search, a flat search, and a parametric search. In
the hierarchical search, the electronic content is categorized
based on predefined taxonomies. For example, the search
term “algebra” may return results categorized into “algebra
books”, “algebra quizzes”, “algebra tutorials”, “quadratic
equations”, “cubic polynomials”, etc. In the flat search, the
retrieved electronic content is explicitly and implicitly asso-
ciated with the search terms. For example, the search term
“algebra” may provide a list of highest ranked electronic
content sources with the word “algebra” occurring frequently.
In the parametric search, the user may provide, in addition to
the search term, a set of parameters to limit the search results.
For example, the user may provide names of specific authors
as parameters with the search term “algebra” to narrow down
the search results.

The electronic content comprises one or more content arti-
facts. As used herein, the term “content artifacts”, refers to
standalone units of the electronic content. A content artifact
is, for example, a book, a chapter from a book, an outline of'a
chapter, an image, a lesson plan, a lesson, a unit, a worksheet,
or an entire syllabus. Each of the content artifacts may further
comprise other content artifacts. For example, a content arti-
fact “book” may comprise multiple content artifacts, for
example, “chapters”. Each of the chapters may comprise
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multiple content artifacts, for example, “images”, etc. In this
example, “book” is referred to as a parent content artifact of a
child content artifact “chapter” and “chapter” is referred to as
a parent content artifact of child content artifacts “images”.
The content artifacts may be holistic content artifacts, image
ormedia objects, a logical grouping of content, a collection of
chapters, etc.

The content artifacts further comprise metadata. A child
content artifact inherits the metadata of a parent content arti-
fact. If a first content artifact is used within a second content
artifact that is not a parent content artifact of the first content
artifact, the first content artifact retains the metadata of the
parent content artifacts of the first content artifact. By corol-
lary, if a first content artifact uses a second content artifact but
is not a parent content artifact of the second content artifact,
the second content artifact will not inherit the metadata of the
first content artifact.

The acquired electronic content comprising the content
artifacts is graphically represented 102 within the created
multi-dimensional virtual lattice using the grid layers. Each
of the content artifacts from the acquired electronic content
attaches to one or more of the nodes of the created multi-
dimensional virtual lattice. In an embodiment, a user may
explicitly define the attachment of specific content artifacts to
specific nodes of the created multi-dimensional virtual lat-
tice. In this embodiment, the content artifacts from the elec-
tronic content attaches to one or more of the nodes of the
created multi-dimensional virtual lattice based on explicit
definition provided by the user. In another embodiment, the
computer implemented system disclosed herein may implic-
itly attach specific content artifacts based on matching crite-
ria. Further, keywords from the content artifact are parsed and
indexed. The nodes associated with the acquired metadata are
reverse indexed to enable quick retrieval of the content arti-
facts.

The acquired electronic content may be represented in a
predefined design pattern. Herein, the predefined design pat-
tern is exemplarily referred to as a “model view controller
pattern”. The grid layers of the multi-dimensional virtual
lattice are employed to apply combinatorial criteria condi-
tions on the electronic content for association and extraction
of the content artifacts. Search results based on the search
criteria are modeled in the model view controller pattern in
the graphical representation. The model is a combination of
pre-defined and ad-hoc metadata mapped onto the multi-
dimensional virtual lattice with horizontal grid layers mapped
to specific sub-sets of the domain. The views are based on the
specific slices of the multi-dimensional virtual lattice as
specified by the user. The controls are exposed to the end-user
via an asynchronous JavaScript+extensible markup language
(AJAX) based or Flash based graphical user interface (GUI)
to associate and extract content artifacts to and from the
multi-dimensional virtual lattice.

The content artifacts attached to the nodes of the created
multi-dimensional virtual lattice are uniquely identified using
multiple identifiers assigned by an artifact database. The
identifiers are, for example, a unique identifier (UID), an
encoded identifier (EID), and a scoped identifier (SID). The
UID is machine generated and intended for internal use. The
UID is not human readable and may not be manipulated
externally. The UID is assigned to each of the content artifacts
by the artifact database.

The EID is explicitly assigned to each of the content arti-
facts based on conventions predefined by an administrator.
The EID encodes details about the content artifact. The EID
enables an understanding of the nature of the content artifact
and is both human interpretable and machine readable. The
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EID for identifying the content artifact is regarded as analo-
gous to an international standard book number (ISBN) used
for identifying a book. EIDs are generated with encodings for
predefined taxonomies. An EID is represented as, for
example, “SL.SUB.NNNN.CC.DDDD”.

The SID is explicitly assigned to each of the content arti-
facts based on predefined identification rules. The SID is
namespace scoped for enabling quick access to the content
artifact. SIDs is used for accessing the content artifacts with
minimalist keys from one form of manifestation to another.
For example, an SID for a video animation from a printed
virtual book is used online to view the video animation. An
SID for a content artifact is regarded as analogous to a phone
number or a social security number of a person. An SID is
represented as, for example, “XXX-XXX-XXXX”.

The associations between the identified content artifacts
are represented within the graphical representation of the
acquired electronic content on the created multi-dimensional
virtual lattice. For example, if a chapter is a part of a book, the
association between the chapter and the book is indicated
visually. The associations are represented between any two or
more of the content artifacts, for example, between a book
and a curriculum, an image and a chapter, etc. The associa-
tions between the identified content artifacts are determined
and represented using the acquired metadata associated with
the content artifacts. In an embodiment, the associations
between the identified content artifacts may also be repre-
sented based on application programming interfaces (APIs).
Different association strategies are employed for the associa-
tion of the content artifacts. The association strategies com-
prise, for example, associating a given content artifact with a
set of user specified content metadata, parsing and indexing a
set of keywords from a given content artifact, parsing and
indexing a collection of keywords from a given set of meta-
data, and associating a set of user defined metadata with a
coordinate in the multi-dimensional virtual lattice.

The user provides search criteria using a graphical user
interface (GUI) or through an application programming inter-
face (API). The search criteria comprise keywords. The meta-
data is acquired from the search criteria and validated using a
predefined set of metadata stored in the metadata database to
ensure that the acquired metadata is a part of the predefined
set of metadata. If the acquired metadata is not a part of the
predefined set of metadata, the metadata database is updated
by adding the acquired metadata to the set of predefined
metadata. On receiving 103 the search criteria from the user,
the keywords from the search criteria are compared with the
acquired metadata to find a match. The content artifacts
attached to the nodes or combination of nodes of the created
multi-dimensional virtual lattice whose metadata matches
with the keywords in the search criteria are extracted 104 and
are rendered to the user. The extracted content artifacts may
be stored on the user’s computing device. The grid layers
enable selective extraction of the content artifacts from the
acquired electronic content.

Different access strategies are employed for the extraction
of the content artifacts. The access strategies comprises, for
example, identifying electronic content associated with a user
specified set of metadata, identifying coordinates that are
associated with a user specified set of metadata, identifying
indices associated with a user specified keyword, identifying
content artifacts associated with a specific index, filtering out
specific types of content artifacts from a given set of content
artifacts, etc.

Consider an example of auser who is a student interested in
learning about “Optics”. The student may search for
“Advanced Topics on Optics” comprising subtopics on Dis-
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persion, Total Internal Reflection, Spectrometry, Laser Phys-
ics, etc. The user may alternatively be a parent of a seventh
grade student in California searching for “CA 7% grade math”
to retrieve electronic content relevant to and associated with
“California’s 7th grade mathematics™ curriculum. The user
may also be a teacher who needs to provide additional infor-
mation to students on a particular subject. The teacher may
search for books with challenging homework along with
interesting home based experiments for learning the particu-
lar subject. The graphical representation comprises mapping
the retrieved electronic content onto the grid layers. The
acquired metadata is used to determine virtual coordinates for
the mapping. The user may then extract content artifacts
attached to the determined virtual coordinates from the
graphical representation. The user may extract content arti-
facts associated with specific indexed keywords which are in
turn mapped to the virtual coordinates.

The user may also organize the extracted content artifacts
based on end user requirements. For example, an editor may
create a course pack on “Thermodynamics” by charting out a
lesson plan and extracting course material covering “Heat”,
“Laws of Thermodynamics”, “Heat & Mass Transfer”,
“Enthalpy”, and “Entropy”. A user may also upload or con-
tribute content artifacts online. The uploaded or contributed
content artifacts may be associated with a set of user specified
content metadata. The user specified content metadata may be
associated with a virtual coordinate on the multi-dimensional
virtual lattice.

The extraction of content artifacts from the graphical rep-
resentation of the electronic content is applicable for various
fields, for example, online educational content repositories,
demographic targeted online publications, and data elements
associated with metadata tags. The computer implemented
method disclosed herein also enables batch uploads of con-
tent artifacts, archival, retrieval, and downloads of the content
artifacts from the online content. Dependents, dependencies,
advanced topics, and detailed topics related to a content arti-
fact based on the search criteria may also be identified. For
example, given a chapter, the user is allowed to associate and
graphically represent the chapter appropriately within the
multi-dimensional virtual lattice. Given a topic, the user can
find all the relevant chapters associated with that topic. Given
a chapter or a topic, the computer implemented system dis-
closed herein correlates the related topics and chapters
mapped within the multi-dimensional virtual lattice and pre-
sents the correlation to the user.

The different grid layers enable the user to associate cur-
riculum standards, for example, grade levels, state standards,
national standards, associations, charter school syllabi, etc.,
to a specific content artifact or a topic corresponding to the
specific content artifact. The user may also tag keywords, for

example, “know”, “understand”, “learn”, “practice”, “experi-

ment”, “develop”, “quiz” to a collection of content artifacts
based on pedagogical requirements. The user may rate,
review, and recommend the content artifacts based on pre-
defined content criteria. The predefined content criteria for
the content artifacts are, for example, “Popular”, “Helpful”,
“Endorsed”, etc.

FIG. 2 exemplarily illustrates a computer implemented
method of creating the multi-dimensional virtual lattice. In
this example, the multi-dimensional virtual lattice is created
using four grid layers, for example, a foundation grid layer, a
standards grid layer, a pedagogical grid layer, and a paramet-
ric grid layer. Consider an example where a user wishes to
create a multi-dimensional virtual lattice for associating and
extracting multiple content artifacts, for example, algebra
chapters. The predefined content criteria comprise, for
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example, the domain criteria, the standards criteria, the peda-
gogic criteria, and the parametric criteria. Metadata associ-
ated with the predefined content criteria is acquired. The
foundation grid layer, the standards grid layer, the pedagogi-
cal grid layer, and the parametric grid layer are generated
using the predefined content criteria. The nodes of the created
multi-dimensional virtual lattice represent the metadata
acquired from the predefined content criteria.

The foundation grid layer is generated 201 for representing
the content artifacts based on domains. The content artifacts
based on domains are not influenced by qualifying factors, for
example, demographical considerations, geographical con-
siderations, etc. The foundation grid layer comprises a pre-
defined taxonomy of content domains, for example, domains,
subjects, topics, sub-topics, benchmarks, etc, derived from
the collection of electronic content. For example, if a content
artifact relating to algebra is mapped onto the foundation grid
layer, the mapping is performed without taking into consid-
eration location of the user, complexity of the retrieved elec-
tronic content, or compliance of the retrieved content to stan-
dards.

In an embodiment, the domains are determined and/or
scoped based on search criteria provided by the user. A
domain in the field of mathematics, for example, “algebra” is
fragmented into topics and subtopics related to algebra on the
foundation grid layer. The domain “algebra” is fragmented
into topics, for example, “quadratic equations” and “linear
algebra” and subtopics related to the topics respectively, for
example, “variables”, “polynomials”, “equations”, “matri-
ces”, etc. In another example, a domain in the field of science,
for example, “Physics” may be fragmented into topics and
subtopics related to physics on the foundation grid layer. The
domain “Physics” may be fragmented into topics, for
example, “Matter” and “Optics” and subtopics related to the
topics respectively, for example, ‘“Particles & Matter”,
“Motion”, “Newton’s Laws”, “Momentum, Acceleration,
Force, Gravitational Force”, and “Reflection, Refraction,
Dispersion, Total Internal Reflection”, etc. In another
example, a domain in the field of science, for example,
“Chemistry” may be fragmented into topics and subtopics
related to chemistry on the foundation grid layer. The domain
“Chemistry” may be fragmented into a topic, for example,
“Organic Chemistry” and subtopics related to the topics
respectively, for example, “Carbon Atomic Structure”, “Poly-
mers”, “Polyester”, etc.

The standards grid layer is overlaid 202 on the foundation
grid layer for logically representing the content artifacts
based on a curriculum and state standards framework. The
logical representation of the content artifacts comprises, for
example, representation based on curricula, location of the
user, and education level of the user. For example, a content
artifact may be represented as 9% grade California, 10” grade
National Council of Education Research and Training
(NCERT), etc. The representation is performed based on user
preferences. The overlaying of the standards grid layer on the
foundation grid layer filters the domain specific content on
the foundation grid layer to obtain a narrower set of content
relevant to user preferences. The standards grid layer com-
prises a predefined set of regulations associated with the
domains, for example, standards associated with geographi-
cal domains, criteria, rules, guidelines, curriculum, etc. The
standards grid layer is superimposed over the foundation grid
layer to establish logical coordinates of a specific electronic
content. For example, the domain “algebra” is fragmented
into topics, for example, “matrices” and regulations related to
the topics, for example, “9? grade CA”, “9” grade NCERT”,
“10? grade IB”. The regulations are based on educational
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curriculum, geographical locations, demography, educa-
tional institutions, organizations, etc.

The pedagogical grid layer is overlaid 203 on the standards
grid layer and/or the foundation grid layer for pedagogically
representing the content artifacts. The pedagogical represen-
tation comprises representation based on pedagogical
attributes, for example, complexity of the content artifact.
The pedagogical representation may also be based on out-
comes preferred by the user. As an example, a user retrieves
the electronic content based on learning criteria, for example,
“text” based books, “video” based learning objects, “flash”
based animation, etc. In another example, the user acquires
the electronic content based on difficulty levels, for example,
a “beginner level”, an “expert level”, and “advanced topics”.
Alternatively, the user retrieves electronic content based on
both learning criteria and difficulty levels, for example, “text”
based books at a beginner level, experttopics on “flash” based
animation, etc. In another example, the user associates difter-
ent keywords, for example, “know”, “understand”, “learn”,
“practice”, “experiment”, “develop”, and “quiz” to cluster the
electronic content based on the outcomes preferred by the
user. The pedagogical layer comprises a predefined set of
pedagogical requirements and content attributes. The peda-
gogical layer is superimposed over the foundation grid layer,
the standards grid layer, or both in order to associate the
content criteria of the retrieved electronic content. For
example, problem sets “X>-8=07, “X°-729-0" is tagged
with metadata “easy” and “hard” respectively on the peda-
gogical layer. The content criteria are based on pedagogical
requirements and usage outcome requirements.

The parametric grid layer is overlaid 204 on the pedagogi-
cal grid layer for parametrically representing the content arti-
facts based on user defined attributes and a set of ad hoc
representation parameters. The ad hoc representation param-
eters comprise, for example, an online rating of the retrieved
electronic content, ownership of the electronic content, popu-
larity of the retrieved electronic content, license types of the
retrieved electronic content, etc. The ad hoc representation
parameters are provided by the user based on the user’s pref-
erences. For example, the user may want to retrieve the most
popular 6” grade algebra content not requiring a digital rights
management (DRM) license. The parametric grid layer com-
prises usage based metadata. The parametric grid layer takes
into consideration relevance attributes of the electronic con-
tent. For example, a domain “algebra” is fragmented into a
topic “matrices” along with relevance attributes related to the
topic, for example, “matrices by Giancolli (Popular)”, “matri-
ces by Hewitt (Popular in CA)”, etc.

A user, for example, performs a flat search and acquires
electronic content, for example, “algebra chapters” from mul-
tiple content sources. The content artifacts of the electronic
content get attached to one or more nodes of the created
multi-dimensional virtual lattice based on the metadata rep-
resented by the nodes.

Consider an example where another user wishes to acquire
a seventh grade algebra chapter. The user provides search
criteria, for example, “algebra”, “7th grade”, etc. The meta-
data associated with the search criteria are acquired and the
content artifacts attached to the nodes of the created multi-
dimensional virtual lattice whose metadata matches with the
acquired metadata of the search criteria are extracted and are
rendered to the user.

Any number of grid layers may be overlaid on the multi-
dimensional virtual lattice. Each of the grid layers may pro-
vide different representations to associate and extract the
acquired electronic content. Each grid layer may be user
customizable. Furthermore, each grid layer described above
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may be used in isolation or in any combination thereof. The
overlaying process need not necessarily follow the order of
overlaying described above.

FIG. 3 exemplarily illustrates a computer implemented
method of graphically representing electronic content com-
prising content artifacts within a multi-dimensional virtual
lattice 302 for associating and extracting the content artifacts
from the multi-dimensional virtual lattice 302. Consider an
example where a first user wishes to create a multi-dimen-
sional virtual lattice 302 comprising four grid layers 302aq,
3025, 302¢, and 302d. The first user provides user defined
content criteria using the GUI. Metadata associated with the
user defined content criteria is extracted. Various methods are
employed for extracting the metadata, for example, explicit
metatags, implicit indexing and parsing, visual controls, etc.

The extracted metadata is validated using a predefined set
of metadata in the metadata database 301. If the extracted
metadata is not a part of the predefined set of metadata, the
metadata database 301 is updated by adding the extracted
metadata to the predefined set of metadata. The multi-dimen-
sional virtual lattice 302 comprising four grid layers 302aq,
3025, 302¢, and 3024, is created. The nodes of the multi-
dimensional virtual lattice 302 represent one or more of the
extracted metadata.

Electronic content comprising content artifacts is acquired
from multiple content sources. An artifact database 303 is
updated with the acquired content artifacts. The acquired
electronic content is mapped on to the created multi-dimen-
sional virtual lattice 302 using the four grid layers 302a, 3025,
302c¢, and 3024, and the content artifacts associated with the
acquired electronic content get attached to one or more nodes
of the created multi-dimensional virtual lattice 302. The con-
tents artifacts are uniquely identified using multiple identifi-
ers assigned by the artifact database 303. The associations
between the identified content artifacts are also represented
graphically within the created multi-dimensional virtual lat-
tice 302 using the acquired metadata.

A second user provides search criteria. The metadata asso-
ciated with the search criteria is acquired and the content
artifacts attached to the nodes of the created multi-dimen-
sional virtual lattice 302 whose metadata matches with the
acquired metadata of the search criteria are extracted 304 and
are rendered to the second user.

FIG. 4 exemplarily illustrates a computer implemented
method of graphically representing the acquired electronic
content on the multi-dimensional virtual lattice 302 for
extracting content artifacts. A first user may contribute con-
tent artifacts 401. The contributed content artifacts 401 are
associated 402 with one or more nodes within the created
multi-dimensional virtual lattice 302 based on their metadata.
The metadata of the contributed content artifacts 401 com-
prising, for example, user defined tags 403, parsed keywords
404, curriculum framework 405, etc. is acquired. The con-
tributed content artifacts 401 are mapped on the created
multi-dimensional virtual lattice 302 comprising the grid lay-
ers 302a, 3025, 302¢, and 3024 based on the matching meta-
data coordinates. The contributed content artifacts 401 attach
to one or more nodes of the created multi-dimensional virtual
lattice 302 based on their metadata. On receiving search cri-
teria comprising keywords from a second user, the content
artifacts are extracted 406 from the created multi-dimen-
sional virtual lattice 302 as disclosed in the detailed descrip-
tion of FIG. 1 and the resulting content artifacts 407 are
rendered to the second user.

FIG. 5 exemplarily illustrates a computer implemented
method of extracting content artifacts attached to the nodes of
a multi-dimensional virtual lattice 302 whose metadata






