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(57) Abstract: Embodiments of apparatus, systems and
methods facilitate knowledge dissemination and promote
knowledge acquisition, in part, by automatically presenting
elements of an interlinked knowledge base to optimize
learning efficiency. In some embodiments, content associ-
ated with a plurality of linked subject items in a knowledge
base is disseminated to a user based on rankings determined
using a priority value associated with candidate subject
items. The candidacy is determined and the priority value is
computed based on user-specific understanding values cor-
responding to the candidate subject items; user-specitic un-
derstanding values of at least one of a plurality of basic sub-
ject items linked to the candidate subject items, and user-
specific understanding values of at least one of plurality of
advanced subject items linked to the candidate subject items.
Content associated with the plurality of candidate subject
items may be displayed to the user in order of rank based
upon user interest.
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APPARATUS, SYSTEMS AND METHODS FOR INTERACTIVE

DISSEMINATION OF KNOWLEDGE

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of U.S. Application No.
13/367,264, filed February 6, 2012, and entitled “Apparatus, Systems and
Methods for Interactive Dissemination of Knowledge,” which is hereby

incorporated by reference in its entirety.

BACKGROUND

Field of the Invention

[0002] The present invention relates to the field of education and in
particular, to apparatus, systems, and methods for facilitating knowledge
dissemination and promoting knowledge acquisition, in part, by automatically
presenting elements of an interlinked knowledge base in a way that optimizes
learning efficiency.

Description of Related Art

[0003] Knowledge may be viewed as a collection of concepts, models,
facts and tools pertaining to subject matter, which are interlinked and rich with
dependencies. Good educators know it is not enough to teach a subject as a
collection of unrelated facts — instead, presenting ideas in a manner which makes
students aware of the connections between ideas facilitates a transition from
memorization and superficial understanding of the subject to true learning.

[0004] Effective instruction involves a presentation of concepts selected,

sequenced, and timed so as to be congruent with a student’s learning state,
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which may be seen as a function of the student’s interests, abilities, and prior
knowledge. For example, basic principles may be introduced to lay the
groundwork for more advanced formulations; examples may be provided to
reinforce key points; and old concepts may be reviewed, while introducing new
ones in a way that maintains a student’s interest.

[0005] Because students can vary widely in their learning states, the
presentation of concepts in a manner that facilitates effective learning will
likewise vary between students. However, in a conventional school setting,
students in a class are exposed uniformly to the same sequence of topics over
time, which severely constrains learning because a progression of ideas that may
enlighten one student will likely perplex another. Moreover, learning state
variations between students are likely to be accentuated as budgetary constraints
and various economic factors contribute to accelerating the trend toward larger
class sizes and higher student-teacher ratios at many schools, thereby
decreasing the likelihood of student success.

[0006] Computer-assisted teaching has been used to provide a
customized learning experience to individuals, making it more feasible to
effectively teach large numbers of students with varied learning states. Typically,
teachers create a database of subject items, and a computer system may permit
students to pick from a variety of subject items to aid understanding. Students
may also be permitted to repeat subject items to reinforce understanding.

[0007] However, while conventional computer aided teaching systems are
good at covering narrow subjects with disjoint concepts, they are poor at covering
broader subjects that include complex connections between ideas. For example,

conventional computer aided teaching systems are more effective at teaching
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vocabulary than language; more effective at teaching multiplication tables than
algebra; and more effective at teaching dates of historical events than history.
Current teaching systems focus on retention and fail to adequately address the
connections between concepts, thereby favoring memorization over learning.
[0008] Thus, there is a need for apparatus, systems and methods that
facilitate interactive learning through an adaptive and automated progression
through an interlinked knowledge base, in a way that promotes both the
understanding of individual items, and the connections between them, and in a
sequence designed to maintain, reinforce, and advance student knowledge over

time.

SUMMARY

[0009] Consistent with embodiments disclosed herein, apparatus, systems
and methods for facilitating the dissemination of knowledge and the promotion of
knowledge acquisition are presented. In some embodiments, a method for
facilitating the dissemination of content associated with a plurality of linked
subject items in a knowledge base wherein individual subject items are
associated with corresponding user-specific understanding values, comprises:
ranking at least one of a plurality of candidate subject items for presentation to at
least one user based on priority values associated with the candidate subject
items. The candidacies are determined and the priority values are computed
based, at least in part, on: the user-specific understanding values corresponding
to the at least one of a plurality of candidate subject items; the user-specific
understanding values of at least one of a plurality of basic subject items linked to

the at least one candidate subject item, and the user-specific understanding
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values of at least one of plurality of advanced subject items linked to the at least
one candidate subject item. Content associated with at least one of the plurality
of candidate subject items may then be displayed to a user in order of rank. In
some embodiments, user-specific linkage strengths are used to indicate a
strength of association between pairs of linked subject items in the knowledge
base and the linkage strengths are used in the determination of candidacies and
the computation of the priority values.

[0010] Embodiments also relate to software, firmware, and program
instructions created, stored, accessed, or modified by computers and/or
processors using computer-readable media or computer-readable memory. The
methods described may be performed on various computing devices including
distributed computing systems such as clouds.

[0011] These and other embodiments are further explained below with

respect to the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a block diagram illustrating an exemplary system for
facilitating the dissemination of knowledge and the promotion of knowledge
acquisition.

[0013] FIG. 2 shows an exemplary representation of a portion of a
knowledge base, illustrating subject items, connections between subject items
and exemplary associated parameters.

[0014] FIGS. 3(a)-(c) illustrate an exemplary use of unique ID numbers to
identify distinct subject items and facilitate the creation and merging of disparate

knowledge bases.
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[0015] FIG. 4 shows a block diagram illustrating an exemplary software
architecture of a system for facilitating knowledge dissemination and promoting
knowledge acquisition.

[0016] FIG. 5A shows a flowchart illustrating an exemplary method for
updating linkage strengths and decay times; understanding levels and decay
times; and priority values to determine and rank subject items for presentation to
a user.

[0017] FIG. 5B shows a set of basic subject items and advanced subject
items connected to an exemplary candidate subject item.

[0018] FIG. 5C shows an exemplary mapping illustrating the variation of
priority values with understanding for different y biases using equation (5).

[0019] FIG. 5D illustrates graphically the exemplary variation of
understanding level Uj(t) associated with subject item i over time {.

[0020] FIG. 5E illustrates graphically an exemplary situation where the
understanding value U; may be set to 1 despite negative user comprehension,
which may permit a “sneak peek” at advanced topics.

[0021] FIGS. 6(a)-(d) illustrate an exemplary progression from presenting
basic subject items to presenting more advanced subject items in a manner
consistent with disclosed embodiments.

[0022] FIGS. 7(a)-(b) shows a scenario where basic subject items are
presented for review in a manner consistent with disclosed embodiments.

[0023] FIGS. 8(a)-(c) illustrates how input of user interest can influence the
presentation of subject items and paths to the presentation of more advanced

subject items in a manner consistent with disclosed embodiments.
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[0024] FIGS. 9A-9C show an exemplary interface on a computing device
that facilitates changing and/or visualizing teaching parameters, subject item
content, and subject item linkages.

[0025] FIG. 10 shows an exemplary embodiment of a system for
knowledge dissemination and acquisition implemented into an augmented reality
device in a manner consistent with disclosed embodiments.

[0026] FIG. 11 shows a toy in the form of a teddy bear comprising an
embedded teaching device that may be used to teach children languages.

[0027] FIG. 12 shows an exemplary computer game, which uses raised

blocks on mushroom-like stands to represent subject items.

DETAILED DESCRIPTION

[0028] Consistent with embodiments disclosed herein, apparatus, systems
and methods for facilitating knowledge dissemination and promoting knowledge
acquisition are presented.

[0029] FIG. 1 shows a block diagram illustrating an exemplary system 2 for
facilitating knowledge dissemination and promoting knowledge acquisition. As
shown in Fig. 1, exemplary system 2 may include computing device 4, which may
be coupled to storage 6 comprising knowledge base 8-1. Further, computing
device 4 may also be coupled through a wired network or wirelessly to computing
platforms cloud 10 and/or server farm 12. In some embodiments, the computing
platform may take the form of computing device 4, which may form a self-
contained computing platform with local storage 6 and a locally hosted

knowledge base 8 that is capable of independently implementing a method for
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facilitating knowledge dissemination and promoting knowledge acquisition in a
manner consistent with disclosed embodiments.

[0030] In some embodiments, computing device 4 may take the form of a
desktop, laptop, and/or a tablet computer, a smart phone, a handheld computing
device, or a special purpose apparatus that facilitates knowledge dissemination
and acquisition in a manner consistent with embodiments disclosed herein. In
general, computing device 4 may be a multifunction device, i.e. cell phone, smart
phone, audio player, personal digital assistant, portable gaming device, electronic
book reader, handheld computing device, laptop, or desktop machine, which are
often capable of displaying a rich variety of media, such as audio, animation,
three-dimensional graphics, and may even generate smells and provide tactile
response. In some embodiments, one or more of the above display and/or
sensory modes in computing device 4 may be used to enhance knowledge
dissemination and promote knowledge acquisition. In some embodiments,
computing device 4 may also comprise non-volatile memory capable of storing
program code, operating systems, knowledge bases, etc.

[0031] Computing device 4 may have one or more processors, including a
Central Processing Unit (“CPU”) and may be able to communicate wirelessly with
cloud 10 and server farm 12. Wireless communication may occur over Wi-Fi
(based on the IEEE 802.11 family of standards or variants thereof) using wireless
access points and/or over mobile communication networks such as 3rd
Generation mobile telecommunication (“3G”) and/or 4™ Generation mobile
telecommunication (“4G”) networks (such as Long Term Evolution (“LTE”), LTE
Advanced, or Wi-Max and variants thereof) using one or more supported

communication protocols. Computing device 4 may also be able to communicate
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with other computers and/or storage media 6 over traditional wired networks.
Computing device 4 may include a variety of ports for communication including
Ethernet ports, Universal Serial Bus (“USB”) ports, Serial Advanced Technology
Attachment (“SATA”), etc.

[0032] Storage 6 may take the form of computer readable media, such as
hard drives, solid state drives, optical media, memory cards, flash drives, etc.
Computing device 4 may be able to read and write from storage 6 using an
appropriate port on computing device 4. In some embodiments, storage 6 may be
physically housed along with computing device 4 in an integrated body, case, or
housing. In some embodiments, storage 6 may be external to computing device 4
and coupled to computing device 4 through an appropriate port on computing
device 4. In some embodiments, storage 6 may also host knowledge base 8-1.

[0033] In general, knowledge bases 8 may include content associated with
various subject items, the linkages between subject items, and one or more
parameters that control the operation of modules implementing a teaching
algorithm that presents content to users. In some embodiments, portions of
knowledge bases 8 may also be present on storage media or non-volatile
memory on computing device 4. In some embodiments, knowledge bases 8, or
databases associated with knowledge bases 8 may store user profiles, which
may include understanding levels, linkage strengths, time decay parameters, item
accession time stamps, subject preferences and/or other teaching parameters
associated with one or more users. User profiles may be used by modules
implementing the teaching algorithm to present appropriate content.

[0034] Computing device 4 may use a liquid crystal display 14 to display

content and receive user feedback using buttons 16 and 18 on computing device



WO 2013/119438 PCT/US2013/023881
4. Although exemplary computing device 4 has been shown with user input
buttons 16 and 18, it should be noted that various other input schemes and user
interfaces may be used. In some embodiments, a physical or virtual (on-screen)
keyboard may be provided, a touch screen interface may be used to receive user
input, and/or computing device 4 may respond to voice commands received by
the user.

[0035] In some embodiments, modules implementing a teaching algorithm
on computing device 4 may receive user input in response to questions posed to
the user or input solicited from the user. In some embodiments, an
answer/explanation stage may be presented after questions are posed to the
user and based, at least in part, on user input.

[0036] For example, a student may be presented with questions relating to
a subject item and may be asked to respond by pressing button 16 to indicate
interest in the question; or by pressing button 18 to indicate disinterest, which
may cause another lower priority question to be displayed instead. If the student
indicates interest by pressing button 16, the answer/explanation content relevant
to the displayed question may be presented. If a student continues to reject
guestions associated with lower priority subject items as uninteresting, then, in
some embodiments, the system may eventually present answer/explanation
content related to the lowest priority subject item after all other candidate subject
items have been rejected. Candidate subject items may be used to describe
those subject items whose content may potentially be presented next to a user in
a method for facilitating knowledge dissemination and promoting knowledge

acquisition.
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[0037] After the answer/explanation content of the subject item is
presented, an overall comprehension input may be indicated by the user, for
example, by pressing button 16 and/or button 18. In some embodiments, the
system may automatically determine a comprehension input based on user
responses to content related questions. Typically, a user's comprehension input
at a moment in time is used to update an understanding level. In some
embodiments, the understanding level for a specific user at a point in time may
be computed as a function of the user's comprehension input. The understanding
level may vary over time between user comprehension inputs, depending on the
user's memory and ability to retain understanding of presented concepts with the
passage of time. Accordingly, in some embodiments, user-specific understanding
levels, when recomputed at various points in time, may take on different values
reflecting changes to the user's memory and understanding at those points in
time. In some embodiments, a time variation modification parameter, such as an
understanding decay time parameter, may modify how user-specific
understanding levels vary with time. The user’'s comprehension input upon
presentation of a subject item may be viewed as the selection of a point (X, Y) in
a space spanned by two axes representing a level of interest in the question
(X-axis) and a degree of comprehension of the answer/explanation (Y-axis).
[0038] In some embodiments, system 2 may include knowledge bases 8
on storage resident on and/or coupled to a computing platform, such as
knowledge base 8-2 on cloud 10 and/or knowledge base 8-3 on server farm 12.
In one embodiment, a large number of subject items may be accessed by
computing device 4 from knowledge bases 8-2 and/or 8-3. For example,

computing device 4 may download and locally cache those subject items of

-10 -
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immediate interest to the user and/or those that are likely to be accessed by the
user because of their linkages to subject items previously accessed by the user in
a recent prior time period from knowledge bases 8-2 and/or 8-3. In some
embodiments, a user profile may also influence the downloading of content
related to subject items likely to be of interest to the user.

[0039] In some embodiments, computing platforms such as server farm 12
and/or cloud 10 may include a large number of servers with sufficient bandwidth
and storage to support the hosting of large knowledge bases 8-3 and 8-2,
respectively. In one embodiment, users may be permitted to upload new content
or annotate content pertaining to subject items to knowledge bases 8-1, 8-2,
and/or 8-3. In some embodiments, other users may be able to access the new or
annotated content, based, in part, on policies of the content provider and/or
access criteria set by author of the new or annotated content.

[0040] The running of applications, or the provision of services, on
networked, reliable, highly available, and scalable software and hardware
infrastructures is termed “cloud computing”. Cloud 10 facilitates the provision of
services to support modules implementing the teaching application on computing
device 4 using cloud computing. For example, access to and dissemination of
content from knowledge base 8-2 may be supported by cloud 10. Algorithms to
update teaching parameters taking into account data aggregated from multiple
users may also be supported by cloud 10. Cloud computing may involve “public
clouds”, which provide on-demand access to high performance computing
capabilities over the Internet. Amazon™ EC2, Terremark™, Rackspace™, and
Savvis™ are examples of publicly available clouds. In some instances, cloud 10

may be realized by an organization using virtualization to convert one or more

-11 -
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private data-centers into “private clouds”. Cloud 10 refers to both public and
private clouds. Clouds may use virtualization and/or sophisticated systems
management solutions to provide a flexible, fault tolerant, and highly available
view of underlying resources so that dedicated hardware resources can be
dynamically shared across several users instead of being assigned individually.

[0041] In general, cloud 10 may be set up as virtualized or physical
compute clusters to facilitate access to computing resources over the Internet
through Web browser-based or client-side applications. Cloud computing
resources and services, such as the interaction with knowledge base 8-2, may be
facilitated through the use of Application Programming Interfaces (“APIs”) and/or
self service portals, such as websites accessed using a web browser on
computing device 4. In one embodiment, modules running a knowledge
dissemination and acquisition application on computing device 4 may include a
local client side application to access and interact with a computing platform
based application, such as a cloud based or server farm based application that
provides and disseminates content stored in knowledge base 8-2, and/or
provides back-end processing needed to update teaching parameters taking into
account aggregate data gathered from multiple users. In some embodiments, the
results of computations performed on the computing platform, such as on cloud-
based or server-farm based applications may be displayed on computing device
4. In general, an application implementing a method to facilitate knowledge
dissemination and promoting knowledge acquisition may be distributed between
one or more of computing device 4, and a variety of computing platforms such as

cloud 10, and/or server farm 12, using one or more knowledge bases 8.
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[0042] FIG. 2 shows an exemplary representation 20 of a portion of a
knowledge base, illustrating subject items, the linkages between subject items,
and associated parameters. In some embodiments, knowledge base 8 may be
modeled in a manner similar to representation 20. In general, knowledge base 8
may include content associated with various subject items, the linkages between
subject items, and one or more parameters that control the operation of modules
implementing a teaching algorithm that presents content to users.

[0043] In some embodiments, knowledge base 8 may include one or more
databases of subject items, and each subject item may be associated with a
unique identifier (‘UID”). These database(s) may also include a variety of other
fields or tags associated with a subject item, which explicitly or implicitly detail a
subject item’s relationship with other subject items. In some embodiments, the
content associated with each subject item may include two fields: (1) a question,
prompt, title, topic, and/or partially completed concept and (2) an answer,
explanation, and/or fully completed concept. In some embodiments, the answer,
explanation, and/or concept may include follow-up questions, or use other
methods to solicit input from the user to aid and/or gauge understanding of the
material being presented. The content fields may take on a variety of formats
including, but not limited to, strings of characters encoded in a common digital
representation (e.g. ASCIIl or UTF-8), bitmap or vector image representations,
hypertext markup language, metadata, file pointers, compressed or
uncompressed data, audio representations, video representations, interactive
components, or interpreted or compiled executable codes.

[0044] In some embodiments, knowledge base 8 may also include a

database of links between subject items. As shown in Fig. 2, subject item 22 may

-13 -
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be associated with three different types of links. Lateral link 24 associates related
subject item 22 with other items of similar difficulty, complexity, and/or scope,
such as items 26 and 28, while advanced link 30 associates subject item 22 with
a more advanced item, such as item 32, and basic link 34 associates subject item
22 to a more basic subject item, such as subject item 36. Because subject item
32 is a more advanced item than subject 22, advanced link 30 may indicate that
understanding of subject item 22 is a prerequisite or may aid in the understanding
of subject item 32. Similarly, subject item 36 may aid in the understanding of
subject item 22. Links may be assumed to be symmetric, so that if subject item
36 is linked as a basic subject item to subject item 22, then subject item 22 is
linked as an advanced subject item to 36 as well; and, if subject item 22 is linked
laterally to subject item 26, then subject item 26 is linked laterally to subject item
22 as well.

[0045] In one embodiment, links are stored by associating each item with a
list of UID’s of linked subject items categorized by link type (advanced, lateral, or
basic). In other embodiments, compression methods that take advantage of the
particular structure of a specific knowledge base may be used to save space and
make searching and traversing the elements faster. For example, a cluster of
subject items which are densely interlinked by lateral connections may be labeled
with a “group tag,” identifying the cluster. Then any two ideas with the same
group tag may be implicitly assumed to be linked with a lateral connection.

[0046] Knowledge base 8 may also include various parameters used by
modules implementing a teaching or knowledge dissemination/acquisition
algorithm, for example, interest and understanding levels on a per item and/or per

link basis; one or more time variation modification parameters, for example decay

-14 -



WO 2013/119438 PCT/US2013/023881
time constants, on a per subject item and/or per link basis, which may provide an
individualized indication of the rate at which a user’s understanding and/or
interest levels are predicted to vary with time; a history of times the user has
previously accessed one or more subject items; a history of previous user inputs,
etc. In some embodiments, parameters associated with subject items may be
distributed and/or averaged over related subject items to derive coarser-grained
parameters associated with collections of subject items. A collection of
parameters associated with a particular user is termed a user profile.

[0047] In some embodiments, knowledge bases 8 may be used by multiple
users. In one instance, computing device 4 may be operated by one user at a
time, with switching between users performed using a login/logout procedure. In
another instance, system 2, computing device 4, and/or knowledge bases 8 may
be used/accessed by multiple users simultaneously. In some embodiments,
system 2 may store and/or use multiple user profiles in/ffrom knowledge base 8.

[0048] In some embodiments, parameters used by system 2 and stored in
knowledge bases 8 and the updating thereof could be influenced by parameters
and/or inputs associated with other users. For example, in some embodiments,
collective rankings could be operative in a community learning environment, so
that subject items that other users have comprehended and found interesting
would rise in rank and be preferentially presented to a user, while less
comprehensible and/or disliked items would be hidden. In some embodiments,
computing device 2 may display a user’s progress relative to other users in the
form of detailed distributions, rankings, or points, which may be used to stimulate

competition or to provide a basis for external incentives and rewards.
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[0049] Further, more complex methods of assembling the knowledge base
are possible and envisaged. For example, subject items may be tailored to
individual devices and/or users, and the accessibility of subject items may vary
with users. In some embodiments, knowledge base 8 may be updated
asynchronously and/or incrementally using continuing contributions from
disparate users. Further, various well-known database representations may also
be used to more efficiently index, store, access, and modify content, linkages,
and parameters of knowledge base 160.

[0050] FIGS. 3(a)-(c) illustrate how the use of unique tags to identify
distinct subject items may facilitate the creation and merging of different
knowledge bases. In the example shown, subject items 38 and 40 are common to
exemplary knowledge bases 8-4 and 8-5. Knowledge base 8-4 comprises subject
items 38, 40, 42, 44 and 46; while knowledge base 8-5 comprises subject items
38, 40, 48 and 50. By taking one of the knowledge bases, such as knowledge
base 8-4, adding new subject items (e.g. 48 and 50) from knowledge base 8-5,
adding the linkages for each subject item in knowledge base 8-5, and using
common subject items 38 and 40, the knowledge bases may be combined.

[0051] In some embodiments, users can also collaboratively edit ideas via
a “wiki” interface, which permits users to add, edit, or delete elements to/from a
global database, subject to version tracking and later revision by other users.
Further, in other embodiments, computing devices 4 enabled with Internet
connectivity can automatically update themselves to stay current. News stories
and journal articles, or new knowledge bases written by publishing companies or
Internet users, can be downloaded automatically. In some embodiments, items

with connectivity information, but without content — stubs — can be downloaded
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regularly to a student’s teaching device. Then, when a user reaches a point
where the stubs would be presented based on the material the user understands,
the device can prompt the user for further downloading or purchase of the
additional material thereby keeping the user informed of available knowledge
without unduly consuming memory or using network bandwidth.

[0052] A wide range of subjects can be translated into a knowledge base
format. For example, a knowledge base could contain musical compositions to
study, with basic tunes that build up to more advanced ones. In some instances,
for more complex subjects, the system may be used as a teaching aid in
conjunction with a live teacher. For example, a music teacher could store a
collection of piano exercises in knowledge base 8. After a student has played
several pieces, the teachers’ assessment of the student’s performance may be
input into knowledge base 8, and the system may output the next piece for the
student to perform based on the assessment. In some embodiments, computing
device 4 may be used to request a live teacher when the system flags one or
more subject items as particularly problematic for a student.

[0053] FIG. 4 shows a block diagram illustrating an exemplary architecture
52 of a system for facilitating knowledge dissemination and promoting knowledge
acquisition. In some embodiments, one or more knowledge bases 8 may store
content and other information pertaining to subject items for users. For example,
knowledge base 8 may include questions or topics pertaining to one or more
current subject items and corresponding answers or explanations.

[0054] In some embodiments, exemplary relevance module 54 may create
a candidate list comprising a list of candidate subject items relevant to a user’s

learning state, and compute for each subject item on the candidate list one or
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more priority values. Inclusion of a subject item on the candidate list, and the
specific value of priority assigned, may be dependent on values of various
parameters stored in knowledge base 8, such as (but not limited to) user
understanding values and linkage strengths associated with the subject items
and linked subject items at that point in time. In general, various data structures
other than lists may be used to store candidate subject items, as would be
apparent to one of ordinary skill in the art.

[0055] In some embodiments, exemplary relevance module 54 may decide
whether or not to add a subject item j to its candidate list by applying one or more
criteria based on the student’s understanding of the subject item and related
subject items. For example, one criterion may involve only adding subject item i
to the candidate list if its understanding value U; falls below a fixed threshold. An
additional criterion to add subject item i to the candidate list may be based on a
weighted average understanding of all basic subject items linked to subject item i
being above some understanding threshold, and/or a weighted average
understanding of all advanced subject items linked to subject item i being below
some understanding threshold. In some embodiments, the weights in the
weighted average are the linkage strengths C; between subject items /i and j, so
that a basic subject item j that was more strongly linked to the current candidate
subject item i would have more influence on whether or not the current candidate
subject item j was ultimately presented to the user.

[0056] In some embodiments, relevance module 54 may compute all
linkage strengths C; and understanding levels U; stored in knowledge base 160
that are involved in the computation of candidate subject item inclusion criteria

and candidate subject item priority values using a model of how student interest
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and understanding are expected to change over time. Such a model may be
based on the past history of user inputs and variable values, the time elapsed
since the last user input associated with one or more items, and/or time variation
modification parameters. For example, along with understanding U;, knowledge
base 8 may store a time variation modification parameter termed an
understanding decay time parameter 7, providing an indication of the rate of
which the understanding level of subject item i, U;, is expected to deteriorate over
time. The understanding decay time 7 may be updated each time positive or
negative comprehension of subject item i is input by the user. Higher 7 values are
often associated with more persistent memories. In another example, along with
linkage strength Cj, knowledge base 8 may store a time variation modification
parameter termed a linkage perturbation decay time z; providing an indication of
the rate at which perturbations to C; are predicted to diminish over time. The
linkage perturbation decay time 7; may be updated each time positive or negative
interest in item / and/or item j is input by the user. Higher 7; values are associated
with repeated and consistent interest or disinterest in the linkage between two
items. Accordingly, as described above, in some embodiments, relevance
module 54 may use time variation modification parameters, for example decay
times, to compute values of U; and Cy, used in computing weighted averages of
understanding values which are part of criteria for determining candidacy and
computing priority values.

[0057] In some embodiments, exemplary relevance module 54 may
determine for a candidate subject item i an associated priority value P;. The
priority value P; may be computed as a function of the understanding value U;

stored in knowledge base 8, computed at the current time. Other learning
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variables stored in knowledge base 8, such as a bias parameter y;, or a random
jitter value J;, may further modify the priority value P;. In some embodiments,
relevance module 54 may pass the UIDs associated with one or more high
priority candidate subject items to user interaction module 56.

[0058] In some embodiments, user interaction module 56 may retrieve
content associated with the UIDs related to one or more items on the candidate
list, and determine user interest in the items, which may be presented either
sequentially (e.g. one-at-a-time) or simultaneously (e.g. in a list format). In some
embodiments, based on the current and/or previous user interest inputs, linkage
strength update module 58 may then update one or more linkage strengths C;
between the currently presented candidate subject items / and related subject
items j, as well as one or more time variation modification parameters, for
example, linkage perturbation decay parameter 7; which affects how linkage
strength Cj is assumed to change with time. In some embodiments, user interest
inputs may be time stamped to record the time of input and to aid in the
estimation of Cj at later points in time.

[0059] Once the user has indicated interest in a subject item j on the
candidate list, the user interaction module 56 retrieves the answer/explanation
content pertaining to the subject item from knowledge base 8, presents it to the
user, and determines the degree to which the user comprehends the
answer/explanation. This assessment can be made through self-evaluation, i.e.
direct input, or via a programmatic comparison between one or more user inputs
and a pre-stored template, e.g. multiple-choice questions, interactive tasks, or via
a more complex programmatic evaluation, e.g. handwriting recognition, speech

processing, etc. In some embodiments, based on the current and/or previous

-20 -



WO 2013/119438 PCT/US2013/023881

comprehension inputs, item understanding update module 60 may then update
the understanding level U; of the currently presented candidate subject item /, as
well as one or more time variation modification parameters, for example a time
decay parameter z;, which affects how understanding level U, is expected to
change with time. In some embodiments, comprehension inputs may be time
stamped to record the time of input and to aid in the estimation of U; at later
points in time

[0060] In some embodiments, relevance module 54 may use the updated
values of various parameters stored in knowledge base 8 (as updated by linkage
strength update module 58 and item understanding update module 60) to
recreate a candidate list of subject items and associated priority values that may
then be used by user interaction module 56 for subsequent presentation to the
user, so that the algorithm may iterate in a cyclic manner.

[0061] Further, exemplary architecture 52 may also include additional
modules that may interact with knowledge base 8 and influence the operation of
modules 54, 56, 58, and 60.

[0062] For example, in some embodiments, a testing module (not shown)
may support evaluation modalities separate from user interaction module 56, for
example, standard multiple choice exams or interactive games that evaluate user
knowledge of subject items stored within knowledge base 8. In some
embodiments, results obtained via the testing module may be used to set or
update initial understanding values and linkage strengths; provide validation for
understanding values in 8; or calibrate or reset parameters in knowledge base 8.

[0063] In some embodiments, a statistics and analytics module (not

shown) may support the computation, visualization, and tracking of overall
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indicators of user performance, for example, the individual and aggregate rates at
which one or more users learn new subject items. In some embodiments, the
module could be used to perform detailed per-item analyses, for example plotting
the collective or individual progress of users through the knowledge base over
time, with distributions of understanding values computed for each subject item.
In some embodiments, coarse estimations of user characteristics could be
computed, by projecting the teaching parameter data into a reduced dimensional
space; clustering of teaching parameters associated with multiple users could be
performed, in order to classify users into discrete groupings; and correlations
could be extracted to identify variables that influence user comprehension and
interest. In some embodiments, correlations could be extracted in conjunction
with A/B testing performed over a set of multiple users; for example, a variant
form of a subject item could be presented to a subset of users, and the net effect
on the average degree of user comprehension associated with that item could be
evaluated. For example, A/B testing might indicate that subject items with brighter
visual elements are more comprehensible to primary school students; this
information could be used to further refine the content of the knowledge base.

[0064] In some embodiments, a social module (not shown) may support
communications based on and influenced by the progress of users in learning
items from knowledge base 8. For example, through the social module, users
could add annotations or comments to the subject items as they learned them.
They could also send forward-and-hold messages or real-time communications to
each other or external teachers, e.g. in text, audio, or video format. The

communications could be linked to particular subject items, or unrestricted.
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[0065] FIG. 5A shows a flowchart illustrating an exemplary method 62 for
updating understanding values, linkage strengths, and priority values to
determine subject items for presentation to a user. In some embodiments,
method 62 may be implemented using computing device 4, or may be
implemented through a web site, with inputs and outputs communicated over the
Internet. Fig. 5A also shows, in the dashed rectangular areas, exemplary
modules that may implement the steps within the rectangular areas. However, it
should be noted that the steps associated with the modules are exemplary only
and the modules implementing method 62 may be combined, broken up, and/or
rearranged as would be apparent to one of ordinary skill in the art.

[0066] For ease of explanation in outlining the operation of exemplary
method 62, it is assumed that one or more subject items have already been
presented. Accordingly, a new candidate list containing candidate subject items
to be presented may now be created by method 62, for example, by using
exemplary relevance module 54 to perform appropriate steps. If method 62 is
being run for the first time, the subject items to present first may be specified
based upon preset values in knowledge base 8.

[0067] In some embodiments, exemplary relevance module 54 may create
a new candidate list in three stages. In the first stage, which may be carried out
by step 64, values of relevant teaching parameters, such as understanding levels
and linkage strengths, at the current time may be computed. In the second stage,
which may be carried out in step 74, candidacy may be determined, using criteria
based on the newly computed teaching parameters; the candidacy-determining
criteria may be applied to multiple subject items in order to populate the

candidate list with candidate subject items. In the third stage, which may be
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carried out by step 74, priority values for the candidate subject items may be
computed, based on the newly computed teaching parameters.

[0068] In step 64, understanding levels and linkage strengths associated
with subject items being considered for inclusion on a candidate list may be
computed, using equations 1 and 2:

U(t+At)=U,(r)exp(-At/ 7,) (1)

C,(t+at) =1-(1-C,(t"))exp(-ar/ 7)) (2)
where for a subject item i, U; represents an understanding level, and t; represents
an understanding time decay parameter; and for a pair of subject items i and j, C;
represents a linkage strength, and t; represents a linkage perturbation time
decay parameter. Each item contains a time stamp ¢ specifying when U; was last
updated (which may correspond to the last time that a comprehension input was
provided for subject item J/); likewise, each link may include a field for a time
stamp t’ specifying when Cj was last updated (which may correspond to the last
time that an interest input was provided for subject item j or j). When step 64 is
being executed, the difference between the current time and the time stamp tis
computed to produce variable At, which is then used in computing U;; similarly the
difference between the current time and the time stamp t’is computed to produce
variable At’, which is then used in computing C;. While understanding levels and
linkage strengths are formulated to vary exponentially as a function of time in
accordance with a single characteristic time constant in method 62, in other
embodiments, alternate models of how understanding levels and linkage
strengths vary with time may be formulated, using functional forms containing
one or more time variation modification parameters which may be varied in

modules 58 and 60.
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[0069] Next, in step 74, a candidate list ordered by priority values may be
constructed, which determines the preferred order of presentation of subject
items with linkages to subject item i. In some embodiments, subject items S with
linkages to subject item i may be added to the candidate list if:

(i) for a subject item S, its understanding value Us is below a threshold
value Umreshoid;

(i) the weighted average understanding level <Upgsic> Of subject items
linked with a basic link to subject item S is above Usnreshord, @s shown below in

equation (3);

Z CS—basic Ubasic
<Ubasic > = Dok (3)

Z CS —basic

basic

(iii) the weighted average understanding level <Uagyances™ Of subject
items linked with an advanced link to subject item S is below U reshois, @S shown

below in equation (4) ;

Z Ci —advanced Uadvanced
__ advanced
<Uadvanced > - ! (4)

Z Ci—advanced

advanced

(iv)  atime interval of at least 7reractory has elapsed since the last time
item S was presented.

The criteria above may result in the addition of subject items to the
candidate list that focus student attention in the zone between known basic
subject items and unknown advanced subject items, where learning is most
profitable.

[0070] FIG. 5B shows a set of basic subject items 76 and advanced
subject items 78 connected to an exemplary candidate item S 80. In general,

there may several subject items considered for inclusion in a candidate list. In
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Fig. 5B, fully shaded circles indicate an understanding level of 1, and circles
without any shading indicate an understanding level of 0. A partially shaded circle
indicates some understanding of the subject item. As shown in Fig. 5B, in some
embodiments, for inclusion in the candidate list, exemplary algorithm 62 may
focus on those subject items S whose understanding is below some threshold
value, but whose linked basic subject items are well-understood, and linked
advanced subject items are poorly-understood. Thus, the candidate list when
populated represents items in a zone on the margins of a user’s knowledge.

[0071] Other variations in how the candidate list is constructed are
possible and envisaged. For example, in some embodiments, thresholds for
inclusion onto the candidate list can be made fuzzy, and the threshold values can
be made to vary over time. In some embodiments, weighted averages may be
computed using alternate functions, e.g. weights can be applied in a nonlinear
fashion. In some embodiments, items not directly connected to the current item
may also be considered for inclusion onto the candidate list.

[0072] Returning to Fig. 5A, following construction of the candidate list in
step 74, in some embodiments, method 62 may determine one or more priority
values for each subject item S that is selected for inclusion in the candidate list.
One formula for computing a priority value Ps is shown below in bias mapping

function (5):

P. = (1 — (US TU yeshotd )7 )1/7 +Jg 5)
’ 1+ Jmax

In equation (5), y is a parameter which biases priority values. For example, y can
be varied and take different values depending on whether a subject item S

selected for inclusion in the candidate list are linked to subject item / with a basic,
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lateral, or advanced link. Thus, user efforts can be weighted to emphasize
review, reinforcement, or advancement. In some embodiments, basic, lateral, and
advanced items may be placed onto a single candidate list, and their overall
priority values shifted relative to each other using y biases. In some
embodiments, basic, lateral, and advanced items may be placed onto separate
candidate lists, and the user may manually select at each stage which candidate
list to view and peruse.

[0073] Fig 5C shows how equation (5) maps understanding values into
priority values, for different biases or y values. As shown in Fig. 5C, higher vy
values bias the function toward higher priorities; on a plot of understanding level
versus priority value, curve 82 (y = 1.2) lies above curve 84 (y = 1.0) which lies
above curve 86 (y = 0.8).

[0074] In equation (5), the values Js for selected candidate subject items S
are jitter parameters, which are pseudorandom floating point values uniformly
distributed between 0 and a maximum jitter value denoted by Jmax. In some
embodiments, jitter values Js for all subject items S may be computed and fixed
at the start of each user session, with one random value assigned to each subject
item S. In some embodiments, the maximum jitter value J,,.x may be chosen as
a small value relative to the maximum priority value. For example, for priority
values Ps, where 0 < Pg < 1, the maximum jitter value may be set to
approximately 0.01. The addition of random jitter to the priority values may have
the effect of shuffling subject items Ps with similar priority so that the order in
which they appear varies between sessions.

[0075] Other variations in how the priority values are calculated are

possible and envisaged. In some embodiments, the priority values of a given
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subject item may be made dependent on one or more of: current and/or previous
understanding, priority, and/or linkage values. In some embodiments, iterative or
direct procedures may be used to compute values that are self-consistent over
the entire network. In some embodiments, bias mapping functions more complex
than equation 5 may be used. In some embodiments, the bias mapping function
may contain parameters that may differ between items and/or be directly
modifiable by the user via a separate interface. In some embodiments, random
jitter values may take on a more complex distribution and may be combined with
priority values in a non-additive manner. In some embodiments, error uncertainty
estimates may be computed, propagated, and incorporated into the priority
values, and fuzzy ranking strategies may be used that take into account these
uncertainty estimates.

[0076] Returning to FIG 5A, after step 74, method 62 moves to step 88. In
some embodiments, steps 88-96 may form part of exemplary user interaction
module 56. In step 88, content associated with subject items on the candidate list
may be displayed to the user. For example, content may be loaded from one or
more knowledge bases 8, and one or more question portions of the content may
be displayed to the user.

[0077] In some embodiments, each subject item on the candidate list may
be associated with a priority value, and the question with the highest priority
value may be displayed to the user. In some embodiments, several questions on
the candidate list may be displayed simultaneously, ranked in decreasing order of
priority value. In some embodiments, multiple priority values may be associated
with each subject item to form a multidimensional vector {P(”, P(N)}, and user-

specified factors may be used to select a vector component P, a weighted sum of
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vector components, or an arbitrary function of vector components, which permits
the ranking and display of questions. In some embodiments, other factors may
affect the ranking and display of questions; for example, questions which have
not been previously presented to the user may be ranked lower than questions
that have been presented at least once before thereby favoring the consolidation
of existing user knowledge prior to the presentation/acquisition of new
knowledge.

[0078] In some embodiments, at step 90, if user input is not received with
some predetermined interval of time (“Yes,” in step 90), algorithm 62 may
reiterate through steps 64, 74, 88, and 90 to recalculate understanding, linkage,
and priority values as time elapses. Accordingly, subject items presented to the
user for selection may change with time even without user input, in response to
expected and predicted changes in memories and associations between subject
items as time elapses. In some embodiments, the recalculation process may use
equations (1), (2), and (5) to compute more timely values of the above
parameters.

[0079] If user input is received within the predetermined time interval (“No,”
in step 90), then, in step 92, the user may express positive or negative interest in
the subject item presented. For example, the user may express interest in a
candidate subject item by selecting it for further viewing and learning, or express
disinterest in a subject item by skipping over it. In some embodiments, the user
may be presented with subject item question content sequentially, in order of
priority value ranking, for rejection or acceptance. For example, the user may
express interest or disinterest by pressing buttons 16 or 18 on computing device

4.
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[0080] In step 92, if the user expresses disinterest (“No,” in step 92), then
the algorithm proceeds to step 72, where linkage strength and associated time
variation modification parameters, e.g. linkage perturbation decay parameters,
may be updated. On the other hand, if the user expresses interest in the subject
item presented (“Yes,” in step 92), then, in step 72, the answer portion of the
content associated with the subject item may be presented. In some
embodiments, steps 70 and 72 may be implemented using exemplary linkage
strength update module 58.

[0081] In one embodiment, user interest may be measured while allowing
the student free-form exploration of the knowledge base. Instead of introducing
guestions sequentially, one or more questions from the candidate list may be
displayed simultaneously. The user may then select a question from the list to
answer. The user’s selection may be taken to indicate positive interest in the
subject item associated with the selected question; negative interest in the
subject items associated with the not-selected questions; or both. In general,
interest and comprehension inputs may vary discretely over a greater range of
values, or may vary continuously. The exemplary binary (“Yes” / “N0”) inputs
described are for explanatory purposes only and various other schemes for
measuring user interest and comprehension are possible and envisaged as
would be apparent to one of ordinary skill in the art. In some embodiments, user
interest and/or comprehension may also be measured and input over a greater
number of dimensions, forming for example the multidimensional vector {I/, ...,
I™y and/or {¢, ..., c™}. For example, user interest and/or comprehension may

be obtained for different content portions associated with a subject item, or user
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interest and/or comprehension may be categorized and interest and
understanding values may be obtained for the various individual categories.

[0082] In some embodiments, if there are no items of interest to the user
on the candidate list, or if the candidate list is empty, a random subject item
chosen from among candidate subject items j connected to current subject item i
may be selected for presentation. When the user indicates disinterest in step 92,
then, the algorithm may iterate through steps 73, 74, 88, and 90 until a non-
empty candidate list with an item of interest to the user is available.

[0083] In step 70, linkage strength and linkage perturbation decay
parameters are updated in response to interest input provided relevant to a
subject item J, and the time stamp t associated with links between associated
items is set to the time the update was performed. For instance, if the student is
not interested (“No” in step 92), then in step 70, the linkage strength C;; between
the subject item j and the immediately preceding presented subject item j may be
set to zero or a sufficiently low value, and the linkage perturbation decay time z;
between subject items i and j may be increased. In some embodiments, 7; may
be increased based on equation (6) below,

7, (new) = a 7, (old), a>1 (6)
where a is a multiplicative factor that is related to the persistence of user interest
after repeated exposure to a question. Higher values cause the algorithm to wait
longer before attempting to reevaluate student interest.

[0084] Next, in step 73, the candidate subject item j, in which the user has
indicated disinterest, may be removed from the candidate list and the algorithm
may proceed to step 74 to generate/update the candidate list and begin another

iteration through steps 74, 88, 90, 92, 70 and 73.
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[0085] Conversely, if the student is interested in the item (“Yes” in step 92),
then in step 72 the linkage perturbation decay time t; between subject items j and
Jj may be reset, based on equation (7) below,

7, (new ) = 7, (original ) (7)

[0086] Thus, in step 92 if a student is not interested in a subject item J, the
linkage strength C; between subject item i and the immediately preceding subject
item jidea may be diminished temporarily. The linkage strength may
subsequently gradually increase over time, but repeated user disinterest causes
the increase in linkage strength value to take longer and longer. Equations 6 and
7 correspond to negative selection update rules, where repeated disinterest
weakens links between items.

[0087] In some embodiments, the update rules may be modified so that
positive interest causes the linkage strength between subject item i and the
immediately preceding subject item j idea to be increased temporarily. Under
these rules, the interest level decreases back to one over time, but repeated
interest causes this to take longer and longer to happen. These modified
conditions correspond to positive selection update rules, where repeated interest
strengthens links between items.

[0088] In some embodiments, the rules for modifying time variation
modification parameters, such as understanding and/or linkage perturbation
decay times, may be formulated in a manner analogous to some “spaced
repetition models”, which are memorization systems based on the empirical
observation that to optimally fix an item in memory, the item should be displayed
and recalled at intervals of ever-increasing duration. An example of the spaced

repetition model is the Pimsleur Language Learning System, in which items are
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introduced at intervals of 5 seconds, 25 seconds, 2 minutes, 10 minutes, etc. on
to a maximum interval of 2 years. The spaced repetition model assumes that
increased viewing and recall of an item at appropriate intervals is associated with
a slower rate of decay in the subsequent memory trace.

[0089] Concepts pertaining to the spaced repetition model may be
understood from the following example. For example, in a conventional flashcard
based scheme to promote recollection termed “Leitner’'s method”, flashcards may
be imprinted with questions on one side and answers to questions on the other.
All of the flashcards are initially placed together in the lowest group, which may
be called “Group 0”. Cards may be moved to higher groups (which may be called
“Group 17, “Group 2” etc., for example) if they are recalled correctly by the user,
or demoted to lower groups if they are not recalled correctly. The frequency of
review is highest for cards in the lowest group and the lowest for cards in the
highest group. Flashcards that were not recalled correctly by the user may be
demoted to a lower group (until they reach Group 0), where they are reviewed
with increasing frequency. In this way, the user’s attention is focused on the
cards that are the most troublesome to retain in memory. In general, however,
conventional schemes implementing spaced repetition models are focused on
memory retention and fail to account for associations and dependencies between
subject items in a knowledge base.

[0090] In some embodiments, following the reset of linkage perturbation
decay time z;, in step 92, the algorithm proceeds to step 94. In step 94, content
associated with the answer field for subject item i in knowledge base 8 may be

displayed to the user.
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[0091] In step 96, the algorithm determines the user's comprehension of
the content associated with the answer field of subject item i. In some
embodiments, this determination is made by having the student directly input the
extent to which content associated with the answer field was comprehended, in
some embodiments by pressing buttons 16 or 18 on computing device 4. In some
embodiments, this determination may be made via a more extended
programmatic comparison between one or more user inputs and a pre-stored
template, e.g. multiple-choice questions, or via a more complex programmatic
evaluation, e.g. handwriting recognition, speech processing, etc.

[0092] Following determination of user comprehension in user interaction
module 56, for instance by step 96, the understanding level U; and understanding
decay time parameter z; are updated in response to the comprehension input
provided for subject item /, and the time stamp f associated with subject item i
may then be set to the time the update was performed.

[0093] If the algorithm determines that the user has comprehended the
content associated with subject item i (“Yes” in step 96), then, in step 66, the
understanding level of the user U; for subject item i may be increased or set to 1,
and the decay time 7 associated with subject item / may be increased so that a
longer period will elapse before subject item i is presented again to the user. In
some embodiments, the decay time 7 associated with subject item i may be

increased based on equation (8) below,
7,(new)= B r,(0ld), p>1 (8)
where 8 is a multiplicative factor related to the persistence of student

understanding after repeated exposure to an answer. Higher (3 values cause the

algorithm to wait longer before attempting to reinforce student understanding. In
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some embodiments, B may be a multiplicative factor for a spaced repetition
model.

[0094] In the event that content related to subject item i has not been
comprehended (“No” in step 96), the algorithm proceeds to step 68, and the
decay time 7; associated with subject item i may be decreased so that the time
period before subject item i is presented again to the user is shortened. In some
embodiments, the decay time 7; associated with subject item i may be decreased
based on equation (9) below,

z.(new) = r,(original) (9)

In some embodiments, steps 66 and 68 may form part of exemplary
subject item understanding update module 60. After steps 66 or 68 are
complete, algorithm 62 may return to step 64 to begin another iteration.

[0095] FIG. 5D is an exemplary illustration showing how understanding
level Ui(t) associated with subject item j varies over time t. In the example shown
in Fig. 5D, the item is presented to the user repeatedly. In the first two exposures
98 and 100, the student indicates positive comprehension (shown by “v” in Fig.
5D) of the answer causing the understanding value U, to be setto 1. As shown in
Fig. 5D, the decay time 77 after the second exposure 100 is greater than the
decay time 7 after the first exposure 98 because the decay time 7 associated
with subject item i is increased when the user indicates positive comprehension.

[0096] In the third exposure 102, the user indicates negative
comprehension, (shown by “X” in Fig. 5D) of the answer causing the
understanding value U; to drop below Ugyeshoi. Consequently, decay time 77 is
shortened and lower than 7. Accordingly, subject item i may be presented more

frequently if at least the time interval 7ieractory has elapsed since the last time
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subject item j was presented. Even after the student indicates positive
comprehension subsequently 104, decay time 7 remains lower than 77, and
subject item i may be presented more frequently to reinforce understanding. In
some embodiments, a candidate subject item becomes eligible for presentation
when its understanding level falls below Umreshoig- If the user repeatedly indicates
comprehension then the item may be presented less and less frequently,
consistent with spaced repetition principles.

[0097] In some embodiments, the retention model may assume that mere
exposure to an item even without comprehension creates a transient period of
heightened understanding. During this brief period, more advanced items that
contain the current item as a prerequisite may be presented, allowing user a
“sneak peek” at advanced topics based on an optimistic assessment of the
student’s current knowledge. FIG. 5E shows an example where the
understanding value U; may be set to 1 even when the user indicates negative
comprehension 106, which may permit a “sneak peek” at advanced topics.

[0098] In algorithm 62, understanding levels and linkage strengths are
modeled as variables which vary over time in a manner described by an
exponential function with a characteristic time variation modification parameter,
which is varied by a multiplicative factor or reset when user inputs of interest and
comprehension are provided. In some embodiments, more complex rules can be
used to update one or more parameters associated with the same or alternate
models of how understanding levels and linkage strengths vary with time. For
example, in some embodiments, a preset array of values could contain data on
how memory decays, as a function of elapsed time, and sequential re-exposure

to information. Such a predefined array could be used to compute changes to
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time variation modification parameters in response to user inputs. In some
embodiments, the time variation modification parameter adjustment function may
be nonlocal in time, so that it depends on some or all of the history of previous
user inputs. In some embodiments, the time variation modification parameter
adjustment function may be nonlocal in scope, so that it is affected by parameters
associated with other subject items in addition to the currently selected subject
item.

[0099] In some embodiments, understanding levels and linkage strengths
may be updated using a model based, at least in part, on the time elapsed since
the last update, and zero or more time variation modification parameters such as
linkage perturbation decay time t; and decay time ;. As described above, tjis
varied in equations (6) and (7) above, and t; is varied, as described below, in
equations (8) and (9). In some embodiments, the time variation modification
parameters may be based on spacing intervals from a spaced repetition model,
which may arise from models similar to Leitner's method or through the use of
neural network based models. In some embodiments, no time variation
modification parameters are included, and understanding levels and linkage
strengths vary with time in a way unmodified by external parameters.

[00100]In algorithm 62, interest inputs only influence teaching parameters
insofar as they directly vary linkage strengths and associated time variation
modification parameters. Alternate methods by which interest inputs can
influence teaching parameters are possible and envisaged. For example, in some
embodiments, interest levels may be input, stored, and allowed to decay on a
per-item basis instead of a per-link basis, using a spaced-repetition model. In

some embodiments, links between two items with high per-item interest levels
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may then be specially strengthened. In some embodiments, per-item interest
levels may also be used to directly alter priority levels, e.g. by modifying y bias
values.

[00101]In algorithm 62, user-specific parameters, which are associated
with a particular user and stored in knowledge base 8 are termed a “user profile”,
and may encompass subject item understanding levels, linkage strengths, time
variation modification parameters and other parameters. As individual users
interact with exemplary system 2, and algorithm 62 operates, user profiles may
evolve to reflect the users’ individual abilities, interests, and knowledge more
closely. It is expected that a judicious selection of initial parameters may permit
qguicker convergence to a user’s learning state.

[00102]In some embodiments, user profiles may have initial values set by
user inputs, by the results of a testing procedure, or by statistical or normal
values for an expected class of users. For example, if the users are students,
understanding values and linkage strengths may be based on the material that
the student may be expected to know based on the student’s grade level. For
example, a middle school student might be expected to know arithmetic and
algebra, but not advanced geometry or calculus. Thus, understanding level
values of appropriate algebra and arithmetic related subject items could be
initially set to some high value (e.g. 1) and understanding values for advanced
subject items such as calculus could be initially set to a low value (e.g. 0). In
some embodiments, the initial user profiles associated with a group or class may
be set by averaging previously determined user profiles over an ensemble of

students of similar education, using classifications that can vary from the coarse
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— e.g. grade level — to the fine-grained — e.g. groupings obtained algorithmically
using a k-means clustering scheme.

[00103]In some embodiments, data stored or input on computing device 4
may be synchronized or uploaded to server farm 12 and/or cloud 10 to permit
individual user profiles to influence and be influenced by other user profiles. For
example, in some embodiments, subject items that have not yet been presented
to the user may have some teaching parameters set from values derived from the
prior and/or current aggregate experience of other students. In some
embodiments, once a user starts learning specific subject items, algorithm 62 will
update the user’s profile with values that more closely track the user’s own
interests, abilities, and knowledge as they begin to diverge from preset norms
and/or statistically derived profiles and values.

[00104]FIGS. 6-8 show examples illustrating the dynamics of user learning
in a sequence of scenarios in an exemplary system for facilitating knowledge
dissemination and promoting knowledge acquisition. In Figs. 6-8 subject items
are shown by circles and user-specific understanding values U corresponding to
individual subject items (for a given user) are indicated by pie shading within
each subject item (shown as a circle), where:

(a) No shading implies that U = 0, e.g. item 108 in Fig 6(a);

(b) Full shading implies that U = 1, e.g. item 108 in Fig 6(b); and

(c) Partial shading implies that 0 < U <1 e.g. item 110 in Fig. 6(a).

Further, linkage strengths between subject items are indicated by the
pattern of the lines connecting subject items, so that for a pair of subject items i
and /.

(a) No line implies C; = 0, e.g. Fig. 7(a) between items 112 & 114;
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(b) Dotted line with arrow implies C; = 0.5, e.g. Fig. 6(c) between items
110 & 116;

(c) Solid line with arrow implies Cj; = 1, e.g. Fig. 6(a) between items
108 and 116; and

(d) Dotted lines without arrows indicate lateral connections with C; =1,
e.g. Fig. 6(a) between items 108 and 110.

In addition, in Figs. 6-8, subject items with high priority values are
indicated with a sunburst, e.g., item 110 in Fig 6(a).

[00105]FIG. 6 illustrates an exemplary progression from presenting basic
subject items to presenting more advanced subject items in a manner consistent
with disclosed embodiments. In Fig. 6(a), subject item 110 has already been
presented and is understood by the student, so in a subsequent iteration, related
subject items 108 and 118, which are linked laterally to subject item 110, may be
presented. With subject items 108 and 118 understood (as shown in Fig 6(b)),
subject item 116 may be eligible for addition to the candidate list, since the
understanding level of subject item 116 is low, and the average understanding
level of basic subject items 108, 110, and 118 is now high. Thus in the next step,
as shown in Fig. 6(b), item 116 is assigned a high priority value (sunburst) and
presented.

[00106]Fig. 6 also illustrates the decay of user understanding levels of
subject items with time. As shown in Fig 6(c), subject item 116, which was just
presented, is shown as fully understood, but subject items 108, 118, and
particularly 110 show decay in understanding levels. In some embodiments,
when a subject item is first introduced, a short understanding decay time is

assigned to the item, indicative of the likelihood of a quicker decay of a user’s
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understanding level. Later, after the subject item has been presented multiple
times, and the user continues to indicate a high degree of comprehension, the
decay time may be raised, resulting in less frequent presentation of the item.

[00107]In Fig 6(c), the predicted understanding of subject item 110 may
have diminished far enough that it becomes eligible to be presented again. After
the presentation of subject item 116, the priority value associated with subject
item 110 is higher than that of any other subject item linked to subject item 116;
therefore, subject item 110 may be presented to the student again. Fig 6(d)
shows the final result where items 108, 110, 118, and 116 are now well-
understood.

[00108]FIG. 7 shows a scenario where basic subject items are reviewed in
a manner consistent with disclosed embodiments. In Fig 7a, predicted
understanding levels of subject items 120 and 112 have decayed far enough that
item 122 may be added to the candidate list and presented. The inclusion of
subject item 122 may be triggered by a decrease in the predicted understanding
levels of more advanced items 120 and 112.

[00109]In Fig 7(b), the understanding of subject item 122 may qualify
subject items 120, 112, and 114 for inclusion on the candidate list. Note that
subject item 114, which may not have been previously presented, is now eligible
for presentation. The scenario shown in Fig. 7(b) is illustrative of an instance
when a review of basic subject items may open up new subject items for learning.
For example, a user who questioned the need for the zero element and
commutator relations and expressed appropriate interest may be introduced to

the ideas of group theory.
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[00110]FIG. 8 illustrates how inputs of user interest can influence the
presentation of subject items and paths to the presentation of more advanced
subject items in a manner consistent with disclosed embodiments. In Fig 8(a),
subject item 124 may be presented and, as shown in Fig. 8(b) is comprehended
by the user. At this point, advanced subject items 126 and 128 may become
eligible for inclusion in the candidate list for presentation. If subject item 128 is of
higher priority and presented first, but the user does not express interest in
subject item 128, then, the next highest priority subject item linked to subject item
124, which may be subject item 126, may be presented. As shown in Fig 8(b),
subject item 128 has been rejected by the user, and subject item 126 is selected
for presentation with the user expressing interest. In some embodiments, the link
strength of link 130 may be set to 0 when the user expresses disinterest in
subject item 128. Once subject item 126 has been understood by the user,
advanced subject item 132 linked to subject item 126 may be eligible for inclusion
in the candidate list and for possible presentation to the user. As Fig. 8 shows,
subject item 132 could also have been selected as a candidate for presentation if
the user had expressed an interest in subject item 128. Thus, user interest
helped determine the learning path to subject item 132. The path to subject item
132 was given by subject items 124-126-132 and selected based on user interest
(instead of the alternate learning path given by subject items 124-128-132).

[00111]As shown in Fig. 8(c), the linkage strength of link 130 may be
restored over time, but if the student repeatedly expresses disinterest when
subject item 132 is presented after the viewing of subject item 124, then the time
period over which link 130 may be restored will keep increasing with each

additional rejection. Fig. 8 illustrates the situation where a rejected subject item
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may be selected for presentation again, in anticipation that user interest may shift
with time, while respecting strongly held and repeatedly expressed disinterests.

[00112]FIG. 9 shows the teaching algorithm implemented on an exemplary
computing device with an interface that facilitates more specific and direct
changes to subject item content, teaching parameters contained in user profiles,
and other elements contained in knowledge base 8. As shown in Fig 9(a), in
some embodiments, a user may be able to browse the subject item content, view
linkages between subject items, search for a subject item, and view the progress
made thus far. In some embodiments, panel 134 and search bar 136 may be
used to limit subject items displayed in pane 138. In some embodiments, laterally
connected items may be arranged into horizontal bars, and advanced/basic
connections may be displayed as single lines. The current subject item is
displayed in pane 140 and may be highlighted in the structure graph, as shown in
highlighted section 142. Finally, the entire display can be panned by dragging on
138 or zoomed in and out by dragging on 144. In some embodiments, finger
movements on a multi-touch screen (such as a capacitive touch screen) on
computing device 4 may be used to perform panning, zooming, selection, and
other interactive functions. By selecting subject items manually through the
browser, the student can start and reset the teaching algorithm from familiar
points, accelerating the learning process. In some embodiments, multiple items
may be made active at the same time, so that the user can study several
unrelated subjects concurrently; in such an embodiment, the user can switch
between the multiple items manually, or the algorithm can select the subject item

whose next item is most presentable.
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[00113]Further, as shown in Fig 9(b), in some embodiments, content
associated with a subject item may be displayed in pane 146, and a user may be
able to input the degree of comprehension using the grayscale shaded touchbar
element 148.

[00114]In other embodiments, as shown in Fig 9(c), the top three
presentable subject items 150, 152, 154 may be displayed, with higher priority
guestions scaled to a larger size. By clicking and/or touching one of the displayed
subject items, e.g., 152, the user may be able to indicate interest in the selected
subject item 152 and disinterest in the other subject items.

[00115]In some embodiments, computing device 4 may display output
from a statistics and analytics module that assesses a student’s understanding of
a particular item, a group of items, or an entire knowledge base. In one
embodiment, a binary indicator may be used where indicator(s) on exemplary
computing device 4 may glow red if user understanding of a subject item is low,
and more study is needed, and/or the indicator(s) may glow green otherwise. In
some embodiments, a more detailed interface could visualize variations in
teaching parameters associated with individual subject items using color coding,
for example using the exemplary browser shown in Fig 9a.

[00116]Fig 10 shows an exemplary embodiment of a system 156 for
knowledge dissemination and acquisition implemented into an augmented reality
device in a manner consistent with disclosed embodiments. For example, system
156 may comprise a wearable computer, a projector that directly beams a display
into an operator’s eye, and a camera that tracks and recognizes objects around
the operator. Such machines are used, for instance, by mechanics to assemble

cabling in aircraft — step by step directions are projected directly onto the
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assembly space, making it clear where the cables should go. In an analogous
way, a wearable form of the present invention could recognize lecture material
being presented, and the student could indicate his interest and comprehension
of such material through an interface that appears to float directly on top of the
blackboard. For example, the buttons below pane 158 may be used to indicate
interest and a pane such as pane 160 may be used to indicate comprehension. In
some embodiments, knowledge base 8 may be continually or periodically
updated during a conventional class lecture, and the teacher could receive
immediate feedback on how well the lecture is being followed by the students. In
some embodiments, system 156 may include devices that may be capable of
receiving stimuli from the outside world while also effecting changes in the
environment. For example, operation of the invention could influence the
operation of a robot, vehicle, interactive model, or some laboratory equipment.
[00117]FIG. 11 shows a teddy bear with an embedded teaching device
162 that may be used to teach children languages. In some embodiments, a
system for knowledge dissemination and acquisition may be dressed in forms
without displays or buttons, where the interface is indirect and hidden from plain
view. The teddy bear with the embedded teaching device 162 may sense a
child’s presence through cameras and/or other sensors in its eyes 164; and may
play audio via a speaker in its stomach 166; and may receive comprehension and
interest inputs via pressure sensors on its arms 168 and stomach 166.
[00118]FIG. 12 shows a computer game 170 where raised blocks 172 on
mushroom-like stands 174 are used to represent ideas. In some embodiments, a
system for knowledge dissemination and acquisition may be dressed in an

entertaining format, where secondary environmental cues and effectors are used
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to maintain student interest. In computer game 170, users may learn by jumping
from block to block and being presented with subject items. When they
comprehend a subject item, the block may grow, and bridges 176 may sprout to
new subject items 178 on other mushrooms. If they fail to comprehend an idea
repeatedly, the block may be made to disappear and turn into a hole, and the
student’s character may slide down onto a lower level area. In general, a
computer game, such as exemplary computer game 170 can reflect subject item
linkages by using environmental cues; display priority values using metaphors
such as hill steepness, obstacles, monsters, etc.; and gauge comprehension and
interest based on player actions, such as which path the player walks down.

[00119]In some embodiments, computer game 170 may gauge the user’s
attention level and maintain an optimal attention level — not too sleepy or too
frenetic. In some embodiments, the user’s attention and/or degree of
comprehension may be gauged by assessing the speed at which questions are
answered; in response, teaching parameters might be varied, and in addition,
steps might be taken to maintain the user’s attention, e.g. by varying the pace of
the game, modifying the background sounds or music, and/or including more or
fewer interactive components. Subtle cues, e.g. changes in respiration,
physiological parameters, or brain activity, could modify the operation of a system
for knowledge dissemination and acquisition so that the system could be
optimally responsive to the user thereby facilitating user engagement for long
periods.

[00120]1t should be noted that the examples provided above are for
explanatory purposes only and many other variations of disclosed embodiments

are possible and envisaged. For example, a variety of methods and/or models
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may be used to: measure student interest and degree of comprehension ; predict
how student understanding and interest changes with time; compute the priorities
of items, and to determine the order in which items are presented; tie student
interest to changes in linkage strengths and item priority; use results of tests and
other external evaluation metrics to determine understanding levels, priority
values, etc.; permit multiple subject items to be active simultaneously; permit user
collaboration in adding, modifying, and removing content from the knowledge
base, etc. In some embodiments, the user interface may be extended to enable
more detailed control over program parameters and enhanced visualization of
knowledge base content.

[00121]Other embodiments of the present invention will be apparent to
those skilled in the art from consideration of the specification and practice of one
or more embodiments of the invention disclosed herein. It is intended that the
specification and examples be considered as exemplary only, with a true scope

and spirit of the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A processor-implemented method for disseminating content
associated with a plurality of linked subject items in a knowledge base wherein
individual subject items are associated with corresponding user-specific
understanding values, the method comprising:

ranking at least one of a plurality of candidate subject items for
presentation to at least one user based on priority values associated with the
candidate subject items, wherein the candidacies are determined and the priority
values are computed based, at least in part, on:

the user-specific understanding values
corresponding to the at least one of a plurality of
candidate subject items,

the user-specific understanding values of at
least one of a plurality of basic subject items linked to
the at least one candidate subject item, and

the user-specific understanding values of at
least one of plurality of advanced subject items linked

to the at least one candidate subject item.

2. The processor-implemented method of Claim 1, further comprising

displaying content associated with the at least one of the plurality of candidate

subject items in order of rank.
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3. The processor-implemented method of Claim 2, wherein the display

of content associated with the at least one of the plurality of candidate subject

items is based, in part, on input indicating user-interest in the at least one of the

plurality of candidate subject items.

4. The processor-implemented method of Claim 1, wherein the priority
values associated with the at least one of a plurality of candidate subject items
are recomputed if a specified time interval has elapsed since the most recent
computation of priority values associated with the at least one candidate subject

item.

5. The processor-implemented method of Claim 1, wherein basic
subject items comprise subject items linked to the at least one candidate subject
item whose understanding would aid the understanding of content associated

with the candidate subject item.

6. The processor-implemented method of Claim 1, wherein advanced
subject items comprise those subject items linked to the at least one candidate
subject item and where understanding of the candidate subject item would aid the

understanding of the advanced subject items.

7. The processor-implemented method of Claim 1, wherein the priority

value is computed based on the user-specific understanding values
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corresponding to the at least one of the plurality of candidate subject items, if the

user-specific understanding values are below an understanding value threshold.

8. The processor-implemented method of Claim 1, wherein user-
specific linkage strengths are used to indicate a strength of association between
pairs of linked subject items in the knowledge base and the linkage strengths are
used in the determination of candidacy and in the computation of the priority

values.

9. The processor-implemented method of Claim 8, wherein the priority
values are computed based on the understanding values of at least one of a
plurality of subject items, if the weighted average of the understanding values
corresponding to the at least one of a plurality of basic subject items is above an
understanding value threshold, wherein the weights associated with the
understanding values are a function of the user-specific linkage strengths
between the at least one of the plurality of basic subject items and the candidate

subject item.

10.  The processor-implemented method of Claim 8, wherein the priority
values are computed based on the understanding values of at least one of
plurality of subject items, if the weighted average of the understanding values
corresponding to the at least one of a plurality of advanced subject items is below
an understanding value threshold, wherein the weights associated with the

understanding values are a function of the user-specific linkage strengths
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between the at least one of the plurality of advanced subject items and the

candidate subject item.

11.  The processor-implemented method of Claim 1, wherein the

ranking is performed in decreasing order of priority value.

12.  The processor-implemented method of Claim 1, further comprising
computing the user-specific understanding values during the determination of
candidacy and computation of priority values, based, in part, on at least one of :

time elapsed since the immediately preceding update of the
user-specific understanding values, or

user-specific time variation modification parameters.

13.  The processor-implemented method of Claim 1, further comprising
updating the user-specific understanding values and/or user-specific time
variation modification parameters based, at least in part, on the user’s

comprehension of the content after the content has been displayed.

14.  The processor-implemented method of Claim 8, further comprising
computing the user-specific linkage strengths during the determination of
candidacy and computation of priority values based, at least in part, on:

time elapsed since the immediately preceding update of the
user-specific linkage strengths, and/or

user-specific time variation modification parameters.
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15.  The processor-implemented method of Claim 8, further comprising:

displaying content associated with the at least one of the plurality of
candidate subject items to the user based on input indicating user-interest in the
at least one of the plurality of candidate subject items; and

updating the user-specific linkage strengths and/or user-specific time
variation modification parameters based, at least in part, on the user’s interest in

the content.

16.  The processor-implemented method of Claim 1, wherein the
method is performed on at least one of:

a compute cloud,

a server farm, or

a computing device.

17.  The processor-implemented method of Claim 2, wherein the
content is displayed on at least one of:

a smart phone,

a handheld computing device,

a tablet computer,

a notebook computer, or

a desktop computer.
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18.  The method of Claim 1, wherein the plurality of candidate subject

items are linked to an immediately preceding subject item viewed by a user.

19. A system comprising:
a computing platform coupled to storage device,
the storage device comprising a knowledge base,
the knowledge base comprising content associated with a plurality
of linked subject items, and wherein individual subject items are associated with
corresponding user-specific understanding values, and
wherein the computing platform performs a method to retrieve and
disseminate content associated with the plurality of linked subject items in the
knowledge base the method comprising:
ranking at least one of a plurality of candidate subject items
for presentation to at least one user based on priority values
associated with the candidate subject items, wherein the
candidacy is determined and the priority values are computed
based, at least in part, on:
the user-specific understanding values
corresponding to the at least one of a plurality of
candidate subject items,
the understanding values of at least one of a
plurality of basic subject items linked to the at least

one candidate subject item, and
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the understanding values of at least one of
plurality of advanced subject items linked to the at

least one candidate subject item.

20.  The system of Claim 19, further comprising displaying content
associated with the at least one of the plurality of candidate subject items in order

of rank.

21.  The system of Claim 19, wherein the computing platform comprises
at least one of:
a cloud,
a server farm, or

a computing device.

22.  The system of Claim 20, wherein the content is displayed on at
least one of:
a smart phone,
a handheld computing device,
a tablet computer,
a notebook computer, or

a desktop computer.

23. The system of Claim 22, wherein the content display device and the

computing platform are wirelessly coupled.
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24.  The system of Claim 19, wherein user-specific linkage strengths are

used to indicate a strength of association between pairs of linked subject items in

the knowledge base and the linkage strengths are used in the determination of

candidacy and the computation of the priority values.

25.  The system of Claim 24, wherein the priority values are computed
based on the understanding values of at least one of a plurality of subject items, if
the weighted average of the understanding values corresponding to the at least
one of a plurality of basic subject items is above an understanding value
threshold, wherein the weights associated with the understanding values are a
function of the user-specific linkage strengths between the at least one of the

plurality of basic subject items and the candidate subject item.

26. The system of Claim 24, wherein the priority values are computed
based on the understanding values of at least one of plurality of subject items, if
the weighted average of the understanding values corresponding to the at least
one of a plurality of advanced subject items is below an understanding value
threshold, wherein the weights associated with the understanding values are a
function of the user-specific linkage strengths between the at least one of the

plurality of advanced subject items and the candidate subject item.

27. The system of Claim 19, wherein the priority value is computed
based on the user-specific understanding values corresponding to the at least
one of the plurality of candidate subject items, if the user-specific understanding

values are below an understanding value threshold.
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28.  The system of Claim 19, wherein the knowledge base is coupled to

the computing platform over the Internet.

29. The system of Claim 19, wherein the plurality of candidate subject

items are linked to an immediately preceding subject item viewed by a user.

30. A non-transitory computer-readable medium that stores
instructions, which when executed by a processor perform steps in a computer-
implemented method for disseminating content associated with a plurality of
linked subject items in a knowledge base wherein individual subject items are
associated with corresponding user-specific understanding values, the method
comprising:

ranking at least one of a plurality of candidate subject items for
presentation to at least one user based on priority values associated with the
candidate subject items, wherein the candidacy is determined and the priority
values are computed based, at least in part, on:

the user-specific understanding values
corresponding to the at least one of a plurality of
candidate subject items,

the user-specific understanding values of at
least one of a plurality of basic subject items linked to

the at least one candidate subject item, and
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the user-specific understanding values of at
least one of plurality of advanced subject items linked
to the at least one candidate subject item; and
displaying content associated with the at least one of the plurality of

candidate subject items in order of rank.
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