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WO 2004/ 090834 PCT/ US2004/ 010222 1 TITLE 2 Adaptive
Engi ne Logic Used in Training Acadenm c Proficiency 3

wd 200umisBOF PRI ORI TY/ CROSS REFERENCE OF RELATEBCT/BS2004/010222

APPLI CATION(S) 6 This application clains the benefit

of priority of United States Provisional 7 Application
Nunber 60/459, 773, filed April 2, 2003, entitled
"Adaptive Engine 8 Logic Used in Training Academc
PFidiEci ency, " hereby incorporated inits 9 entirety
herein. 10 11 COPYRI GHT/ TRADEMARK STATEMENT 12 A
phdaptivnEnding hegidiUsed mslmipingf Adalemsicarvfgiencyocunent may
contain material which is 13 subject to copyright
and/ or trademark protection. The copyright/trademark
owner 14 has no objection to the facsimle

rERA R ot PIIORTY YATOSS RMFERBRIGIROR REIGORIENt 15 Or

the patent disclosure, as it appears in the Patent

Adprgesnad files or records, 16 but otherw se
reserves ﬁrgcopyrlghts and trademarks 17 18

SRR RS R PTG P o

Application Number 60/459,773, filed April 2, 2003, entitled “Adaptive Engine

Logic Used in Training Academic Proficiency,” hereby incorporated in its

entirety herein.

COPYRIGHT/TRADEMARK STATEMENT

A portion of the disclosure of this patent document may contain material which is
subject to copyright and/or trademark protection. The copyright/trademark owner
has no objection to the facsimile reproduction by anyone of the patent document
or the patent disclosure, as it appears in the Patent Office patent files or records,

but otherwise reserves all copyrights and trademarks.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

Not applicable.
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WD 2004/ 090834 PCT/ US2004/ 010222 1 2 BACKGROUND 3 1.
Field of the Invention 4 The present invention relates

w@eoenasBy to conputerized | earning and nore BCT/US2004/010222

particularly to an adaptive |earning system and net hod
that utilizes a set of 6 heuristics to provide a

| earni ng environnent unique to an individual. 7 8 2.
Description of Related Art 9 10 The Problem 11 A
child s learning pace varies fromchild to child.
School s often provide 12 education that is tailored to
BAgd0@RAQUND andard, to the "normal", child. Teachers
13 and facilitators often gear materials, e.g. static
¢ UFieldofthemvanidn pedagogi cal 14 direction toward the
majority of the classroom- the so-called normal child

ThéPfsent RivEMBIGERIR REGhIBEl ehiphifdFigd M&&ﬁj;_%ﬁ herent

needs on either end of the spectrum 16 7 Because

E%c&l&]ﬂ/ £Gk aag%tgfe Vlmg ? e te_t,&irﬂaﬁ& REGHd By Qﬂiﬁig@ L&&lof

tudents vari ol 8 a personalized curricul um

Mo el BB T

abilities to develop a solid foundation in a 20
particul ar subject. 21 2 of 64

2. Description of Related Art

The Problem

A child’s learning pace varies from child to child. Schools often provide
education that is tailored to a general standard, to the “normal”; child. Teachers
and facilitators often gear materials, e.g. static curriculum, and pedagogical
direction toward the majority of the classroom — the so-called normal child — and

|
therefore neglect children with different needs on either end of the spectrum.

Because the collection of concepts mastered by different students varies, without
a personalized curriculum tailored for the student, it is oftentimes difficult to help
different students with different abilities to develop a solid foundation in a

particular subject.

2 of 64
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WO 2004/ 090834 PCT/ US2004/ 010222 1 Prior Art
Solutions to the Problem 2 There are a nunber of

Internet web sites avail able today. Al so, there are
many of fline products, such as 4 workbooks, CD ROVs,
and ganes that al so address this issue. In addition
there is .5 also traditional human hel p, such as a
olytionsde theRrablems 7 Conmerci al exanples in the
math arena: 8 9 www. al eks.com- A fully automated
Brerg are amumber aftedncation-brsepangigoneispenafically mairhesedi on
students. Below is an excerpt fromtheir corporate
Ineelrsit tveb sites avdiPabld eKSY . iAdsoq thesvark utang nfftiye protieats)atich as
technol ogy, devel oped at the University of 13
Wastkbdols FER-ROMS, #he @amed thei fl§edidsat thiefaiceMGidARRA Shard i
coghitive scientists, with the 14 support of a
A1) thdditBnhl tfndRlY, 8ichdk abach&ramulobard¥at i onal  Sci ence
Foundation. 15 ALEKS is fundamentally different from
previ ous educational software. At the 16 heart of
ALEKS is an artificial intelligence engine -- an
daptive formof .17 uterized intelligence -- which
WtngeRlotpled et M al model of the 18
multiplicity of the feasible know edge states in a
particul ar subject. Taking 19 advantage of state of
the art software technol ogy, ALEKS is capabl e, of
vEBY adaks-Re - 2ofvlly 2utostard SR B\RISHIgE f@ﬂ%@ gt Higher
efficiently, and ascertaining the exact 21 know edge
Edugationstudente Babei i apuexicerpt fiera dlacir qorpasate eebgiteB| ue, " t he
| BM conputer 3 of 64

i

ALEKS is a revolutionary Internet technology, developed at the University of
California by a team of gifted software engineers and cognitive scientists, with the
support of a multi-million dollar grant from the National Science Foundation.
ALEKS is fundamentally different from previous educational software. At the |
heart of ALEKS is an artificial intelligence engine -- an adaptive form of
computerized intelligence -- which contains a detailed structural model of the
multiplicity of the feasible knqwledge states in a particular subject. Taking
advantage of state of the art software technology, ALEKS is capable of searching
an enormous knowledge structure efficiently, and ascertaining the exact

knowledge state of the individual student. Like "Deep Blue," the IBM computer

3 of 64
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WD 2004/ 090834 PCT/ US2004/ 010222 1 system t hat
defeated international Chess G and master Grry

wEawparss4 ALEKS 2 interacts with its environnel/uszed4/010222

adapts its output to conplex and changi ng 3
circunstances. ALEKS is based upon path breaking
theoretical work in Cognitive 4 Psychology and
Applied Mathematics in a field of study called
systnihat efegeddunatipheldriyess Grapd rasier Qaowikaspeo sPddis
Theory was begun in the early 1980's 6 by an

int¢rects atithotsainiyonmesno wkatiapis of @spot toabmBiagyrant! ickanging

Sci ences who is the 7 Chairman and founder of ALEKS
Rt aicEO ALEKS idbaid upbapsth bfeaking-thdoretivalmporkes Cogsitive
intelligence and Web-based 9 programm ng, ALEKS

!psstcﬁa@gy %Mbﬁh&ﬁqgthéxﬂ%dé el Ekldreean t;alle@n@tnwwatge ons
an exper|l enced one-on-one tutor.

§ﬁ%!elrrrlgl|gn a'!wgﬁgﬁq% Cfgglsg a’ﬂ%H n'%)s’rbe ensi 3@@&{{:‘5} s
ALE
323@8%5{%%3{1)( SRSTRLRS Eb By Sand RS,

earn

r.as f f t he cost of ahumantutor

E@a%%ﬁfflﬂgn‘[%@g/s‘g“ KgrEPrP‘if%“Er}rre 24 hours per day: 7
days per week, for an unlimted nunber of hours. 16
+7 Usintwatrelihemrbenmapmterized intelHgenge and Webibaged
paper - based math programthat helps 18 children
depedgyammesegd; 2diEE intemacts with edch indlyiguatistudentnarst funeiions as
or nore worldw de. 19 20 Math Bl asters- A CD- ROMt hat
pr aviedpsicaostoneainkortertationi ng t hrough fun ganes. 21 4
of 64
¢ Continuously adapting to the student, ALEKS develops and maintains a

precise and comprehensive assessment of your knowledge state.
e ALEKS always teaches what the individual is most ready to learn.
e For a small fraction of the cost of a human tutor, ALEKS can be used at any

time: 24 hours per day; 7 days per week, for an unlimited number of hours.

Kumon Math Program- a linear and offline paper-based math program that helps

children develop mechanical math skills. 2.5 million students or more worldwide.

Math Blasters- A CD-ROM that provides some math training through fun games.

4 of 64
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WO 2004/ 090834 PCT/ US2004/ 010222 1 Ms. Lindquist: The
Tutor - a web-based nmath tutor specialized in helping

wQ2@hiod@ssen sol vi ng al gebrai c probl ens usi ng aPGHUSIIN4/010222

artificial intelligence 3 algorithns. It was devel oped
by a researcher at Carnegie Mellon University 45
Cogni tive Tutor - Devel oped by another researcher at
Carnegie Mellon 6 University. It hel ps students solve
Visr mﬁgmwae Baiod aayeheizses thath H&O@%ﬁ@ll%qddn helpieobl ens
with real -time feedback as students performtheir
¢hikiken soTing slgéhraia peobl@ngyrsingi et oharkifieiabiatelligeoes makes
recommendati ons, and tracks student-user 9 performnce
alporithails. It wae deﬂ'@ed bf twesesche as Chuhefy Medlonddyiieersity
Learning. 10 11 Limtations of the Prior Art 12 Many
internet/web sites do not offer a truly personalized
experience. In their 13 systens, each student-user

@OSUEYSTthE- BRMEOHA tYURShEQESatdheF at eI Eteldt

regardless of whether they answer the first questions
I

PHive -IYP%%%@%W B riqus Por SRR AR AN SRRl

1 t t I

FPpleih ol ep S Rhtob st ol s s T s

rovi de onmewhat erso alized pat endi ng on
e ietsnen DA dlres R DEr Aoy g BB 50
t hei r nunber of estions |s [imted to the st or age
Re&foRBIMCp iBFea] H@C%qufeewa@as so3q brEvEICEIFd-carHng: i ne
products are also not flexible to real-tinme changes to
content. 5 of 64

Limitations of the Prior Art

Many internet/web sites do not offer a truly personalized experience. In their
systems, each student-user answers the same 10 questions (for example),

y
regardless of whether they answer the first questions correctly or incorrectly.

These are examples of non-intelligence, or limited intelligence, backed by a

linear, not relational, curriculum.

Other offline products (like CD-ROMs) have the ability to provide a somewhat
personalized path, depending on questions answered correctly or incorrectly, but
their number of questions is limited to the storage capacity of the CD-ROM. CD-

ROM:s and off-line products are also not flexible to real-time changes to content.

5of 64
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WD 2004/ 090834 PCT/ US2004/ 010222 1 2 CD-ROVs al so
must be installed on a conputer. Sonme may only work

wowah/oseert ai n conputer types (e.g., Mac or PET/USI004/010222

if the conputer breaks, one nmust re- 4 install it on
anot her machine, and start all over with the product.
5 6 The Present Solution to the Problem 7 The present
i nvention solves the aforenentioned limtations of the
prior art. The 8 present invention is intended to
fill in the gaps of what schools cannot provide- 9 an
iICIHRVIMsiglbo mmek tetingtaltad|onra cohngbiter. sSSodre magnoiy wolewith
child s own | earning pace and 10 standards. The nmj or
@eidin tSmp et Ped (8., IMACIHPIC), untl 6f the bPmpaehbrekits] shdxtdt -
a solid 11 foundation in the subject as early as
RS iPbL an ARG i Bihe RSBt b RIR i Jrbdul t 12
material. The present invention is an intelligent,
adaptive systemthat takes in 13 information and
reacts to the specific information given to it, using
%hs§nmgﬁ %11%r defi qﬂmgeuristics. Therefore, each
iyl (which can and is 15 uni que)
.11 feed the engine, d then pr.ovide a uni que
iR o Htes s O TGO A REATrtofThe
the present invention discussed herein focuses on 17
REGSFHE RN QN 1 dniendsr to Al in th ars ofrivhak schaplsicpprof grpvide—
thereby as the same |logic can 18 be applied to other
& indendupligefbyusd ewum figat ixdyiven by theghddiseavndeamingpace and
aspect of the present invention, there is provided,
blasdadds. Zhe ovajoa goalris focusk thmicteation i lielp exshcbildbuitiha solid
coefficients and prerequisite information, 6 of 64
foundation in the subject as early as possible, and then move on to more difficult

material. The present invention is an intelligent, adaptive system that takes in
information and reacts to the specific information givén to it, using a set of
predefined heuristics. Therefore, each individual’s information (which can and is
unique) will feed the engine, and then provide a unique experience to that
individual. One embodiment of the present invention discussed herein focuses on

Mathematics however the invention is not limited thereby as the same logic can

be applied to other academic subjects.

In accordance with one aspect of the present invention, there is provided, based

on a curriculum chart with correlation coefficients and prerequisite information,

6 of 64
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WO e@n/0pesgs patterns 2 and pace.

WO 2004/ 090834 PCT/ US2004/ 010222 1 unlimted
curriculum paths that respond to students' different

wi th each other based on pre-requisite/post- 3

requi site relationship thus creating a conplex 3-D
curriculumweb. Each 4 relationship is also quantified
by a correlation coefficient. Each topic contains a 5
sabeited pyrigdvingathy thas respendiigstdenp Jifferentlearaimsipatierns
difficulty levels (e.g., 1-100). 6 Thus, w thout
and|pacei Agpias eercbmastagdevitesich gthenbaspd en pegaiEkitegmst-a
student-user will 7 be deened not ready to go into a
s@@isite ir€laticdphip thfd créitihg a @ompree BiDaspttilundveb [ Bachr esent
invention, all of the programming for the 10

PEM dnShib §Pal @ GhahliBed BPh BortelaidARBeffiBichh) BadkPdBic contains a
programming | anguage.” In addition, 11 the present
: , a
R A SRR Al S By PR, 200!
rthe 4.nf or mat.j .S . Stored in a d
T4, B B Rk Bl o replafes b AR e M
FI)S Certdai n f aE?ur es. and a vznt ages of the present
RIBTRIATRTALY Ik DIP HiPGRICEPAT of 16

personal i zati on, continuous prograns accessible
anytinme and anywhere, real-tinme 17 performance
tracking systens that allow users, e.g., parents to

i aeqeoxpf? Hged o thepresspionyetionralloditherogrampming far sl
curriculum enabling individualized paths from 19
beesticomditee lggiess dare intlt favoprogepinging tanguggecn addition,
wor | dwi de conpari son nmechani sns 20 that allow parents
the peesemanendbn hab been hdapiminc acagainfisinaies v the néfhet

| ocations. 21 7 of 64 '

using a browser as a client. Furthermore, information is stored in a database, to

help optimize the processing of the information.

Certain features and advantages of the present invention include: a high level of
personalization, continuous programs accessible anytime and anywhére, real-time
performance tracking systems that allow users, e.g., parents to track progress
information online, a relational curriculum, enabling individualized paths from
question to question and from topic to topic, worldwide comparison mechanisms

that allow parents to compare child performance against peers in other locations.

7 of 64
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WO 2004/ 090834 PCT/ US2004/ 010222 1 The above aspects,
features and advantages of the present invention wl]l

whewane0s24 bett er understood with regard to thePCT/US2004/010222

followi ng description. 3 4 5 BRIEF DESCRI PTI ON OF

THE DRAW NG S) 6 Referring briefly to the draw ngs,
enbodi nents of the present invention wll be 7

scri bed th refer ot acc anyi ng draw ngs
qL ARIVERSPES V\{S ga‘ﬁfeé&}ﬂg%g‘fngag %%%P‘EPWFE‘F yrRticRspidlesomn g
features of the present invention in 10 accordance
Rettes updeastoedywith Ff‘@érdéseﬁbf‘e@gewnﬁée&rmﬂmil 12 DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON 13 Al t hough what
follows is a description of a preferred enbodi nent, of
the 14 invention, it should be apparent to those
skilled in the art that the following is 15
illustrative only and not Iimting, having been
BREBEDESCRIBTICAY OB THXBRAWING(Sy. 16 Al the features
di scl 6sed herein may be replaced by alternative

ReRirioa%ieBO Y ihE Aravhided Gﬁb&ﬁfﬁ%m@ lamfe%%esemgve%%h V&l 6ot s

of S|n1lar pur pose, unless expressly stated

ﬂﬁﬁ ments of
i %§$$%§§9%§3? gggggéhg ?ﬁted as
falllng Wi thin the scope of the present i nventi on.
However, 20 all specific details may be replaced with

[ ] - f 64
%ggre Ly c d%g%plﬁ@%%{q%g g{yg?%%}%gtures ol} thvglpres%nfp 1nve6nt10\r{\%

accordance with the teachings expressed herein.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Although what follows is a description of a preferred embodiment of the

invention, it should be apparent to those skilled in the art that the following is

illustrative only and not limiting, having been presented by way of example only.
All the features disclosed herein may be replaced by alternative features serving
the same purpose, and equivalents of similar purpose, unless expressly stated
otherwise. Therefore, numerous other embodiments of the modifications thereof
are contemplated as falling within the scope of the present invention. However,

all specific details may be replaced with generic ones. Furthermore, well-known

8 of 64
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1 features have not been described in detail so as not
to obfuscate the principles 2 expressed herein. 3 4

wOma0%s84 the techni ques may be inpl enent ed i PCT/US2004/010222

hardware or software, or a 5 conbination of the two.

I n one enbodi nent, the techniques are inplenmented in

6 conputer prograns executing on programuabl e
conputers that each include a 7 processor, a storage
frstiirerhave agihsien dpsgriberkingielsdl 56 @6 ROt tp wbfuserteide woheipic o
and 8 non-vol atile nmenory and/or storage el enments), at
Egmsisedheeinnput devi ce and one 9 or nore out put

devi ces. Program code is applied to data entered using
the input 10 device to performthe functions
described and to generate output information. 11 The

drfer, it t@é de@fhaz%e aARpleinsfited th RAGWAE oFBI RV top Wt
devi ces. 13 Each programis preferably |nplenented

b&nﬁnﬁﬁ&%ﬁtﬁ?’ 0. ﬂﬁeﬁé%éiﬂ&ﬁilm%t ﬁ@k&ﬁﬁl u%r@fﬂlﬁ%&ﬁed in

progranmm ng | anguage to communi cat e Wth a conputer

ggméﬁ%ﬂp;&%aﬁ@é@ hifin ég(?lpﬁroglgge Ec&%&lt%?tﬂa 8}? ﬂfcnﬂ}dg%yl n
58 AN, TR R P B 8

referably stored on a stora di um or device 19
g%n-&o a?]eg%/w ramﬁmﬁgqsdat ?a§konq+ﬁ]@1ﬁélpylee and one
di skette or carrier wave) 20 that is readable by a
premereutyt deyiess; Brogmm 9@3_%5 pRRAigH Anian Priered Hping &he ippH
21 configuring and operating the conputer when the
devivedtg @erferi thaefurstionkedaseribed and @ gemetite o2 OTdngB0834
PCT/ US2004/ 010222
The output information is applied to one or more output devices.

Each program is preferably implemented in a high level procedural or object
oriented programming language to communicate with a computer system,
however, the programs can be implemented in assembly or machine language, if

desired. In any case, the language may be a compiled or interpreted language.

Each such computer program is preferably stored on a storage medium or device
(e.g., CD-ROM, NVRAM, ROM, hard disk, magnetic diskette or carrier wave)
that is readable by a general or special purpose programmable computer for

configuring and operating the computer when the storage medium or device is

9 of 64



1 read by the conputer to performthe procedures
described in this docunent. The 2 system may al so be

wa@ongiogissed to be i npl emented as a conput er - r eBOBDEE04/010222

10
11
12
13
14
15
16
17
18
19
20

21

storage 3 nmedium configured with a conputer program
where the storage nmedium so 4 configured causes a
conputer to operate in a specific and predefined
manner. 5 6 The engine and the al gorithnms and
eyl sgprisato nerfoym shesoesduiss descobed inghiz doenmanht The
specific for Mathematics at this tinme. But, using the
sgynemshaydsabegonsidered t@minmemmmmmtbmwdblb stozaRy
nunbers of scenarios. The function of the 9 engine is
phediag] donfigtred @dthia @mnputd: @foppdn, ovherothedakdge riddin@R sé O
it. Then, based on a 10 set of rules or governing
hewtibsbd 6fused 4 coipuiert 86dratk n 4 BRcHRtAd pAo iRSOMAer. 11
meani ngful output. This ideology can be used in a
nunber of different 12 applications. 13 14 Figures 1
and 2 illustrate exenpl ary hardware configurations of

aT}Ea e%%ﬁg %8& th% C o L n:%nd etﬁ%d%ﬁo tﬁ{{ 11}/‘(94150 v%’llg}?e{cﬁi%s 3¢ nt

I nven art

wi || at the presen |nvent on I S not
ugpeph %9 ﬁ%fel}sla PR o4 P BT Pt RO e e, it
resent |nvent|on may be i npl epent ed o any past
paaeéehfoa ongd AR usedn ARy BB HRArSSERaES- Thvdhesiion gt ther
exanpl e, 19 workstati on/ desktop/| aptop/ handhel d
eHEME i TiRaTEH &0 Tegptioaripforaatinay ofdsi ityigh 4@ itoHhen, basgl ona
n-tier configurations, distributed configurations,
rset afonkks dr goyefrigghenrisioossit well teact to 2le datey iandypromisle
necessary conponents for carrying out the principles
axgnegid dutpat. dhiz. iddddog)f cah He UadA0 QMuOBHOBHAi fferent
PCT/ US2004/ 010222

applications.

em

Figures 1 and 2 illustrate exemplary hardware configurations of a processor-
controlled system on which the present invention is implemented. One skilled in
the art will appreciate that the present invention is not limited by the depicted
configuration as the present invention may be implemented on any past, present
and future configuration, including for example,
workstation/desktop/laptop/handheld configurations, client-server configurations,
n-tier configurations, distributed configurations, networked configurations, etc.,

having the necessary components for carrying out the principles expressed herein.

10 of 64
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2 Inits nost basic enbodi nent however, Figure 1
depicts a system 700 conprising, 3 but not limted to,

W@ 204590886 t hat all ows for communi cati on anpngPEL/UBMas 010222

one 4 processor 710, at |east one nenory 715 and at

| east one storage device 720. The 5 bus 705 is al so
coupled to receive inputs fromat |east one input
device 725 and 6 provide outputs to at |east one

out put device 730. The at | east one processor 710 is

7 configured to performthe techni ques provided

fe iteinost tasid embodinpat howeven Fligure 1 deficte repsitre 700 eomprising,
foll ow ng exenpl ary conputer program product

eabas iR t6)fa Bueg05 thapsl@setbr convaititaiion aAlohg hnRhdt ved v,
the 1 ogical functions of the conputer program 10

RERANEE 7RTROEANBAL mERYrPEl Sng f ichdtbAE stBFIRB deNEOTRS T8E S
connected through 11 networks or other communi cation

TREASs NSRY 8%%1?@%%&1% BEES B8kSH 1ehBCnt 2ot@ ABRHEET25 and

program product al so executes under various operati ng

igo;vlti(gens touits %hag %zt,st (%)%lov, rug (itleg&%ggg] 'fﬂlecart ?ﬁ% yofne?gr%&%gs\ﬁ? 210 is

cinto ona

BosrSherana braeuaicunb L AP ol P Patieniony

that found in the commercial product SC% 16 Server/(r)
wkecats the foflgping @empary FRRREeMoTHRPEdCt pbodingentob the.
anong other 17 thing;, t he body of questions. Figures
Bregerit [invgatiomt Altesnativelis hedegied fenctionsid the epmpuietnregiam
conprising Learning D nensions,: Proficiency Levels,
Popinctssmbod BneRti ey ibe Wistritetas. amdn@ pr@essots] cofneéidd Wibugh
2004/ 090834 PCT/ US2004/ 010222 1 As shown in Figure 2,
hetwarlstdn ethee edioslunieftion héwds predse nbuplapendssan. The
computer program product also executes under various operating systems, such as
versions of Microsoft Windowsi, Apple Macintoshid, UNIX, etc. Additionally, in
a preferred embodiment, the present invention makes use of conventional
database téchnology 740 such as that found in the commercial product SQL
Server® which is marketed by Microsoft Corporation, to store, among other
things, the body of questions. Figures 3-8 illustrate one such order data

organization comprising Learning Dimensions, Proficiency Levels, Topics,

Questions, etc..

11 of 64
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2 inplenmented as a networked system having at | east
one client (e.g., desktop, 3 workstation, | aptop,

whaovdiogdsd4 etc) in comunication with at | eastPCRES2004/010222

server 4 (e.g., application, web, and/or database
servers, etc.,) via a network, such as the 5
Internet. 6 7 The present invention utilizes a
conmprehensive curriculumnmap that outlines 8.
r&% dovaiaFieser 3 én anatbersnbedviResh the eSeACINVetiva it evel
categories of mathematical 9 topics, concepts and
sikiplémestedas a hetwotkedysteprhagingtat leasiene rliant (e edeskion, an
individually tailored curriculumfor each user, 12
whork$tatics, Eptopshintiheifl, dtt)en uemniusicaiminquigh girlegyt essieover
t hrough the curriculummp, and 13 is dynamcally
qeleg applitetod, Feb SHidmrYatabise sBi®eld SAE.,) iDN@RWOEK, such as the
performance and 14 proficiency neasurenents wthin
gachemat hemati cal topic category. To illustrate 15
t he nmechani snms behind this process, attention nust
first be paid to the 16 mathenmati cal topic category
entity itself and its many features. 17 18 Each of
t-he disti.nct .nmathenmati cal o [ tities

e Ve ER SRR e Rareh iRl s TR haf it biyfRes
technically as an object, wth a vast nmenber 20 ..
el Fosrrspns Btubahtatis biskde i Ed o RO LR EBRIRE ons
designed to develop skills 21 and proficiency in the
demies: eencapts pbikill pdpr esent ed. Each category obj ect
also 12 of 64 WD 2004/090834 PCT/ US2004/ 010222 1
mai ntai ns a Student-user Proficiency Level neasurenent

that continually
The present invention generates an individually tailored curriculum for each user,

which is a result of the user’s unique progression through the curriculum map, and
is dynamically determined in response to the user’s ongoing performance and
proficiency measurements within each mathematical topic category. To illustrate
the mechanisms behind this process, attention must first be paid to the

mathematical topic category entity itself and its many features.

Each of the distinct mathematical topic category entities defined on the
curriculum map is represented technically as an object, with a vast member
collection of related exercise questions and solutions designed to develop skills

and proficiency in the particular topic represented. Each category object also
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2 indicates each user's denonstrated performance | evel
in that particular category. 3 In addition, each

W@ a10e®e08y4 obj ect al so nai ntai ns a Question D fPCT/US1094/010222

Level that 4 determines the difficulty of any
questions that may be chosen fromthe object's 5
guestion collection and presented to the user. As
expected, the novenent of an 6 object's Question
mRfaipg A Pipdenipeer Rrafigipncydiey sl reespismepidhaticeninally
novenent of the 7 Student-user Proficiency Level.
IRdicates eanh user’ Famonstr@ed perfiumanesdeys) in baiarigcudatcatgeery-
obj ect nmay be depicted as a container, for exanple a
WeddeitionyedcR icateirly lobjebt dldu maiataaisaguestidreDifEcgtyt Lokl thhte
water | evel within each bucket could then represent
a&eﬁlhﬁesswaﬁeﬁumty%@ﬁn;P%wsﬁ&is&mynAywehoseﬁ iffothe @Bfdct’s
falling accordingly. Directly 11 correlated to the

§6n LBlion inh%r@éﬁ%& tPe Bidrf iaG kpetteheie imdvRhehitianbe

2 represent e'd y gr adualt ed nar ki ngs al oPg t he hei ght
§l.5'?‘%tF%w@?fyf&ﬁ%%ﬁm{lﬁ”ﬁgsﬂ?§fa€%tkf°§f;f5%fé§!t$ P*lrﬁ ¥ eﬁ*é%flﬁz% he
. T 14 .ri . . {
SRlrursr P gy TaTPesTed el ik ™E s#8hg "t ne

bucket's wall. 16 17 As a student-user answers .
eRiesory ehiectmayhe depigiediag 4 cantaintie R xapplg sy m@*flﬁ%?t-eﬁégl
18 Level in that topic area i s gleaned fromthe
thiscanalegy, the heightiof Heoiipter leyed wilkir cagh buckst ¢qydq thep {rpresent
performance history and consistency in the category.
thr Sywientuser Praficieocyclorvieb eisingragdualling docoridingthe daiscatlye
user's proficiency nmeasurenent in that category, 21
vdridletedato therwater leed], tha Questioni Diffiaiéty  ead endytthenfoebucket ' s
wat er | evel therefore 13 of 64 WO 2004/ 090834

REos &R AdAdEAdnarkinge slpag te Heipheafthe bickeheinnsewaly
attenpts to solve a question fromthat bucket's
ranging from low difficulty near the bottom to high difficulty near the top. The
rise and fall of the water level would therefore relate directly to the markings

along the bucket’s wall.

As a student-user answers questions from a particular bucket, their Proficiency
Level in that topic area is gleaned from the accuracy of each answer, as well as
théir overall performance history and consistency in the category. In general, a
correct answer will increase the user’s proficiency measurement in that category,

while an incorrect answer will decrease it. A bucket’s water level therefore
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2 collection. The issue left unresolved here is the
i ncremental change in height 3 applied to the

whookoviss4 wat er | evel with each answered questPONUS2D04/610222

On a per question basis, the nagnitude of the

i ncremental change in Proficiency 6 Level should

vary, and will be determ ned by the user's recent
erformance 7 histqry in the category, specifically
FRORI5 S PDeRTAle T T HATIPIH G o TE e eeipngr i gt beskels on
previous questions fromthat bucket. Hence, a

spllgetipe.- hwissugreft uaresplveddisrssis thednprsmenigledvngomdieight a
category correctly will be posed with 10 progressively
kpprligdrto thedmekatistveaterilenst with eachi answhred quédtiof.i ci ency

Level for an 11 additional correct answer, and
progressively snmaller increnental decreases for an 12
addi tional incorrect answer. The opposite conditions

BRI per Y@estios bakiks HehisdituddGHithe ihdroRit-ADISNEE BOPORSEncy

guestions in a category incorrectly. A student-user

YR 8hokdd PEYT DEVRNGE dBlehiREd by teSisQPs bt pgg&ﬁﬁnm H

face an equal ly-sized increase or 15 dec se I'n

BAbL P B b B BB O gl
PGB Bl B B 5P G 5w

ﬁerforna ce 19 history in a particul ar bucket, ranging
PR USROSt ey In # criesererqrrastly Y6l bonpiet dtide. A
student-user may qualify for only one State rating at,
progiessivel Elerger inetenagnial dncrepses g thpit Riofirigeey kavel fongmi t ude
of increnmental change that will be applied 14 of 64
aditrgelsargoiaaywaCHid [82g6ss Glyandler incranental deereases for an
Proficiency Level in that bucket upon the next
aligwerkidcerees drisprs. Blge opposite conditions apply to a student-user that
has answered most questions in a category incorrectly. A student-user whose
performance history sits on the median will face an equally-sized increase or

decrease in Proficiency Level for their next answer.

The bucket property that will track and update a user’s performance history is the
Student-user State rating. This rating identifies a user’s recent performance
history in a particular bucket, ranging from unsatisfactory. to excellent
competence. A student-user may qualify for only one State rating at'a time. Each

State rating determines the magnitude of incremental change that will be applied
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WO b@4/09%884 S recent performance history,

2 discussed in the previous paragraph. The user's
performance on the next question 3 will then update

user's State 4 accordingly before the next question
is presented. In terns of the water bucket 5 anal ogy,
a user's State may be illustrated as a range of cups,
each of a different 6 size, which can add and renove
wangergPraficiencsLofl indhaibuekst uppRn e BRTLERBVEEE fusstion, 5
Bef ore answering each question froma bucket, a ,
sitqueedtin theqmevisusquragmpbd Tué nier’a pedomagnee e thgmeglgrestipn
one hand for adding water and a particular cup in the
withaén hsack thd uéeds réceamperfognamt disfordeqpénadjusgthe nser aeState
user's State. The potential increnental 10 change in

NR5Rfn gt PEbreRRE ndkd §8dsti SHNisipSestiited. einaeenisfites Whisehickets ed
on the user's 11 State. As the user's State rating

a}’%ﬁgg €SuseP She 1& bEHRsPEES o Iﬁn%ehﬁ dtlF@ leadh éYHFerentl 2
e

Visiting t di scussed functionality of the
o aPomcas o Sfffempls FRFRR USSR of gy KbmRRRTER bucke
Relbreaperion et aboien e Brag bied s Sedoy hivped with o
R e e N R R A

be nonsensical to continue adding water to .a bucket
fohsmaving Wit depadingon thegussy § wiaten rThedtrptialdnssRenak  om
an enpty bucket. Instead, approaching these 19 extrene
cmegsinivoserdl b duestipgds tharefye detarmipedbared pa ISP ©
either pronote or 20 denote the user's focus

SRl opthahely Stae ariog bieanginekdd the Thp sizesinitie dsar's hatide.
case,' 21 and the new nechanisns that take over in
these situations will lead the discussion 15 of 64 WO
2004/ 090834 PCT/ US2004/ 010222 1 into inter-bucket

{ig\!'lﬁlhh%ﬁl% Rl R assad fidc fichaBfySd ke roEicieldy Lol nsatiapicket, it
I NKS et ween )

becomes apparent that the full range of the Proficiency scale must be finite, and

therefore some other mechanisms must come into play once a user’s Proficiency
Level in a bucket approaches the extreme boundaries of its defined range. It
would be nonsensical to continue adding water to a bucket that is filled to the
brim, or removing water from an empty b;lcket. Instead, approaching these
extreme scenarios should trigger a specialized mechanism to either promote or
demote the user’s focus appropriately to another bucket. This is in fact the case, '

and the new mechanisms that take over in these situations will lead the discussion

15 of 64
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2 multiple buckets. 3 4 If a user's Proficiency Level
in a particul ar bucket reaches a high enough level, 5

W b@4m9asaent - user then qualifies to begin | earPCTYS2004/010222

about content and attenpting 6 questions fromthe
"next" category bucket defined on the curricul um map.
7 Likew se, if a student-user denonstrates

i.nsufficient tence . in a rticular 8 bucket

R eRsH P ab iR AR e inG eisiEic i g ks hetwew
enqu h level to begin 9 presenting the student-user
WP{H&ﬁGEQWans fromthe "previous" category bucket 10
defined on the curriculum map. These upper and | ower
Proficiency Threshold 11 Levels determ ne
transitional events between buckets and facilitate the
1Pa deve Popivemmcy bEvel ius partisuljpenushetatdchesch RERGRARBISR],
rate and traversal paths through 13 the various

tlentefehtiader theh qoalifies o Bebid REmELY AbbeHortBn R atibthptid®
The direct relationshi ps between category buckePs on

Gh&tiony frir Whe FReRBRRESry b%&egﬁéﬁ&e%n%éaﬂﬁeﬁulﬂgﬁ%l el

groupi ngs of simlar | ével concept topics, an

@fl{%myif%isﬁﬁeﬁ@@p@nﬁsgﬁg%ﬁﬁgﬁki%%é&% 2hYe }Iiﬁppgagtgcular

buckets of consecutive par ups-

Lonshi t I the gener al .
BBk WA Pkl ¥ B Rl S B ALEH Peh lved o besin
bucket to the "next'. or "preyious"”. buckef in a
B g oo e i GureBrompites pitowg ey bngke
gagkgts that are imredi ately linked in the 21

Poefl OB it UFAR U 882D dihesp upPessind dovseri Rsefigiensa I hiksholden
them which indicates 16 of 64 WO 2004/ 090834
Peyels dsigminreciapsifional evenspbeiweeadickets arel facidikate thear e
rel ated, and how requisite the "previous" bucket's
development of a user’s personalized progression rate and traversal paths through

the various conceptual categories on the curriculum map.

The direct relationships between category buckets on the curriculum map are
defined based on parallel groupings of similar level concept topics, and
prerequisite standards between immediately linked buckets of consecutive parallel
groups. These relationships help to determine the general progression paths that
may be taken frqm one bucket to the “next” or “previous” bucket in a curriculum.
Beyond the simple path connections, buckets that are immediately linked in the

curriculum map also carry a Correlation Index between them, which indicates
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2 material is to learning the content of the "next"
bucket. These netrics not only 3 determ ne the

WO c@a®dsson process bet ween buckets, but al so Petl/pS1004/010222

dynami cally 4 determ ne the probability of selecting
questions fromtwo correl ated buckets as a 5
student-user gradually traverses fromone to the other
(this selection functionality 6 will be addressed,
retvoditdetly thedaickethere Celatistl a9d ha requisits b RjgyIPYS ucket’s
section). 7 8 Briefly sunnar|2|ng there are severa
heteedlss oflcampiop de emenbpBhationt wisketh dhesy raefrigg #aiophn
map, both within each category bucket as well as
RRdrMReNhe @érﬁttﬁﬁ prddscisdteearbnckats, et also Wilp ki dyneaddally
bucket, a user's performance generates 11 Proficiency

d@éﬁﬁﬁe@ﬂ@ﬂ%ﬁamm' o Rele@ingldubdtionsifibin tive \cotrelared hasketsmata
ultimately 12 détermne the difficulty Ievels of

s%ﬁj(fe W{e !ésﬁpgreﬁx‘i‘i@g}&g E J ©8miohato Mabiteethia belétoa M fionalit

ets, directly rel evant toplcs are

SARSEIEA DLy Shadd Ot SUSTI G YRR 800,

15 essential one topic is to |learning another. 16 17
17 of 64 WD 2004/ 090834 PCT/U82004/010222 1 The

resent invention is a n
BAUTERN3sZEs RSTSATS SRYETR &3 Slﬁ ﬁf ?”@&%"WS ] ﬁ‘p??f‘% | &heo n e
or nore client and server applicatio dul es
giriienm giagebeth plithingach satersy) 1%01%%% e&e%f?lﬁ‘eg he
server side application 4 nodul es, based on
stiegdniuckster Withpueach bueleeh@tuserns perfyrmance generates

Proficiency measurements, which set Difficulty Level ranges that ultimately
determine the difficulty levels of questions selected from that particular category.
Between related buckets, directly relevant topics are connected by links on the
curriculum map, and characterized by Correlation Indexes that reflect how

essential one topic is to learning another.
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wa@ppkiogwsi on such as I nternet Explorer1M by

6 I n one exenpl ary enbodi nent of the present
invention, the client tier conprises a 7 web browser

Mcrosoft TM and nore 8 specifically, a client
appl i cation based on Fl ash ani mated graphics
technol ogy and 9 format by MacronediaTM 10 11 In
one exempl ary enbodi nent of the present invention, the
Jdepagsentiipyengiesr neswork (¢-§:2 Webribpisd) sapPIer psesgrgm product
processes including a Know edge Assessnent Test
rpplidagion gpomprsingopieer Swireelidnd andysaver epplisaidorom@hdes. i 1o
Sel ection nodule. (collectively also 14 called
‘cEagisite applicitior modeld chhaimmicated &ith@hel &k sidd apiflication
2004/ 090834 PCT/ US2004/ 010222 1 KNON.EDGE ASSESSMENT

Mk, bhseBonTfigdcknowk aaeinfssgisanent conponent has the
foll ow ng objectives: 4 To efficiently identify for

each student-user the nost appropriate starting 5
topic froma plurality of topics. 6 To gauge

Ih Bl REY T o en R L LR R R
?Vg_g E)?Gc’v%:ég 3 . ic Ptg)?%llelghl ﬁgi[ﬁgeﬁei ﬁpl%];er’%‘ %%%Los Hﬁf tarll rrﬁgre
specifically, a client application based on Flash animated graphics technology and

format by Macromedia™.

In one exemplary embodiment of the present invention, the server tier comprises a
collection of server processes including a Knowledge Assessment Test module, a
Topic Selection module, and a Question Selection module. (collectively also

called “Engine”), discussed below.
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11, questions designed to assess the user's arithnetic
foundati ons. 12 Phase 2 consists of a dynam c nunber

W@ depoemssyng on user's success) of 13 word PCT/US2004/010222

probl emoriented nunerical questions designed to gauge
the user's 14 know edge of and readi ness for the
curriculum The aimof Phase 2 is to quickly 15 and
acc ely find an appropriate starting topic for each
gggﬁ%ﬁ%@xﬁ%g§§E§sN@@ﬁ§pg&gbﬁh several questions (e.g.,
10-20) word problemoriented 17 questions designed to
test the user's ability in all other |earning

di nensions. |If the 18 student-user exhibits

fae Kinowledgt Y\sgpoament egupdnent ras BreafoHoBingmbjeetivpsest i ons
may be 19 posed 20 21 Initial Test Sel ection 190of 64
VO 2004 k{884 iRalif 5P E4 A sl diker the ZhokstappRspriate starting
enbodi ment, to enhance the systems intelligence, the

SpRd @6 IR of Rpics3 student -user for date of birth
and grade infgrng?ion. After entering the requested 4

date f o 'gfetsﬂld@ﬁ‘t%sgxrl%%léd\%é QVEPALOR ’diﬁf«{}&ﬁé’aﬁiﬁ
pronpts~the student-user th one 5 of severaf (e.g.,
' Phase 1 Tests, based on the follow ng

gg culation: 6 7 Date of Birth is used to conput e Age
according to the followng fornmula: 8 9 SecondsAlive

= Nunber of seconds since mdnight on the user's Date

%Ile Krllgwgidéé Rssessment comprises 3 phases:

Phase 1 consists of several questions (e.g., 5-10) purely numerical
questions designed to assess the <user’s arithmetic foundations.

Phase 2 consists of a dynamic number (depending on user’s success) of
word préblem-oriented numerical questions designed to gauge the user’s
knowledge of and readiness for the curriculum. The aim of Phase 2 is to quickly
and accurately find an appropriate starting topic for each user.

Phase 3 consists of several questions (e.g., 10-20) word problem-oriented
questions designed to test the user’s ability in all other learning dimensions. If the

student-user exhibits particularly poor results in Phase 3, more questions may be

posed

Initial Test Selection
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11 Age = Fl oor( SecondsAlive - 31556736 ) 12 13 G ade
is an integer between 1 and 12. 14 15 The system

wa@ledoa/0misaes an appropriate Test Number as fol | PEBUSIV04/€10222
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that where 16 grade and/or date of birth data is
m ssing, the systemuses predetermned logic. 17 18
If no data is known (Note: this case should not
happen), then Test Nunmber =1 19 20 If only date of
birth is known, then Test Nunber = max { 1, m n{ Age -
6} } 21 20 of 64 WO 2004/ 090834
H@ﬁnw@zb@mm@mhaucelthe eyt gyintadleganse, irrosmstefuNerpmpts the
this case shoul d not happen), then Test Nunber = 2 mn
{st@caidser Br Hate 3f Birthf anld gtrdile dafoanasonbiArfien eatadngytha dequesteﬁ
known, then Test Nunmber = min{ Floor([(2 x 5 Gade) +

(Agorbifth) dnd-grade infdBmhtiéh, the sY&sih ploHpts thedstebepRAditAgne
on the user's progress or |level of proficiency, the

VYRR (818 SSix ) Phase 1 GebtdRsdd RO REIoWET callQuARat her .
Date of Birth is used to compute Age according to the following formula:
SecondsAlive = Number of seconds since midnight on the user’s Date of
Birth
Age = Floor( SecondsAlive + 31556736 )

Grade is an integer between 1 and 12.

The system determines an appropriate Test Number as follows: note that where

grade and/or date of birth data is missing, the system uses predetermined logic.

If no data is known (Note: this case should not happen), then Test Number = 1

If only date of birth is known, then Test Number = max{ 1, min{ Age—5,6} }
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11 12 13 Test Junip Logic 14 15 If the student-user
answers a certain nunber of consecutive questions

w@eormeeisBy 16 (incorrectly), the student-userP@i/UB2004/010222

junmp up (down) to the root node of the next 17
(previous) test. The requisite nunber depends on the
particular test and is hard- 18 coded into each test.
Fqor exanple, a student-user starting ipn Test 1 rust
el eradegs knqar(Node: g G#se sheidnes haDResy:i tBers T esb Newben v,
in order to junp to Test 2. 20 21 Test Juinp Caps 21
dgng4 Grmlea 04/ 090834 PCT/ US2004/ 010222 1 2 If the
student -user junps up (down) from one Test to another,
in one enbodinent, 3 the systemw || prevent the
student -user from junping back down (up) in the 4
fI0both date @f bithi ahid ter&le BeSknownd tHen [Masta¥ohtee = reint) Gt o2t x,
the student-user nmay revisit a Test however, the
ug@ﬂ@swgéesngqibpgg?opic is set to the highest topic
answered successfully in the |ower level 8 Test. For
exanple, referring to Figure 2, if the student-user
junmps fromTest 1 to 9 Test 2, and then subsequently
ﬂg%h ck to Test 1, the starting topic is set at the
1 test, Phase 2 ends, and Phase 3 of the OLNO5
test begins. :

Depending on the user’s progress or level of proficiency, the student-user may

jump from one test to another.

Test Jump Logic

If the student-user answers a certain number of consecutive questions correctly
(incorrectly), the student-user will jump up (down) to the root node of the next

(previous) test. The requisite number depends on the particular test and is hard-
coded into each test. For example, a student-user starting in Test 1 must answer

the first four Phase 2 questions correctly in order to jump to Test 2.

Test Jump Caps
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waomoesBe | i nearly,

11 12 Test Progression 13 14 In one enbodi nent, a
student - user proceeds through the Know edge Assessnent

with Phase 3. Phase 1 and 16 Phase 2 are linked to
specific test levels. Phase 3 is linked to a specific
Nunber 17 topic, nanely the Nunber topic determ ned
in Phase 2 to be the user's starting 18 topic. Two
users who start with the sanme Phase 1 test wll take

af the @RAtntRRELjuRbs P Blowhd oA GheMNAS® aBoth@Sin ddehR@it@himent,

dependi ng on "t heir I ndividual success, one nay surpass

B e L

erformance i.n Phase 2. 22 of 64 WD 2004/ 090834
FU%Q@@%F%&%&ZZ 2 Knowl edge Assessnent Question

Sel ection Approach 3 4 Each Know edge Assessnent
guestion tests one or both of two skills: word 5
problemsolving skill, and skill in one of the five
dn preqther smbadimsntiitheestiadeniaser m% revisik o TsbIRWey b dhs T s
are used for scoring purposes: 7 8 NScore - A running
tstarting topic itwst iedhdkighest toginvdrswered saecesslidlyds thedawer lgeel
student- 9 user has answered correctly. 10 NTotal - A
MesinForgextuapleyrefdringie Rigurb @y ifdte dutehenser plrgtsdiobm Test 1 to
guestions the student- 11 user has attenpted.

Test 2, and then subsequently falls back to Test 1, the starting topic is set at the

01NOS5 test, Phase 2 ends, and Phase 3 of the 01NOS5 test begins.
Test Progression

In one embodiment, a student-user proceeds through the Knowledge Assessment

 module linearly, beginning with Phase 1 and ending with Phase 3. Phase 1 and

Phase 2 are linked to specific test levels. Phase 3 is linked to a specific Number

topic, namely the Number topic determined in Phase 2 to be the user’s starting

topic. Two users who start with the same Phase 1 test will take at least part of the
|

same Phase 2 test (though depending on their individual success, one may surpass

the other and see more questions), but may take very different Phase 3 tests

depending on their performance in Phase 2.
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W@rEMoePsa4 correctly. 14 PTota

12 PScore - Arunning tally of the nunber of Problem
Sol ving-rel ated questions the 13 student-user has

nunber of Problem Sol ving-rel ated questions the 15

student-user has attenpted. 16 PSkill - Codes whet her
the question tests proficiency in Wrd Problens. In 17
general, will be set to O for Phase 1 questions, and

to 1 for Phase 2 and Phase 3 18 questions 19 20 At

t he begi nning of the Know edge Assessnent, all four of
tfnogdedes FisagsragntQuestiomSalestipn Appraseh t o zero. 23 of 64
WD 2004/ 090834 PCT/ US2004/ 010222 2 Assessnents Test
Phases 3 The various assessnments tests consists of

t hree phases, nanely Phase 1, Phase 2 4 and Phase 3.
FacloKRbakdgd Asséssneiv questienteSts Bhasieboth oStwoskillst ®omiSsess
the user's foundation in nunerical problens. 10 Phase

brobiiisisslvmgkilRafl Geleiesngiofet MuruRs 1daenifl dinRndiBhs. Ofhe
har d- coded questions. 11 The system presents the

WIRHih O PatidbRs bFusSd HAGRIieSRifpdsés: @ | 1 near fashion.. 12

NScore — A running tally of the number of Number-related quéstions the student-
user has answered correctly.

NTotal — A running tally of the number of Number-related questions the student-
user has attempted.

PScore — A running tally of the number of Problem Solving-related questions the
stucient-user has answered correctly.

PTotal — A running tally of the number of Problem Solving-related questions the
student-user has attempted.

PSkill — Codes whether the question tests proficiency in Word Problems. In
general, will be set to 0 for Phase 1 questions, and to 1 for Phase 2 and Phase 3

questions

At the beginning of the Knowledge Assessment, all four of these variables are

initialized to zero.
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13 Phase 1 Logic: 14 1. If the student-user answers a
guestion correctly: 15 a. NScore is increased by 1.

wagoos/osddIptal is increased by 1. 17 c. The st UPETUS208€010222

10
11
12
13
14
15
16
17
18
19
20

21

proceeds to the next question referenced in the 18
question's "Correct” field. 19 20 2. If the

student -user answers a question incorrectly: 21 a.
NScore is not affected. 24 of 64 WD 2004/ 090834

PCT/ US2004/ 010222 1 b. NTotal is increased by 1. 2 c.
The student-user proceeds to the next question
ragsessmeatsdlesh Phiyses 3 question's "Incorrect” field. 4

5 Phase 2 6 Overview 7 8 Phase 2 establishes the
UBervagoss ass¢skmgnts tgeiscondtitasighe pbideswemalyiihase 1, Rhasee? 9
traversal algorithm See Figure #. Figure # depicts an
exdPhheily binary tree 10 representing Phase 2 of an
Assessnent Test 1. The top level is the root node. The
11 bottomlevel is the placenent |evel, where the
user's starting topic is determned. 12 Al levels in
hfjeeen are question levels. Nodes that contain

poi nters to other

Overview
Phase 1 is used to assess the user’s foundation in numerical problems.
Phase 1 consists of a predetermined number (e.g., 5-10) of hard-coded questions.

The system presents the questions to the student-user in a linear fashion..

Phase 1 Logic:
1. If the student-user answers a question correctly:
a. NScore is increased by 1.

b. NTotal is increased by 1.
c. The student-user proceeds to the next question referenced in the

question’s “Correct” field.

2. If the student-user answers a question incorrectly:

a. NScore is not affected.
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13 Tests (indicated by a Test |evel and Phase
nunber) (See #) are called junp nodes. 14 Each Test

wheowaloo@Base 2 tree | ooks | ook simlar to Fi gup€r/#S2004/610222
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20

varying tree 15 depths (levels). 16 17 An exenplary
Phase 2 binary tree traversal algorithmis as foll ows:
18 19 Leftward novenent corresponds to a correct
answer. Rightward, 20 npvenment corresponds to an
noor ot AMERENS ingEragsd B4 WO 2004/ 090834
PCT/ US2004/ 010222 1 The topnost topic is the root
node. cThi s Tihs sidenteusergroetedsitorthe nexé Auestion refergncefliethe
finishing Phase 1. At the root node, the student-user
i s askmestions qué&Btconne” figldf rom t he specified topic.
This is the only node at which two questions are
asked. 4 At all other nodes, only one question is
asked. 5 At the root node, the student-user nust
e both questions correctly to 6 register a
correct answer for that node (and hence nove | eftward
pe tree). 7 OQtherw se, the student-user
regi sters and incorrect answer and noves rightward 8
down the tree. 9 The student-user proceeds in this
manner down through each question 10 |evel of the

P15 2 el s SR a0 TP552 (el AR r e

LAt this pojnt, he either_junps to Phase 1 of the
drpeerstlialgprilyas Seq Fisurpsf. fisyre 5 dRRIE!s 30 EXFHIP AT aTB e he

systemregi sters a startin% topic as indicated in the
representing Phase 2 of an Assessment Test 1. The top level is the root node. The

bottom level is the placement level, where the user’s starting topic is determined.
All levels in between are question levels. Nodes that contain pointers to ofher
Tests (indicated by a Test level and Phase number)(See #) are called jump nodes.
Each Test Level Phase 2 tree looks look similar to Figure # with varying tree

depths (levels).
An exemplary Phase 2 binary tree traversal algorithm is as follows:

Leftward movement corresponds to a correct answer. Rightward

movement corresponds to an incorrect answer.
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14 node. 15 16 Phase 2 Logic: 17 1. If the
student-user answers a question correctly: 18 a.

wOSwagssncr eases by 1. 19 b. NTotal i ncreasesPtipyus2002010222

c. If the question's Pskill is set to 1, then 21 i.
PScore increases by 1. 26 of 64 WD 2004/ 090834

PCT/ US2004/ 010222 1 ii. PTotal increases by 1. 2 d.
Else if the question's PSkill is set t '

0, then 3 i.
PScor ehedonmest fapictia the rgot node. By ig wheee tﬁﬁ SipfetUser stasise
The student-user proceeds to the next question
raffeefieisiieg Phase lhAt the roetaeds. dke sudegbpses s askqd tiogjuestiops
If the student-user answers a question incorrectly: 8
dFroMNSecpeifial topiaf Tids issitle oflylmodd\Atottath iwooquestsms alpyasited.

10 c. If the question's PSkill is set to 1, then 11
| At AR Rodds, d}kﬂ'ﬁﬁfl@@ﬁé@ﬁon k2askdd, PTotal increases by 1.
13 d. Else if the question's PSkill is set to 0, then

At the root node, the student-user must answer both questions correctly to
register a correct answer for that node (and hence move leftward down the tree).
Otherwise, the student-user registers and incorrect answer and moves rightward
down the tree.

The student-user proceeds in this manner down through each question
level of the tree.

The student-user proceeds in this manner until he reaches the placement
level of the tree. At this point, he either jumps to Phase 1 of the specified fest af
he reaches a jump node) or the system registers a starting topic as indicated in the

node.

Phase 2 Logic:

1. If the student-user answers a question correctly:
a. NScore increases by 1.
b. NTotal increases by 1.
C. If the question’s Pskill is set to 1, then

i. PScore increases by 1.
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14 i. PScore is unaffected. 15 ii. PTotal is
unaffected. 16 e. The student-user proceeds to the

waeoot/ogpsast i on referenced in the 17 questi on' BCT/US2004/010222

"Incorrect” field. 27 of 64 WO 2004/ 090834

PCT/ US2004/ 010222 1 Phase 3 2 3 Phase 3 is designed
to assess the user's ability in several |earning

di mensions . 4 (e,g.,.the asure (M, Data Handling
(D), Shapegd! and%ﬁ@k@c’(eéieg%iﬂd Al gebra 5 (A) |earning
di rensions) at a level commensurate with the user's
startidng Ngsdf the question's Fpkilbis setie 8. then Phase 2. Phase
3 consists of a predeterm ned nunber of 7 questions
(e.g., 9-21) haPBewodarhaffocteich starti ng Nunmber topic.
For exanple, if 8 the user's starting Nunber topic is
det erm nedii. n PRastal & uhafféeedO1NO3, then the 9
student-user is presented with an correspondi ng OLNO3

Phase ¢3 t egthe sthflent-hider Pascekiomoliecitsxt ASSESETERREnde@ KB

tabl es contain 3 questions fromeach M D, S, 12 and

A | ear 'ilieﬁ?%n@i‘%ﬂ%&@ﬁ%ldi. n the PLANETii curriculum 13
14 Ea@h Phase 3 test pulls questions from between 1

gﬂd 3 Igﬁlﬁg@?@t%&%&&@%rqﬂies?i%n inondédyEnsion. 16 17

ase

a. NScore is unaffected.

b.  NTotal increases by 1.

c. If the question’s PSkill is set to 1, then
1 PScore is unaffected.
it. PTotal increases by 1.

d. Else if the question’s PSkill is set to 0, then
1. PScore is unaffected.
ii. PTotal is unaffected.
e. i‘he student-user proceeds to the next question referenced in the

question’s “Incorrect” field.
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18 19 1. If the student-user answers a question
correctly: 20 a. If the question's PSkill is set to

2004/ 090834 PCT/ US2004/ 010222 1 ii. PTotal increases
by 1. 2 b. Else if the question's PSkill is set to O,

| then 3 i. PScore is unaffected. 4 ii. PTotal is

unaffected. 5 c¢c. The student-user proceeds to the next
quest i¥das¢ &f erenced in the 6 question's "Correct"
field. 7 2. If the student-user answers a question
incorrectly: 8 a. If the question's PSkill is set to
1, then 9 i. PScore is unaffected. 10 ii. The PTotal
imasehiessibyedlto adsksdihe tes’s abiflity insegereldtaroingsliBRSisidnk | s
set to O, then 12 i. PScore is unaffected. 13 ii. The

REQL dle NisasurAM)E D@ HandlnE(D)TBitapss atESace 65/ andr Aigetsds

to the next question referenced in the 15 question's

"(!A Mll?&lmeﬁlblghsg at a-fvel Eénmenbifrafe RA St dRts sHS®lg Number
answered all thrée questions in any topic incorrectly,
topic determined in Phase 2. Phase 3 consists of a predetermined number of
questions (e.g., 9-27) hard-coded to each starting Number topic. For example, if
the user’s starting Number topic is determined in Phase 2 to be 01N03, then the

student-user is presented with an corresponding 01NO3 Phase 3 test.

f
The Knowledge Assessment lookup tables contain 3 questions from each M, D, S,

and A learning dimensions in the PLANET!i curriculum.

Each Phase 3 test pulls questions from between 1 and 3 topics in each learning

dimension.
Phase 3 Logic:
J .
1. If the student-user answers a question correctly:

a. If the question’s‘ PSkill is set to 1, then

1. PScore increases by 1.
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18 the system provides a fallback topic at the end of
Phase 3. 19 20 Each topic inthe M D, S, and A

wo e@ndesgs di nensions is coded with a fall- 21 bErksS2004/010222
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topic. If the student-user fails a topic, the
student-user is given the 29 of 64 WO 2004/ 090834

PCT/ US2004/ 010222 1 opportunity to attenpt the

fall back topic. For exanple, if a student-user answers
2 all thred-quedtiohincreassdyil (Length and Di stance
I'V) incorrectly, after the 3 student-user conpletes
Phase 18, t Hdss dteamegionistSkilt issetso@dthen- user with a 4
suggestion to try a fallback topic, e.g., 01MI3

(Lengt h and. D stPSoae id tjaffeéted.6 DATA STORACE OF
KNOALEDGE ASSESSMENT | NFORMATI ON - 7 DATABASE

ORGANI ZATI @GN 8 PTote wmeffécgdd, / questi ons used duri ng
t he Know edge Assessnent nodule are 10 stored in a

MBI N GONt eNthe GHASKLAR (H51cBMAS She X8 st RerbRRl ife

tables are 11 associated with the dat abase for

I ndexifg+RRY 4kt know edge assessnent 12
i nfor r%]afgsl %n. erer%tl ?F{/agknovw edge assessnent | ookup

t,abl e onpr | the 13 following fiel.ds A-Wand
Foti ond it e et fasyers agpeiondfleqntecdy Ay b 16 Fi el d A
contains t Know.ed sessnment  Question | D code
( AQ Df* Th?@heﬂ‘?e%ﬂ%gﬁﬁﬁflﬁ%f%&ﬂtth@ Test |evel (01-06,
different for Phase 3), Phase nunber (P1-

1. PScore is unaffected.

1i. The PTotal increases by 1.

b. Else if the question’s PSkill is set to 0, then
1. PScore is unaffected.
ii. The PTotal is unaffected.

c. The student-user proceeds to the next question referenced in the

A question’s “Incorrect” field.

3. If the student-user answered all three questions in any topic incorrectly,

the system provides a fallback topic at the end of Phase 3.

Each topic in the M, D, S, and A learning dimensions is coded with a fall-

back topic. If the student-user fails a topic, the student-user is given the
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18 P3), and uni que Phase position (see below). Each of
the three Phases has a 19 slightly different |abeling

wa edveoees3dFor exanple: 01.P1.05 is the fifth quURST/USIV04/010222
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20 Phase 1 of the Level 1 Know edge Assessnent;
03.P2.11 C2 is the third question 21 that a

student -user would see in Phase 2 of the Level 3
Know edge Assessnment 30 of 64 WD 2004/ 090834
ROPHOIUSHEOC4 A0LOPARe fallbfck thpigi Her eampHe Hrarsedenizpsgr apswers
Correct response, respectively; and 01NO03.P3.02 is 2
tdilethsee qoestiongi@sBiMO1 (Length end DGR cPRdsiac@ractipvifiedthe
Assessnent. 3 Field B QD 4 Field C Topic Code 5

Fin@legt-ider ¢dials¥teSPIrise BOthE syshih pronfptethd sfadedPusetwittna Text
-Fields B-F are pulled directly fromthe main

8
= Eé&ﬁ&n QUSRS FABa bR 3@% @lrMOS‘i{Iﬁéngtﬂ W8 BsthiRk I1).

erenci ng questi ons. Field G Answer Choice A
Text 11 Field H Answer Choice B Text 12 Field I:
Answer Choice C Text 13 Field J: Ansvver Choi ce D Text

ﬁﬁfém(}%@g ?Eﬁg}E%%—%S | c es b?éw&)d&N 16
nEbhpase ORGARZaMIN NG fons cor espondi ng Yo the
Answer

The content/questions used during the Knowledge Assessment mo&ule are
stored in a main content-question database. One or more look up tables are
associated with the database for indexing and retrieving knowledge assessment

information. Exemplary knowledge assessment lookup tables comprise the

following fields A-W and optionally fields X-Y

Field A: AQID

Field A contains the Knowledge Assessment Question ID code (AQID). This
should include the Test level (01-06, different for Phase 3), Phase number (P1-
P3), and unique Phase position (see below). Each of the three Phases has a
slightly different la:beling scheme. For example: 01.P1.05 is the fifth question in
Phase 1 of the Level 1 Knowledge Assessment; 03.P2.I1C2 is the third question

that a student-user would see in Phase 2 of the Level 3 Knowledge Assessment
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18 Choices in fields GK The field corresponding to
the correct answer is grayed- 19 out. 20 Field R

wo/ayabssd d Description - The Visual A d DescrP@I/usmwos/610222

used by 21 Content to create Incorrect Answer

Expl anati ons. 31 of 64 WD 2004/ 090834

PCT/ US2004/ 010222 i Field S: Correct - A poi nter to
the Q D of the next question to ask if the

Jellayang an fnsprregi ond p Eortged TEPPRER feswégﬁlvmdéﬂl\#o&?ﬁlﬂy? is 3
Field T: Incorrect - A pointer to the QD of the next
questomiquesticask thef01INO3 Phases KdewltedgrsAssesamanbr s t he
current question incorrectly. 5 Field U NSkill - 0 or
Fiel®Bdes whgbher the question involves Number skill.

6 Used for scoring purposes. 7 Field V: PSkill - 0 or
FiclPedes wrepibelodt he question invol ves Wrd 8 probl em
skill. In general, will be set to O for Phase 1
s ons, pRd to 1 for Phase 9 2 and Phase 3
questions. Used for scoring purposes. 1o Field W

%{%P@F ﬁ, 1.2, or 1.8 points for questions in Phase
ank for 11 questions in Phase 1 and Phase 2.

geefgﬁ?g,ds on PEﬁlf EF uestion and is used for 12

ati onPEYBIEE 13 Field X Concepts - Concepts
relatedtothe uestion teria be ysed 14 fo
it T o5 Rl b s itiom fhe o chrent SR Agratpse Al EPeq

Topics - Topics related to the question material. My
meed foprefeensinggtuegiauat i on purposes in the future. 17

Field G: Answer Choice A Text
Field H: Answer Choice B Text
Field I: - Answer Choice C Text
Field J: Answer Choice D Text
Field K: Answer Choice E Text

-Fields G-K contain the five possible Answer Choices (a-e).

FieldL: | Correct Answer Text.

Fields M-Q contain Incorrect Answer Explanations corresponding to the Answer
Choices in fields G-K. The field corresponding to the correct answer is grayed-
out.

Field R: Visual Aid Description - The Visual Aid Description is used by

Content to create Incorrect Answer Explanations.
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FORMULAS FOR TEST SCORING 2 3 During the Know edge

wasmemssent Test nodul e, the system cal cul at esPEEUS2084/010222

4 scores as follows: 5 6 The user's nunber score in
the Nunbers | earning dinension is calculated via the
7 followng formula: 8 9 Nunber Score = mn]

Fl oor{[ NScore / (NTotal - 1)] * 5 10 11 The
UBeld'Ss s colCereet -oh peintdr éatheiQIy ofit Eﬁeﬁi@‘«t avestiptogpsk if the

Measure, Data Handling, 12 Shapes and Space and
Ahg%ﬁmm¢rmswmmﬂmnumanhuﬁmdmﬂmmwﬁy 13 14 First, a
score is conmputed in each topic. In each Measure, Data

hsaldimi: ng, IddarSktape poiakd tSiheDeofdhAhageuatiberr ask ifghe
di mensi on, there are three questions, one 16 each

\%Jdlantauslepﬂﬁbvglts tH@élﬁ'l%n (iuelmon]-m'e)corres'zbiwl 1.8. The user's

toplc score is calcula 17 via the follow ng

FY):2 IR 0PL R Wil R s RbIvePRRIBLSsKAL.
&ﬁ% "Quest | ?g/i?%f 20

ons

Used for scoring purposes.

Field V: PSkill — 0 or 1. Codes whether the question involves Word
problem skill. In general, will be set to 0 for Phase 1 questions; and to 1 for Phase
2 and Phase 3 questions. Used for scoring purposes.

Field W: LDPoint — 1, 1.2, or 1.8 points for questions in Phase 3, blank for

questions in Phase 1 and Phase 2. Depends on PSL of question and is used for

evaluation purposes.

Field X: Concepts — Concepts related to the question material. May be used

for evaluation purposes in the future.

Field Y: Related Topics — Topics related to the question material. May be

used for evaluation purposes in the future.
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33 of 64 WO 2004/ 090834 PCT/ US2004/ 010222 1 Al Topic
Scores in a given Learning D nension are averaged (and

wo b@anemd34 to 2 obtain the Learni ng D nensi on SeOT/@S2008010222

4 Finally, the user's word problemscore is cal cul ated
using the followng formula: 5 6 Wrd Problem Score =
mn[ Floor{[PScore / (PTotal - 1)] * 5}, 5] 7 8
EVALUATI ON OF KNOALEDGE ASSESSMENT RESULTS 9 10
BORMUBASFORTES RS EMINGT t he Knowl edge Assessnent
nodul e, the system pronpts the 12 student-user
student-user to log out and the parent/instructor to
Iog in to access 13 test results. The systemthen
gﬂies Khb@ledaé ABdebdnitmt Test troidulsi the spstan caleilates bdvpial g
14 the follow ng evaluation information: 1) the nane
bor&asHomiwd he learning 15 dinensions (currently,
five) in which the student-user student-user was
tested is 16 Ilsted, along with a 0-5 scale
di spl ayi ng the user’ s performance and 2) the user's

o438 spubbRCy PR oyl RBRRR SRl is LRy B e

? rensy% %.the "Word 20 Problem Skill" to see aI
tésti ons attenpted by the student-user user,

21 al ong Mﬁth i ncorrect answers and suggested

expl anat i ons.

Number Score = min[ Floor{[NScore / (NTotal — 1)] * 5}, 5]

The user’s score in other learning dimensions (e.g., Measure, Data Handling,

Shapes and Space and Algebra) is calculated as follows:

First, a score is computed in each topic. In each Measure, Data Handling,
Shapes and Space and Algebra learning dimension, there are three questions, one
each with a LDPoint value of 1, 1.2, and 1.8. The user’s topic score is calculated

via the following formula:

Topic Score = Round {Sum of LDPoints of All 3 Questions * (5/4)]}
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34 of 64 WO 2004/ 090834 PCT/ US2004/ 010222 2
Eval uati on Standards 3 Using an exenplary 0-5 scale, a

student-user scores a 5 in any |earning dinmension or
in word problem 5 solving, the system di spl ays the
foll ow ng nmessage: "[Child Nane] has 6 denonstrated
full proficiency in [Topic Nane]. 7 8 A 3-4

Gt Terip Speiss n GuereLedoiing Dynmﬁ‘»lanﬁé% ayesgged (andiflogred) to
student-user scores a 9 3-4 in any |earning dinmension
abtaimthedesmpredbinemsisooSeomag, the system di splays 10
the follow ng nessage: "[Child Nane] has denonstrated
sonme ability in [Topic 11 Name]. PLANETii systemw ||
hel p hinmlher to achieve full proficiency." 12 13 A
q?n?allgetﬁg L sywdr ?Pc?blérﬁ 8dord fé%aﬁﬁl@f&ﬁ%@mgw folldwing formula:
unfam liar with the topic 14 and needs to practice
the material or master its prerequisites. 15 16 Ful
proficiency in a topic is defined as ability

denon t r epeat ed [
top|c§$éﬁffﬂﬂagggggnﬁ5¥1 ﬁé§§§%%6 2&0??@2 h relm
a 18 student-user has full proficiency only when

he/ she answers every question 19 correctly. 20 35 of

64 WO 2004/ 090834 PCT/ US2004/ 010
EVALUATION OF KNOWLEDGE A SESS]'M]%I%% RESULTS

Overview

At the end of the Knowledge Assessment module, the system prompts the
student-user student-user to log out and the parent/instructor to log in to access
test results. The system then presents the parent/instructor with a screen relaying
the following evaluation information: 1) the name of each of the learning
dimensions (currently, five) in which the student-user student-user was tested is
listed, along with a 0-5 scale displaying the user’s performance and 2) the user’s

“Word Problem Skill” is assessed on a 0-5 scale.
The parent/instructor can then select a learning dimension or the “Word

Problem Skill” to see all relevant questions attempted by the student-user user,

along with incorrect answers and suggested explanations.
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1 Some ability in a topic is defined as ability
denonstrated repeatedly in a 2 mgjority of questions

WO pootlogosBopi c. I n the current inplenentation, PEEUS2004/010222
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student-user 3 nust answer 2 of 3 questions in any
topic correctly. 4 5 6 |INTIALIZATI ON OF WATER
LEVELS 7 8 After conpletion of the Know edge
Assessnment Test nodule, the water 9 levels of the
user's starting topic, any pre-requisites and rel ated
topics are 10 initialized (pre-assigned val ues)
abedradion§iandardse fol lowing logic: 11. 12 A~ The water
| evel in the user's starting topic is not initialized.
13 . Thengvat edempineD-3 staleny s borndsponds dpfidlproficdencyrie a
pre-requisites (wth a high 14 correlation

ciopicl irais@iabnt (I¥EMofed atshig abip Rérn$ngSdimehdidtgortif Mogd bblem
initialized to 15 85 16 ™ For the other |earning

" rie
17[@?&%5&&%%3%@&95@9@%?@% [Ch3d ReALERR | es.

ConSi der thé follow ng exan'p e where one famly

OJe{r[o‘ﬁEtka‘ie?d ﬁﬁ%?t?ﬁ%&féy 21’8 l%pﬁcy d 19 sub-topic

categories | Lengt h and Di stance |
21 2. 01MD3 Length and Distance Il 36 of 64 WD
2004/ 090834 PCT/ US2004/ 010222

A 3-4 corresponds to some ability in that topic. If a student-user scores a
3-4 in any learning dimension or in word problem-solving, the system displays
the following message: “[Child Name] has demonstrated some ability in [Topic

Name]. PLANETii system will help him/her to achieve full proficiency.”

A 0-2 generally means that the student-user is unfamiliar with the topic

and needs to practice the material or master its prerequisites.

Full proficiency in a topic is defined as ability demonstrated repeatedly in
all questions in the topic. In the current implementation described herein, a
student-user has full proficiency only when he/she answers every question

correctly.
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1 3. 02M)1 Length and Distance Il11 2 4. 03M)1 Length
and Distance IV 3 Suppose a user, after conpleting the

wpomiogmsge Assessnment Test nodule, is 4 testeBCT/NS2004/010222
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topic 03M)1 Length and Distance, |IV: if his/her topic
score in O3M)1 5 Length and Distance IV is 5, then
a). the water level in O3M)1 Length and 6 Distance IV
is set_to 85 and b) the water level in related topics
OLMVD1 Pungrtilitydr a topipyisgielmedeas|abiligy feymonstpigd Fepspiadly in a
Distance |1, 02Md1 02MD1 Length and Distance 8 Il is
serjong5ef qestionk insth éapic. dpihe cggertemplenG8Ridn, tengedenansbr
Distance IVis 4, then a) the 10 water level in 03M1
Lengjtansvear@ dii3sjuastoas inanysogiecotrartiy0; and b) the water
level 11 in related topics OLM)1 Length and D stance
I, 01MD3 Length and Distance I, 12 02M)1 Length and
Distance |1l is set to 85. 13 If his/her topic score
in O3MD1 Length and Di stance Wis 3 or below, then 14
a) the water level in O03M)1 Length and Distance IV is

n j T'BE@E?@E 15 level in related
ggluféﬂ%%ﬁkﬁgﬁwt‘ﬁ an s't“gﬁce 1l is not

|n|t|alized and c) the .16 water level in any rel ated
topic in the subcat egory at |east tw ce renoved from

17 03 h an ceIV i n is c
Lengt %)éeﬁ @gtefl%egth%ﬁﬁ' ed%%AGSP%WnLE %ﬁﬁdthe Watcr
Distance Il1) is initialized to 85. 19 The wat er | evel
fleGISaofgh%%?r f SiaTtHIS dARiCHHEY RESTegHEidesad relgged topics are
initialization or 20 after a student-user
dJuitielized(pretagsigrndplabitcelaceondimgite thetthlleyying l9gies- assi gned
water 21 level of 85 during initialization is not the
same as an earned water level of 85 by 37 of 64 WO
2004/ 090834 PCT/ US2004/ 010222

» The water level in the user’s starting topic is not initialized.

» The water level in any Number topics that are pre-requisites (with a high
correlation coefficient (NEW) to the user’s starting topic is initialized to
85.

* For the other learning dimensions, topics are organized into subcategories.

Consider the following example where one family of topics organized into related

sub-topic categories include:
1. 01MO1 Length and Distance I

2. 01MO3 Length and Distance II
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1 the user. Therefore, a student-user can fall back
into a topic with a pre-assigned 2 water |evel of 85

The Topic Selection nodule is a three step

mul ti-heuristic intelligence algorithm 7 which
assesses the eligibility of topics and then ranks them
based on their 8 relevance to a given student's past
per f or mancd: DuP2M@! deegih gpdDistanse Fpi c 9 Sel ecti on
nodul e prunes (culls) the list of unconpleted topics

t o excl ude 4t hos€3M00 Lengh esd Pistasiee &Y e not rel evant to
the student's path and progress. During step two, 11
tSappdsepiseSeh@copleting tit Knosedgeat ssessmant Teet ingdiit,eis
topic for relevance using the 12 nulti-heuristic

@l iR Gopiy 6310001 LERRR afiEDstanbé DV :CHMSHER WphSsche iaM3MO1
over a ranking of 13 relevance for each eligible
I C

[
g%le'gt‘ﬁ aggﬁriéet 1/hes LRB HStha ket Tdel ﬁ%z@m%ﬂgmoanho

| : evance. Duri'ng step three, the Topi

ect l.j ;
ST B RSR TR B grpgo Fepp v
r t .16 i CS.

direes Aol By RGBT B Farot fnsttd Sisance
Sel ection Algorithm 19 nodule. 20 21 Step 1 -

&this shé B1-i gi bl e topics 38 of 64 WD 2004/ 090834

PCT/ US2004/ 010222
If his/her topic score in 03MO01 Length and Distance IV is 4, then a) the

water 1ével in 03MO1 Length and Distance IV is set to 50; and b) the water level
in related topics 01MO01 Length and Distance I, 01M03 Length and Distance II,
02MO1 Length and Distance III is set to 85.

If his/her topic score in 03MO01 Length and Distance IV is 3 or below, then
a) the water level in 03MO1 Length and Dis;tance 1V is not initialized; b) the water
level in related topic 02MO1 Leng}h and Distance III is not initialized; and c) the
water level in any related topic in the subcategory at least twice removed from
03MO1 Length and Distance IV (in this case, 01MO01 Length and Distance I and
01M03 Length and Distance II) is initialized to 85.

The water level for a given topic can be assigned during initialization or
after a student-user successfully completes a topic. Thus, a pre-assigned water

level of 85 during initialization is not the same as an earned water level of 85 by
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1 2 The Topic Sel ection nodul e enpl oys several culling
mechani snms which 3 allow for the exclusion of topics

whaweaomssd t he current state of a user's curri ceCTIIS2004/010222

The topics that are considered eligible are placed in
the list of eligible topics. 5 The first step includes"
all topics that have an eligibility factor greater
than 0, a 6 water |evel |less than 85 and no val ue from
tihpeusgr. abhsrefpre, ¢ sudent-wpar sarpfrdl ok i a fopicywith @ pre-assigned
student-user will not enter into a topic that they are
mater levatigf §5ouf negd tsne t hat 8 t hey have al ready

conpl eted or tested out of. The last topic a
student-user 9 answered questions in is explicitly
excluded fromthe |ist which prevents the |0 engine
fIOPIC IS HUHON ADGORETHMMODIPLE twice in a row
particularly if the 11 student-user fails out of the
topic. 12 After these initial eligibility assertions
take place, sone additional considerations 13 are

;fg@ gﬁgi'cfsaéaﬁ&?m@aﬁe %rgvthfeg @ie;; ?nlflﬁ-"ﬂe iR i%ﬁirﬁ%{bte afg%hlﬂgﬂ

user's curriculum a 14 of the unconpl@ete
re-requisites. af..t hese.t opiGs d t e.

St neR e el P R6Bid AR o s MR By ob BB e
values fromthe placenent_ test. 16 .Finally, if _there

V3G e et TGP EP TP HERS o DN S0 PR S THRGna
all the topics 17 in the recomendation list that are
§eleaitaymedie prneshgalls) it ot Wicproglotedtoriehio excludgthose
average level, the list is cleared and no topics are
rapidsdach argmprelgvint to Hgistidert’sepathy ndrmegrgssERyring step two,
situation. 20 21 Step 2 - Calcul ati ng Rel evance 39 of
6 TPi 28etion A BldlcREAILYMSPGOY £igiDRAGpic for relevance using the
multi-heuristic ranking system. Each heuristic contributes to an overall ranking of
relevance for each eligible topic and then the topics are ordered according to this
relevance. During step three, the Topic Selection module assesses the list of

recommendations to determine whether to display the recommended most

relevant topics.

FIG. 11 depicts an exemplary process flow for the Topic Selection Algorithm

module.

Step 1 - Culling eligible topics
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W@ eanmefses each topic.

2 After the list of eligible topics has been conpil ed,
the Topic Selection nodule 3 calculates a rel evance

cal cul ated 4 using several independent heuristic
functions which evaluate various aspects of a 5
topic's rel evance based upon the current state of the
user's curriculum Each 6 heuristic is weighted so
that the known range of its val ues can be conbi ned
wth 7 the other heuristics to provide an accurate

r el ev@heEopic Selectichteodudé ghployssese! erdbngmechanisms which
specifically for each heuristic so that one particul ar
b Yanbeexehsion dfaspicshasainmehe currend stplei ofanisertshvarricalune s
of other heuristics. The interaction between all 10

tTH@thWé I tafec(ﬁ)nﬁﬂ%ﬁ €Bgible Ay 3ided i ERIISOOS dligiblé@pics.
overall relevance score which 11 enabl es the

g ug&@ bttef& ﬁﬁhﬂifes Elbfbpfﬂg %ﬁat Eﬂe%@ﬁbﬁlﬁ? itfctdrPredtdi€han 0, a

ent ser based their previ ous perfor rrance
5
ek A 5 g i e

i aeicRin o SRS i flobt ik B PO W nlf g dnelit®
BTl DSBS 99952 ) i3 RRL B0 0
2004/ 090834 PCT/ US2004/ 010222 1 Fornul a

answered questions in is explicitly excluded from the llst whlch prevents the
engine from recommending the same topic twice in a row particularly if the
student-user fails out of the topic.

After these initial eligibility assertions take place, some additional considerations
are made. If there are any topics that are current failed in the user's curriculum, all
of th¢ uncompleted pre-requisites of these topics are added to the eligible list.
This includes topics that received values from the placement test.

Finally, if there are no failed topics in the student's curriculum and-all the topics
in the recommendation list that are greater than 1 level away from the student's

average level, the list is cleared and no topics are included. This will indicate a

"Dead End" situation.

Step 2 - Calculating Relevance

39 of 64
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2 For each level: 3 4 Level Average =
sun({topi cWaterLevel * topicLevel) / sun(topicLevel) 5

woeeenagsidevel = Sum(Level Average) 6 Topi c rel BABROSH04/010222

(0.5 - ABS(topicLevel - Average Level)) * 5 7 8 Range
of Possible Values: 9 (in current curriculum11-4): 2.5
to -17.5 10 11 Weighted Range of Possible Values: 12
(in current curriculum1-4): 7.5 to -52.5 13 14 2)
Eligibility Rel evance 15 Overview. 16 This heuristic
assesses the student's readiness for the topic, found
yfrateheelistoh¢lipible fopidsduas heentvompiledh dire HinieS¢lection module
pre-requi site a student-user has conpleted. 18 19
Foarcilated a rel@thndd sdoke 10¢ BidiNppid. Bhe reldvencesseore\l Exlaithted-

85; 41 of 64 WO 2004/090834 PCT/ US2004/010222 2
using several independent heuristic functions which evaluate various aspects of a
topic's relevance based upon the current state of the user's curriculum. Each
heuristic is weighted so that the known range of its values can be combined with
the other heuristics to p;ovide an accurate relevance score. The Weights are
designed specifically for each heuristic so that one particular relevance score can
cancel or compliment the values of other heuristics. The interaction between all
the heuristics creates a dynamic tension in the overall relevance score which

enables the recognition of the most relevant topic for the student-user based on

their previous performance.

' Relevance Heuristics Explained

1) Average Level Relevance
Overview:
This heuristic determines a student's average overall level and then

rewards topics which are within a one-level window of the average while

punishing topics that are further away.
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3 4 wherein: E(X) be the Eligibility I ndex of Bucket
X, 5 WPrgN) be the Water Level of Pre-requisite N of

w@e@koev0sx 6 Cor (X, PrgN) be the Correl ati on | nPERrRUS2004/010222

bet ween Bucket X and its 7 Pre-requisite N, where N
is the nunber of pre-requisite buckets 8 for X 9 t be
the constant 100/85 10 11 Range of Possi bl e Val ues:
12 (in current curriculum11-4): 100 to 0 13 14
Weimgleed Range of Possible Values: 15 (in current
curriculum11-4): 20 to 0 16 17 3) Concept | nportance
ot edchdevieltl ti plier) Relevance 18 Overview 19 Concept
i mportance is a predeterm ned nmeasure of how i nportant
atopic is. For 20 exanple, a topic like "Basic

Ml tiplication” is deened nore inportant than "The 21

i ad opic e cLEVE
R85 TR TEepl il BRI PHRRED o1 e

Average Level = Sum(LevelAverage)

Topic relevance: (0.5 - ABS(topicLevel - Average Level) ) * 5

Range of Possible Values:

(in current curriculum 1-4): 2.5 to -17.5

Weighted Range of Possible Values:

(in current curriculum 1-4): 7.5 to -52.5

2) Eligibility Relevance

Overview:

This heuristic assesses the student's readiness for the topic, found by determining

how much of each direct pre-requisite a student-user has completed.

Formula:

If W(PrgN) 3 85, then set W(PrqN) = 85;
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4 5 Range of Possible Values: 6 (in current curricul um
1-4): 1 to 0O 7 8 Wighted Range of Possi bl e Val ues:

W@2q0ui096884 rent curriculum1-4): 5 to 0 10 11 HQT/US2004/010222

Contribution Relevance 12 Overview. 13 This heuristic
measures the potential benefit conpleting this topic
woul d provide, 14 by adding its post-requisites’
correlations. 15 16 Formula: 17 SUM post requisite
correlation) 18 19 Range of Possible Values: 20 (in
current curriculum11-4): -6 to 0 21 43 of 64 WO
2004/ 090834 PCT/ US2004/ 010222 i Wi ghted Range of
Possi ble Values: 2 (in current curriculum11-4): --3 to
0 3
wherein: E(X) be the Eligibility Index of Bucket X,
W(PrgN) be the Water Level of Pre-requisite N of Bucket X
Cor(X, PrqN) be the Correlation Index between Bucket X and its
Pre-requisite N, where N is the number of pre-requisite buckets

for X

_t be the constant 100/85

Range of Possible Values:

(in current curriculum 1-4): 100 to 0

Weighted Range of Possible Values:

(in current curriculum 1-4): 20 to 0

3) Concept Importance (Static Multiplier) Relevance

Overview:
Concept importance is a predetermined measure of how important a topic is. For

example, a topic like "Basic Multiplication" is deemed more important than "The

Four Directions."
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4 5) Learning D nmension Repetition Relevance 5
Overview. 6 This heuristic is nmeant to ensure a degree

wo@toosoissence to the student-user while 7 deveCDpBI9g4/610222

broad base in nultiple |earning dinmensions. The
heuristic favors 2 8 consecutive topics in a
particul ar | earning dinension, and then gives
precedence 9 to any other |earning dinension, so a
student -user doesn't overextend his/her 10 know edge
in any one |learning dinmension. 11 12 Formula: 13 This
fFennulat i ¢ uses a | ookup table (see bel ow) of val ues
based on the nunber of 14 consecutive conpl eted
tioRiresic Muleiplpay ti cul ar | earni ng dinension. 15 16 1)
Repetiti 2) 03) 14) 25) 36) 47) 58) 629) 7 10) 8
17 oils 11) Value 12)2 13) 7.5 14) -1 15) -5 16) -9
17)-12 18)-17 19)-22 20)-27 18 19 20 21 44 of 64

%ﬂ%@%ogg?ﬁ%aﬁg/ US2004/ 010222 1 Range of Possible
a es.

In current curriculum1-4): 7.5 to -27.5

(in current curriculum 1-4): 1 to 0

Weighted Range of Possible Values:

(in current curriculum 1-4): 5 t0 0

4) Contribution Relevance
Overview:

This heuristic measures the potential benefit completing this topic would provide,

by adding its post-requisites' correlations.

Formula:

SUM(post requisite correlation)

Range of Possible Values:

(in current curriculum 1-4): ~6 to 0
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3 4 Weighted Range of Possible Values: 5 (in current
curriculum1-4): 9.38 to -34.375 6 7 6) Failure

to topics that are inportant pre-requisites to 10
previously failed topics. For exanple, if a
student-user fails OLM)1 (Length and 11 Distance I),
then the pre-requisites of 01M)1 will receive a bonus
based on their 12 correlation to OLMD1. It treats
assessnent test topics differently than the normal 13
uNGighterbRengeob BresdlaMaluGsi ght s the bonuses it gives to
each according to the 14 bal ance of the correlation

b énwerent cheisalupr bégqditeOt es. For exanple, an 15
assessnment test topic's correlation to the failed

topi c nust be higher than the sum 16 of the other
unattenpted topics or it receives no bonus. All
UBPLéehiRg BimteiorcRepefiffon Relevanee a bonus rel ative to
their correlation to the failed topic. 18 19 Fornmul a:
20wv88tewt:-ne ki di bucket data 21 | oop through the failed
topics 45 of 64 WD 2004/090834 PCT/ US2004/ 010222 1

]9 ﬁn_isthghﬁstfc% Jnlg%lttt@ Bilsire LUegrd @ coiitencO B the d@biantiuaér WHIR
aile

topic
developing a broad base in multiple learning dimensions. The heunstic favors 2

consecutive topics in a particular learning dimension, and then gives precedence
to any other learning dimension, so a student-user doesn't overextend his/her

knowledge in any one learning dimension.

Formula:
This heuristic uses a lookup table (see below) of values based on the number of

consecutive éompleted topics in a particular learning dimension.

1) Repetiti| 2) 0]3) 1|4 2[5 3|60 4|7 5|8 69 7| 108

ons

ivalwe | 12)2 [13)7.5] 14)-1]15)-5 | 16)-9 [17)-12]18)-17}19)-22120)-27
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3 if we are a pre-req of the failed topic 4 sumthe
unattenpted pre-req buckets' correlations 5 if the AT

W0 opiods3correl ation i s higher than the sum of P€TES2004/010222

unattenpted pre-reqs 6 add 5 + (5,* our correlation -
the unattenpted sum to the bonus 7 otherwi se return
nothing 8 otherwise return 10 * the pre-req's
correlation 9 return the bonus 10 11 Range of

Rasgs f Rossibleddéaues12 (in current curriculum1-4): 10 to
0 13 14 Weighted Range of Possible Values: 15 (in
Glhrdu@siit curHiduiwew il uin 25492750 to O 16 17 7) Additional
Fai l ure (Re- Recormend) Rel evance 18 Overview. 19 This
heuristic pronotes failed topics if the student-user
has conpl eted nost of the 20 pre-requisite know edge,

q;gg%% %Ji‘%h&@lef\&q uedhi ch a high percentage of the
2004/ 090834 PCT/ US2004/ 010222 1

1ncun1ﬂ%hﬁi%ﬁm§?9$‘§9§E,@@% fot been satisfied. If the

opi ¢ conpleted was a pre-requisite of this
falled topic, this topic receives a flat bonus. 3

6) Failure Relevance

Overview:

This heuristic gives a bonus to topics that are important pre-requisites to
previously failed topics. For example, if a student-user fails 01MO01 (Length and
Distance I), then the pre~requisite§ of 01MO01 will receive a bonus based on their
correlation to 01MO1. It treats assessment test topics differently than the normal
unattempted topics and weights the bonuses it gives to each according to the
balance of the correlation between these prerequisites. For example, an
assessment test topic's corrfelation‘ to the failed topic must be higher than the sum
of the other unattempted topics or it receives no bonus. All unattempted topics

receive a bonus relative to their correlation to the failed topic.
Formula:

get the kid/bucket data

loop through the failed topics
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4 Formula: 5 score + (80-El)/10; 6
i f (preReg. equal s(Engi neUtilities.getlLastBucket(userld)

WO oofeemsse += 3;} 7 8 Range of Possi bl e Val ueBCT/8S10041010222

current curriculum11-4): 11 to -2 10 i | Wighted
Range of Possible Values: 12 (in current curricul um
1-4): 11 to -2 13 14 public double

cal cul at eRel evance(String userld, String topicld) {
36t tHsfhled temodle = 0; 16 // get the kid/bucket data 17
Ki dBucket W apper kbw = new Ki dBucket W apper (userl d,
%Sﬁh@{dﬂ;)ddatalﬁrtﬂefaid)édrlopihrIDugh the failed topics 19
or(lterator i =

%é h&@'ﬁﬂm&;)%fﬁeé tagéelilepiccs(userl d).iterator();
. hasNext () 20 // get this failed topic Id 21

?%%Mfﬁ%ﬁb%%%sé?%% PSS, | G e ronc cata
&t&ﬁ? ?X?et P}&lﬁ'ls %t%’?llcgwﬁg%‘%gﬁ@’ %urg[oﬂ:ﬂ ﬁlfnat\}\cleemlg?%l)re-reqs

gcrl(? 5+ (g *our tcc?r?elgtlaolnl %ﬁie una%:ler%pted sum) to the bonus

otherwise return nothing
otherwise return 10 * the pre-req's correlation

return the ‘bonus

Range of Possible Values:

(in current curriculum 1-4): 10 to 0

Weighted Range of Possible Values:

(in current curriculum 1-4): 10 to 0

7) Additional Failure (Re-Recommend) Relevance

Overview:
This heuristic promotes failed topics if the student-user has completed most of the

pre-requisite knowledge, and demotes topics for which a high percentage of the
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4 if(fTopic.getPreRequisite(topicld) !'=null) { 517/
if we are an AT topic 6 if(kbw get Assessnent Level () >

W@ 004/090836doubl e preSum = 0; 8 // sumthe unattROPUSI04/010222

pre-req buckets' corellations 9 for(lterator,i2 =

f Topi c. get PreRequi sites();i 2. hasNextQ) { 10 String
pre = (String)i2.next(); 11 Topic preTopic =
curricul um get Topi c(pre); 12 KjdBucket W apper prEbM/:
pesveKigBERasTIWes e net bset $ag’sﬁ§ éf the l3sg topic completed was a

I f(!pre.equal s(topicld) &% prebw. get Assessnent Level ()
predre§ifisitd f thisehiledgenividhis topiersc¢iyesa iyt bponus

preSumt=pr eTopi c. get Post Requi si t e(f Topi cl d).getCorrel a
tionCoefficient(); 16 } 17} 18 19 // if the AT
topic's corellation is higher than the sum of the

woahdignpted pre-reqs 20
I f(fTopic.getPreRequisite(topicld).getCorrelationCoeff

E&h@QLgéo?EEVQ§“”) { 21 // add 5 + (5 * our

correlation’- the unattenpted sum) to the bonus 48 of
,?f%pre eqz.gcfl)l%{s?@nog%%ﬁtiﬁgé.é‘é%ga%%c%t@l?s%ﬁd)))']-{s%&@r-lg ¥ 5 + (5

(f Topi c. get PreRequi site(topicld).getCorrel ati onCoeffic
ient() 2 preSum); 1 3}

Range of Possible Values:

(in current curriculum 1-4): 11 to -2

Weighted Range of Possible Values:

(in current curriculum 1-4): 11 to -2

public double calculateRelevance(String userld, String topicld) {

double score = 0;

/1 get the kid/bucket data

KidBucketWrapper kbw =new KidBucketWrapper(userid, topicld);

// loop through ‘;he failed topics

for(Iterator i = curriculum.getFailedTopics(userld).iterator();i.hasNext();) {
// get this failed topic Id

String fTopicld = (String)i.next();
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4 11 otherwise return nothing 5 else { 6 return 0; 7
} 8} 911 otherwise return 10 * the pre-req's

waeornep@mss on 1o el se {return 10 * PCT/US2004/010222

f Topi c. get PreRequi site(topicld).getCorrel ati onCoeffici
entGQ 11 } 12} 13} ~4 1l return the bonus 15
return score; 16 } 17 18 Step 3 - Assess

Recommendati ons 19 During the third and final step,
t/hget shesTanie das fudhasfailedbtopicdd of 20 recomendations to
determ ne whether to display the recoomended nost 21
rBipéo/Elopict-opirdsulusi@etFopB4LToEcRIDA/ 090834

PCT/ US2004/ 010222 1 ELIGBILITY INDEX 2 3 The

B ifgiehird b pre-legdererfaippdasgat s the | evel of readiness

for the bucket to be chosen.
if(fTopic.getPreRequisite(topicld) !=null) {
// if we are an AT topic
if(kbw. gei:AssessmentLevel() >0) {
double preSum = 0;
// sum the unattempted pre-req buckets' corellations
for(Iterator.i2 = fTopic.getPreRequisites();i2.hasNext();) {
String pre = (String)i2.next();
Topic preTopic - curriculum.getTopic(pre);
KidBucketWrapper prebw = new KidBucketWrapper(userld, pre);
If(!pre.equals(topicld) && prebw.getAssessmentLevel() = 0 &&
prebw.getWaterLevel() == 0) {

preSum-+=preTopic.getPostRequisite(fTopicld).getCorrelationCoefficient();

}

}

}

// if the AT topic's corellation is higher than the sum of the unattempted pre-reqs
if(fTopic. getPreRequisi‘Ee(topicId). getCorrelationCoefficient() > preSum) {

// add 5 + (5 * our correlation - the unattempted sum) to the bonus
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4 In other words, we ask the question "How ready is
the student-user to enter into 5 this bucket?" Hence,

wo b@4@bisgi bi 1 ity I ndex of a bucket is a neasurkCDUS100€010222

total 6 percentage of pre-requisites being conpleted
by the user. The Eligibility Index is 7 calculated as
follow 8 9 Let E(X) be the Eligibility Index of

Bucket X, 1o Let WP ‘be the Water Leyel  of.. .
oo e M cp B RGISRAPPIEIO) g CepP RO GRERieni -

the Correlation I ndex between Bucket X and its
preBumppui site 12 N, where N is the nunber of
pre-requi site buckets for X 13 Let t be the constant
100/85 14 15 If WPrgN) 3 85, then set WPrgN) = 85;
16 N 17 ~t * WPrqg) * Cor(X PrgN) 18 E(X) = N
fPRtHerwisEFetildh noththg?20 50 of 64 WO 2004/ 090834

PCT/ US2004/ 010222 1 To increase the effectiveness of

QIQQ?Si ng an appropriate bucket for the user, we 2
Introduce a new criteria called Eligibility Index
;rertﬁrg%pol d. If the eligibility index

}
}

// otherwise return 10 * the pre-req's correlation

else {return 10 * fTopic. getPreRequisite(topicld).getCorrelationCoefficient();

}
}
}

)

// return the bonus

return score;

}

Step 3 — Assess Recommendations
During the third and final step, the system assesses the list of

recofnmendations to determine whether to display the recommended most

relevant topics.
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3 does not reach the Eligibility I ndex Threshol d, then
t he bucket is considered not 4 ready to be chosen. 5

wo2@unmmsy of Rel evant Nunbers for | npl enent at POTUS2004/010222

Question selection starts at Water Level 25 for any
new bucket 8 2. Proficiency Range (Water Level Range)
is 0O to 100 9 3. Lower Threshold = 10 10 4. Upper
Threshold = %§:11 5. Force Junp Backward at Water
BLAGEHILATY IDEX Force Junp Forward at Water Level 100
13 7. Eligibility Index Threshold = 80 14 15 Ranki ng
and special case recognition 16 17 Once the rel evance
has been cal cul ated for each eligible topic, the_ Topic
The [Btigthiility Inde8 repyeiehts theleushed FRaginesidlor (he bHESE to kA Boset
topics. If there are no topics to 19 recomend (i.e
Th BaeOwbidsNge pikakeqedstion AHbwdealylis hesbidohteuser to enter mto
recommendations), one 20 of two states is identified.
i Budietst Hedca] the ESgibdlty Biilex Deatudiegisnmagiire afithedatelur s
1 when a student-user fails the OLNO1 "Nunbers to 10"

2
hesui inkRE6m W¥or 207 DABI8BAIndex is
p%%t%%ez%igﬁljeg?%nﬁ% ®eink REmpibtedlbyte B90iB%BAIndex i

222 1 student-user is not ready to

beagi [ .he Smart Practice training and a nmessage
¢ E?%%F%Eg??ﬁ% themto contact their parent or

supervisor is issued. The second state

Let E(X) be the Eligibility Index of Bucket X,

Let W(PrqN) be the Water Level of Pre-requisite N of Bucket X

Let Cor(X, PrgN) be the Correlation Index between Bucket X and its Pre-requisite
N, where N is the number of pre-requisite buckets for X |

Let t be the constant 100/85

If W(PrgN) * 85, then set W(PrqN) = 85;

N
Z [ ¢* W(Pray) * Cor(X, Pray) |

CE(X) = N
Z Cor(X, Pran)
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3 is called "Dead End" and occurs when a student-user
has reached the end of the 4 curriculumor the end of

wWo b@4a9®s4 abl e content. In this case, the studeet/Usxe4/010222

has 5 progressed as far as possible and an
appropriate nessage. is issued. 6 QUESTI ON SELECTI ON
MODULE 7 8 Overview 9 Once a topic has been
determ ned for the student-user, the Ey s%ion
G\ inereass the effsctivgmas o CRRASIEASPRIPPHAS 8@?‘”’. Lqrghguser, we
chal I engi ng question to _the student-user, In 11 doj
$utrodubea @eve stiferim cablsd &digitohty Wedsen Thresheldy dhibe gligbility lﬂﬂg"
the student-user's 12 current water |evel and |ocates
tdoes i ecsich dre(BhgittiliytndaxsEhreshoksle thgn phettoisksed it ¢pasigigred not
difficulty I evel the student-user is prepared to
hedagiebe SiRee water |level and 14 difficulty level are
virtual ly synonynous, this means that a student-user
currently 15 at (for exanple) water |evel 56 should
get a question at difficulty Ievel 55 before 16 one

Ao [ gdent - user answers
?ﬁ%gﬁﬁggfggﬁw?gﬁgg%ﬁgqﬁ%ﬁﬂéﬁﬁﬂﬁ% wat er | evel
i.ncreases. by . i <N ) nswer s
e e S L

i'hcor wa decrease. 19

20 Addj t | | Ly, t t | eGl i Modul
o ovi secrriay Rbpee et SRR BB 21 Chow o be

exhausted before delivering a question the

St udehowgsbhreshodd 58vi ously 52 of 64 WO 2004/ 090834
PCT/ US2004/ 010222 1 answered. If all of the questions
i4n a ppecliesheldsedh answered, the Question 2

Sel ection Mddule will search for and deliver any

isncor Feckellymamsvlerad atjWatr Leve 0

6. Force Jump Forward at Water Level 100

7. Eligibility Index Threshold = 80
Ranking and special case recognition

Once the relevance has been calculated for each eligible topic, the Topic Selection
module recommends the two most relevant topics. If there are no topics to
recommend (i.e the Culling phase eliminated all possible recommendations), one
of two states is identified. The first state is called "Dead Beginning" and occurs

" when a student-user fails the 01NO1 "Numbers to 10" topic. In this case, the
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3 before delivering correctly answered questi ons.
Alternatively and preferably, the 4 systemw || have

wa@pooaloensgance of questions in each topic, theredDUS2004/010222

is not 5 anticipated that student-users will see a
guestion nore than once. 6 Question Search Process 7
Al l questions are each assigned a specific difficulty
| evel from 1-100. Dependin 8 on_the capabilities of
shidentyuserdifnpligedsste cbﬁglg)U,smg%@ Yt Bractenraping epd amessgge
the 9 questions for the one at the closest difficulty
ligsimbtingihemso cohdart thesrgratent egupemvisol 8 issuedsr Thessgednd state
Al ternatively, during the search process, the system
seailled eBeatl Biitli" andocclis wlier setdentnge hay eathdd tHeeend of the
student-user's water |level. For exanple, if a student

LArieSRIn & thELRT ofl tBY Blailbifle dshnterith &n SiYSdabatVY dtldefiLades Has
for all the questions within 5 13 difficulty |evels

SRR 3 Q0 LAl o0, et Lt

res range is a

Yﬁ&é ﬁfﬁ FRIN to any nunber. The 16 snall er
t efﬁﬁgﬁ%é, %e tlgﬁp2§LFhe sel ection set around the
student's water level. 17 The tighter the range, the
greater the |ikelihood of finding the nost appropriate
18 question, but the greater the |ikelihood that the
KreréaW wi | | have to search 19 nultiple times before
finding any question. 20 21 Ceneral Flow 53 of 64 WD
S04 £ 6PiBizs beardatspinyg) fon e sprdent-uper, tetQueRidonsYeleréan '
current water level 2 2. Search the database for al
Aretmid dehigersian hpprogriately challeBgidg fih¢stiah tosthe etpdend-usér. In
doing so, the Question Selection Module constantly monitors the student-user’s
current water level and locates the question(s) that most closely matches the
difficulty level the student-user is prepared to handle. Since water level and
difficulty level are virtually synonymous, this means that a student-user currently
at (for example) water level 56 should get a question at difficulty lével 55 before
one at difficulty level 60. If the student-user answers the question correct, his/her

water level increases by an appropriate margin; if he/she answers incorrectly,

his/her water level will decrease.

Additionally, the Question Selection Module provides that all questions in a topic

should be exhausted before delivering a question the student-user has previously
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3 the student's water level. (NOTE: This threshold +
or - 5 can becone tighter to 4 find nore appropriate

wQr@sndsas, but doing so will increase the dene€i®ESng/010222

the 5 processor.) 6 3. Serve a question at random
fromthis set. 7 4. Depending on the students answer,
adj ust hls/her wat er | evel according to 8 the mater

| evel ustment table. 9 5. Repeat the

qsw@ﬁdel Al g Ausations s 2 igpiohaveieeh 315K reltfB, ‘f)&e%]@n
chosen fromdifficulty levels closest the student's
$8eaimmodulevwilbseatabfot and delifer 2y droorTssily answered guestions
within the stated threshold (in our 14 exanple, + or -
Befdid delioetitg/conevity swetddeuedtipos.iAltemativelly and pteifaraldy.ttbe
| ook further .and 15 further out (+ or - 10, + or -

l ten@ﬁ'ﬂl B&veQR)aburldings ofAupstidvik DLk tapits e eforeqit éstot on
oul d not be picked again for any 17 particul ar

i‘bﬁj]?a[f% T HSSFudRESS wAlllsed GudRAsS btLhani@sdel ons in the
toplc ave been 18 answered. 19 3. If all questions

a@wn%@aﬁ%?@%ﬁ peen answered, search for the cl osest
I'ncorrectly “Shswer ed guestion. 54 of 64 WO

h ::‘rie%%%j%ﬁsg ésglc%%g(g? /Flgelc?zc%’%fﬁc{![%tf levklf (ﬁllé lltlggle?eg&fgﬁlg
on the capablhtles of the system processor(s), the system may search all of the
questlons for the one at the closest difficulty level to a student-user’s current
water level. Alternatively, during the search process, the system searches within a
pre-set range around the student-user’s water level. For example, if a student-

user’s water level is 43, the system will search for all the questions within 5

difficulty levels (from 38 to 48) and will select one at random for the student.

The threshold for that range is a variable that can be set to any number. The
smaller the number, the tighter the selection set around the student’s water level.
The tighter the range, the greater the likelihood of finding the most appropriate
question, but th¢ greater the likelihood that the system will have to search

multiple times before finding any question.

General Flow
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pi cking a question froma 5 selected topic-bucket. 6

WO 283A3@B34 EVEL AND WATER LEVEL CALCULATI ONS 8POI/BS2004/010222

State Level indicates the student's consistency in
performance for any bucket. 10 When a student-user
answers a question correctly, the state level w |
increase by 11 1, and simlarly, if a student-user
dnsweGst thestderits qurent walele¥tle | evel will decrease 12
by 1. Preferably, the state level has a range froml
0 6 Snatch theidatabassl foraltiquestians within (401a) fdif@puliyelgeals of
represents a student's proficiency in a bucket.
Ricedtadeab$ watet lewell BNOAEeThib twesholdaisora- ¥ eangeecomo tigiiter io
100 and is initialized at 25 when a student-user 16
SRk SNcte Bppr6YiddelGlkcttions] But dbHigAo Brill ketreabbitheidpiands dnsthe
pre-deternm ned for each bucket depending on the 19
[ ce of the material to be covered in the
ﬁﬁ%%%%e?The multiplier is applied 20 to the
LCT CRERL S/ EGI AT Ph ot ihidigl er 1 evel. 1f the

nmaj or topic,

bucket "i's a pI the 21 multiplier wll

‘%][, ? leg E%P%fpd%}gt (imn%g E@l][iertgg %ﬁ%teg %g&%tgg%g% i}&a(?errlgs?e? Qccgﬂﬁ?g fo

PCT/USZOO%/ 10222 the bucket is a mnor topic, the

A Vatp! el adiusimest fa % the student-user to conplete 2
the topic quicker. 3
5. Repeat the process.

Goveming Guidelines

1. Questions should be chosen from difﬁculty levels closest the student’s
current water level. If no questions are found within the stated threshold (in our
example, + or — 5 difficulty levels), the algorithm will continue to look further and
further out (+ or — 10, + or — 15, and so on).

2. ’A previously answered question should not be picked again for any
particular student-user unless all the possible questions in the topic have been
answered.

3. If all questions in a topic have been answered, search for the closest

incorrectly answered question.

54 of 64



10

11

12

13

14

15

16

17

18

19

20

21

4 To |l ocate the corresponding water |evel fromthe
user's current question to the 5 next question, the

wadjustemsent of the water | evel based on the cuPCENB2004/010222

state of the 6 bucket is as follows: 7 State Level
that the Adjustnent in water |evel Adjustment of water
| evel student-user is currently when a question is

when a question is in: answered correctly:

#.ncorlf el ynsstions haverpeersppswored ERATECRy, regeslil%p Iczﬂri]rqsa\,\rﬁ{ Singn
-IM 5 +3m-1M 6 +5m-0Om m = Bucket Multiplier 8 9
aQaiDATA TRANSFER 11 12 The communi cations are handl ed
securely, using a 128-bit SSL Certificate signed 13
with a 1024-bit key. This is currently the highest

| evel of security supported by 14 the nost popul ar
PLANSIBI R pich IR elnPR®Y procesd f16@ fof pifidng a question from a

selected topic-bucket.
STATE LEVEL AND WATER LEVEL CALCULATIONS

A State Level indicates the student’s consistency in performance for any bucket.
When a student-user answers a question correctly, the state level will increase by
1, and similarly, if a student-user answers incorrectly, the state level will decrease

by 1. Preferably, the state level has a range from 1 to 6 and is initialized at 3.

A Water Level represents a student’s proficiency in a bucket. Preferably, the

water level has a range from 0 to 100 and is initialized at 25 when a student-user

enters a new bucket.

A Bucket Multiplier is pre-determined for each bucket depending on the
importance of the material to be covered in the bucket. The multiplier is applied
to the increments/decrements of the water level. If the bucket is a major topic, the

multiplier will prolong the time for the student-user to reach Upper Threshold. If
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wdaooftoenss4 he 2 server to the client,

WO 2004/ 090834 PCT/ US2004/ 010222 1 The data that is
exchanged between the client and server has 2 paths:

client to the server. The data sent fromthe 3 client
to the server is sent as a POST nethod. There are two
mai n ways to send 4 information froma browser to a
web server, GET and POST. POST is the 5 secure
thetticket isthminga topis dyrmpkiphierorll allep s s n‘Eer “HeeT &9 FRPRICH
sent via the 6 Extensible Markup Language (XM)

flertopit quiskérch is wi dely accepted as the 7 standard for
exchangi ng data. This fornmat was chosen because of its
flexibility, 8 and allows the systemto re-use,
change, or extend the data being used nore 9 quickly
8990 &fd thé E@PdshondinglPatda1e SNkl b Ghér k2 utiant qugstivavio the
descrlbed one or nore exenplary enbodi ments of the

Eéu@ﬂ th LdindestBuh Swher RPABa&RAontRe flieaestakiof ted

d

|n t e art Egt the foregoing is illustrative only
imting, having been presented by way of

é%%ﬁpsasaﬁ#“k Al the features 15 disclosed in this

speci fication (including any acconpanyi ng cl ai s,

abstract, and 16 draw ngs) nay be replaced by

and 2) frpor/ukmo4/010222

aJ_t_eLnaI_J_v_e_f-eaf Wres—servi Rg the—sam pUrpoSse, afrel 1
aqustmllemléhaéfhew M AéJPStplﬁ?tﬁ’@)g’étef ls¥gle édléit E’s‘é‘l"yter level
s tstuden-ueerhiegupientdy | ThePaepi guestia ifyner WIRY B9 " ' ;
Lnbodi meits of thd MORSVEEAEIESEYt hef aé‘&f”eref'é““ ectly:

,ontenplated as 19 falllm@nMAthln the scope-@f the

st-esent—tnventionas uerlq_o Dy the appended_ gD clains
nd equi \?:al ents theretla 1757 of 6
3 +1m -2m
4 +2m -1im
5 +3m -im
6 +5m -0m

m = Bucket Multiplier

DATA TRANSFER

The communications are handled securely, using a 128-bit SSL Certificate signed
with a 1024-bit key. This is currently the highest level of security supported by

the most popular browsers in-use today.

i
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WD 2004/ 090834 PCT/ US2004/ 010222 1 Moreover, the
techni ques nay be inplenented in hardware or software,

techni ques are inplemented in 3 conputer prograns
executing on programmabl e conmputers that each include
a 4 processor, a storage nediumreadable by the
rocessor_ (includjng volatile and 5 npn-vol ati
Ehwtel ﬂ&ﬁ@/eéi;h@%ir%ﬁg%eeé’i Beelifng gnd sepvef Berd pashie 1$ Efﬁla‘tthe
device and one 6 or nore output devices. Program code
saveip Hieatientpangad) droanthe Pb@{ltﬁn%ﬁﬁgelf"ﬁ'é Thedeta sent thee
to performthe functions described and to generate
clinptet the sdroerinsenoas a BOSRencthodpTlibere afedwamaimwayssto send
applied to one or nore output devices. 9 1lo Each
RIrerea8bh omd BbREad ¥ wiebptreere GEIthnd PGS THi RMST B\hd more
procedural or object 11 oriented progranmm ng | anguage

LRuiOHTHA. GRE Batwisbl FRCHEBAYE 1o SBENLRM is deht hryer, the
prograns can be inplenented in assenbly or machine

%ﬂ%ﬁ%@gy%%%%@ag%ﬁm fobrllat 2Micf %Sﬁide%%céfzé&f W’

|nterpreie anguage.

suc nput.er .prQgr am: i r s ! o er
e S e e L SR

hard di sk, magnetic diskette. or rrier _wave 17
FHLALONS hesaiEt '8 ThyPeac boRe b e 5pe LRder Fegpb BeT
pno%rannable computer for 18 configuring and operating
gHekly gppeffisienthen t he st orage medi um or device is 19
read by the conputer to performthe procedures
described in this docunent. The 20 system may al so be
considered to be inplenmented as a conputer-readabl e
CONEJESIOR8 of 64 WO 2004/ 090834 PCT/ US2004/ 010222

Having now described one or more exemplary embodiments of the invention, it
should be apparent to those skilled in the art that the foregoing is illustrative only
and not limiting, having been presented by way of example only. All the features
disclosed in this specification (including any accompanying claims, abstract, and

drawings) may be replaced by alternative features serving the same purpose, and

~ equivalents or similar purpose, unless expressly stated otherwise. Therefore,

numerous other embodiments of the modifications thereof are contemplated as
falling within the scope of the present invention as defined by the appended

claims and equivalents thereto.
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1 medium configured with a conputer program where
the storage nedium so 2 configured causes a conputer

WO 000183t e in a specific and predefi ned mannePCT/US2044/010222

Finally, an enbodinment of the present invention having
potential commercial 5 success is integrated in the

Pl anetii TM Math SystenTM an online math education 6
sof tware product, available at .
Mareqyer.thischyrigirs may be dpisBivRied in hardwarejog sofpwarg, or 2
depicts an exenplary user interface depicting the .
vanboagoredishetws Hhone embeflimpniathe tochnigues gie implgmented in
question text data is presented as Display Area 2, the
t6mpotepbamsansueEng ohpiogefhabiacanpuerp thas each derluds a

Di spl'ay Area 4, the correct answer 11 data is

PrRE&6E, adtdSgdh &l Yeabtiab B thetphecesos (iatluding vdlatik and
presented as Display 12 Area 8 and the Descriptive

SOk Ubiaf Hahéryiasd/Bf 85858 86mass)DhSBistndnpa dedice 13l 5
o? g4aV\D 200%7090834 P /USZOB%O?OZ%% gﬁCLAIcKJ/S 2 3

Yhat,d 1A PR, iP?é%;]'arﬂ cBdelis apiicddd Bhia LhtetalsRoRBe input
system tor presenting an appropriate topic and

3?@%%&)3}%{%%8%% %ﬁ#lg)gg g%s:%gti)e% U6 Egﬂe(faquﬁﬁ)éti iRfrmdtionS @

The output information is applied to one or more output devices.

Each program is preferably implemented in a high level procedural or object
oriented programming language to communicate with a computer system,
however, the programs can be implemented in assembly or machine language, if

desired. In any case, the language may be a compiled or interpreted language.

Each such computer program is preferably stored on a storage medium or device

(e.g., CD-ROM, NVRAM, ROM, hard disk, magnetic diskette or carrier wave)

that is readable by a general or special purpose programmable computer for

configuring and operating the computer when the storage medium or device is
read by the computer to perform the procedures described in this document. The

system may also be considered to be implemented as a computer-readable storage
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9 10 generate and store in a database a set of
hi erarchical topics having a plurality of 11

W e@gpsas associ ated with each one of said t opCT/ES2004/010222

each of said plurality of 12 questions within a topic
havi ng an assigned difficulty |evel value; 13 14
determ ne an adjustable state | evel value for a user
based on said user's topic 15 performance _

a5 capigpred with 2 sempeten ogEmy Whetedhs stergse mediven so
having a range of 16 predeterm ned value; 17 18
dedfigunidrreuses azdinpstentyl aperete inra spesiac andipradefined mepanet.
user based on said user's 19 proficiency in at |east
a subset of said hierarchical topics; said water |evel
20 initialized to and having a range of predeterm ned

¥lallg; anGehbatiinht ¥¥Ohé B4R RABBor alin gFHRQHA DN Re ciall

deternmine a relevant topic for said user fromsaid set
' ' £S5 ol : Halol

SPog ] PR (O DAL RFRCR"Y Bl e

0 or re eligible academic topies; and 6 7

G ep g Seutut af sate AR B Gt SRa g gi b1 o

academic topics using 8 heuristic relevance ranking

to determ ne said relevant academc topic; 9

Figure 14 depicts an exemplary user interface depicting the various elements for
display. As shown, the question text data is presented as Display Area 2, the
potential answer choice(s) data is presented as Display Area 4, the correct answer
data is presented as Display Area 6, the Visual Aid data is presented as Display

Area 8 and the Descriptive Solution data is presented as Display Area 10.
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10 determ ne an appropriate question for said user
fromsaid plurality of relevant 11 academ c topic
wQr@sndsas by performng the follow ng: 12 13PCT/US2004/010222
determ ne said user's water level, 14 15 search said
dat abase for one or nore questions wthin a threshold
range 16 fromsaid user's water level, 17 18
randomy select a relevant question fromthis one or
uestions 19 20 dependi ng on the user's answer
to said selected question, adjust said user's 21
wat er | evel according to a predeterm ned adj ust nent
table. 61 of 64 WD 2004/090834 PCT/ US2004/010222 2 2.
Thet Bysdigsd s in claim1 wherein said processor is
further configured to 3 evaluate for rel evance said
one or nore eligible academ c topics using at |least 4
one of a Average Level Relavance heuristic,

E.' ! 'a@#tiv%%a%ﬁhg\éﬁ‘ﬂ&ﬁ 1HdsbiiitieGn 2BpiBbahte Copibihid qebtRin
el evance heuristic, Contribution Relevance heuristic,
Lear nj. ' ' epetition Rel evance heuristi c,

Eﬁ?Wﬁ?g&ggygégﬁggbﬂgnﬁguristic and Re-reconmend
Fai l ure Rel evance heuristic. 8 9 3. The systemas in
claim1 wherein said processor further defines a

multiplier 10 value m said state |level value is
P RracPssPs PefdetEdand ranging from1 to 6, said

generate and store in a database a set of hierarchical topics having a plurality of
questions associated with each one of said topics; each of said plurality of

questions within a topic having an assigned difficulty level value;

determine an adjustable state level value for a user based on said user’s topic
performance consistency; said state level initialized to and having a range of

predetermined value;

determine an adjustable water level value for said user based on said user’s
proficiency in at least a subset of said hierarchical topics; said water level

initialized to and having a range of predetermined value;
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11 water level value is initialized to 25 and rangi ng
fromO to 100 and said 12 predeterm ned adj ust nent

W0 ai4m9meapri ses: State Level that said user APETIES20841010222

in water |evel Adjustment of water level is currently
in: when a question is when a question is y answered
correctly: answered incorrectly: 1 +On -5m 2 +1M -3m

3 +IM-2m 4 +2m-1M 5 +3m AM .- =,
Nterhipk ia s¢levept topie fopsaidpses ﬁfomaébm? @Soéhicm topics by
PCT/ US2004/ 010222 1 4. The systemas in claim1l
waefomiing Baifollavifigi cul ty | evel value ranges from1l to 2
100; 3 4 5. The systemas in claim1l wherein said
threshold range is fromO to 5. 5 6 6. The system as
in claiml wherein said threshold range is greater

t han %yl sa{d set of hierarchical topics to determine one or more eligible

academic topics; and

evaluate for relevance said one or more eligible academic topics using

heuristic relevance ranking to determine said relevant academic topic;

determine an appropriate question for said user from said plurality of relevant

academic topic questions by performing the following:
determine said user’s water level,

search said database for one or more questions within a threshold range

from said user’s water level,
randomly select a relevant question from this one or more questions
depending on the user’s answer to said selected question, adjust said user’s

water level according to a predetermined adjustment table.
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1
2 2. The system as in claim 1 wherein said processor is further configured to
3 evaluate for relevance said one or more eligible academic topics using at least
4 one of a Average Level Relavance heuristic, Eligibility Relevance heuristic,
5 Static Multiplier Relevance heuristic, Contribution Relevance heuristic,
6 Learning Dimension Repetition Relevance heuristic, Failure Relevance
7 heuristic and Re-recommend Failure Relevance heuristic.
8
9 3. The system as in claim 1 wherein said processor further defines a multiplier
10 value m, said state level value is initialized to 3 and ranging from 1 to 6, said
11 water level value is initialized to 25 and ranging from O to 100 and said
12 predetermined adjustment table comprises:
State Level that said user Adjustment in water .level Adjustment of water level
. v in: when a question 1s when a question is
1§ currently 1n. answered correctly: answered incorrectly:
1 +0m -5m
2 +1m -3m
3 +1m -2m
4 +2m -1m
5 +3m -1m
6 +5m -Om
m = Multiplier
13
14
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4. The system as in claim 1 wherein said difficulty level value ranges from 1 to

100;

5. The system as in claim 1 wherein said threshold range 1s from +0 to £5.

6. The system as in claim 1 wherein said threshold range is greater than +5.
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