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CREATE A HETEROGENEQUS LEARNER GROUP

BACKGROUND
{0001} Studenis may be placed in learming groups, for example, to attend a
particudar class or lecture, to work on a group project, or study for an exam. The studenis

may benefit from the knowledge and experience of other students in the group.

BRrier DESCRIPTION OF THE DRAWINGS

{0002 The drawings describe example embodiments. The following detailed
description references the drawings, wherein;

{00031 Figure 1 is a block diagram Hlustrating one example of a computing
system {o create a heterogeneocus learner group.

{0004]  Figure 2 s a flow chart ilustrating one example of a method to create a
heterogeneous learnar group.

{0005} Figure 3 is a block diagram illustrating one example of a computing
system {0 create a heterogeneous lgarner group based on historical performance data.

10006] Figuwre 4 is a flow chart lustrating one example of a method o create a
heterngeneous learner group based on historical performance data.

{00071 Figure 5 is a diagram illusirating one example of creatling a helerogeneous
learner group based on historical performance data.

{00087 Figuwre § is a diagram illustrating one example of creating a heterogeneous
learner group from a homogeneous learner group,

DETAILED DESCRIPTION

{00087 In one implementation, a processor automatically creates a
heterogeneous learner group by adding a leamer to a learning group such that the
added learner is identified based on his ability to address a weakness associated with
the group. For example, the processor may apply a clustering method to a set of
learners to group the leamers together based on a set of factors. The set of factors
may be further analvzed to delermine a weakness in the factor values associated with
the group, and the values of the factors associated with the group compared o the
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vatues of the faclors associated with the additional learner. The additional learner may
be added to the group 1o create g heterogeneous leamer group.

100101  The factors used to select the additional learner may be refated to
historical performance data. For example, a score below a threshold may be
associated with the group, and an additional learner selecled {0 join the group may
have a score above a threshold, or vice versa. The score may be, for example, a
correct answer 1o a question or an overall performance grade in a subject area.

100111 In one implementation, a heterogeneous leamer group is automatically
created from a homoganeous learner group. For example, a processor may cluster a
group of learners hased on the degree of commonality of factors associated with the
individuals in the group and sselect a leamer {o join the group based on a degree of
difference related to the factors associated with the group.

{00121 Helerogeneous learning groups may allow learners in a group to leam
more based on the way the learners may heip one ancther. Automatically creating a
heterogeneous learmer group may provide advantages in a learning environment, such
as by allowing a teacher to sel crieria and automatically receive a list of
recommended heterogenecus learning groups that meet the criteria from a large set of
individual learners.

{00131 Figure 1 is a block diagram illustrating one example of a computing
system 100 to create a heterogeneous learner group. For example, the computing
system 100 may automatically create a group of learners such that the learners have
different strengths and weaknesses. The computing system 100 may use any suitable
type of data to create the group, such as performance data or study habit data. The
computing system 100 includes a processor 1071 and a machine-readable storage
medium 102,

[0014] The processor 101 may be a central processing unit (CPU), a
semiconductor-based microprocessor, or any other device suitable for refrieval and
execution of instructions.  As an allernative or in addition to fetching, decoding, and
executing instructions, the processor 101 may include one or more integrated circuits
(ICs) or ather electronic circuits that comprise a plurality of electronic components for
performing the functionality described below. The funclionality described below may be
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performed by mulliple processors.

{0015]  The processor 101 may communicate with the machine-readable storage
medium 102, The machine-readable storage medium 102 may be any suilable machine
readable medium, such as an electronic, magnetic, optical, or other physical storage
device that stores executable instructions or other data {(e.g., a hard disk drive, random
access memory, flash memory, ele). The machine-readable storage medium 102
may be, for example, a computer readable non-transifory medium. The machine-
readable storage medium 102 may include instructions execulable by the processor
101, such as group strengthening leamer association instructions 103 and
helerogeneous leamer group output instructions 104.

{0018] The group strengthening learner association instructions 103 includes
instructions to select a3 leamer 1o add to a learner group based on the ability of the
selected learner to strengthen the group. For example, a selecled learner may be
associated with the group of learners based on a value of a factor associated with the
group of learmers compared to a value of the factor associated with the selected
learner. The selected learner may be s leader learner selected {o provide a strength
to the group. For example, the value associated with the selected learner may be
indicative of a strength compared to the value associated with the group of leamers.

{00171 In some cases, mulliple additional learmers may provide a strength to the
group of learners, and a learner may be selected from the set of additional learners
based on the degree of strength of the additional leamer, difference in the factor value
compared 1o the group of leamers. In some implementations, multiple faclors are
used, and the number of strengths or the weight of the factors addressed is used to
select a leamer from the set of potential learners to add to the group.

{0018] The heterogeneous leamer group oulput instructions 104 include
instructions to create a helerogenecus group by adding the selected leamer to the
learning group and outputting information about the heterogeneous learner group. For
example, information about the heterogeneous group may be transmitted, stored, or
displayed. in one implementation, multiple heterogeneous groups are created, and a
user interface is provided to allow a user to select one or more of the created groups.

in one implementation, multiple helerogeneous groups are created based on a criteria,
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such as the number of learners per group, and the potential groups are ranked relative
to one another such that the a subset of the potential groups with & ranking above a
threshold are output for recommendation.

{0019]  Figure 2 is a flow chart lustrating one example of a method to create a
heterogeneous learner group. The learning group may be created for any suitable
purpose, such as for formal education, professional training, or leaming a new skill.
The heterogensous learmer group may be automatically created to include at least one
leader learner to address a weakness of the other group members. The method may
be implemented, for example, by the processor 101 of Figure 1.

{00201 Beginning at 200, a processor agsociates a selected learner with a group
of learners based on a value of a factor associated with the group of lsamers
compared to a value of the faclors associated with the selected leamer. For example,
the value associaled with the selected learner may be indicative of a strength
compared to the value associated with the group of learmers.

{0021} The learmner may be selected according to any suitable method. For
axample, a pool of learmners may be considered for adding to the group. In one
implementation, multiple polential groups may be created by adding different learners
to the group. The different groups may be scored, and the scores may be compared
fo determine a group or set of groups o recommend. The processor may perform a
recursive strategy. For example, at each round, the processor may select a learner
found to oplimally address the weakness of the group, such as based on a
comparative group score of the group including the selected learner, and/or selecting a
learner that marginally addresses the weakneass of the group, such as based on a
comparative group score with the lowest score above a threshold. In one
implementation, multiple methods are performed {o create potential learners to add to
the group. Information about the potential groups may be provided to a user to select
from the proposed groups and/or the processor may select between the proposed
groups based on additional factors.

{0023}  The processor may receive information about the group of learners, such
as from a storage. In one implementation, the processor creates the group of

learners. The processor may create the group of learners using any suitable method,
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such as a clustering method. The group of learners may be grouped together {0 be
similar or diversea, such as a group with simiar study habits or different study habits.
The groups may be created based on any suitable factors. For example, the group
may be created from historical performance data such that the group is created to
make the historical performance data similar.  In some implementations, the learner
group clustering instructions include instructions to create multiple learning groups
such that the same learner may be in one group, or in some casas multiple groups.

{00231 The processor associates a selected learner with the group of learmers
based on values of the factors associated with the members of the group compared to
values of the factors associated with the selecied learmer. For example, the leader
learner may be selected to address a weakness associated with the group of learners.
The steps may be performed i any suitable order.  For example, in one
implementation, a processor selects a leader learner and then selects a group of
learners to leamn from the leader leamer.

{00241 In one implementation, a value associated with the group is below a
threshold and a value associated with the leader is above a threshold or vice versa.
For example, the threshold may be used fo indicate whether a value is indicative of a
strength or weakness. In some cases, the leamers may be ranked. For example, a
weakness may be identified for a group of learmners, and & learner with a score in the
area in the top N or top X percent may be determined to be a strength. In one
implementation, the processor determines multiple factors indicative of 3 weaknesses
and selects the learmner based on the number of factors andior weight of the factors
indicative of a weaknesses addressed by the selected learner. In one implamentation,
historical performance data is used o selec! the leader leamer. For example, the
correctness of an answer {o a particular test question, the correctness of an answers
{0 a set of test questions, 3 test score, and/or a performance evaluation score may be
used.

{0025] The factors used to create the group may be the same or different than
those used to select the leader learner. For example, a homogeneous group may be
selected based on the study habils of the learners within the group, and a leader
learner may be selected to join the group based on historical performance data
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associated with the group compared to the leader leamer.

{0028}  The processor may use mulliple pleces of selection criteria. For example,
a factor in addition o the relative strength of the selected learner may be applied that
relates to the leader learner and the group. The processor may apply constraints
refated to how the heterogeneous group fits into a8 context of groups, such as based on
user provided criteria.  For example, the processor may select the leader andior the
heterogeneous group based on the size of the heterogenecus group, the uniqueness
of membership of the heterogenecus group, the number of additional learners added
fo the heterogeneocus groups, and a comparison of the heterogeneous group to other
potential heterogeneous groups.

{00271 In one implementation, multiple selected learners may be added to a
group, such that they address the same or different factors. For example, one leamer
may be selected 1o join because of a strength in science and another may be selected
because of a strength in mathematics.

{00281  In one implementation, the helerogenesous group is created based on
additional criteria. The additional criteria may be delermined by the processor and/or
determined based on user input. For example, the criteria may include the size of the
heterngenesous group, the uniqueness of membership of the heterogeneous group, the
number of additional learners added to the helerogenecus groups, and a comparison
of the heterogeneous group io other heterogeneous groups. The additional criteria
may include a degree of reciprocity. For example, a second factor may be considered
where the value of the second factor associated with the selected leamer is indicative
of a weakness compared to the value associated with the group of leamers.

{00281  In one implementation, the method is an fterative process. For example,
learners may be grouped based on a weakness determined based on histarical
performance data, such as creating a first group with a weakness in reading and a
second group with a weakness in science. The processor may attempt to identify a
learner that addresses a weakness associated with the group. In some cases, a8
learner that addresses the weakness is not available and/or a group created with an
available learner has a desirability score below a threshold, such as because the

learner does not adequately address the weakness, create a reciprocity score above a
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threshold, and/or result in an overall strength score associated with the group above a
threshold. The processor may re-group the learners, such as using a different methad
or based on different factors, and attempt {o select learners to associate with the new
groups. In one implementation, if a learner is not identified, the processor generates a
user interface to request that the user updale the grouping andfor learner selection
criterig, and the processor may perform the method again with the updated criteria.

{00301 Continuing to 202, a processor oculpuls information related to a
heterogeneous learmer group created from the group of leamers and the selected
learner. For example, the processor may create the heterogensous group by adding
the leader learner to the group of leamers. The processor may create multiple
heterogeneous group options and select an option to present to a user based on a set
of properties associated with the heterogeneocus groups. The information abowt the
heterogeneous group may be output in any suitable manner, such as by information
related to the group being displayed, transmitted, or stored. In one implementation,
the processor selects and/or creates content based on the heterogensous group, such
as content {ailored to the particular strength and weaknessas of the group.

10031} Figwe 3 is a block diagram illustrating one example of a computing
system 300 to create a heterogeneous leamer group based on historical performance
data. For example, the heterogeneous leamer group may include a leader learmer
with higher performance datla in a particular area of weakness related to the group of
learnars. A processor may determine a weakness associated with the group of
learners and a leader leamner with an atlribute that addresses the weakness. The
computing system 300 includes a processor 301 and a machine-readable storage
medium 302,

{0032] The processor 301 may be a central processing unit (CPU), a
semiconductor-based microprocessar, or any other device suitable for retrieval and
execution of instructions. As an alternative or in addition to fetching, decoding, and
executing instructions, the processor 301 may include one or more integrated circuits
{ICs) or other electronic circuits that comprise a plurality of electronic components for
performing the functionality described below. The functionality described below may be
performed by multiple processors.
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{0033]  The processor 301 may communicate with the machine-readable storage
medium 302. The machine-readable storage medium 302 may be any suitable machine
readable medium, such as an elechronic, magnetic, optical, or other physical storage
device that stores executable instructions or other data (e.g., a hard disk drive, random
access memory, flash memory, efc.). The machine-readable storage medium 302
may be, for example, a computer readable non-transitory medium.  The machine-
readable storage medium 302 may include instructions executable by the processor
301, such as homogeneous learner group low area of performance determination
instructions 303, addiional learner selection instructions 304, and heterogeneous
learner group cutput instructions 305,

{0034] The learner group low area of performance determination instructions 303
includes instructions to determing an area of low performance associated with a group
of learners. For example, a test question answer, test score, or report card data may
be used. The processor may have a threshold to identify a low area of performance,
such as a value below a threshold, an area in the bottom N areas of performance for
the group, and/ar the bottom X percent argas of performance for the group.

10035] The additional learner selection instructions 304 includes instructions to
determine a learner with a higher value of performance in the parficular area. For
gxample, set of additional learmmers may be compared 1o one another lo select an
additional learner that has a higher performance in the particular area. Other factors
may be considered in addition to the performance, such as where multiple potential
additional learners to add {o the group have a higher performance value in the
particular area.

{0036] The heterogensous learner group oulput instructions 305 includes
instructions 1o create a helerogeneous leamaer group by adding the selected lgarner to
the learner group and outpulting information about the heterogeneous learner group.
For example, information about the group may be stored, transmitted, or displayed. In
one implementation, the computing syslem 300 recommends multiple sefs of
heterogeneous groups and allows a user {o select a group.

{00377 Figure 4 is a flow charl Hlustrating one example of a method to create a
heterogeneous learner group based on historical performance data. For example, the

8
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heterogeneous learner group may include at least a pair of leamers with different
historical performance data where the first learner 1s considersed to have a strength in
an area of weakness of a second leamer. The method may be implemented, for
example, by the processor 401 of Figure 4.

{0038]  Beginning at 400, a processor determines an area of performance below a
threshold associated with a subset of leamers based on historical performance data
associated with the leamers within the subset. The area of performance may be, for
example, an incorrect answer on a test exam, a set of questions with a percentage
correct score below a threshold, or a report card grade in a subject below a threshold.
in one implementation, the threshold may be determined by the relative performance
in different areas, such as where the threshold is based on the lowest N areas of
performance. There may be mulliple low areas of performance identified. The area of
performance may be individual information associated with the members of the group
and/or aggregated performance information associated with the group as & whole. As
an sxample, the area of performance below a threshold may include questions
answered incorrectly an an evalualion by at least ane of the learners within the subset.

100397 Continuing to 401, a processor selects a learner oulside of the subset of
learners based on the selected learner's performance level above a threshold related
fo the area of performance. The threshold may be a standard threshold or set based
an the low performance degree of the group, such as where any performance greater
than the performance associated with the group or X percent higher than the
performance of the group may be considered {o be above the threshold.

{0040} The learner may be selected according to any suitable msthod. For
example, multiple groups may be created by selecting different learners to the group.
The groups may be scored and the scores compared o select a group or set of
groups. The processor may perform the leamer selection recursively. For example, at
each round of the recursion, the processor may select a learner that optimally
addresses the weakness of the group andior select a leamer thal marginally
addresses the weakness of the group. In one implementation, multiple methods are
performed to select potential learmers to add to the group. Information about the
potential groups may be provided o a user to select from the proposed groups andfor

g
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the processor may select between the proposed groups based on additional factors.,

{0041} In one implemaniation, there are mulliple areas of low performance
associated with the group, such as where a list of guestions answered incorectly by
any member of the group are identified as the areas of low performance. The
processor may select from among a set of learners to add to the group based on the
number or areas or area types addressed by each of the learmners. For example, the
learner may be selected based on addressing the highest number of performance
areas, addressing performance areas given grealer weight, and/or the degree o which
the learner exceeds the threshold for a particular performance area.

{00421  In one implemeniation, a degree of reciprocity is determined. For
example, the selected learmer may be selected both on the degree o which the
selected learner addresses a weakness associated with the group and the degree to
which the group addresses a weakness associated with the selected leamer. In one
implementation, multiple polential groups are crealed, and the groups are scored
based on the degree of reciprocity. The processor may select a group or subset of
groups to recommend basad on the degree of reciprocity.

100431 The learner grouping and learner selection may be performed iteratively.
For example, learners may be grouped based on a weakness determined according to
historical performance data. The processor may attempt 1o identify a learner that
addresses a weakness associated with the group. In cases where a leamer is not
identified, the processor may group the learners again and attempt to identify a learmner
to add to each of the newly created groups. The processor may re-group the learners,
such as using a different method or based on different factors, and attempt {o select
learners to associate with the new groups. In one implementation, the processor
groups the learners and associates a selected learner with a first group but not a
second and third group. The processor may re-group the learners in the second and
third group to create new groups and select leamers to add to address weaknesses of
the newly created groups.

{0044} Continuing to 402, a processor outpuls information related o a
heterogeneocus learner group including the selected learner and the subset of learmers.
The information may be oufput in any suilable manner, such as by storing,

10
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fransmitling, or displaying information related to the members of the helerogeneous
group. In one mplementation, mulliple heterogeneous groups are created, the
processor selects at least one of the heterogeneous groups based on additional
factors, such as the size of the heterogensous group, the uniqueness of membership
of the helerogeneous group, the number of additional leamers added to the
heterogeneous groups, and a8 comparison of the heterogensous group o other
heterogeneous groups. In one implementation, the additional factors are related to
user provided constraints, such as a constraind that a particilar pair of learners be in
the same group or not be in the same group.

{0045  In one implementation, content is created and/or selected for the group.
For example, the content may be selected to address a weakness associated with the
group. In ong implementation, different content is created for the selected learner and
the additional learers.

{0046]  Figure b is a diagram illustrating ong example of creating a heterogensous
learner group based on historical performance data. Table 500 shows a chart with
students 1 through 5 and their associated answers 10 questions 1 through b, if any.
For example, student 1 answered guestions 1, 3, and 5 correctly and question 4
incorrectly, and student 2 answered question 1 correctly and question 2 incorrectly.
Black 501 shows a leamer group including student 3 and student 4. Block 502 shows
the pool of additional students {students, 1, 2, and 5} {o choose from to add {o the
learner group including students 3 and 4. Block 503 shows the list of questions
missed by at least one of the students in the learning group, questions 3 and 4, and
the corrsciness of the answers to those questions by the students in the additionsl
poot of students. The total column shows that student § answered both correctly and
that student 1 answered one correctly. Student 5 is selected based on a voting
method selecting the student able to address the greatest number of weaknesses
associated with the group. Block 508 shows the learner group of students 3 and 4
with added student 5.

{0047}  Figure 8§ is a diagram #lustrating one example of creating a heterogeneous
learner group from a homogenecus leamner group. For example, a homogenseous
group of learners may bhe selected using any suitable method for grouping, such as a
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clustering method.  The homogeneous grouping method may be used to group
learners together within similar characteristics, such as simiar weaknssses. Block
600 shows a set of leamers. Block 801 shows a group of homogeneous learners.
Block 802 shows an additional subset of learners from the set of learners in block 800
not included in the homogeneous group of learners in block 601. Block 603 shows a
learner X selected from the additional subset of learners in block 802, For example,
the learner X may be selected based on his ability to address weaknesses associated
with the homogeneocus group. Block 804 shows a heterogeneocus group of leamers
created from the homogensous subset of learners in block 601 and the additional
learner X from block 803,

12
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CLAIMS

1. A compuling system, comprising:

a processor to;

associate a selected leamer with a group of learmers based on a
value of a factor associated with the group of learmers compared o a
value of the factor associated with the selected leamer,

wherein the value associated with the selected leamer is indicative
of a strength compared {o the value associated with the group of learners;
and

output information related to a helerogeneous learmer group

created from the group of learners and the selected learner.

2. The computing system of claim 1, wherein the value associated with the
group is below a threshold and wherein the value associated with the
selected learner is above a threshold.

3. The computing system of claim 1, wherein the factor is related o historical

performance data.

4, The computing system of claim 3, wherein the factor related to historical
performance data relates to at least one of: the correctness of an answer to &
particular test question, the correctness of an answers to a set of test

questions, a test score, and a performance svaluation score.

5. The computing system of claim 4, wherein the processor determines multiple
factors indicative of 2 weaknesses and selecting the learner comprises
selecting the learner based on at least one of the number of factors and
weight of the factors where the value associated with the selected learner is

indicative of a strength.
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8. The computing system of claim 1, wherein the processor further applies
additional constraints when sslecting the leamer including at least ons of: the
size of the heterogensaous group, the uniqueness of membership of the
heterogeneous group, the number of additional learmers added to the
heterogenaous groups, and a comparison of the heterogeneous group 1o

other heterogeneous groups.

7. The computing system of claim 1, wherein the processor further adds the
heterocgeneous group to a set of heterogenecus groups based on a properties
associated with the set of heterogeneous groups.

8. A method, comprising:

determining, by a processor, an area of performance below a threshold
associated with a subset of learners based on historical performance data
associated with the leamers within the subset;

selecting a learner ocutside of the subset of learners based on the selected
learner’s performance level above a threshold related 1o the area of performance;
and

outputting information related {0 a heterogeneous learmer group including

the selecied learner and the subset of learmers.

8. The method of claim 8, wherein the area of performance below a threshold
ncludes a question answered incorrectly on an evaluation by al least one of

the learners within the subset,

10. The method of claim 8, wherein determining an area performance comprises
determining a first area of performance and determining a second area of
performance; and

wherein selecling a learner comprises:
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determining at least one of the number of areas of performance and
the weight of the areas of performance for which the selected leamer has
a performance level above the threshold; and

selecting the learner based on the determination compared to a

second learner outside of the subset of learnars.

11. The method of claim 8, further comprising:

creating a second helerogeneous group; and

selecting whether to ouiput the heterogeneous group or the second
heterogensous group based on a comparison of the heterogeneous groups.

12. The method of claim &, further comprising:
determining a second area of performance below a threshold
associated with the selected learnery, and
wherein selecling the learmer comprises selecting the leamer based on
whether the performance of the group related {o the second area of
performance is above a threshold.

13. A computer readable non-transitory storage medium comprising instructions
executable by a processor to:
create a heterogensous group of learners by selecting a learner to add
to a homogeneous group of learners based on a factor used {o create the
homogeneous group of learners, the value of the factor associated with the
homogeneous group, and the value of the factor associated with the added

learner;

output information related 1o the created heterogensous group.

14. The machine-readable non-transitory storage medium of claim 13, wherein

the factor relates to historical performance data.

15



WO 2016/018336 PCT/US2014/049041

15. The machine-readable non-transitory storage medium of claim 14, wherein
the factor comprises the correctness of a test question, the valus associated
with the homogensous group is indicative of an incorrect answer, and the

value associated with the selecled learner is indicative of a correct answer.

16



PCT/US2014/049041

WO 2016/018336

1/6

0oL

LOL

yoL -

2oL -

SNOLLDNYLSNI

. ANdINO dNOYO HINYYI

SNA0INIOOHILIH

SNOILLONMLSNI
NOILYIDOSSY HINGY3T
ONINGHLONIHLS dNOYD

WNIG3N FOVYHOLS 31aVav3ad-aNIHOYIN

HOS5300Hd

L O



WO 2016/018336 PCT/US2014/049041

2/6

Associate a selected learner with a
group of learners based on a value of
a factor assaciated with the group of
jearners comparedﬁ to a value of the L~ 200
factors associated with the selected
learner, where the value associated
with the selected learner is indicative
of a strength compared to the value
associated with the group of learners

3

Output information related {o a
TR , 201
heterogeneous learner group created -
from the group of learners and the
selected learner

FIG. 2



PCT/US2014/049041

WO 2016/018336

3/6

G0g

0L -

Log -~

SNOILONHLISNI AN41N0
mom &DDm@xmzm.qwdwa@,wzmwﬁmw%wx

SNOLLONYLSNI
V0% NOLLOATES HENEYET WNOLLIGOY

SNOLLONYMLEN]
coe - NOLLYNINGZLAG IONYNHOIYEd
- A0 VEEY MOT NOHD HIaNGVYET

HOS53004d

£ Oid



WO 2016/018336

4/6

Determine an area of performance
below a threshold associated with a
subset of learners based on
historical performance data
associated with the learners within
the subset

N\ 400

¥

Select a learner outside of the subset
of learners based on the selected
learner’s performance level above a
threshold related to the area of
performance

o~ 401

k.

Qutput information related o a
heterogeneous learner group
including the selected learmer and the
subset of learmers

FiG. 4

PCT/US2014/049041



PCT/US2014/049041

WO 2016/018336

5/6

S 'Oid

005 -~

G uspng
P Wapng
€ uepng
oG 7 dNOHD YEaNEYET
SNOINIOOHTL 3H G3.1vadn
z 108LI0T 0BL00] §UsSpng
0 Z juapnig
L 1IDBLODLY 08U L Iuspmg
oG - 1 31081307 [2)O ] | b UORSSNY) [T UONSAND
dnols sSNoUIBoWoN Ag Passiy suonsanyy Jojy Suiddeny
G apng
N., wﬁmﬁﬁmm 444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444
L UBpng 7 apns
¢ juapmg
SINIANLS
TYNOLIGAY TVLLNDLOd ANOHD UANUVYIT

100L0T 108407 G juapme
PBLOTD] 1080 108100Uf puspmg
Vauoen!  108dooy JOBL0N ¢ Juspms
10BLI00U] Wwau0D| Ziuepms
PBLOT] 108LONY 1094407 PBUCG| | JUsPME
G UCHSSND | ¥ UOHSIND | £ uolsany| Z uoysany| | uoRsand




PCT/US2014/049041

WO 2016/018336

6/6

9 Ol SHANMYI
40 dNO¥O SNONIDOYILIH

s,
£ ......

| (dnouo x
 SNONIDOWOH THL HLIM QILVIDOSSY '
 3NADILSIHILOVHVHO ¥ OL
TUVANOD FTTVA OLLSIITZLOVHVHO
NO Q3Sve 310313%)

709~

X HINGYIT 5,

SHINHYET
40 L388NS 4NGHO SAONIO0N0OH

2 e A 109



ATIONAL SEARC 0) International application No.
INTERNATIONAL SEARCH REPORT PCT/US2014/049041

A. CLASSIFICATION OF SUBJECT MATTER
G06Q 50/20(2012.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G06Q 50/20; GO9B 5/00; GO9IB 7/00, GO6Q 50/22, GO9IB 17/00, GO9IB 3/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢eKOMPASS(KIPO internal) & Keywords: leamer, group, heterogeneous, performance, weakness

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2010-0227306 A1 (ROBERT M. LOFTHUS et al.) 09 September 2010 1-15
See abstract, paragraphs [0015],[0072], [0075], [0078], [0080]-[0083], claims 1-
7,12-15 and figure 4.

A US 2013-0052628 A1 (SHARATH SRINIVAS et al.) 28 February 2013 1-15
See abstract, claims 1,4-7,9-10 and figures 2,4.

A US 2012-0276514 A1 (STEVEN M. HAIMOWITZ) 01 November 2012 1-15
See abstract, claim 1 and figure 6.

A US 2013-0018669 Al (T. GREGORY BENDER) 17 January 2013 1-15
See abstract, claim 1 and figure 4.

A US 2009-0186329 A1 (CAROL CONNOR) 23 July 2009 1-15
See abstract, claims 21-23,27 and figure 1.

. . . . N7 :
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the applicationbut cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the ¢laimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
27 April 2015 (27.04.2015) 27 April 2015 (27.04.2015)
Name and mailing address of the ISA/KR Authorized officer

International Application Division
& Korean [ntellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, -+82 42 472 7140 Telephone No. +82-42-481-8364
Form PCT/ISA/210 (second sheet) (January 2015)

Jang, Gijeong




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/049041
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0227306 Al 09/09/2010 EP 2199963 Al 23/06/2010
JP 2010-146561 A 01/07/2010
JP 2010-146562 A 01/07/2010
US 2008-0286732 Al 20/11/2008
US 2009-0246744 Al 01/10/2009
US 2010-0159432 Al 24/06/2010
US 2010-0159437 Al 24/06/2010
US 2010-0159438 Al 24/06/2010
US 8457544 B2 04/06/2013
US 8699939 B2 15/04/2014
US 8725059 B2 13/05/2014
US 2013-0052628 Al 28/02/2013 DE 102012214049 Al 28/02/2013
US 2014-234822 Al 21/08/2014
US 8718534 B2 06/05/2014
US 2012-0276514 Al 01/11/2012 US 8666300 B2 04/03/2014
US 2013-0018669 Al 17/01/2013 CA 2609124 Al 23/11/2006
US 2006-263757 Al 23/11/2006
US 8180274 B2 15/05/2012
WO 2006-124931 A2 23/11/2006
WO 2006-124931 A3 27/12/2007
US 2009-0186329 Al 23/07/2009 US 8506304 B2 13/08/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

