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1 2 BACKGROUND 3 1. Field of the Invention 4 The present invention
relates generally to computerized learning and more 5 particularly to an
adaptive learning system and method that utilizes a set of 6 heuristics to
provide a learning environment unique to an individual. 7 8 2. Description
oFRelateehss#t 9 to The Problem | 1 A child's learning pacerariesdeemozz?
child to child. Schools often provide 12 education that is tailored to a
general standard, to the "normal”, child. Teachers 13 and facilitators often
gear materials, e.g. static curriculum, and pedagogical 14 direction toward
1the majority of the classroom - the so-called normal child - and 15
therefore neglect children with different needs on either end of the
2spé%“f*r‘6¥r@ﬁ%g‘7?ﬂ]? Because the collection of concepts mastered by different
3stuije£t§d\(/)?gl% ,wgggnut 18 a personalized curriculum tailored for the
student,itis Gfténtimes difficult to help 19 different students with different

+abitifjes 1o.develon.a ,%94!95?Haqﬁmmlg&%ﬂ%ﬁ{g%@j&% 212 WO
200-4/090834 PC17EIS2004/010222

5 particularly to an adaptive learning system and method that utilizes a set of

6  heuristics to provide a learning environment unique to an individual.
8 2. Description of Related Art

10 The Problem

11 A child’s learning pace varies from child to child. Schools ofien provide
education that is tailored to a general standard, to the “normal”, child. Teachers

13 and facilitators often gear matenals, e.g. static curmiculum, and pedagogical

14 direction toward the majority of the classroom — the so-called normal child ~ and
15 therefore ncgleict children with different needs on cither end of the spectrum.

16

17 Because the collection of concepts mastered by different students varies, without
18 a personalized curriculum tailored for the siudent, it is oftentimes difficuit to help

19 different students with different abilities to develop a solid foundation in a

20 pardicular subject.



1 Prior Art Solutions to the Problem 2 There are a number of
education-based, and more specifically math-based, 3 Internet web sites
available today. Also, there are many offline products, such as 4
workbooks, CD-ROMs, and games that also address this issue. In
addittomlrere is 5 also traditional human help, such as a teaghgs.and/an2»
tutor. 6 7 Commercial examples in the math arena: 8 9 www.aleks.com -
A fully automated online math tutor for K- 12 and Higher 10 Education
students. Below is an excerpt from their corporate website. 11 12 ALEKS

tis @revaldiohansd nienBtdsielanology, developed at the University of 13
California by a team of gifted software engineers and cognitive scientists,

2withhFE 264 Stppet racaaribamiorr dBiRie sresficBrinie-National

Sciepce Foundation. 15 ALEKS js fundamentally different from previous
R offi avaﬂgﬁ ttﬁ(caE lellﬁ{(’afaﬂ%a SERBIE 0 mrfhiis Itk fyence

educational sortware.

engifgssofl aflardve | C ized intelligence -- which .
) co ntains(,) %1 detaﬁgyg?ﬁ%g{%ngﬁg% %ngjgi%%rﬁ Jfﬁ‘f) éw %if‘tfﬁié Easible

s knalsdegeictates-imadartionlar suligst«TakingoL9 advantage of state of
the art software technology, ALEKS is capable of searching 20 an
6 enormous knowledge structure efficiently, and ascertaining the exact 21

%Wledege_ state o the individual student. Like "Deep Blue," the IBM
TBURSFS W B GO U B 083 ¢ /t1S2004/010222

kn
7

co
8
9  www.aleks.com - A fully automated online math tutor for K-12 and Higher

10 Education students. Below is an excerpt from their corporate website.

12 ALEKS is a revolutionary Internet technology, developed at the University of

13 Cahifornia by a team of gifled software engineers and cognitive scientists, with the
14 support of a muli-million dollar grant from the Nationa) Science Foundation.

15 ALEKS is fundamentally different from previous educational software. At the

16 heart of ALEKS is an artificial intelligence engine -- an adaptive form of

17 computerized ntelligence -~ which contains a detailed structural model of the

18 multiplicity of the feasible knowledge states in a particular subject. Taking

19 advantage of state of the art software technology, ALEKS is capable of searching
20 anenormous knowledge structure efficiently, and ascertaining the exact

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



| system that defeated international Chess Grand master Garry Kasparov,
ALEKS 2 interacts with its environment and adapts its output to complex
and changing 3 circumstances. ALEKS is based upon path breaking
theoretical work in Cognitive 4 Psychology and Applied Mathematics in a
fietd2ofatudys called "Knowledge 5 Space Theory." Work in Krowdadgeinz2:
Space Theory was begun in the early 1950s 6 by an internationally
renowned Professor of Cognitive Sciences who is the 7 Chairman and
founder of ALEKS Corporation. 8 Using state-of-the-art computerized
linteligenosard e hkasachd pree anmingsALEKS nigrasts aitxeach
individual student, and functions as 10 an experienced one-on-one tutor.
211 nQomntinwch sy adeptingtenthelstydent Al EKSngeveiopsiangmaintains
a 12 precise and comprehensive assessment of your knowledge state. 13
3 ALEREHINSESS (e tset tRerirtii acrsing freseties s toiiearaniine For
a synall fraction. of the of a human.tutor, ALEKS can be used at any
o e Rl B e e of
5 hoypsee M ebAKuman Mathniagrame.arlinsanand offinemaper;hased
math program that helps 18 children develop mechanical matl‘; skills. 2.5
6 milbpmstidentsel ynorewval fdwide:r AOCAgnNats BlastergAs@e-ROM that
provides some math training through fun games. 21 4 WO 20141190834
7 PCFirsppeud Hrndep pP ALEKS Corporation.

Using state-of-the-art computerized intelligence and Web-based

8

9 programming, ALEKS interacts with each individual student, and funciions as
10 an experienced one-on-one tutor.
11 = Continuously adapting to the student, ALEKS develops and maintains a
12 precise and comprehensive assessment of your knowledge state.
13« ALEKS always teaches what the individual is most ready to learn.
14 e Forasmall fraction of the cost of a human tutor, ALEKS can be used at any

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

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

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

19

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

21



1 Ms. Lindquist: The Tutor- a web-based math tutor specialized in helping
2 children solving algebraic problems using a set of artificial intelligence 3
algorithms. It was developed by a researcher at Carnegie Mellon
University 4 5 Cognitive Tutor - Developed by another researcher at
GesnegieMeilon 6 University. It helps students solve varioygwotehbases
algebraic and geometric 7 problems with real-time feedback as students
perform their tasks. The software s predicts human behavior, makes
recommendations, and tracks student-user 9 performance in real time.
1 Theysafiwaaiesis seladiy CamegiestEantingorkpctiiiaaitationpmef the Prior
Art 12 Many internet/web sites do not offer a truly personalized
2expeifipce ingdicbigogyshéans naing A stufariisdigeibamrs the same 10
questions (for example), 14 regardless of whether they answer the first
qué@t‘i’BHE"éo‘t’r@éﬂQ%?‘%Sﬁé&ﬂ?ﬁeai@‘efﬁégé‘%‘?@%f’ﬁﬂlg§léﬁ?‘S“Y
,hon- intelligence, or limited intelligence, backed by a 16 linear, not
relatlonal curriculum. 17 18 Other oflline products (like CD-ROMs) have

s therability daREpvide aispmnsyhatsdl feparsnializad.pathvdapending on

guestions answered correctly or incorrectly, but 20 their number of
6 quéstieng ysllimitledsteithe storagaccapaoitpctdriz@DiR@NMedGD:021 ROMSs
and off-line products are also not flexible to real-time changes to content.

7 5 cHheMe B it rdirdian sy dsr P edipUts Bdind inssBEr work

with .. i .
§  predicts human behavior, makes recommendations, and tracks student-user
9  performance in real time. The software is sold by Carnegie Learning.
HE

11 Limitations of the Prior Art

12 Many internet/web sites do not offer a truly personalized experience. In their

13 systems, each student-user answers the same 10 questions (for example),

14 regardless of whetf;er they answer the first questions correctly or incorrectly.

15 These are examples 01; non-intelligence, or iimited intelligence, backed by a

16 linear, not relational, curriculum.

17

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

2t ROMs and off-line products are also not flexible to real-time changes to content.



certain computer types (e.g., Mac or PC), and if the computer breaks, one
must reinstall it on another machine, and start all over with the product.
The Present Solution to the Problem Embodiments of the present
invention solve the aforementioned limitations of the prior an.
Embodiments of the present invention fill in the gaps of what schools
cannot provide- an individualized curriculum that is driven by the child's
own learning pace and standards. Embodiments of the invention help
each child build a solid foundation in the subject as early as possible, and
th€ RO elstoimpbe irdiffiled lbmaatenialicE Sivodinag ntdyof ¢tHevpresent
invention provide an intelligent, adaptive system that takes in information
arf§ R cRNR i &YBpEéific 6%@%%ﬁmpwlhﬁagséﬁwb%defmed
heuristics; dhersfore each Indiiduals, infrmation,hich can and is
unigue) may fee he englﬁe and then prow eal unigue experience to
that individual. One embodiment of the present invention discussed
hereln focuses on Mathematics however the invention is not limited
eFEBYEESthe ' S4B IggIc ¢atibe applied to other academic subjects. In a
first aspect of the present invention, there is provided an adaptive learning
system for presenting an appropriate topic and question to a user, said
Syshendicam prigiagradptacessor condids idictdm:gameddisianidistof éin a
database a set of hierarchical topics having a plurality of questions
afsethatdanRetreschod tbe oresand miepiey: dhtHistsaid brdispets
questions within a topic hayving an assigned. 6 diffic ty leve| value;
CETHRE M7 a0 LA s Aol 8 S8 B e S8 users

t0piE RS TAIMANGE. SAPHISENCH RAlE Shae IRshiRlireddemad iaving

a solid foundation in the subject as early as possible, and then move on to more

difficult material. Embodiments of the present invention provide ap inteliigent,
adaptive system that takes in information and reacts to the specific information
given to it, using a set of predefined heuristics. Therefore, each individual's
information (which can and is unique) may feed the engine, and then provide a
unigue experience to that individeal. One embodiment of the present invention
discussed herein focuses on Mathematics however the invention 1s not limited

thereby as the same logic can be appiied to other academic subjects.

In a first aspect of the present invention, there is provided an adaptive learning
system for presenting an appropriate topic and question to a user, said system
comprising: a processor configured to: generate and store in a database a set of
hierarchical topics having a pluralify of questions associated with each one of said

topics; each of said plurality of questions within a topic having an assigned



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; determine a relevant topic for said user from said
set of hierarchical topics by performing the following: cull said set of
hierarchical topics to determine one or more eligible academic topics; and
evaluate for relevance said one or more eligible academic topics using
haufristie nelevance dawking: o deleupinasaicy delgvani-acadantedtopic;
determine an appropriate question for said user from said plurality of
refadaptr atadernibopicappestionsy biridersriennlg el feiowing hatetermine
said user's water level, search said database for one or more questions

mrﬁPﬁaPf%éﬁ@f&l%@%ﬂ%%@ﬁ&%@ﬁ |‘é’€’z‘€f,1?éi‘?~ld’6‘r‘?ﬁ Yelect a
releyant. guestion fiom this ene or more guestions depending on the
user's answer to sai selgcted qtféstlon, adjust said user's water fievel

agsardingdo adredatarmined @divstmantiable. Hiselesadhrieiniare
unlimited curriculum paths that respond to students' different learning
pdtientsnandepace basddrendustriicnlsrid shaithethrdbarrglationy
coefficients and prerequisite information. 6a Topics are connected with

ederosiHas thadelrsingrautbtii sRerpbistarabitabRpiseiatieiRerns S treating

acom Le>%13-D urricglum _weg). E?ch rfelati[onshig is ., also g{gantified by a
INOT %l 1 eacz@emlc (1_]:31(‘,8 3{1 evaluate 10r reievanc fsaﬂd Olaﬁ O Mmore
correlation coetticient Each opic contains a carefully "designed set of

QUESHRNSIINCTRRSNGHIIEUINIGVRIS A8 Gunikirk00)cHh e Without

acquiring a certain percentage of pre-requisites, a student-user may be
relevant academic topic; determine an appropriate question for said user from said
plurality of relevant academic topic guestions 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 ievel according to a predetermined

adjustment tabie.

Disciosed herein are uniimited curriculum paths that respond to students’ different
learning patterns and pace based on a curriculum chart with correlation

coefficients and prerequisite information.

6a



deemed not ready to go into a specific topic. The programming for the
heuristics and the logic may be done in the Java programming language.
In addition, an embodiment of the present invention has been adapted to
accept information, via the Internet, 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
empediments,of the present vention incliude: ahiahJevel of,
personalization, continuous programs accessible a fime and anywhere,

readtimsRB L eRAGS Hasking:sysiemadhatalloy tise e L8 Sshifkents to
track progress information online, a relational curriculum, enabling

inchilvidgalizécipatasofrelmiquestibn da. guestigrcancifiom ¢apiclte topic,
worldwide comparison mechanisms that allow parents to compare child

peffEiEhgthte AGaFr pBdrs I OtR SHT St sH o 2004 /605534

PCT E%JS%210U101022J.[2. | The z%bogv aspgcts,_tfeatuge atnd advantages of
the' presditinvention wil Becbre 2 Betier thderstood Witk Bgard to the
follpwing RSEsiRtian, 34 2 BRIEFRESCRIPTION OF THE
DRAWING(S) 6 Ref’errlng briefly to the drawings, embodiments of the

present invention will he 7 described with reference to the accompanying
drap&npggég{gv&iggh};ﬁme heuristics and the logic may be done in the Java
programming language. In addition, an embodiment of the present invention has
been adapted to accept information, via the Internet, using a browser as a client.

Furthermore, mformation is stored in a database, to help optimize the processing

of the information.

Certain features and advantages of embodiments of the present invention include:
a high level of personalization, continuous programs accessible anytime and
anywhere, real-time performance tracking systems that allow users, ¢.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.



9 Figures 1 - 15 depict various aspects and features of the present
invention in 10 accordance with the teachings expressed herein. 11 12
DETAILED DESCRIPTION OF THE PRESENT INVENTION 13 Although
what follows is a description of a preferred embodiment,of the 14
inverttionpitsshould be apparent to those skilled in the art thatthestallgwine:
is 15 illustrative only and not limiting, having been presented by way of
example only. 16 All the features disclosed herein may be replaced by
alternative features serving 17 the same purpose, and equivalents of
ISimilae prirsosescinfedsresmréssiytate df18: ptherwiserlheraiobesome
7nur'[get¥ous [?ther embodiments of the modifications thereof 19 are
contempiSsa a¥ ity sRithin hedLlosre Seir@hrasent invention.
sHowever, 20 all specific details may be replaced with generic ones.
Furthermore, well-known s WO 2004/090834 PCT/US2004/010222 i
afeatures have not been described in detail so as not to obfuscate the
principles 2 expressed herein. 3 4 Moreover, the techniques may be
SimpieHgTRES GRIRAIOWPE D BAFRVERENOK8) 5 combination of the two. In
one embodiment, the techniques are implemented in 6 computer

¢ prodfrimaekEdltin e Arpripasmhediecetmpbitars trieactomeilide a 7
7,Zro essoly a_ﬁtoregee mteoqhum readable bérthe processor (including volatile

& VISR 4 least one input

WHN T 2 accom n
nd 8 non-volatile memory and/or sloray
g device and one 9 or more output devices. Program code is applied to

data entered using the input
9 Figures 1~ 15 depict various aspects and features of the present invention in

10 accordance with the teachings expressed herein.

11

12 DETAILED DESCRIPTION OF THE PRESENT INVENTION

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

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

15 illustrative only and not limiting, having been presented by way of example only.
16 All the features disclosed herein may be replaced by aliernative features serving
17 the same purpose, and equivalents of similar purpose, unless expressly stated

18 otherwise. Therefore, numerous other embodiments of the modifications thercof
19 are conemplated as falling within the scope of the preseni invention. However,

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



10 device to perform the functions described and to generate output
information. i | The output information is applied to one or more output
devices. 12 13 Each program is preferably implemented in a high level
procedural or object 14 oriented programming language to communicate
witle aeegmgsater system, 15 however, the programs can be moplesneniach:z
in assembly or machine language, if 16 desired. In any case, the
language may be a compiled or interpreted language. 17 18 Each such
computer program is preferably stored on a storage medium or device 19
(e.glsaCBRONN WRANMCcREMy Hetrd shisk nnagniticcdisketie arigasrier
wave) 20 that is readable by a general or special purpose programmable
TonfppiEEIdPIditonfiguring and operating the computer when the storage

edium or device is 9 WO 201)4/090834 PCT/US2004/010222 | read by
the computer to perform the procedures described in this document. The 2
Sysighmeay AlSRABARPFIICIEADSMPIE e3P & fware, or 2
computer-readable storage 3 medium, configured with a computer
Sprogrmirinatihe ré thevsiotagecmeatidimsn, heanfigyied.camgasa:aemputer
to operate in a specific and predefined manner. 5 6 The engine and the
%alg 6PITMHET RIFTHRTHEEBIE P Rat dtaaside velemedsitat is:dh duwrrantly
specific for Mathematics at this time. But, using the same structure, it s
"cal BE YAl &R e AR R UR T RBRre S SEshdms ot Action of
sth;;gfgﬁgg@e ISREIRALY IS AR ARIRSMAHRL QF i, Jiven,fq It Then,
9 or more output devices. Program code is applied to data entered using the input

10 device to perform the functions described and to generate output information.
11 The output information is applied to one or more output devices.

12

13 Each program is preferably implemented in a high level procedural or object

14 orienied programming language to communicate with a computer system,

15 however, the programs can be implemented in assembly or machine language, if

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

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

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



10 set of rules or governing heuristics, it will react to the data, and provide
11 meaningful output. This ideology can be used in a number of different
12 applications. 13 14 Figures 1 and 2 illustrate exemplary hardware
configurations of a processor 15 controlled system on which the present
inventisrrdstinplemented. One skilled in 16 the art will appregrateéhadthe:
present invention is not limited by the depicted 17 configuration as the
present invention may be implemented on any past, present is and future

configuration, including for example, 19

workstatipfird eskiopiaptophantdhpic-cbnfigtirationsimoli@nicsenst, The
configurations, 20 n-tier configurations, distributed configurations,

hetWoTRBAGSAtRg It cattlo Bimpplehig i identeesrury tofponerissfor
carrying out the principles expressed herein, 10 1 2 In its most basic
3emt')¥ci)eé|me’nctoﬁgﬁﬁ/)}é?rlaer,"ll—‘i‘éﬁ?@lﬂuﬁre%ﬁ%d%l’s%‘féﬁh?ﬁﬁré%erﬁﬁﬁgiﬁﬁ? 3 but
fot igpiteddecAlus O ihat alpusdar communiealion. Amena gt jeast one
4 processor 710, at least one memory 715 and at least one storage device
/20. The bus 5 705 is also coupled to receive inputs from at least one
~input device 725 and provide 6 outputs to at least one output device 730.
Thelae Reaseond hratessbiny a6t methednfigued tovpedforethetedhniques
Jorovidedtr@erein and more particularly, to 8 execute the following

exeTHSTANY BRHBEIRF MrTAR S U S tiHTER b thae Sprase it
anvenannRIa e i, [99'63 MAR1A0S 260G LOMBUIGY fggram 10
product embodiment may be |stmoute among processors connected
dhreughe is primarily fo react on information, or data, given to it. Then, based on a
10 set of rules or governing heuristics, it will react to the data, and provide

i1 meaningful output. This ideolopy can be used in a number of different

12 applications.

14 Figures 1 and 2 illusirate exemplary hardware configurations of a processor-

15 controlied system on which the present invention is implemented. One skilled in
16 the art will appreciate that the present invention is not limited by the depicted

17 configuration as the present invention may be implemented on any past, present
18 and future configuration, including for example,

19 workstation/desktop/laptop/handheld configurations, client-server configurations,
20 n-tier configurations, distributed configurations, networked configurations, etc.,

2t having the necessary components for carrying out the principles expressed herein,



10
11
12
13
14
15
16
17
18
19
20

11 networks or other communication means used to couple processors.
The computer 12 program product also executes under various operating
systems, such as versions of 13 Microsoft Windowsa, Apple Macintosha.
UNIX, etc. Additionally, in a preferred 14 embodiment, the present
invention makes use of conventional database technology 15 740 such
as that found in the commercial product SQL Server; which is marketed
16 by Microsoft Corporation, to store, among other things, the body of

In i RaibREe emppidraShoeses, AL Lopips g AYEEN 7PR CAMBHYIGA-8C
illustrate one suc er 18 data organization comprising Learning
ot o R SR RTS8 0

prodQ4/PRNEBA BGTLURAROH 010222 b fsnshanpdnFigure £ in.anether

embodiment, the present invention is 2 implemented as a networked
7035y shemhavid goatleastionasGliantf egs drskiop desiviorkstatignetartop,
handheld, etc) in communication with at least one server 4 (e.g.,
outpipplicattiors! Wl dmd b ekatalih ddesungersomstordovigoa Aidhiwork, such as
the 5 Internet. 6 7 The present invention utilizes a comprehensive

conGgHiRIRRTITED that-BRRifies PRYSIEtiBHEN BRETAtGRE HENRE N Uistinct

exeb%g%-le_?jy fhsateaonesof mathematical, 2 toDICS: SONCE) Esu%’?gh%k”'. sets.
| % ﬁe present IT‘RIGIR/'[IOH enerates aﬁ indivi uaﬁy talfore curriculum
prefOf AR HSE A ternatively, the logical functions of the computer program

product embodiment may be distributed among processors connected through

networks or other communication means used to coupie processors. The computer
program product also executes under various operating systems, such as versions of
Microsoft Windowsi, Apple Macintoshd, UNIX, etc. Additionally, in a preferred
embodiment, the present invention makes use of conventional database technology

740 such as that found in the commercial product SQL. Server®; which i1s marketed

by Microsoft Corporation, to store, among other  things, the body of questions.
Figures 3A-3C. 4A-4F, 5SA5F, 6A-6F, TATE and BA-BC illustrate one such order

data organization comprising Learning Dimensions, Proficiency Levels, Topics,

Questions, etc..

il



12 which is a result of the user's unique progression through the
curriculum map, and 13 is dynamically determined in response to the
user's ongoing performance and 14 proficiency measurements within each
mathematical topic category. To illustrate 15 the mechanisms behind this
psocasgratention must first be paid to the 16 mathematicabtopic sategony
entity itself and its many features. 17 18 Each of the distinct mathematical
topic category entities defined on the 19 curriculum map is represented
technically as an object, with a vast member 20 collection of related
exefsiskoguesiions:dntk soltitio nsdesrgmt thtpdeve | apaskitis 21 and
proficiency in the particular topic represented. Each category object also

2 2 WO TERSA A PP BT k9B e F RSB0/ 11 2P 2 e ph Srafisaiior.

S Lo eck e el measuement aleaninualy 2 indicates

eachUsers detohs T P AR o T B b ST EORS P 2B gory. 3
An addition,.earh GAIEIANPBiethalse-maINaINg 2 Questipn Rifficlty Level

that 4 determines the difficulty of any questions that may be chosen from
sthelolyeet's 5 question collection and presented to the user. As expected,
the movement of an 6 object's Question Difficulty Level is directly
orrelated to the movement of the 7 Student-user Proficiency Level.
7Retﬁ£r|n to Figure 9 C.?.ncegtuall .each s category object may be

deplCFU AL AT SRR 457 EAPRB S AR SUIRL PR PR &' tHigsanalogy,
sthe DelanbALIRE.MALGXeh WA sAEhQuciel could FghleRieset 10 -
the Student-user Proficiency Level, rising and fg ling accorglng y. Directly i
ol copgitateshtepthenwairr davel, the Question Difficulty Level may then be
10
1t The present invention generates an individually tailored currculum for each user,
12 which is a result of the user’s unique progression through the curriculum map, and
13 is dynamically determined in response to the user’s ongoing performance and
14 proficiency measurements within each mathematical topic category. To illustrate

15 the mechanisms behind this process, attention must first be paid to the

16 mathematical topic category entity Hself and its many features.

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

21 and proficiency in the particular topic represented. Each category object also

i2



12 represented by graduated markings along the height of the bucket's
inner wall, 13 ranging from low difficulty near the bottom to high difficulty
near the top. The 14 rise and fall of the water level would therefore relate
directly to the markings 15 along the bucket's wall. 16 17 As a
sty@eitHigessanswers questions from a particular bucket, theiriRroficiengy
18 Level in that topic area is gleaned from the accuracy of each answer,
as well as 19 their overall performance history and consistency in the
category. In general, a 20 correct answer will increase the user's

profiviewys meadeareme it drat chtegonyas@invhildandnoaeect answer
will decrease it. A bucket's water level therefore 13 CVO 2004/090834
PCTIUYEEHEHDIG22 I T PESFTHRSHS BRRRedF the B Redigensescas Solve a

Qu tgar(]‘{.romt at uckgt' 2¢C Ilectiortl.,The%ss e left ynresolve h‘ere ig
he e L R T ST i

LACh-RATWETRH SHREHPOr ékﬁyr%&%g@{a%agﬂg@n@@éﬁm&tﬁh%g%de of

the incremental change in ficiency 6 Level should vary, be
sdetqueninaddiycthe usbpissacenbperfeemanca phdugtany whiba Sateaary,
specifically the consistency of their demonstrated 8 competence on
Sprehiis deisstionRiffsm i bliekitcHerrededtivdbnmasenmhe tiehas

an red most questions in a category correctly will be posed with 10
OB T R Gt T TCTe AL BB 5 L evel for an

st t REAIONALEATECHBASHELANY ARRKEESHENaRIRUSTRCISMEN B,
decreases for an
9  this analogy, the height of the water level within each bucket could then represent
10 the Student-user Proficiency Level, rising and falling accordingly. Directly
1T correlated to the water level, the Question Difficulty Level may then be
12 represented by graduated markings along the height of the bucket’s inner wall,
13 ranging from low difficulty near the botiom to high difficulty near the top. The
14 nose and fall of the water level would therefore relate directly to the markings

15 along the bucket’s wall.

16

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

21 while an incorrect answer will decrease it. A bucket’s water level therefore



12 additional incorrect answer. The opposite conditions apply to a
student-user that 13 has answered most questions in a category
incorrectly. A student-user whose 14 performance history sits on the
median will face an equally-sized increase or 15 decrease in Proficiency
LARRPYBH B next answer. 16 17 The bucket property that Reill/tgteds st 22
update a user's performance history is the is Student-user State rating.
This rating identifies a user's recent performance 19 history in a particular
bucket, ran%i)ng from unsatisfactory to excellent 20 competence. A

StudETRODLEP 4 Yubsingror BISRIGhIE SYafe ausstealiam thet Baloh’s21

tat ting determi th itud i tal ch that will b
g A S L e
Profigisngy.keveldR it ANGkRs WRRRIDE RS ANSWEISH question, as 2

discussed in the previous paragraph. The user's performance on the next
question 3 will then update the user's recent performance history, and
adjust the user's State 4 accordingly before the next question is
preSEt@E JHettriag e Wisdibaekdrsnarrateny! dusers Buditentay be
é’llu tg%te?(sjhgag range ofg s, each of a different 6 size, which can add
and Temove vaing amal RSP0 1 AR BSROHERY B&REtneBefore

AnSEHOGERED,ANESI i o Buckelasludantiser is.quipped with a

8 particular cup in orie hand fof adding water and a particular cup in the

sothesrhamehcO dopremavingaterofepandine ONhE USAIRDIAI8 Wihe
potential incremental 10 change in water level per question is therefore
IdetbIniitfaEBARIOH orrthent Ber st oBiatecAly thdl begrsGtete rating

changes, so do the cup sizes in the user's hands.
10 progressively larger incremental increases in their Proficiency Level for an

1t additional correct answer, and progressively smaller incremental decreases for an
12 additional incorrect answer. The opposite conditions apply to a student-user that
13 has answered most questions in a category incortectly. A student-user whose

14 performance history sits on the median will face an equally-sized increase or

15 decrease in Proficiency Level for their next answer.

17 The bucket property that will track and update a user’s performance history is the
18 Student-user State rating. This rating identifies a user’s recent performance

19 bistory in a particular bucket, ranging from unsatisfactory to excellent

20 competence. A student-user may qualify for only one State rating at a time. Each

21 State rating determines the magpitude of incremental change that will be applied



12 13 Reuvisiting the discussed functionality of the Proficiency Level in
each bucket, it 14 becomes apparent that the full range of the Proficiency
scale must be finite, and 15 therefore some other mechanisms must
come into play once a user's Proficiency 16 Level in a bucket approaches
thE LRI Houndaries of its defined range. It 17 would be FoMEstgioabte
continue adding water to a bucket that is filled to the 18 brim, or removing
water from an empty bucket. Instead, approaching these 19 extreme
scenarios should trigger a specialized mechanism to either promote or 20

Iderifote e Duditicrsrlisvahprbpr e 1BRHBHEr bireRetedHiesisinafact the
case, 21 and the new mechang,r%%that Iakegver in the?e situations will
4

ea TREGECURE TR 1Y HEEHH 3834 BEFIES66R L5305 isto
Jintef;Rucket relationshing and ;I&Yo%ﬂ% mgo@y,rsmuﬂm@nge}i@%&m

between 2 multiple buckets. 3 4 If a user's Proficiency Level in a

apariculanbyekairtanches qubigh enpughidevel, idntheshdcemi- ustethen
qualifies to begin learning about content and attempting 6 questions from

Stheatnlogl, eaterjobabuckebaidfisetcd asthevezn iEcammenshp! 7 difkewise, if a
student-user demanstrates insufficient competence in a particular 8

“bucket, el BRSHLRHCT TRV T e ISRt drBiss o'y BRENE b Seve
710 begin J4y o %%%Wﬁ@ﬁta%@;& ,'%tha&masﬁ;ﬁanﬂp&s Wpgeyious”

category bucket ined on the curriculum map. These upper and
slowarRieficignandd vasheldadib L evelsideienmingdragsiiiaRaliayents
between buckets and facilitate the
9 for removing water, depending oo the user’s State. The potential incremental

10 change in water level per question 1s therefore determined based on the user’s

11 State. As the user’s State rating changes, so do the cup sizes in the user’s hands,

13 Revisiting the discussed functionality of the Proficiency Level in each bucket, it
14 becomes apparent that the fuli range of the Proficiency scale must be finite, and
15 therefore some other mechanisms must come into play once a user’s Proficiency
16 Level in a bucket approaches the extreme boundaries of its defined range. 1t

17 would be nousensical to continue add_ing water to a bucket that is filled fo the

18 brim, or removing water from an empty b;;cket. Instead, approaching these

19  exireme scenarios should trigger a specialized mechanism to either promote or
20  demote the user’s focws appropriately 1o another bucket. This 1s In fact the case,’

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

i5



12 development of a user's personalized progression rate and traversal
paths through 13 the various conceptual categories on the curriculum
map. 14 15 The direct relationships between category buckets on the
curriculum map are 16 defined based on parallel groupings of similar
|SVRZEE&BY topics, and 17 prerequisite standards betweeRGifitseutitnaige?
linked buckets of consecutive parallel 18 groups. These relationships help
to determine the general progression paths that 19 may be taken from
one.bucket {o he "next" or "previous” bucket in a curriculum. 20 Beyond
the SIS PRI L oHRSEIS 2B RS B8 b aru it asely liviedutivethe 21
Lurricyliim gpar.glso carry a Correlation Index between them, which
indicates 16 WO 2094/090834 PCT/US2004/0 1 022 2 | how directly the
Jbuckets are related, and how requisite the "previous" bucket's 2 material
is to learning the content of the "next" bucket. These metrics not only 3
“detérmiree’ sieofieinsitidr ploce serbetndenksucketss butalsahainter,
dynamically 4 determine the probability of selecting questions from two
“cortdiatedrBuretenguslifes faderin rsating abivid iprtetersosifraringne to

6the %tegt‘%ng'?}s sglegtio?,functionglit’ 6 will be addressed shortly under the

uéstion Selection %oﬁ?ﬁeﬁ?@'eéﬁgﬁt)q@ﬁ%dgﬂéh‘if%‘ﬁﬁ‘ﬁﬁ]fé{ﬁﬁﬁ@, there are
7Sevakahigyels %m@&%ﬂﬁ%%@@ﬁé@ﬂﬂ%’ 4 em%orgné:#ggtgpulj{llj era?:mrl?gzelaPOth
0 ca

within each category bucket as well as between relate egory
$budkelts., Withimosaehdyuekel iothis 66 & RaTGHTIGBISHISRESAE D begin
Proficiency measurements, which set Difficulty Level ranges that
9 uItii’ﬁ"é‘F@W‘g the student-user with questions from the “previous” category bucket
10 defined on the curriculum map. These upper and lower Proficiency Threshold
11 Levels determine transitional events between buckets and facilitate the

12 development of a user’s personalized progression ratc and traversal paths through

12 the various conceptual categories on the curriculum map.

15 The direct relationships between category buckets on the curriculum map are

16 defined based on paralle] groupings of similar level concept topics, and

17 prerequisite standards between immediately linked buckets of consecutive paraltel
18 groups. These relationships help to determine the general progression paths that
19 may be taken from one bucket to the “next” or “previous” bucket in a curriculum.
20 Beyond the simple path connections, buckets that are immediately linked in the

21 curriculum map also carry a Correlation Index between them, which indicates

16
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17

12 determine the difficulty levels of questions selected from that particular
category. 13 Between related buckets, directly relevant topics are
connected by links on the 14 curriculum map, and characterized by
Correlation Indexes that reflect how 15 essential one topic is to learning
aNOthEr @317 17 WO 20041090834 PCT/1152004/010228¢ T Tikmos/a 10222
present invention is a network (e.g., web-based) computer program
product 2 application comprising one or more client and server application
modules. The 3 client side application module communicates with the
seiver &ide!applloation dembde] emddwsegarrdtibieTiogSeys” bucket's
input/interaction. 5 6 In one exemplary embodiment of the present

inVBRADH, 4 etiainedhs coapdde an B koW detcappicane P ¥ich as

Internet IEéPB'Q{gaTMmE’g(M'%E Seft. a8 m:oe;st%ggg&g%ay a%%'ggﬁgt
app‘ﬁca ion based on Flash animated graphics technolog and 9 Tormat

by MagramedialiveitQ Fldeenegxamplaonambedionans sidhes prasent

invention, the server tier comprises a 12 collection of server processes
includénguacKpesuleggenisse ssment Habe niloa (s seld@idopie Behdittion
module, and a Question Selection module. (collectively also 14 called

EW@M@")‘?‘H@%@@E}%@W thpuestion Selection Algorithin section).

Bricfly summarizing, there are several levels of mechanisms operating on the
carriculum map, both within each category bucket as well as between related
category buckets. Within each bucket, a user’s performance 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 connecied by links on the
curriculum map, and characterized by Correlation Indexes that reflect how

essential one topic is to learning another.

17



16 Is WO 21104/090834 PCT/US2004/0141222 1 KNOWLEDGE
ASSESSMENT MODULE 2 3 The Knowledge Assessment component
has the following objectives: 4 To efficiently identify for each student-user
the most appropriate starting 5 topic from a plurality of topics. 6 - To
gy EMiEH-user knowledge level across different learnirRf T7us2004/010222
dimensions. s 9 The Knowledge Assessment comprises 3 phases: 10
Phase | consists of several questions (e.g., 5-10) purely numerical i1
questions designed to assess the user's arithmetic foundations. 12 Phase
b coHSHEerdnagitianic matiser e perkitigedhcasersisueosegsprofutq

ord prohlem-oriented numerical questions designed to gauge the user's
e R e DB Pt 5 i

and Teadiness € curriculu

30 quiicki¥idL 3 PNELAGCHRAAD g ANARPIAR] '@1@5%@% 9 IS%:IggneaCh

user. 16 - Phase 3 consists of several questions (c-g.,

word

problemiatientadnkihdnestnngpdastgneshio test the user's ability in all
other learning dimensions. If the is student-user exhibits particularly poor

Yesults in Phase 3, more questions may be 19 posed 20

6

7

10

11

12

i3

15

16

In one exemplary embodiment of the present invention, the client tier comprises a
web browser application such as Internet Explorer™ by Microsofi™, and more

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 2 Knowledge Assessment Test module, a
Topic Selection module, and a Question Selection module. (collectively also

called “Engine”), discussed below.

18



21 Initial Test Selection 19 WO 2004/090834 PCT/t1S2004/010222 1 2 In
one embodiment, to enhance the system's intelligence, the system
prompts the 3 student-user for date of birth and grade information. After
entering the requested 4 date of birth and grade information, the system
pRsthptE e student-user with one 5 of several (e.g., six) Phaseitiiesis)z2:
based on the following calculation: 6 7 Date of Birth is used to compute
Age according to the following formula: 8 9 SecondsAlive = Number of
seconds since midnight on the user's Date of 10 Birth | | Age = Floor(

5ecbN§SAITRGEABHEREENT MAEGHdile is an integer between | and 12.
14 15 The system determines an appropriate Test Number as follows:
note that where 16 grade and/or date of birth data is missing, the system

ysegpredatenpined logic. 1 is, known (N e this case
should not ha%%en),ethe%%eéﬁéﬁ%&%%@%af %oyf)nﬁ‘%rg?f/ date of birth is
«nown, thenefRsiNYBARITHN A iR {408 éosﬁabl}ropriate starting

5 lopic from a plurality of topics.

6 - To gauge student-user knowledge level across different learning

7  dimensions.

%  The Knowledge Assessment comprises 3 phases:
w - Phase 1 consists of several questions (e.g., 5-10) purely numerical
It questions designed to assess the‘luser’s arithmetic foundations.
iz Phase 2 consists of a dynamic number (depending on user’s success) of
13 word problem-oriented numerical questions designed to gauge the user’s
14 knowledge of and readiness for the curriculum. The aim of Phase 2 is to quickly
15 and accurately find an appropriate starting topic for each user.
16 - Phase 3 consists of several questions (e.g., 10-20) word problem-oriented
17 questions designed to test the user’s ability in all other learming dimensions. If the
18 student-user exhibits particularly poor results in Phase 3, more questions may be

19 posed

21 Initial Test Sefection



21 20 WO 21)04/091)834 PCT/US2 004/0 11)2 2 2 i If only grade is
known (Note: this case should not happen), then Test Number = 2 min {
Grade, 6 } 34 If both date of birth and grade are known, then Test
Number = min { Floor([(2 x 5 Grade) +(Age -5)]+3),6}6 7 Test Jumps 8
OBepeHINEon the user's progress or level of proficiency, te/usznm10222
student-user may 10 jump from one test to another. 11 12 13 Test Jump
Logic 14 15 If the student-user answers a certain number of consecutive
guestions correctly 16 (incorrectly), the student-user will jump up (down)
to the root node of the next 17 (previous) test. The requisite number

;;Iepiannglsé3 gnqbth(g e?gtit%ul rtest‘l nd is hard-t }]8 code{ into each test. For
example, A eUTeALIS ST ARG TSt AU A s W8 FYLehanids b

P haﬁ@d@nﬂ%?%tgggﬁgi]yam QF%@G&R)J};‘.’?RBJO Kﬁcsxle%te%%g the requested

4 date of birth and grade information, the system prompis the student-user with one
}
5  ofseveral (e.g., six) Phase I Tests, based on the following caleulation:

6

7 Date of Birth is used to compute Age according to the following formula;

9 SecondsAlive = Number of seconds since midnight on the user’s Date of
10 Birth
i Age = Floor( SecondsAlive + 31556736 )
12
13 Grade is an indeger between 1 and 12,

14

15 The system determines an appropriate Test Number as follows: note that where
16 grade and/or date of birth data is missing, the system uses predetermined logic.

i7

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

19

20 If only datc of birth is known, then Test Number = max { I, min{ Age - 5,6 } }

21

20



21 Test Jump Caps 21 1 2 If the student-user jumps up (down) from one
Test to another, in one embodiment, the system 3 will prevent the
student-user from jumping back down (up) in the future to revisit a Test. 4
5 In another embodiment, the student-user may revisit a Test however,

the QS 4"8tatting topic 6 is set to the highest topic answered susoessiutly:
in the lower level Test. For example, 7 referring to Figure 10, if the
student-user jumps from Test | to Test 2, and then subsequently 8 falls
back to Test 1, the starting topic is set at the 01NO5 test, Phase 2 ends,

dnd PraendsikacsngNNo hieeshafind npbhappenh shaRrbepssidar 42 13

In one ¢ rapa%girggnt, a student-user proceeds through the Knowledge
Assessment mModule 14 linearly, beginning with Phase | and ending with

RPhase 3. Phase | and Phase 2 are linked to 15 specific test levels. Phase
3 is linked to a specific Number topic, namely the Number topic 16
detdifihiniedhincP basenl {pdde theknsen istaringemer TwmyseisyhQ start
with the same 17 Phase | test will take at least part of the same Phase 2

test @RétigH Meperlinglof their 18 individual success, one may surpass
the other and see more questions), but may take very 19 different Phase
tests depending on their performance in Phase 2. 20 22

7 Test Jumps

3

9 Depending on the user’s progress or level of proficiency, the student-user may
10 jump from one test to another.
11
12

13 Test Jump Logic

15

If the student-user answers a cerfain number of consecutive questions correctly

16 (incorrectly), the student-user will jump up (down)} to the root node of the next
17 (previous) test. The requisite number depends on the particular test and is hard-
18 coded into cach test. For example, a student-user starting in Test 1 must answer
19 the first four Phase 2 questions correctly in order to Jump to Test 2.

20

Test Jump Caps
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12
13
14
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20

WO 2004/090834 PCT/US2004/010222 1 2 Knowledge Assessment
Question Selection Approach 3 4 Each Knowledge Assessment question
tests one or both of two skills: word 5 problem-solving skill, and skill in one
of the five other learning dimensions. The 6 following variables are used
for scoring purposes: 7 3 NScore - A running tally of the number of
Number-related questions the student- 9 user has answered correctly. to
NTotal - A running tally of the number of Number-related questions the

If thgtielapt-tseisahas @eempten. o2 Pstoranoeruhnng aaltydonne hanysem
of Problem Solving-related questions the 13 student-user has answered

il B LSBT BT ACPARIRL RGP EHE AP B SRy 1 2 15t

Solving-related questions the 15 student-user has attempted. 16 PSKkill -
Codes whether the question tests proficiency in Word Problems. In 17

In H8ARFANYILRR R AN RRASE:] AUesioNs:@Rd L1 fr BhaSe.iRDthpic
Phase 3 18 questions 19 20 At the beginning of the Knowledge

is séissaisshigntt alpfouisokthe sevariables dreickimtializ&dstoFperaaBle,

referring to Figure 10, if the student-user jumps from Test 1 to Test 2, and then subsequently

falls back to Test 1, the starting topic is set at the G1NO5 test, Phase 2 ends, and Phase 3 of the

(INOS test begins.

Test Progression

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

22



WO 2004/090834 PCT/IUS2004/010222 1 2 Assessments Test Phases 3
The various assessments tests consists of three phases, namely Phase 1,
Phase 2 4 and Phase 3.5 6 Phase 1 7 8 Over view 9 Phase | is used to
assess the user's foundation in numerical problems. 10 Phase | consists
o'® predtEtined number (e.g., 5-10) of hard-coded quesHERZSIRTig22
system presents the questions to the student-user in a linear fashion.. 12
13 Phase 1 Logic: 14 1. If the student-user answers a question correctly:
15 a. NScore is increased by 1. 16 b. NTotal is increased by 1. 17 c. The
Student- user proceeds to the next question referenced in the 18

gueﬁtlg carrect” field, If. th studept user answers a question
W 1 sscq ant cs 1on cCtion
incorrectly: 21 3. IS not & ecte

3

4 Each Knowledge Assessment guestion tests one or both of two skills: word

5 problem-solving skill, and skilt in one of the five other learning dimensions. The

6  following variables are used for scoring purposes:

8  NScore — A running tally of the number of Number-related questions the student-

9 user has answered correctly.

10 NTotal — A running tally of the number of Number-related questions the student-

11 user has attempted.

12 PScore — A running tally of the number of Problem Solving-related questions the

13 studerd-user has answered correctly.

14 PTotal - A running tally of the number of Problem Solving-related qucestions the
15 student-user has attempted.

16 PSkill - Codes whether the question tests proficiency in Word Problems. In

17 general, will be set to 0 for Phase 1 questions, and to 1 for Phase ? and Phase 3
18 questions

1%

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

21 initialized to zero.

23



1 b. NTotal is increased by 1. 2 c. The student-user proceeds to the next
guestion referenced in the 3 question's "Incorrect"” field. 4 5 Phase 2 6
Overview 7 8 Phase 2 establishes the user's starting topic. Phase 2
follows a binary tree 9 traversal algorithm. See Figure 10. Figure 10
d&$iete A&k mplary binary tree 10 representing Phase 2 8f&fyS2004/010222
Assessment Test 1. The top level is the root node. The 11 bottom level is
the placement level, where the user's starting topic is determined. 12 All
levels in between are question levels. Nodes that contain pointers to other
13 Tests (indicated by a Test level and Phase number) (See Figure 10)
qre %allesdnigm&%s pgdgs. Each Test Level Phase 2 tree looks look

Similar to Figure 1 with f/arying 15 tree depths (levels). 16 17 An

exemplasydibaseshinanses.taversatalgptithmisasdpllowss, 18 19

Leftward movement corresponds to a correct answer. Rightward 20
movemBntcdrresponds to an incorrect answer. 21 25 WO 211114/090834

?C17U8211114/010222

6 Phasel

7

8 Overview

9  Phase 1 is used to assess the user’s foundation in nurnerical problems.

10 Phase I consists of a predetermined number (e.g., 5-10) of hard-coded questions.

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

13 Phase I Logic:

i4 1 H the student-user answers a question correctly:

15 a. NScore is increased by 1.

16 b. NTotal is increased by L.

¥ c. The student-user 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 1s not affected.

24
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1 The topmost topic is the root node. This is where the student-user starts
2 after finishing Phase I. At the root node, the student-user is asked two
guestions 3 from the specified topic. This is the only node at which two
guestions are asked. 4 At all other nodes, only one question is asked. 5

At the roatigde;s thesiudentiuser must answer both questions correctly to
6 register a correct answer for that node (and hence move leftward down

the free)- 7O HHERMSEHREC STER LTSS TS TEHEPS TEISEFHRED Pt answer
and quavies'svighiwerdt8 ftkddvn the tree. 9 The student-user proceeds in this
manner down through each question 10 level of the tree. i 1 The
student-user proceeds in this manner until he reaches the placement 12
Phggggl of the tree. At this point, he either jumps to Phase | of the specified

}gi(’evsl%if 13 he reaches a jump node) or the system registers a starting topic

as indicated in the 14 node. 15 16 Phase 2 Logic: 17 1. If the
student-user answers a question correctly: 18 a. NScore increases by 1.

Phab® Pe NI INEr easesdiids #Bi6- thiferqyestion siiskillds set to 1, then
21i_PScore increases b(}/ . 26 WO 2004/090834 PCT/US200-/010222

traversal algorithm. See Figure 10. Figure 10 depicts an exemplary binary tree
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 other
Tests (indicated by a Test level and Phase number) (See Figure 10) are called jump
nodes. Each Test Level Phase 2 tree looks look similar to Figure 10 with varying

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

Lefiward movement corresponds to a correct answer. Rightward

movement corresponds to an incorrect answer,

25



1ii. PTotal increases by 1. 2 d. Else if the question's PSkill is set to 0, then
3 i. PScore is unaffected. 4 ii. PTotal is unaffected. 5 e. The student-user
proceeds to the next question referenced in the 6 question's "Correct"
field. 7 2. If the student-user answers a question incorrectly: S a. NScore
iShafeeteE+9 b. NTotal increases by I. 10 C. If the question's/PSkillsisozz2
setto 1, then 11 i. PScore is unaffected. 12 ii. PTotal increases by 1. 13
d. Else if the question's PSkill is set to 0, then 14 i. PScore is unaffected.
15ii. PTotal is unaffected. 16 e. The student-user proceeds to the next
guestion réferepwest inpthes th7 muastionY noehrectdigldieRAuWGrarts
2004/090834 PCT/US2004/010222 | Phase 3 2 3 Phase 3 is designed to
assae drishuerdasifin rieaoetarfedhsirgiannenaid Agog troglugtions

Megpra M) RARHR0ARG(R): SIARGR ANhRRASS (Rhiand Algehra
4 Atall other nodes, only one gquestion is asked.
5 Al the root node, the student-user must answer both questions correctly to
6 register a correct answer for that node (and hence move lefiward down the tree).
7 Otherwise, the student-user registers and incorrect answer and moves rightward
8 down the tree.
g The student-user proceeds in this manner down through each question
10 level of the tree.
(R The student-user proceeds in this manner until he reaches the placement
12 level of the tree. At this point, he either jumps to Phase 1 of the specified test (if
13 he reaches a jump node) or the system registers a starting topic as indicated in the
I4  node.
15

16 Phase 2 Logic:

17 1. If the student-user answers a question correctly:
18 a NScore increases by 1.

19 b. NTotal increases by 1.

20 c. If the question’s Pskill is set to 1, then
21 i PScore increases by 1.

26



5 (A) learning dimensions) at a level commensurate with the user's

starting Number 6 topic determined in Phase 2- Phase 3 consists of a
predetermined number of 7 questions (e.g., 9-27) hard-coded to each
starting Number topic. For example, if 8 the user's starting Number topic
is Wetdimiet4n Phase 2 to be O1NO3, then the 9 student-UsefiS 20014010222
presented with an corresponding O1NO3 Phase 3 test. 10 1t The
Knowledge Assessment lookup tables contain 3 questions from each M,

D, S, 12 and A learning dimensions in the PLANETiIi curriculum. 13 14
Each Phase 3 tedt pullBTpidstionss¢edmibetween 1 and 3 topics in each
Igarning 1s dimension, 16 17 Phase 3 Logic: is 19 1. If the student-user
answers a%uest%ﬁeég%%‘fﬁf‘."%‘;gﬂ?’t}r‘léﬁﬁb?é‘éiiélﬁ’& PSkill is set to 1, then
21i. PScore incrlt_easesptgx :IL ,28IY;§/fPC?904/090834 PCTNS2004/010222 |
ii. PTotal increases by 1. 5B Else it the guestion's PSKkill is set to 0, then

3 i. PScore is ungffected 4iiis Blgtakds unaffected.

5 e The student-user proceeds to the next question referenced in the
6 question’s “Correct” field.
72 If the student-user answers a question incorrectly:
8 a. NScore is unaffected.
9 b. NTotal increases by 1.
10 c. If the question’s PSkill is set to 1, then
1 L PScore is unaffected.
12 1. PTotal increases by 1.
13 d. Else if the question’s PSkill is set to 0, then
14 i PScore is unaffected.
15 1. PTotal is unaffected.
16 e. The student-user proceeds to the next question referenced in the

17 question’s “Incorrect” field.
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5 C. The student-user proceeds to the next question referenced 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 increases by 1. I | b. Else if the question's
PEIGIPHS4BI 0, then 12 0. PScore is unaffected. 13 ii. The PTotabiss/min222
unaffected. 14 C. The student-user proceeds to the next question
referenced in the 15 question's "Incorrect” field. 16 17 3. If the
student-user answered all three questions in any topic incorrectly, 18 the
dystem prdiiidiesia fallback topic at the end of Phase 3. 19 20 Each topic
igl the M, 1), S, and A learning dimensions is coded with a fall- 21 back
topic. If the student-user fails a topic, the student-user is given the 29 WO

3004020834 BGTS2004/040222. happapiun o, atempt e falback

aelitag arnmg Uimensions
topic. For example, if a student-user answers 2 a three questiona in

03MQL (lengthsandRjstancahaincey el cafier e 35 uaeATEe!

completes Phase 3, the system prompts the student-user with a™ 4
suggastemies Wymerfadivd ok 4 &pid cengmetdivioSw(lie ngtisancistancendyr

6  topic determined in Phase 2. Phase 3 consists of a predetermined number of
7 questions {e.g., 9-27) hard-coded to each starting Number topic. For example, if
8  the user’s starting Number topic is determined in Phase 2 to be 01N03, then the

9  student-user is presented with an corresponding 01N03 Phase 3 test.

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

12 and A learning dimensions in the PLANETIii curriculum.

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

15 dimension.

17 Phase 3 Logice:

18

I If the student-user answérs a question correctly:
20 a.  Ifthe question’s PSkill is set to 1, then
21 i. PScore increases by 1.



5 6 DATA STORAGE OF KNOWLEDGE ASSESSMENT INFORMATION
- 7 DATABASE ORGANIZATION 8 9 The content/questions used during
the Knowledge Assessment module are 10 stored in a main
content-question database. One or more look up tables are j | associated
withGRg Hepbase for indexing and retrieving knowledge assessmenbsadizzz
information. Exemplary knowledge assessment lookup tables comprise
the 13 following fields A-W and optionally fields X-Y: 14 15 Field A: AQID
16 Field A contains the Knowledge Assessment Question ID code (AQID).
This 17 should intludeRFeT estdexeb{01-06, different for Phase 3), Phase
number (PI- 8 P3), and unique Phase position (see below). Each of the
three Phas®s has5eré isighin Uit dr el iapeling <bpreme. For example:
01.P1.05 is the fifth qu @8{1, igunz ffpﬂgse | of the Level | Knowledge
Assessment; 03.P2.11 is the thir guestion 21 that a student-user
would see in Phase 2 ofiihie taugka.Kaowledge Assessment 30 WO
2904/090834 PCT/U 5 21/114/01 0 2 2 2 | following an incorrect and a
Correct respons&hespeotivelypand G1N03 R31QRdsienthe:-586aNE grestion

in the OINO3 Phase 3 Knowledge Assessment. 3 Field B: QID 4 Field C:
Fopic Codguestion’s “Correct” field.

T2 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 . The PTotal increases by 1.

1 b. Else if the question’s PSkill is set to 0, then

12 1. PScore is unaffected.

13 1. The PTotal is unaffected.

14 c. The student-user proceeds to the next question referenced in the
15 question’s “Incorrect” field.

i6

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

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

20 Each topic inthe M, 1D, S, and A learning dimensions is coded with a fall-

21 back topic. If the student-user fails a topic, the student-user is given the
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5 Field D: Index 6 Field E: PSI. 7 Field F: Question Text 8 -Fields B-F are
pulled directly from the main content-question database and are 9 used
for referencing questions. 10 Field G: Answer Choice A Text 11 Field H:
Answer Choice B Text 12 Field I: Answer Choice C Text 13 Field J:
ANSVEY-EMSIde D Text 14 Field K: Answer Choice E Text 1&c-FHialfg f1ie2?
contain the five possible Answer Choices (a-e). 16 Field L : Correct
Answer Text. 17 Fields M-Q contain Incorrect Answer Explanations
corresponding to the Answer 18 Choices in fields G-K. The field
¢orrespotdingieathent dredelimbeprcistgrayeuptdibuttudenFistd Mswssual

Aid Description - The Visual Aid Descr]igtion Is used by 21 Content to
Creatt fHEDANSEH MR SWEMEL SlHERGHE Tasanre Yot rrrotsaieth/11520

41010222, L Fsld S, Cared A pointer 1o e, Q10 of he next question o
ask it the 2 Studert-user Answers the current question torfacit 3 Field T:

Incofiectsnidh ROINE RIS I QR OLthRMBXkOYesHan I&%ﬁ%@‘ﬁ&e 4

student-user answers the current question incorrectly.
5

6 DATA STORAGE OF KNOWLEDGE ASSESSMENT INFORMATION —

7 DATABASE ORGANIZATION

9 The content/questions used during the Knowledge Assessment module are
10 stored in a main content-question database. One or more look up tables are

11 associated with the database for indexing and retrieving knowledge assessment

12 information. Exemplary knowledge assessment lookup tables comprise the

13 following fields A-W and optionally ficlds X-Y:

15 Field A: AQID

16 Field A contains the Knowledge Assessment Question ID code (AQID). This

17 should include the Test level (01-06, different for Phase 3), Phase number (P1-
18 P3), and unique Phase position (see below). Each of the three Phases has a

19 slightly different Iébeiing scheme. For example: 01.P1.05 is the fifth question in
20 Phase 1 of the Level 1 Knowledge Assessment; 03.P2.11C2 is the third question

21 that a student-user would see in Phase 2 of the Level 3 Knowledge Assessment
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5 Field U: NSkill - 0 or 1. Codes whether the question involves Number
skill. 6 Used for scoring purposes. 7 Field V: PSkill - 0 or 1. Codes
whether the question involves Word s problem skill. In general, will be set
to O for Phase | questions, and to 1 for Phase 9 2 and Phase 3 questions.
USED WHEEBrhg purposes. to Field W: LDPoint - 1, 1.2, or 1i@-pois f0fo2z:
questions in Phase 3, blank for tt questions in Phase | and Phase 2.
Depends on PSL of question and is used for 12 evaluation purposes. 13
Field X: Concepts - Concepts related to the question material. May be
Used©iafoe ayiaation pd posesincthenfatureclity Hielshy 0 Retmrst T ppics
-7To%ics related tg the question material. May be 16 used for evaluation
PuUrpOSES IR the ORN03 FRATey Jora ersdsaemmTiu S20041010222
LFORMMLAS F%B)TEST SCORING 3 During the Knowledge
Assessment Test module, the system calculates several 4 scores as
followisidcc6 The pgge'squdmber score in the Numbers learning dimension
is calculated via the 7 following formula: 8

5 Field D: Index
6  Field E: PSL
7 FeldF: Question Text

8  -Fields B-F are pulled directly from the main conteni-question database and are

9 used for referencing questions.

10 Field G: Answer Choice A Text
11 Field H: Answer Choice B Text
12 FieldI: Answer Choice C Text
12 Field J: Answer Choice D Text
14 Field K: Answer Choice E Text

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

16 FieldL: Correct Answer Text.

17 Fields M-Q contain Incorrect Answer Explanations corresponding to the Answer
18 Choices in fields G-K. The {ield corresponding {o the correct answer is grayed-
i  out

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

21 Content to create Incorrect Answer Explanations.
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9 Number Score = min[ Floor{[NScore / (NTotal - 1)] *5), 5] 10 11 The
user's score in other learning dimensions (e.g., Measure, Data Handling,
12 Shapes and Space and Algebra) is calculated as follows: 13 14 First,
a score is computed in each topic. In each Measure, Data Handling, 15
SHEFES A Space and Algebra learning dimension, there arerthse@is/ 10222
guestions, one 16 each with a LDPoint value of 1, 1 .2, and 1.8. The
user's topic score is calculated 17 via the following formula: 18 19 Topic
Score = Round (Sum of LDPoints of All 3 Questions * (5/4))) 20 33 WO
POOHIg80834 PCHdS2 A4 B 22 Q1D Aflifopist Sesres in &lgifbn
Learning Dimension are averaged (and floored) to 2 obtain the Learning
Dimdrsori Seareres DEinamy W' f8°etHYd problem score is calculated

s o 5 O B SEP B B kst tce
ASIERAMEN I EESWE IRrelt question incorrectly.

s Field NSkill - 0 or 1. Codes whether the guestion involves Number skill.
6  Used for scormg purposes.

7 Field v: PSkill - 0 or I. Codes whether the question involves Word

8  problem skill. In general, will be set to 0 for Phase 1 questions, and to 1 for Phase
9 2 and Phase 3 questions. Used for scoring purposes.

1o Field W: LDPomt ~ 1, 1.2, or 1.8 points for questions in Phase 3, blank for
11 questions in Phase I and Phase 2. Depends on PSL of question and 1s used for

12 evaluation purposes.

13 Field X: Concepts — Concepts related to the question material. May be used
14 for evaluation purposes in the future.

15 Field Y: Related Topics —~ Topics related to the question material. May be
16 used for evaluation purposes in the future,

17



10 Overview 11 At the end of the Knowledge Assessment module, the
system prompts the 12 student-user student-user to log out and the
parent/instructor to log in to access 13 test results. The system then
presents the parent/instructor with a screen relaying 14 the following
e RiZtiMddrmation: 1) the name of each of the learning I dinsensioins::
(currently, five) in which the student-user student-user was tested is 16
listed, along with a 0-5 scale displaying the user's performance and 2) the
user's 17 "Word Problem Skill" is assessed on a 0-5 scale. 1S 19 The
pareffiidtiL e FORATHBNSSKIBENG learning dimension or the "Word 20
Problem Skill" to see all relevant questions attempted by the student-user
dser, 21 along with incorrect answers and suggested explanations. 34
glogu 14/9)99& % 82014/9 0%22d 2t valuation Standards 3

sing Ancexempiary 0-5 Seara A5 Sofresponds 16 fill FHGHAIE Y fHla 4
topic.dfa stugert-user scores a 5 in any learning dimension or in word
problem 5 solving, the system displays the following message: "[Child
Name] has 6 demonstrated full proficiency in [Topic Name]." 7 8 A 3-4
corresponds to some ability in that topic. If a student-user scores a 9 3-4

th adVassiniagehiergion be Nuwoees probpdisoidiog teleystdmiadisplays

7 following formula:
8

9 Number Score = minf Floor{[NScore/ (NTotal - 1] * 5}, 5]

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

12 Shapes and Space and Algebra) is calculated as follows:

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

17 via the following formmla:

19 Topic Score = Round {Sum of LDPoints of All 3 Questions * (5/4)]}

20
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10 the following message: "[Child Name] has demonstrated some ability in
[Topic 11 Name]. PLANETIi system will help him/her to achieve full
proficiency.” 12 13 A 0-2 generally means that the student-user is
unfamiliar with the topic 14 and needs to practice the material or master
itsYstéteiidites. 15 16 Full proficiency in a topic is defined asraiilitys/oi0222
demonstrated repeatedly in 17 all questions in the topic. In the current
implementation described herein, a 18 student-user has full proficiency
only when he/she answers every question 19 correctly. 20 35 WO
211¥94Te00 Pr@34 1 PCHASEROOAQIDR22sidn Somecabiityinl AdoRID is
defined as ability demonstrated repeatedly in a 2 majority of questions in
the (ST 1 Ia Ris LR RATREEation, the student-user 3 must answer

2 of 3 questions in any topic correctly. 4 5 6 INITIALIZATION OF
WATER LEVELS 7 8 After completion of the Knowledge Assessment
Testmaguis, {08 Wale Rlavais.akthesserssia Qetf’d?l'gw%“(‘fo ula:
pre-requisites and related topics are to initialized (pre-assign \?ﬂues)
according to the following logic:

6 Word Problem Score = min{ Floor {[PScore / (PTotal — 1} *5},51
4

8  EVALUATION OF KNOWLEDGE ASSESSMENT RESULTS

10 verview

11 At the end of the Knowledge Assessment module, the system prompts the

12 student-user student-user to log out and the parent/instrucior to log in to access
13 testresults. The system then presents the parent/instructor with a screen relaying
14 the following evaluation information: 1) the name of each of {he learning
15 dimensions (currently, five) in which the studeni-user student-user was tested is
16+ listed, along with a 0-5 scale displaying the user’s performance and 2) the user’s
17 “Word Problem Skill” is assessed on a 0-5 scale.

18

19 The parent/instructor can then select a leaming dimension or the “Word
20 Problem Skill” to see all relevant questions attempted by the student-user user,

2} along with incorrect answers and suggested explanations.
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I 12 The water level in the user's starting topic is not initialized. 13 The
water level in any Number topics that are pre-requisites (with a high 14
correlation coefficient (NEW) to the user's starting topic is initialized to 15
85. 16 For the other learning dimensions, topics are organized into
SUBLAWYEES 17 Is Consider the following example where rarefamily @b 22
topics organized into related 19 sub-topic categories include: 20 1 .
OIMOI Length and Distance | 21 2. 01MO03 Length and Distance Il 36
WO 2004/09083-4 PCT/t1S2004/110222 1 3. 02MO01 Length and
Distance Il 2 4. 03M01 Length and Distance IV 3 Suppose a user, after
completing the Knowledge Assessment Test module, is 4 tested in topic
O@M&faﬂ’ﬁ?ﬁﬁﬁyﬁﬁﬁaﬁﬁétance IV: if his/her topic score in 03MO1 5 Length

and Distangg, |V.is 2. then :%the water level in 03 Length and 6
Distance IV ils %lgt ?o%é%ﬁﬁab i ae]ze\’/\?a"té:? eve q@?@%‘%&@?ﬁ%@&ﬁﬁm

Lengdpiand. dRistaneestoRIMO3 henathAndiRisianrs: i'r;lel%'g%z% MOl

Length and Distance 8 Il is setto85. 9 If his/her topic score in 03M01
LSen g vans (B syamoedidplig/ibthifle)ishenck@ suatfrHayelanHBMO1 Length

and Distance 1V is set to 50; and b) the water level
demonstrated full proficiency in [ Topic Name].”

8 A 3-4 corresponds to some ability in that topic. If a student-user scores a
9  3-4in any leaming dimension or in word problem-solving, the system displays
10 the following message: “[Child Name] has demonstrated some ability in {Topic

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

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

14 and needs to practice the material or master its prerequisites.

16 Full proficiency in a topic is defined as ability demonstrated repeatedly m
17 all questions in the topic. In the current implementation described herein, a

18 student-user has full proficiency only when he/she answers every question

19 correctly.

20
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1 tin related topics 01 MOI Length and Distance I, 01M03 Length and
Distance Il, 12 02MO01 Length and Distance Il is set to 85. 13 If his/her
topic score in 03MOI Length and Distance IV is 3 or below, then 14 a) the
water level in 03M01 Length and Distance IV is not initialized; b) the water
19/(eushimvrglated topic 02MO1 Length and Distance 1l is naicitigdig@diozz:
and c) the 16 water level in any related topic in the subcategory at least
twice removed from 17 03MO1 Length and Distance IV (in this case,
O1MO01 Length and Distance | and 18 01MO03 Length and Distance ) is
ihitialized t8o88. 2b8iThe avateriteh6hidraaahiviendtapisscandiepassipach
during initialization or 20 after a student-user successfully completes a
topicM AR o4 Pretieasigricienindp Da quvel BB ImRginitiatizdtsmisnot
g1e same as an earned water level of 85 by 37 WO 2004/090834
c1'7ﬂﬁ'r§2“8”b€2‘/ﬂ%i‘fsé’?’imi e CREFTR&Rsfore, a student-user can fall

hack into a topic with a pre-assigned 2 water level of 85 if need he. 3,4
TOPIC SELECTION ALGORITHM MODULE 5 6 The Topic Selection
module is a three step multi-heuristic intelligence algorithm 7 which
assesses the eligibility of topics and then ranks them based on their s

feleVaiE&Md 2/ il QHLIWnIERJAEY Bebformance- During step one, the
;I'opic 9 Selection module prunes (culls) the list of uncompleted topics to
exclude those to topics which are not relevant to the student's path and

progress. QMJJQS:&%BM&&M Knowledge Assessment Test module, the water

9  levels of the user’s starting topic, any pre-requisites and related topics are
10 initialized {pre-assigned values) according to the following logic:
11
12 * The water level in the user’s starting topic is not initialized.
13 * The water level in any Number topics that arc pre-requisites (with a high
14 correlation coefficient (NEW) to the user’s starting topic is initialized to
15 85.

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

18 Consider the following example where one family of topics organized into related
19 sub-topic categories include:
20 1. 0IMO1 Length and Distance 1

21 2. 01MO03 Length and Distance 11
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il the Topic Selection module evaluates each eligible topic for relevance
using the t2 multi-heuristic ranking system. Each heuristic contributes to
an overall ranking of 13 relevance for each eligible topic and then the
topics are ordered according to this 14 relevance. During step three, the
Topc:Geleation module assesses the list of 15 recommendgionsstQo voio222
determine whether to display the recommended most 16 relevant topics.
17 18 FIG. | | depicts an exemplary process flow for the Topic Selection
Algorithm 19 module. 20 21 Step | - Culling eligible topics 38 WO

30041090834 PGTNS200419102R 2nd Bidihe:d gpic Selection module
employs several culling mechanisms which 3 allow for the exclusion of

tbpics based on the cupéfitistatetofal dserscediriculum. 4 The topics that
are considered eligible are placed in the list of eligible topics. 5 The first

§tep£ﬂ‘RﬂE\i‘fé’sué‘1’F’t Eg%HFWé%P%W&%ﬁWWg?Eﬁ&@M%Wd,s a6
water leyel less 4’1 g and nq value fram the placement test. This
énsﬁ?se&éxtﬁgf’ PHL Qg@tﬁ Be"r%fguaélglis\/}\ﬁﬁ?x%t?‘eatéﬁ KAWL Y Ure not
ceady.forOneRadhRL &/1hey havs alteady SAMRISISHEr tesiad.qut of. The
last topic a student-user 9 answered questions in is explicitly excluded
fronDibedistiwhick prevemtdithe woiengisdfiemtdeeprynengdinDdha:same
topic twice in a row particularly if the
7 Distance ], 01MO03 Length and Distance I, 02M01 02M01 Length and Distance
8  Iilissetto 85.
9 If his/her topic score in 03MO01 Length and Distance IV is 4, then a) the
10 water level in 03MO1 Length and Distance IV is set {o 50; and b) the water level
1t inrelated topics 0IMO] Length and Distance I, 01MO03 Length and Distance II,
12 02MO1 Length and Distance [II is set to 85.

13 If his/her topic score in 03M01 Length and Distance IV is 3 or below, then

14

15

a) the water level in 03MO0] Length and Distance IV is not initialized; b) the water

level in related topic 02MO01 Lengih and Distance 111 is not initialized; and ¢} the

16 water level in any related topic in the subcategory at least twice removed from
17 03MO1 Length and Distance IV (in this case, 01MO0t Length and Distance ] and
18 01MO3 Length and Distance M) is imtialized to 85.

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

21

level of 85 during initialization is not the same as an earned water level of 85 by

37



I I student-user fails out of the topic. 12 After these initial eligibility
assertions take place, some additional considerations 13 are made. If
there are any topics that are current failed in the user's curriculum, all 14
of the uncompleted pre-requisites of these topics are added to the eligible
livto 2& TS includes topics that received values from the plaCentemtesiz22
16 Finally, if there are no failed topics in the student's curriculum and all
the topics 17 in the recommendation list that are greater than 1 level
away from the student's Is average level, the list is cleared and no topics
larethnolerie@Tharhisrwill simdéoatecacahdlDEal] IBd! tsitgatit 20-2de8tép 2 -

Calculating Relevance 39 WO 2004/0911834 PCT/US2004/01(1222 12
A fteriReinet of BligfiBred8pics has been compiled, the Topic Selection
3,module 3 calculates a relevance score for each topic. The relevance
score is calculated 4 using several independent heuristic functions which
LEvalupie- vaiious asneats of A rpviapiss yigtevance based upon the current
‘'state of the user's curriculum. Each 6 heuristic is weighted so that the
sknown range of its values can be combined with 7 the other heuristics to
provide an accurate relevance score. The weights are 8 designed
sspedifidaicioriedich hedifstic Syehdepmapraieiia niBissnecalasotbrean 9
cancel or compliment the values of other heuristics. The interaction

Thetteghasirsto e HEthbed KRS )R aRSH R HE Berall

Srelggl@@&%esl%qargi%ﬁ i&ndent's past performance. During step one, the Topic

9

10

1

13

14

Selection module prunes {culls) the list of incompleted topics to exclude those
topics which are not relevant to the student’s path and progress. During step two,
the Topic Selection module evaluates each eligible topic 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 asscsses the list of

recommendations to determine whether to display the recommended most

16  relevant topics.

17

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

20

21

Step I - Culling eligible topics

38



11 enables the recognition of the most relevant topic for the student-user
based on 12 their previous performance. 13 14 Relevance Heuristics
Explained 15 16 1) Average Level Relevance 17 Overview: 18 This
heuristic determines a student's average overall level and then 19
rewerds/dapias which are within a one-level window of the amerageowhile222
20 punishing topics that are further away. 21 40 WO 2004/090134
PCT/US2004/010222 | Formula: 2 For each level: 3 4 LevelAverage =
sum(topicWaterLevel * topicLevel) / sum(topicLevel) 5 Average Level =
iSum(LevelAverage) 6 Topic relevance: (0.5 - Al3S(topicLevel - Average
Level)) *5 7 8 Range of Possible Values: 9 (in current curriculum 1-4):

2.5 to -171%e fppic Selection module employs several culling mechanisms which
3 allow for the exclusion of iopiés based on the current state of a user's curriculum.
4 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 level less than 85 and no value from the placement test. This ensures that
7 the student-user will not enter into a topic that they are not ready for or one that
&  they have already completed or tested out of. The last topic a student-user

9 answered questions in is explicitly excluded from the list which prevents the

10 engine from recommending the sarne topic twice in a row particularly if the

1t student-user fails out of the topic.

12 After these initial eligibility assertions take place, some additional considerations

13 are made. If there are any topics that are current failed in the vser's curriculum, all

14 of the uncompleted pre-requisites of these topics are added to the eligible list.
15 This includes topics that received values from the placement test.

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

18 average level, the list is cleared and no topics are included. This will indicate a
19 "Dead End" situation.
20

21 Step 2 - Calculating Relevance

3%



I I Weighted Range of Possible Values: 12 (in current curriculum 1-4): 7.5
to -52.5 13 14 2) Eligibility Relevance 15 Overview: 16 This heuristic
assesses the student's readiness for the topic, found by determining 17
how much of each direct pre-requisite a student-user has completed. 18
1Y EHIMEIEE320 21 If W(PrgN)185, then set W(PrgN) = 85; REITTARI04/010222

20041090833 PCIYU52004/0111222 12 3 4 wherein: E(X) be the
Eligibility Index of Bucket X, 5 W(PrgN) be the Water Level of
Pre-requisite N of Bucket X 6 Cor(X, PrgN) be the Correlation Index
between Bucket X and its 7 Pre-requisite N, where N is the number of

MP re_f&%‘t%giﬁgﬁs? (l)th é(l?gg%)!estggizsx hagstbegl E:%?n]giloeqiﬁgg %‘%;Qiglgcgec%ign module
3 calculates a relevance score for each topic. The relevance score is calculated
4 using several independent heunistic functions which evaluate various aspects of a
5  topic's relevance based upon the current state of the nser’s cumculum. Each
6  heuristic is weighted so that the known range of its values can be combined with
7 the other heuristics to p;bvide an accurate relevance score. The weights are
8 designed specifically for each heuristic so that one particular relevance score can
9  cancel or compliment the values of other heuristics. The interaction between all
10 the heuristics creates a dynamic tension in the overall relevance score which
11 enables the recognition of the most relevant topic for the student-user based on
12 their previous performance.
13
14 Relevance Heuristics Explained
15
16 1) Average Level Relevance
17 Overview:
18 This heuristic detenmines a student's average overall level and then
19 rewards topics which are within a one-level window of the average while
20 punishing topics that are further away.

21
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| 1 Range of Possible Values: 12 (in current curriculum 1-4): 100to 0 13
14 Weighted Range of Possible Values: 15 (in current curriculum 1-4): 20
to 0 16 17 3) Concept Importance (Static Multiplier) Relevance 18
Overview: 19 Concept importance is a predetermined measure of how
inp@aanbatdpic is. For 20 example, a topic like "Basic Mulbiplicatian/sie222
deemed more important than "The 21 Four Directions." 42, WO
20114/190834 PCT/US2004/110222 2 Formula: 3 1 - (Topic Multiplier) 4
5 Range of Possible Values: 6 (in current curriculum 1-4): 1to 0 7 8
WeighwediilRange of Possible Values- 9 (in current curriculum 1-4): 5t0 0
10 11 4) Contribution Relevance

2 For each level:
3
4 LevelAverage = sum{topicWaterLevel * topicLevel) / sum(topicLevel)

5 Average Level = Sum{LevelAverage)

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

8  Range of Possible Values:
9 (in current curriculum 1-4): 2.5t0 -17.5
10
11 Weighted Range of Possible Values:
12 (in current corriculum 1-4): 7.5 to -52.5
13
14 ) Eligibility Relevance
15 Overview:
16 This heuristic assesses the student's readiness for the topic, found by determining

17 how much of each direct pre-requisite a student-user has completed.
19  Formula:

20

21 If W(PrgN) * 85, then set W(PrgN) = 85;
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12 Overview: 13 This heuristic measures the potential benefit completing
this topic would 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 curriculum 1-4): -6 to 0 21 43 WO 2004/090834
PETAYS2PB21/010222 | Weighted Range of Possible Value$x2/(iscoursent:?
curriculum |-4): -3to 0 3 4 5) Learning Dimension Repetition Relevance 5
Overview: 6 This heuristic is meant to ensure a degree of coherence to
the student-user while 7 developing a broad base in multiple learning
dimensions. The heuristic favors 2 8 consecutive topics in a particular
teaming dimension, and then gives precedence 9 to any other learning
“dimension, so a student-user doesn't overextend his/her 10 knowledge in

Any one learning dimension. it

4 wherein: E(X) be the Eligibility Index of Bucket X,
5 W(PrgN) be the Water Level of Pre-requisite N of Bucket X
6 Cor(X, PrgN) be the Correlation Index between Bucket X and its
7 Pre-requisite N, where N is the number of pre-requisite buckets
8 for X
9 1 be the constant 100/85
10

11 Range of Possible Values:

12 (in current cwrricutum 1-4): 100 t0 0

13

14 Weighted Range of Possible Valnes:

15 (in current curriculum 1-4); 20 1o 0

16

17 3) Concept Importance (Static Multipher) Relevance

18 OQverview:

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

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

21 Four Directions."



12 Formula: 13 This heuristic uses a lookup table (see below) of values
based on the number of 14 consecutive completed topics in a particular
learning dimension. 15 16 1) Repetiti2) 03)14)25)36)47)58)69)7
10)8 17 MIS 11) Value 12) 2 13)7.5 14)-1 15) -5 16) -9 17) -12 18) -17 19)
-2Woeyeeped8 19 20 21 44 WO 2004/090834 PCT/US2 0@k 0d:6020 2122
| Range of Possible Values: 2 (in current curriculum 1-4): 7.5to -27.5 3 4
Weighted Range of Possible Values: 5 (in current curriculum 1-4): 9.38 to
-34.375 6 7 6) Failure Relevance 8 Overview: 9 This heuristic gives a
bonus to topics that are important pre-requisites to to previously failed
topics. For example, if a student-user fails OIMOI (Length and

2

3

4

Formula;

I - (Topic Multiplier)

Range of Possible Values:

{in current curniculum 1-4): 1 to 0

Weighted Range of Possible Values:

{(in current curriculum 1-4): 5 't'o 0

4} Centribulion 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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11 Distance 1), then the pre-requisites of OIMOI will receive a bonus
based on their 12 correlation to 01 MOI. It treats assessment test topics
differently than the normal 13 unattempted topics and weights the
bonuses it gives to each according to the 14 balance of the correlation
b2t WEH HESE prerequisites. For example, an 15 assessmatdsenpicts22
correlation to the failed topic must be higher than the sum 16 of the other
unattempted topics or it receives no bonus. All unattempted topics 17
receive a bonus relative to their correlation to the failed topic. 18 19
Formula: 20 get the kid/bucket data 21 loop through the failed topics 45
WO 209 {tgggggg{ UGIHAR200.410 1112 2 2 1 get this failed topic ID 2
get the topic data for the failed topic ID 3 if we are a pre-req of the failed

topiq surasthadaatiematedspeasreq buckets' correlations 5 if the AT
topics correlation is higher than the sum of the unattempted pre-regs 6
add 5 + (5 * our correlation - the unattempted sum) to the bonus 7
otherwise return noth‘inq{S otherwise return 10 'k the pre-req's correlation

d retarheﬂﬁ’éi'}gdﬁﬂ?!ﬁy)ﬂ epetition Relevance

5  QOverview:

6  Fhis heuristic is meant to ensure a degree of coherence to the student-user while
7 developing a broad base in multiple learning dimensions. The heunistic favors 2
8  consecufive topics in a particular lcarning dimension, and then gives precedence
9 to any otherlearning dimension, so a student-user doesit't overextend his/her

10 knowledge in any one leamning dimenston.

12 Formula:
13 This hewristic uses a lookup table (see below) of values based on the numnber of
14  consecutive completed topics in a particular learming dimension.,

15

¥ Iy repeia|zy ol 1o 2|3l alns)nely 1198

17 OBS
1i) Valwe | 12)2 |13)7.5] 14)-1 | 15)-5| 16)-9 {17)-12{18) -17]19)-22|20) -27

18

19

20

21
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| Range of Possible Values: 12 (in current curriculum 1-4): 10to 0 13 14
Weighted Range of Possible Values: 15 (in current curriculum 1-4): 10 to
0 16 17 7) Additional Failure (Re-Recommend) Relevance 18 Overview:
19 This heuristic promotes failed topics if the student-user has completed
muSt2BHPES 0 pre-requisite knowledge, and demotes topicsdonwsniah @22»
high percentage of the 46 WO 2004/090834 PCT/US2004/010222 |
pre-requisite knowledge has not been satisfied. If the last topic completed
was a 2 pie-requisite of this failed topic, this topic receives a flat bonus. 3
4 Farmgdaf BssibteVshu80 - El) / 10; 6
if(preReq.equals(EngineUtilities.getLastBucket(userld))) (score +=3;) 7 8
Rangecarmoswintayallds: 05 -@ddrent curriculum 1-4): 11to -2 1011

¥Veighted Range of Possible Values:

4 Weighicd Range of Possible Values:

5 (in current curriculum 1-4): 9.38 to -34.375

&

7 6) Failure Relevance

g Overview:

9  This heuristic gives a bonus to topics that are important pre-requisites to
10 previously faled topics. For example, if a student-user fails 01M01 (Length and
11 Distance 1), then the pre-requisites of 01MO1 will receive a bonus based on their
12 comelation to 01MO1. It treats assessment fest topics differently than the normal
13 unattempted topics an& weights the bonuses it gives to each according to the
14 balance of the correlation between these prerequisites. For example, an
15 assessment test topic's cmtré:!ation to the failed topic must be higher than the sum
16 of the other unattempted topics or it receives no bonus. All unattempted topics
17 receive a bonus relative to their correlation to the failed lopic.
18
19 Formula:
20 get the kid/bucket data

loop through the failed topics
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12 (in current curriculum 1-4): 11 to -2 13 14 public double
calculateRelevance(String userld, String topicld) { 15 double score = 0; 16
/I get the kid/bucket data 17 KidBucketWrapper kbw = new
KidBucketWrapper(userld, topicld); Is // loop through the-failed topics 19
foMMertoYHss curriculum.getFailedTopics(userld).iteratorQ;idaasiNexto) d2z»
20 /I get this failed topic Id 21 String fl'opicld = (String)i.nextQ; 47 WO
2004/09083-1 PCT/1JS2004/1110222 1 /I get the Topic data for the failed
topic id 2 Topic fTopic = cnrriculum.getTopic(ffopicld); 3 // if we are a
pregaqmf thedailediopic { 4 if(ffopic.getPreRequisite(topicld)null) 5 // if
we are an AT topic 6 if(kbw.getAssessmentLevel() > 0) { 7 double

bre et @iadis imith&dgibigemPled pre-req buckets' corellations 9
for(lterator i2 = fTopic.getPreRequisitesO;i2.hasNextO;) {

3 if we are apre-req of the failed topic

4 sum the unattempted pre-req buckets' correlations

5 if'the AT topic's correlation is higher than the sum of the unattempted pre-reqs

6 add 5+ (5 * our correlation - the unattempted sum) to the bonus

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

9 return the bopus

11 Range of Possible Values:

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

14 Weighted Range of Possible Values:

15 {in cwrrent curriculum 1-4) 1010 O

17 7) Additional Failure (Re-Recommend) Relevance

18 Overview:

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

20 pre-requisite knowledge, and demotes topics for which a high percentage of the
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10 String pre = (String)i2.nextO; 11 Topic preTopic =
curriculum.getTopic(pre); 12 KidBucketWrapper prebw = new
KidBucketWrapper(userld, pre); 13 If(lpre.equals(topicfd) &&
prebw.getAssessmentLevel() = 0 && 14 prebw.getWaterLevel() = 0) { 15
predomsmpreT opic.getPostRequisite(ffopicld).getCorrelatiopEpesnianti}izz
16} 17} 18 19 // if the AT topic's corellation is higher than the sum of the

unattempted pre-reqs 20
if(fTopic.getPreRequisite(topicld).getCorrelationCoefficientO>preSum) {

21 adelbgtifhekaviricorselation betheainatte mptedsuspdadhgidanuss 48
WO 200-4/090834 PCTNS2004/010222 i score +=5 + (5 * (f
fopicrgetRrieReardisite{tlopioly) getCoretivreditihsernt() 2 presum)); 3}
4 otherwise return nothing 5 else {6 return 0; 7} s} 9 I/ otherwise return
30 * the pre-req's correlation

4 Formula:
5 score+={80-ED/1(;

6  if(preReq.equals(EngineUtilities.getLastBucket(userld))) {score += 3;}

8 Range of Possible Values:

% {in current curriculum 1-4): 11 to -2

11 Weighted Range of Possible Values:

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

14 public double calculateRelevance{String userld, String topicld) {

15  double score = (;

16 // get the kid/bucket data

17 KidBucketWrapper kbw = new KdeucketWrapper(UScrid, topicld);

183 //loop through the faifed topics

19 for(Iterator i = curriculum.getFailed Topics(userId).terator();i. hasNext();) {
20 // get this failed topic Id

21 Stang fTopicld = (String)i.next();
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10 else {return 10 *
ffopic.getPreRequisite(topicld).getCorrelationCoefficientO; it} 121 13}
1.4 return the bonus 15 return score; 16 } 17 is Step 3 - Assess
Recommendations 19 During the third and final step, the system assesses
thedistwafi2@recommendations to determine whether to display,tRenn4/010222
recommended most 21 relevant topics. 49 WO 2004/090834
PCT/11S2004/010222 | ELIGIBILITY INDEX 2 3 The Eligibility Index
represents the level of readiness for the bucket to be chosen. 4 In other

wordsgaveasipibagestiemidowmeadly is the student-user to enter into 5
this bucket?" Hence, the Eligibility Index of a bucket is a measure of the
total Bpe fEeramevofphereelisitedlseitlg’completed by the user. The
Eligibility Index is 7 calculated as follow: s 9 Let E(X) be the Eligibility
fhdek% 16fvgawrxreq of the failed topic

4 if(fTopic.getPreRequisite(topicld) 1= null) {

5 /1 ifwe are an AT topic

6 if{kbw.getAssessmentLevel() > 0) {

7 double preSum = 0;

8  // sum the unattempted pre-req buckets' corellations

9 for(lterator 12 = fTopic.getPreRequisites(};i2.hasNext();) {
10 String pre = (String)i2.next();
11 Topic preTopic = curriculum.get Topic(pre);
12 KidBucketWrapper prebw = new KidBucketWrapper(userld, pre);
13 I(!pre.equals(topicid) && prebw.getAssessmentlevel() == 0 &&
14 prebw.getWaterLevel() == 0} {
15 | preSum+=preTopic.getPostRequisite(fTopicld).getCorrelationCoefficient();
16 }
7o}
i8

19 //if the AT topic's corellation is higher than the sum of the unattempted pre-reqs
20 if(fTopic.getPreRequisite(topicld). getCorrelationCoefficient() > preSum) {

2t/ add 5 + (5 * our correlation - the unattempted sum) to the bonus
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10 Let W(PrgN) 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 12 N, where N is the number of pre-requisite buckets for X
13 Let the the constant 100/85 14 15 If W(PrgN) 3 85, then set W(PrgN) =
8BYVOIBHMNOB317 t * W(Prg4) * Cor(X, Prg4) 7 1s E(X) N Cor¢XrRrged)el22
11~ 20 50 WO 2004/090834 PCT/US21104/0102 2 2 | To increase the
effectiveness of choosing an appropriate bucket for the user, we 2
introduce a new criteria called Eligibility Index Threshold. If the eligibility
indexo3 toég Kot (EbwticthPERyipilje(raexdrardshuiatehencieiti(Cket is
considered not 4 ready to be chosen. 56 Summary of Relevant Numbers
for I?FF&I‘é’ﬁ%rftation 7 1. Question selection starts at Water Level 25 for any
3neV\é bucket 8 2. Proficiency Range (Water Level Range) is 0 to 100

4  /f otherwise return nothing

5 else {

6 return 0;
73

8

9  // otherwise return 10 * the pre-req's correlation
10 else {return 10 * fTopic.getPreRequisite(topicld).getCorrelationCoefficient();
1}
12}
R
14 // return the bonus
1S return score;
16}
17
18 Step 3 — Assess Recommendations
19 During the third and final step, the system assesses the list of
20 recoﬁamendations io determine whether to display the recommended most

21 relevant fopics.
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9 3. Lower Threshold = 10 10 4. Upper Threshold = 85 11 5. Force Jump
Backward at Water Level 0 12 6. Force Jump Forward at Water Level 100
13 7. Eligibility Index Threshold = 80 14 15 Ranking and special case
recognition 16 17 Once the relevance has been calculated for each
ehgiame opies ithe Topic Selection is module recommends tire tine2mostyzz22
relevant topics. If there are no topics to 19 recommend (i.e the Culling
phase eliminated all possible recommendations), one 20 of two states is
identified. The first state is called "Dead Beginning" and occurs 21 when

I a dibtaRtuder Rildithe OINOI "Numbers to 10" topic. In this case, the 51
WO 20041090834 PCTIUS2004/010222 | student-user is not ready to

? begin using the Smart Practice training and a message 2 instructing them

3 10 ﬁf%@gaggﬁé%? RAEILQLSHPRIVISRT g dostinds TRe.eB6aRdSiRtendds
called "Dead End" and occurs when a student-user has reached the end

4 Of themdrundsulunsonihqu.endrof the. avaijdbthecontentudsr thisiease the
student-user has 5 progressed as far as possible and an appropriate
5 mdssage:i’issiredt, GOUERTIONISEECTIONMOBOFE S oerview

6  percentage of pre-requisites being completed by the user. The Eligibility Index is

7 calculated as follow:

9  Let B(X) be the Eligibility Index of Bucket X,
10 Let W{PrgN) be the Water Level of Pre-requisite N of Bucket X
11 Let Cox(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
13 Let t be the constant 100/85
i4
15 I W(Pqu) 3 85, then set W{PrqiN) = 85;

16

N
1 Z [ £ WiPrqy * Cor(X, Praw)
 E(X) = N

E Cor(X, Prgy}

18

19

20
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9 Once a topic has been determined for the student-user, the Question
Selection to Module delivers an appropriately challenging question to the
student-user. In 11 doing so, the Question Selection Module constantly
monitors the student-user's 12 current water level and locates the _
qirssEEmiPahat most closely matches the 13 difficulty level tag/uszonsmisaz:
student-user is prepared to handle. Since water level and 14 difficulty level
are virtually synonymous, this means that a student-user currently 15 at
(for example) water level 56 should get a question at difficulty level 55
befdteint&ondhattifibuitsiafeheving feminet figrchiswWsrsstheve
question correct, his/her 17 water level increase L?y appropriate,
ke RN SHEEGEIFA, T o G ket 106 APl b e,
49 2pAdditongll, Higiuoslion sessiA ModusRroudes kb
guestions in a topic should be exhausted before delivering a question
ihe studapttisgdshas previously 52 WO 2004/0911834
PCT/US2004/010222 | answered. If all of the questions in a topic have
been answered, the Question 2 Selection Module will search for and
deliver any incorrectly answered questions 3 before delivering correctly

ansWerey Y GEBasHI  Altetbrati (8 PP bly, the 4 system will have

et SHERIBIRR SATOPIG, DEIEIRS LIRNGL 2ncpaee
hat student-users will seé a question more than once. uestion Search

pProsess TpAlgusstions && faol-asanegiasraeiic difficulty level from
1-100. Depending 8 on the capabilities of the system processor(s), the
system may\manﬁlasauldﬁ:ﬁ{e
10 4. Upper Threshold = 85
1 5. Force Jump Backward at Water Level 0

1z 6. Force Jump Forward at Water Level 100

13 7 Eligibility Index Threshold = 80

15 Ranking and special case recognition

17 Once the relevance has been calculated for each eligible topic, the Topic Selection
18 module recommends the two most relevant topics. If there are no topics to

19 recommend (i.e the Culling phase eliminated all possible recommendations), one
20  oftwo states is identified. The first state is called "Dead Beginning” and occurs

21 when a student-user fails the 01NO1 "Numbers to 10" topic. In this case, the
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9 guestions for the one at the closest difficulty level to a student-user's
current to water level. Alternatively, during the search process, the system
searches within a 11 pre-set range around the student-user's water level.
For example, if a student 12 user's water level is 43, the system will
searemiop@bsthe questions within 5 13 difficulty levels (fromG8uUe &%) akre
will select one at random for the student. 14 Is The threshold for that
range is a variable that can be set to any number. The 16 smaller the
number, the tighter the selection set around the student's water level. 17
Thestightenthesrangeydthe prgatesthadkelitopdobéineingsthe M@stsage
appropriate 18 question, but the greater the likelihood that the system will
havertensersr drert Qorritipl ehtimescheforepfingingiaisyu el €Btiorcond 2de
General Flow 53 WO 20114/090834 PCT/U$2001/010222 1 1. Get the
Srude iRt irrat Bk asers wes a shdehesehabsad s th Fa%%%ns
itk h o s difieiinlevainal 3ihe shdentsuaieriquel (NOTE:

This threshold + or - 5 can become tighter to 4 find more appropria

questignRs:but dengseivikinareassdhaiderpandsiondthe. 5 processor.) 6
3. Serve a question at random from this set. 7 4. Depending on the

sstudBAES TaasV e BdjiethigliaiMater level according to 8 the water level
adjustment table.

7

8 Overview

9 Once atopic has been determined for the student-user, the Question Selection

190

iz

13

14

15

16

i7

18

19

21

Module delivers an appropriately challenging quesiion te the student-user. 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 difficuity level 55 before
one at difficulty level 60. If Jihe student-user answers the question correct, his/her

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

histher 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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9 S. Repeat the process. 10 I | Governing Guidelines 12 1- Questions
should be chosen from difficulty levels closest the student's 13 current
water level. If no questions are found within the stated threshold (in our 14
example, + or- 5 difficulty levels), the algorithm will continue to look further
arido 2@ tiftiser out (+ or - 10, + or - 15, and so on). 16 2. A prewigsiy/eie222
answered question should not be picked again for any 17 particular
student-user unless all the possible questions in the topic have been IS
answered. 19 3. If all questions in a topic have been answered, search for
the closestd. 20eihchiregthstanms\iereabiqhestibren3asw o R 0647080884
PCr/US2004/010222 1 4. If all questions have been answered correctly,

refrestrthienfstulsa’sisttch Rgand. o VPR RS Y5 o pTRry dRdeREMPTary
rocess flow for picking.a question fr ted topic-hucket 6 7
AR U0 R b SBR RS PR Be e
indicates, the stvdents.sensisteraynrerfesmanae fasan:hueket

5 anticipated that student-users will see a question more than once.

6 Question Search Process

7 Al questions are cach assigned a specific difficulty level from 1-100. Depending
8 onthe capabilities of the system processor(s}, the system may search all of the

9 éuestions for the one at the closest difficulty level to a student-user’s cuirent
10 water level. Alternatively, dunng the search process, the system searches within a
11 pre-set range around the student-user’s water level. For example, if a student-
nser’s waler level 1s 43, the system will search for all the questions within 5

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

15  The threshold for that range is a variable that can be set {0 any number. The

16 smaller the number, the tighter the selection set around the student’s water level.
17 The tighier the range, the greater the likelihood of finding the most appropriate
18 question, but the greater the likelithood that the system will have fo search

19 multiple times before finding any question.

2 General Flow

53



10 When a student-user answers a question correctly, the state level will
increase by ii 1, and similarly, if a student-user answers incorrectly, the
state level will decrease 12 by 1. Preferably, the state level has a range
from 1 to 6 and is initialized at 3. 13 14 A Water Level represents a
sti@entsipisticiency in a bucket. Preferably, the 15 water lerethas@miozz2z
range from O to 100 and is initialized at 25 when a student-user 16 enters
a new bucket. 17 is A Bucket Multiplier is pre-determined for each bucket
depending on the 19 importance of the material to be covered in the
bucket. THéerthsltiplertis ammtied220tsethe increments/decrements of the
water level. If the bucket is a major topic, the 21 multiplier will prolong the

fime’for th%e%rﬁﬁ‘dﬁﬁf]-%%t@?‘idbfé’élﬂfﬁb‘ﬁ@r‘wPéé’ﬁch‘!? ff gg%]e"_‘"“ of
£OMHORIARDS e e R LIS OMGKES 5,2 DIGE 1ORIG (D

t e
multlﬁiler will allow the student-user to complete 2 the topic quicker. 3 4

70 lgcate.the piraskenainshwateuimelfiamithessersderkentauastion to
the 5 next question, the adjustment of the water level based on the

gurmentstate of the 6 bucket is as follows: 7 State Level that the
Adjustment in water level Ad({gf;tment of water level student-user is

turrently WHEh eS8 BdRmdIPS tifettion is

7 4 Depending on the students answer, adjust his/her water level according to

§  the water level adjustment table.

9 5. Repeat the process.

it Goveming Guidelines

12 L Questions should be chosen from difficulty levels closest the student’s

13 current water-Ievel. If no guestions are found within the stated threshold {in our

14 example, + or — 5 difficulty levels), the algorithm wiil continue to look further and
15 further out (+ or — 10, + or — 15, and so on).

6 2 A previously answered question should not be picked again for any

17 particular studeni-user unless all the possible questions in the topic have been

18 answered.

1 3 If all questions in a topic have been answered, search for the closest

20 incorrectly answered question.
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in: answered correctly: answered incorrectly: 1 +Orn-5m 2 +I M -3m 3
+1m-2m 4 +2m-1m 5+3m-tm 6 +5m -Om m = Bucket Multiplier 9 10
DATA TRANSFER 11 12 The communications are handled securely,
using a 128-bit SSL Certificate signed 13 with a 1024-bit key. This is
cuvepiiy/therighest level of security supported by 14 the mastpepulare:::
browsers in-use today. 15 56 WO 2004/090834 Pcrlus20041010222 1
The data that is exchanged between the client and server has 2 paths: 1)
from the 2 server to the client, and 2) from the client to the server. The
data sent fFelinthei BsdinttethesserkrogestintrascahPie Spinvethed! There
are two main ways to send 4 information from a browser to a web server,
GET2ad POST. POST is the more 5 secure method. The data sent from
the server to the client is sent via the 6 Extensible Markup Language
:tXML) format, which is widely accepted as the

4 Figure 15 depicis an exemplary process flow for picking a question from a

5  selected topic-bucket.

6

7  STATE LEVEL AND WATER LEVEL CALCULATIONS
, 8

9 A State Level indicates the stndent’s consistency in performance for any bucket.
10 Whena student-usgr answers a question correctly, the state level will increase by
11 1, and similarly, if a student-user answers incorrectly, the state level will decrease
12 by 1. Preferably, the state level has a range from 1 to 6 and is initialized at 3.

13

14 A Water Level represents a student’s proficiency in a bucket. Preferably, the
15 water leve] has a range from 0 to 100 and is initialized .at 25 when a student-user
16  eonters a new bucket.
17
18 A Bucket Multiplier is pre-determined for each bucket depending on the
19 importance of the material to be covered in the bucket. The multiplier is applied
20 to the increments/decrements of the water level. If the bucket is a major topic, the
21 nmliiplier will prolong the time for the student-user to reach Upper Threshold. If

55



7 standard for exchanging data. This format was chosen because of its
flexibility, 8 and allows the system to re-use, change, or extend the data
being used more 9 quickly and efficiently. 10 it CONCLUSION 12 Having
now described one or more exemplary embodiments of the invention, it
1¥8Rowobs-apparent to those skilled in the art that the foregeingpi®sminzz2
illustrative only 14 and not limiting, having been presented by way of
example only. All the features 15 disclosed in this specification (including
any accompanying claims, abstract, and 16 drawings) may be replaced
by altebnektdv & featuresiserting.thesame! plepose sadeht-lifce guivalgpts or
similar purpose, unless expressly stated otherwise. Therefore, 18
huntlertsiis gideembodiments of the modifications thereof are
3contemplated as 19 falling within the scope of the present invention as
defined by the appended 20 claims and equivalents thereto. 21 57 WO
2004/Q90834.RGEA)A0R401 (124 % LMy sy dhefephaigvesipay be

implemented in hardware or software, or a 2 combination of the two. In
sOneneMpeeing e Hipdechn quesvwarer implementedtiacdeonapider the
programs executing on programmable computers that each include a 4
sprotedsor; & Stbvage medium readable by the processor (including volatile
and s non-volatile memory and/or storage elements), at least one input
device and one 6 or more output devices- Program code is applied to

datareﬁteﬁ?d—u?-'rﬁ e
State Level that the Adjustment in water level | Adjustment of water level
student-user is currently when a question is when a question is
in: answered correcily: answered incorrectly:
1 +0m -bm
2 i +im -3m
3 +1im -2m
4 +2m ~tm
5 +3m “im
6 +5m -Om
m = Bucket Mulliplier

10 DATA TRANSFER
11

i2  The conynunications are handled securely, using a 128-bit SSL Certificate signed
13 with a 1024-bit key. This is currently the highest level of security supported by

14 the most popular browsers in-use today.
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7 device to perform the functions described and to generate output
information. s The output information is applied to one or more output
devices. 9 10 Each program is preferably implemented in a high level
procedural or object | | oriented programming language to communicate
wittP2Wétpeker system, 12 however, the programs can be implesieated222
in assembly or machine language, if 13 desired. In any case, the
language may be a compiled or interpreted language. 14 is Each such
computer program is preferably stored on a storage medium or device 16
le.gT hegrrtrs pziRAmd FROWEHbBY ¢ eRllenthegristiesdiskiteldfrearier
wave) 17 that is readable by a general or special purpose programmable
B om0 TAPS< EBHAGEA NG 2B BPAH AR ot BE A T EH Borage

edit r ce.is ter rform the procedures
I el R T U T
implgmenias 8s:3 SoRpUies-1eadable-slora0e,GHWMO RHPr4l0R0834 PCT
/U S2004/1110222 1 medium, configured with a computer program,
whersuserstbrdgehavedismt §ur2 ibopdfigeredicatisesiasenmiputer to operate
in a specific and predefined manner. 3 4 Finally, an embodiment of the

DreSBHPIREABRRLONRYISB ISR Conimatish & wdebesstshasdhsted in
the PlanetiT AL M%tf}n%%{?%%ggap@&nc g;%}@e%g%%%}%@ R5Qftware
p o] : ’ ’

product, available at <fittp://www.

8

9
10
11
12
13
14
15
16
17
18
19
20

21

anetil.com/nome/>

and allows the system to re-use, change, or extend the data being used more

quickly and efficiently.

CONCLUSION

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 presenied 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

clatms and equivalents thereto.
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8 Figure 14 depicts an exemplary user interface depicting the various
elements for 9 display. As shown, the question text data is presented as
Display Area 2, the 10 potential answer choice(s) data is presented as
Display Area 4, the correct answer tt data is presented as Display Area

6 ¥RENH4UPAId data is presented as Display 12 Area 8 anekth@sz2oo4minz22
Descriptive Solution data is presented as Display Area 10. 13 59 WO
20041090934 PCT/11S2004/010222 1 CLAIMS 2 3 What is claimed is: 4
5 1. An adaptive learning system for presenting an appropriate topic and
yuebtioepverithe lngengssicaybtanrEovPrsindamvaug predesmeraenfigured
to: 9 10 generate and store in a databasg a set of hierarchical topics

hav iy ATBRPARAIS MO JLEG R YRSBE SR IS Ea AR SrRBrRt Topics:
?a%%f §%irdp{%'g¥%¥§>é&t;&:?n 5&? %%'E_L&MGEQ?QC%&%%E& mlne%ﬁﬁ';'m aigned
t alue e Sta

difficu {}leve ue; 131 ermine an adju e state level value for a
yserbassd, areaid: wsAn s RRIGHEDPRIEGHNANGS GRMISIERoMiRAIRLState
level initialized to and having a range of

5 non-volatile memory and/or storage elements}, at least one mput device and one

6  or more output devices. Program code is applied to data entered using the input

7 device to perform the functions described and to generate output information.

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

10 LGach program is preferably implemented in a high level procedural or object
11 oriented programming language {o communicate with a computer system,
12 however, the programs can be implemented in assembly or machine language, if

13 destred. In any case, the language may be a compiled or mterpreted language.

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

13 configuring and operating the computer when the storage medivm or device 1s

19 read by the computer to perform the procedures described in this document. The

20 system may also be considered to be implemented as a computer-readable storage
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16 predetermined value; 17 18 determine an adjustable water level value
for said user based on said user's 19 proficiency in at least a subset of
said hierarchical topics; said water level 20 initialized to and having a
range of predetermined value; 60 WO 2004/090834 PCT/US200 4 /111 0
2 Y 2deesrmine a relevant topic for said user from said seafus200+/010222
hierarchical topics by 2 performing the following: 3 4 cull said set of
hierarchical topics to determine one or more eligible 5 academic topics;
and 6 7 evaluate for relevance said one or more eligible academic topics
usingeduhe ovistinrel exitneeoramkingrter datetrmingis sicd aglexantaeademic
topic; 9. 10 determine an appropriate question for said user from said
luriRfEsTrEIEvERE oI BUSHEARE I TRESts e by lsfrordntgneie
following: 12 13 determine said user's water level, 14 15 search said
database for one or more questions within a threshold range 16 from said

UISEFRMNAIH daMBhiment of the present invention having, potential commercial
5 success is imegrated in the Planetii™ Math System™, an online math education

6  software product, available at <hitp://www planetii.com/home/>.

8  Figure 14 depicts an exemplary user interface depicting the various elements for
9 display. As shown, the question text data is presented as Display Area 2, the
10 potential answer choice(s) data is presented as Display Area 4, the correct answer
It datais presented as Display Area 6, the Visual Aid data is presented as Display
12 Area 8 and the Descriptive Solution data is presented as Display Area 10,

13
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17 18 randomly select a relevant question from this one or more
qguestions 19 20 depending on the user's answer to said selected
guestion, adjust said user's 21 water level according to a predetermined
adjustment table. 61 WO 2004/090334 PCT/US20041010222 12 2. The
systerm#sdsglaim | wherein said processor is further configpadit00d4/610222
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
heufistiéM® Learning Dimension Repetition Relevance heuristic, Failure
Relevance 7 heuristic and Re-recommend Failure Relevance heuristic. 8
9 3. The system as in claim I wherein said processor further defines a
muI lier e in, said state level value is initialized to 3 and ranging
From ’S s”gle "L water level value is initialized to 25 and ranging from O
40 100 and sald 12 predetermined adjustment table comprises: State
Level that said user Adjustment in water level Adjustment of water level is

curnently dfipiieRamiidestien Bhefng URSHpIS aRNsKEraE gRrREmBELY:
answered incorrectly: 1 +Om 5m
6  to auser, said system comprising:

7

8§  aprocessor configured to:

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

12 guestions within a topic having an assigned difficulty level value

13

14 determine an adjustable state level value for a user based on said user"s topic

15 performance consistency; said state level initialized to and having a range of

16 predetermined value;

17

18 determine an adjustable water level value for said user based on said user’s

19 proficiency in at least a subset of said hicrarchical topics; said water level

20  initialized to and having a range of predetermined value;
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2+1m-3m 3 +1m-2m 4 +2m-Ifn 5+3m -Im 6 +5m -Om m = Multiplier
13 14 62 WO 2001/090831 PCT/11S2001/010222 1 4. The system as in
claim 1 wherein said difficulty level value ranges from | to 2 100; 3 4 5.
The system as in claim | wherein said threshold range is from 0 tot5. 56
6.\Wheusy/stei as in claim 1 wherein said threshold range is greatesidhan22»

5. 7s63

1 detenmine a relevant topic for said user from said set of hierarchical topics by

2 performing the following:

3

4 cull said set of hierarchical topics to determine one or more eligible

5 academic topics; and

6

7 evaluate for relevance said one or more eligible academic topics using
3 heuristic relevance ranking 1o determine said relevant z;cademic topic;
9

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

11 academic topic questions by performing the following:

i2

13 determine said user’s water level,

14

15 search satd database for one or more questions within a threshold range

16 from said user’s water level,

i7

18 randomly select a relevant question from this one or more questions

19

20 depending on the user’s answer 1o said selected question, adjust said user’s
21 water level according to a predetermined adjustment table.
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2 2. The system as in claim 1 wherein said processor is further configured to
3 evalvate for relevance said onc or more eligible academic topics using at least
4 one of a Average Level Relavance hearistic, Eligibility Relevance heuristic,
5 Static Multipltier Relevance heunstic, 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 vahie is imtialized to 3 and ranging from 1 to 6, said
t water level value 1s mmtialized to 25 and ranging from 0 te 100 and said
12 predetermined adjustment table comprises:
State Level that said user Adjustment in w‘:aler‘ievel Adjustment o.f wa}er level
. v in: when a question 1s when a question is
is currently 1n: answered correctly: answered incorrectly:
1 +0m -5m
2 +1m -3m
3 +im ~2m
4 +2m -1m
5 +3m -im
6 +5m -0
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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