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In the Ontology Editor Software, enter
bibliographical and analytical data about the
problem under extraction.

!

Enter the steps
for the textbook
strategy.

!

List possible errors that students could
make and relevant research citations.

!

List questions that
student, teachers or
parents may raise
about any step.

!

List leading questions designed
to lead students to key insights
and nuances and relevant
research citations.

!

List applications of
concepts.

!

Reverse-engineer concepts
where helpful.

!

Specify the
mathematical meaning
to be obtained from
written steps.

!

Enter relevant comments
and notes about the recently
completed phase of extraction.

ave these steps
been performed for the
textbook solution and alternate
solutions strategies
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FIG. 5-1
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- T —
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| of special modules calculator support |
| — ———— ol
List alternate
—s= solutions and enter
the steps.
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next step
!

No

Yes

List other approaches

to the same textbook

and alternate solutions
and steps.
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(ata ready for the

next step
!

No

Yes

Detail steps of the textbook solution
strategy,alternate solution strategies
and variant approaches.

Is

next step
?
Yesy

On the basis of, for example, detailed
steps, potential errors, potential questions,
leading questions, possible
applications, and mathematical meaning,
identify Concept Groups.
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® + FIG, 5-2

Write distillations. Include

bibliographical information. \ +
+ Assign Math & Science
Graphically array CLIS in Concept Identification
a directed graph to represent Codes ("MSCICs").
prerequisites and dependencies. ‘
Perform test construction of the - Compute
node-arc incidence matrix. weight/importance
scores.
Is i
the result
acceptable Identify and tag CLIs with
? desired labels, for example,
No important-to-know and nice-to-know
_ . conchts.
Review and refine

. . e
concept line items. &

— + Upload networked, labeled,
Optimize CLIs to remove and scored CLIs to a

rendundancies. research system.

!

Update the directed graph

\{/

Does the

l-— system perform
No as desired
Load networked data
—=1  sets to the node-arc >
incidence matrix. Upload operational network
to the research system.
Run user-driven beta tests.
— y :
: Defintion and development "Manualization" of : Develop successive releases
| of special modules calculator support |, of the Ontology and upload
| —— ] — d| to the research center.




PCT/US2012/056754

WO 2013/044170

7/31

9 O

uonengns 171 =
uonippy 172
\ no4 307 | 2L j07 [\ om[ 307 | 8up 07|
dn | umoq {307 Bunyeq 330 (107 Bumieq My
107 Bunyieq —
A
[sonuapuadaq ajepipue) | 3] 3]
= o O UoNPRY T [ [ 1= g
Corowsy P o] |1l ™ Bununod 77
—_— syur] buiofiang Syur] Buiwoou;
Y41 RualRRIAN o)y | 01fz/| Aued|  dpny| asiksy 1 usuaBeuey| Sanuepunpay
T LT odnjoustiof onfzr|  dom[ pny| esiay A
1 “sip passnoosp 1| or/ifi| aomw| owr| ulug
19y anss] Apog|  aeq| Jouny| adAp|  aul
Sa0N —
o 70 g
5 5ty 000 I O D A e
o 1EC SHT 91 v}008 “T200SH | poUp3-4 L0ISIo U0duIsaq sy pasodwe) 1777 0
abeg OULEN Y008 SQUON Sy emLIun  [A[monyEmy ]| || BnaL aug Aq Bupes TTTE
| osmoig | [ oy yoog anowdy | |12y Yoog Py | 1UBJe oA ouepoduy| [H voneayissep 1elg0 1T
9y 3GeL uopenb [ sbe | siegT | oseq aouasajay ]\ ssouesagayyoog [ | sba] | 1| | = Rl s
S|eiaq Weyy aury Kbojoyug cmﬂmem_w_ﬂl

_ “gIM __ *|[0J8a5 __ _ 1anas 0y dnyoeg | “aseys | 1seq | Adoy | o | opay | opun [ajqeruonenb| waady | jwwo) | aepdn [ [iv 9AeS | Inoxoaw)

oy Ip3

UoneSIuILpY

Sylewsjoog Ay

dedsyioM  UoIRoBLUOY)

==

20edsyJOM S \e-1' Joyp3 Abojojug




PCT/US2012/056754

WO 2013/044170

8/31

|['Sauapuadaq jepipue) | 3] 3]
= o UMY T'v | | 11+
[erowsy P v ] | 7 Duawmod 77
—_ syur] uiobyng syur Buiwoour
144! URlBRIA 0l | 01/2/| Aued|  dpny| asiAey 1 uausoBeuely Sauepunpay
B Wl COdnOUSTD| O1/Zf)  qeg|  dpny [ siAdy A
5l "SI oS T( 01/1/1] oy op| uibug
13y anss] fpog|  aeq| Jouny| adAL|  eul
S3J0N —
9. Jj00g
= ¥ 7 00 N | o O [ T
o V2 591 901 ¥ 4008 Fuojsly ] peNp3-24 uoision W0pdinsaq
o L SQUIN Ry BLINE  [A[MOUYETH]
[ osmoig | [ j34>ioog anoway | [ 49 Yoog Ppy | 1URJe [0AST saoueyodul]
joy djqey uorenb3 | sbeyy | sued 1) | aseq aouaseRy |\ SRRy V_oom_._ siabau | 1xe)
S|1E38q wef 3un

§ Ol

£ Ol

=

Suawep Bununoy 1114

"0

SJun pesodwiod 11110

BNy 240 Aq Buos 11T

<]

uoneayssep (g0 1121
SIS T

[ L]
ABojoqug usyiebaapury —




PCT/US2012/056754

WO 2013/044170

9/31

6 Ol

01/50/10 30U & pappy qog £
014010 30U @ Pappy q0g {
- 01/20/10 ‘3 Jun uonyppy 0} Aoapuadap e paulap pue apjoy 0eid e pappy 2 ]
I 01/10/10 “Pappe UoIsI3A [eniuy Sy 0
aleq 607 loyiny [ # voisiap
==KP)
—— hioysiH abueyy -
i i w7y | | |-
([onowRy |{ p3 | PRy ||| " DuAMno) 17
| syury buiobing Syury urwooug
* 19y anss] fpog|  aleq| Jouny | SdAL| S
SAI0N —

m o 3194 UonduSaQ
= 414 80009 N |
= TE0 591 90 ¥ }00g uondunsag

abieg alliey yooq AR R | anleyod]
_ashoig | | 2 Yoog anoway | {12y Yoog pv | T#  siquny ey [a] SMLIUN] [ sibenu |
pyageLvogenba[ e[ suegmpfl esegevampy]\ swvapypoon|  uoien UaJeg adAL :aleN

(Saewaey J0 AJ0JSIY 34 1n0GR SWY AUl 33 UM (B3P 0] PIPUSIUI J0u I SIUL) JuUBLIdo[eARQ WRY] aur 0 AoSIH




PCT/US2012/056754

WO 2013/044170

10/31

>
>

<
<

" OUNG) T'7

L syun Guiofing syur Buwoour -

= WY T (e " OUIne) T
L 5yun Buiobing syur Suwoour -
pyonsst [ Apog|  aeq| oumy| sl dul pyonss [ Apog|  aeq| sowmy| Ak au
a0 - S0 -
oL 2 Y00 _ i )00
K I ge siquny ey o 14 g 100g
JEL 81 901 VX8| [ -uoss Waieg [ATRI | :du TEL 51 901 ¥ }00
g aeyyog|| ! Vo (AW aieg allley Yoog
[alomln ] | sefy |
Py 3L wonenba | shey | sieg ] seq iRy SORRRY v_gi adh ey | | \syaieLuonenha | shew | sipgm] egenampy\ SRRy V_gi

SROUNY [E2y

ruondusaq

o (TS

0# [A[pmn] |

i |

0SB ||

‘aley

[

(SoneuouIep 10 AO3SIY 341 3n0qe SIBY Ul 34) Ul |83 0} PApUBIUI 10U §1S1U1 ) Juudoiaasq WR) aur] 10 AOISIH




WO 2013/044170

11/31

— Flags

[ AdiFlag ] [ RemoveFlag |

International
Fundamental Concept
| Book References \{ Reference Base YCLIPars ) Flags Y Equation Table Ref
[ Add Book Ref | [ Remove Book Ref | | Browse... |
Book Name Page
Book A 126 145 231 B
Book B 4254 B
Book C 76
Book A Details
— Properties — Cover
Title: Book A Book A, Firal et al. ISBN: 123
Authors: Giral et al
ISBN: 123
Publisher: Free Books :
City: San Francisco Kil.a Cgcal
Country: USA e0ra
Number of Pages: 321 g
Copyright Date:  01/01/10 A Sef-Teaching
Guide
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Candidate Dependencies =0 X

Identified Candidates:

Sequence # w7 | Phrase Importance Promote as Item
1 non-zero natural numbers Must Know  [w| (R4 A
2 subset of the real numbers v L
3 fractional Nice to Know [w| (R4 v
[ ok |{ Cancel |
— Parking Lot

[ New Parking Lot | Open | Save [ SaveAs [Down|Up|{ + [ - |
| Lot One Y Lot Two \| Lot Three Y Lot Four '\

=11.1 Addition
=11.1.1 Subtraction
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Bob's Dashboard
Top Contributers: # ontoogy tems
Alice Bob

Open Issues I Started: 2408 I Today
Issue ID Author Assigned To Title Status
#1234 Bob Alice Add the substraction unt title Open
#1334 Bob Bob Revise the Set unit title Open
#1264 Bob Cathy Add the multiplication unit title Open
Open Issues Assigned to Me:
Issue ID Author Assigned To Title Status
#1334 Bob Bob Revise the Set unit title Open
Latest Checkins:
Changelist ID Author | Description Issue ID Approved
#123 Alice Added the integer unit title #1234 &4
#124 Bob Corrected the integer unit title #1235 O
#125 Cathy | Revised the definition for Integer unit title #1236 v
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Examples of distinguishing
characteristics include color,
shape, time, size, cardinality,

kinetics, sound, texture, smell,
taste, matter, energy, location,

Distinguishing characteristics of
an object are differences between
the object an other objects
in a collection or outside a collection.

Object
Classification
(Concept Group)

equality, or assigned attribute. *

Composed
Units

(Concept Group)

!

up of other

A unit made

units is called
a composed unit.

Homogenizing characteristics
of an object are similarities
among the object and other

objects in a collection or
outside a collection.

! Y

Objects in a collection
are identical when they
share only homogenizing
characteristics.

Objects in a collection
are identical if they
have no distinguishing
characterisics.

!

Object classification sorts objects
into separate groups on the basis
of distinguishing and/or
homogenizing characteristics.

!

A collection of objects of

differing [distinguishing
attribute class] can be
sorted by [distinguishing

Sorting by
One Attribute
(Concept Group)

attribute class].

!

A group of units can
itself be considered
to be a unit.

!

To assemble groups together to
form larger groups requires
the combinatorial-grouping capacity.

+
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The combinatorial-grouping

capacity is the cognitive mechanism Combinatorial-Grouping
that enables humans - Capacity
to assemble perceived or imagined (Concept Group)
groups into larger groups.
A set is collection of objects,
also called elements of members. Sets (Concept Group)
Objects can be * .

sorted into counted Counting to ten proceeds in |——={ Counting (Concept Group)

objects and

the order one, two, three,

uncounted objects. four, five, six, seven, eight,
+ nine, ten.
Classifying a collection +

into counted and
uncounted objects

can be done by
marking the objects

as they are counted. +

Counting objects one after
the other is how to apply to
the One-to-One Principle.

"Counting from one" means
the count resets to one at

The successor
to five is six.
(Concept Group)

!

Counting from
five to six
(Concept Group)

Counting from One

the beginning of each
grouped subcollection.

An ordinal number +
refers to the order Once a subcollection has
of a specific object been grouped, either count
in a collection. on to continue counting the
collection, or count from one.
!
— When counting on from
: one, the last number
The size of a

collection is called
the cardinality
or cardinal number
of a set.

spoken is the ordinal
number of the last item.

= versus Counting On
(Concept Group)
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FIG. 26-3

A counting number can be
both the order of an
—{ Object in an enumeration

The cardinal
numbzrrdéfz of a set (ordinality), and the
set containing size of the set (cardinality).
n objects +
equals n Circling ten counted p—
+ objects identifies them and . 'IPeng
The cardinality of sets them aside as one ' ( Conceypt Group)
a composed unit counted set of ten objects.
consisting of n +
objects equals

One ten is the

- n if the units
B u same as ten ones.

counted are objects

than ten ones.

in the unit + +
rather than the
composed unit itself. || One group One group
of ten never of ten never
contains fewer | | contains more

than ten ones.

The combinatorial-
grouping capacity
can be combined

—=={ with a subitizing

capability to quickly
determine the size

of larger sets.

! !

Ten smaller units

—=1 combine to render a

composed unit of ten.

!

For sets with fewer
than one hundred
elements in them,
the cardinality of the
set is determined by
the number of groups
of ten and the number
of objects left over.

!

Equal values can
be joined together
by an equation.
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A digit is a symbol
used to write numbers.

PCT/US2012/056754

Digits
(Concept Group)

!

The 0 in the number

0 represents zero ones.

!

The digit 1 means the
number one, or one ones.

!

The digit 2 means the

The equals sign is

— = denoted by the symbol "=."

!

!

number two, or two ones.

!

The digit 3 means the number
three, or three ones.

Equals
Sign
(Concept
Group)

!

The digit 4 means the number
four, or four ones.

A statement
of equality is
made with an
equals sign.

!

The digit 5 means the number
five, or five ones.

!

The digit 6 means the number
SiX, Or SiX Ones.

!

The digit 7 means the number
seven, or seven ones.

!

The digit 8 means the number
eight, or eight ones.

!

The digit 9 means the number
nine, or nine ones.
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Place-Value
Principle
(Concept Group)
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The number 10 means the number
ten, ten ones, or one set of ten.

!

-« The quantity represented

by a digit is dependent
upon the place of the

The 1 in the number
10 represents one ten.

digit in a given number.

PCT/US2012/056754

The digit in the tens
place counts the number
of groups of tens.

!

By the Place-Value Principle,
the rightmost digit in a
number corresponds to the
smallest place value.

When a collection is grouped
into tens and ones, the number
of ones is equal to the
digit in the ones place.

!

By the Place-Value Principle,
the leftmost digit in a
number corresponds to the
greatest place value.

When a collection is grouped
into tens and ones, the number
of tens is equal to the
digit in the tens place.

!

After grouping by ten as many objects as possible,
any objects left over correspond to the digit in the
ones place of the cardinality of the set.

FIG. 26-5
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Arithmetic

i

Sets

¢

Set Operations

i

Different Kinds of Sets
|
Y
Sorting Objects into Sets

i

Object classification sorts objects into separate groups on the
basis of distinguishing and/or homgenizing characteristics.

)
Y
Sort objects into separate groups on the basis of
distinguishing and/or homogenizing characteristics.

i

Sort objects on the basis of distinguishing characteristics.

i

Sort objects on the basis of charactertistics.

i :

Sort objects by characteristics. Sort objects into groups.
A
| : : |
Sort objects basis of characteristics sort into groups
A A A A ?

l vavvv‘vw * !

sort object classify || separate group

el
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