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WD 2004/ 017181 PCT/ US2003/ 026217 COWMPUTER- Al DED
EDUCATI ON SYSTEMS AND METHODS 5 Rel ated Applications

wohos/apsii cati on clains priority to U S. ProviPermsai3/026217

Pat ent Application No. 60/403,363, filed August 15,
2002, the contents of which are hereby incorporated by
reference into this application as if set forth herein
in full. 10 Field of the Invention The present
invention relates generally to conputer-aided
education systens and nethods and nore particularly,
to intelligent conputer-aided educati on systens

havi ng pedagogi cal capabilities. Background 15 As
conmput er technol ogy becomes nore ubi quitous,

conmput er - ai d d ' j I ' I |

or oduc OB BeRok ARt bRV EAd iR s R i egrmons
products are currently available for nearly every

| evel of |earner, from pre-school and elenentary aged
c Related Appdicgtionsl e t aki ng col | ege courses or
speci al i zed courses focusing on a particular topic.
These spfid weplRatioro dlaiths priyityoeo UsRdPoNisiongk PetsntiApplcation No.
conputer or on a conmputer network. CAl products are

algpa\sai! aRlieawdus: 19120021 18E REhtents ST hiMreHegdbydhsorporated by
are directed towards an i ndependent |earner, while

h i y ) i I ; ,
]9 %?t%fe%gﬁ%rﬁ% t}h%%ﬁnglggtgqnf g E@‘.%ﬂtﬁ‘hﬁreﬁl ARl 00om setting

e ement or enhance the |earning
p&gvid?dhbﬁ an . nstructor. Despite the wide variety of
pr- % e, nost CAl prograns have siml ar
di sadvant ages. 25 Mpst of the currentl vai.l apl Al
pr oductShenrgsenb MysBEe bfgﬁe%geﬂeﬁég}’eto ?%ﬁ?@?réqldg‘ﬁﬁ‘f@%m systems
type of software presents the learner with graphical,
r eppd esethodst arshmorsf panirwady/to EH@QIEGF’CWIEBQGIO%?I@S gdupption systems

having pedagogical capabilities.
Background

As computer technology becomes more ubiquitous, computer-aided education
or instructional (CAI) products are becoming increasingly prevalent. CAIlproducts
are currently ‘available for nearly every level of learner, from pre-school and
elementary aged children to people taking college courses or specialized courses
focusing on a particular topic. These software products may be used on a personal
computer or on a computer network. CAT products are also available via the Internet.
Some CAI products are directed towards an independent learner, while others are
intended for use in a classroom setting, for example, to supplement or enhance the
learning provided by an instructor. Despite the wide variety of products available,
most CAI programs have similar disadvantages.

Most of the currently available CAI products may be described as “page-

turners.” This type of software presents the learner with graphical representations of
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-2 text and pictures. Wth "page-turner" type
products, the learner's experience is nmuch I|ike

weoagi4rg7isihr ough a book in electronic formin tRrar/ushm3/026217

presentation is static. For exanple, regardl ess of
the | earner's behavior, the |learner will encounter a
first page or screen, then a second page or screen,
and so on. There is little or f0 interaction 5 between

I ; . .
L LR e G

O b TR B S Rl bl AP R ES 8B Otic. or
vi deo-gane type of product. The video-gane_type

presauples raghrddess ¢if Sigdearnerdy hehpvigndhe fegrner all gacomnissg firpt page or
the form of a gane that, for exanple, may let a

| earenm thad vasewend Ipege os soreen,omd| @veh. Blhecois Bitel gr nd Gnteraction
answering questions. The questions presented

f nRawent fhy leaver Bed MNgAT Qregudl hdtr 868 Banmoduct ewe petagogical
scenari o. For exanple, the |learner nmay progress

Lzb:'aﬁx%d)gﬁi@s. fﬁfeqéim%lim b8 R iR idRi Ao ARRYMRIFIFREh the presentation.

cation table questions. If the learner

r epeat egdl answers j rrect| i

pr (F))vi dég%&g?raﬁ%ecgomf) %?‘?’gls.o %WaEFye%)n-C}gugﬁse ey%fg@%g?ﬂ@)fype of product.
roducts do represent an_inprovenment oyer . .

" phsevifen-gape tf%érowmnsn&swsetm apf| gragticq pipbigps in the form

remai ns engaged via an interactive experience.

Furfrargame thitd %a-egmlesmﬂymraéearmrsa@lvw their sgsreox lgvel by correctly

provi de sonme sort of report or feedback on the |earner

basewerimne quespiand. | The @restskislgresseted feagubntiishave nothing to do with the

mul tiplication tables. However, these products are

é}gakﬂe’s iRk eCoeftieninib. PRSI GRGNS1E| the dgabéd inky @Sograsertfiroughta forest

products exhibit any intelligence or pedagogi cal

.Catggf%ldls 'gat eﬁﬁzeqy an%@eﬁﬁ@ﬁﬁltigﬁﬁﬁ%tabﬁa‘iue_ X Wellearner repeatedly

i nt nce, ‘nost are task-oriented, in that the

products execute a seguence of..tasks. i 1
o devapeheays B SN TR RGPk SR Pl ovideqysame type CAl
Such _systens may sinul ate one-on-one tutoying an Y.
| RIPURAES 40 TeREERRS A dDBSONEMENt P e PA2CTHIENT gxp%mrﬂ%gﬁq& in that the
al so conpare | earner performance to the expert nodel
arlgameieteimpds engeerd Yig 2pinte@adYs aeperigres: ianthep yideo-game software
whenever it determ nes that a | earner has

also may be able to provide some sort of report or feedback on the learner based on a

particular skill set, such as multiplication tables. However, these products are still
deficient in pedagogical capabilities.

Very few CAI products exhibit any intelligence or pedagogical capability. Of
those systems that do exhibit intelligence, most are task-oriented, in that the products
execute a sequence of tasks in a pre-determined sequence, regardless of learner input.
Such systems may simulate one-on-one tutoring and may include an extensive expert
model. The system may also compare learner performance to the expert model and
deliver tutoring or coaching intervention whenever it determines that a learner has

deviated from the expert model. Because the system includes some intelligent
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a learner to work through a conplex, nmulti-step task
such as nedical or technical procedures or solving
advanced mat hematical or scientific problens. A

di sadvant age of these types of 3task-ori ented CAl

AR e RS iy ko BB SR
"L, SRR OBk pPEBRET SRR Bt o

requi res adherence to a particular procedure for

solcigntifc prablesspl ex probl ems.  These types of products

are unable to account for learner input or to alter

t he prAdichdyantige ofStheseitygesafiaskbdreamtdib€ Al pontutisghowever, is that
| earner' s probl em sol ving approach. 10 These aspects

I ejaflerentNRSBe bRpdt RolEINS Bduizll, Wit MnmMnsEidheR v ee ability to
constructi vl st | ear ni ng environments, wher e

pr ' i ES iAW ALMBlSHaif FRARSCHR &pBrt model
CrBBLAEh I phobfect Gl Baftf B4 bBleflaBRp. FERRAZHS AbSt mode
probl ens. Accordingly, it is desirable to.prqgvid n

i rﬂ?seq Telqagﬁst a er§:>e7 g? gmaghc&ﬁ%rﬂ%eéiurﬁ ogtsoﬁvggg the co?np?ex problems.
pedagogi cal and di agnostic. capabilities. Further, it

i sﬂtfé% Tyee ef popdichioarerenably & |3cgat femlearyer wippt o to alter the
focus on a learners’ mastery of concepts rather than

r agosadurgy fart solving adpreblsacbased Qi thedganner’s prdem solving approach.
permtting a flexible approach to |[|earning. Further

stTHese aspecitss rahelsi tabt eask@ripnedi QAT aydéhs smstitarla foat constructivist
can be adjusted to focus on concepts based on a

Pakirhiig edvionhleall svheredp8blefréolPing kilRr Ak icARivaRd and learners are
Summary of the Invention Consistent with the present

: . X \ _ . ¢
g?ﬁggﬁfﬁg& to @ﬁf glefr%wﬂlgfggilsgg ??131 pbﬁg or presenting

rw peda ropriate

i ion.. includi L3N, |
| nfor b roncingby £ FioRRrg e SRy Qe R o g pnd method

based, on t he _ o .
tﬁat has pedagogical and diagnostic capabilities. Further, it is desirable for the

intelligent CAI system to focus on a learners’ mastery of concepts rather than
requiring strict adherence to procedure, thus permitting a flexible approach to
learning. Further still, it is desirable to provide a CAI system that can be adjusted to

focus on concepts based on a particular syllabus and/or set of priorities.

Summary of the Invention

Consistent with the present invention, there is provided a method for
presenting a learner with a pedagogically appropriate interaction, including
determining learner information; determining a state for the interaction based on the

determined learner information; creating a concept pattern based on the determined
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appropriate interaction based on the concept pattern
and the determ ned state. Further, there is provided
a systemfor presenting a learner with a

pedagogi cal | y appropriate intefaction including an

out,put device.for, displaying, th i tion tao th

e PR TR it S et LR P el and the
interact wth the system and a conputer, wherein the
co%@ﬁ@ﬂewﬁ%@udes a processor and a nenory, the

menory including an intelligent conputer-aided _

i nst rucFiudheal thewal js gyevided emdystemmerfer rprespating a learner with a
intelligent CAl system further includes: a session

pl padagodiodllypagsepridie gntefadkon itichrdagy boutpmt tdeeice ubpdisplaying the
device; a novie data conponent for storing nedia files

t OinlQadifonURethc M¥arhBie aBEBFhtOfvRleaN elllovR BheP BB Rfer @5 GhtBRct with the
for determning the appropriate interaction to be

pl byt ' . 10| ie
R YL CorB et AR o Rkl E Bl Fmemory,
the session. er; and..a concept ri.x . used b e

g e ot e gt RES Rl Sief i AP e AL fystem and
Addi tional features and advantages of the invention .
wi Whetsin therintedigent Calpwyptem; fyrthemsinelydey s sgspighi mhsyehiorcpresenting
follows, and in part will be obvious fromthe

detherintetaction tr thrmytpubdevies rmeavibfatp cawppeent 6ot stdréng media files to
i nvention. The features and advant ages of the

| N"VeRkedby thel $eskien rslayerz ed ageat abdiae fex determams tied appropriate
the el enents and conbi nations particularly pointed

OUfntdrctioRSioaRPARGRIOLE R fBsion play§ 4nd 1BE d%ﬁﬁﬁx%{fxt@hﬁ\éie data in the

that both the foregoli ng general description an

20_f ol | ow i i Pt . .
2ol DO RREEL P 98, LR TRy et mats
as, clainpd, WD.2004/01718

:3%%%88% AgPhg sygine to determine tﬁe appropriate interaction.

Additional features and advantages of the invention will be set forth in part in
the description which follows, and in part will be obvious from the description or may
be learned by practice of the invention. The features and advantages of the invention
will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.
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weand4/010i81t hi s specification, illustrate an enbodiusens/ 026217

of the invention and, together with the description,

serve to explain the principles of the invention. 5

Fig. 1 is an exenplary block diagramof a system for
providing an intelligent CAl Product consistent with

th ~ncinl.es peesent invention; Fig. 2 is an
exgﬁﬁfg??’q‘ﬁﬁwﬁﬁPégﬁﬁ Tof an intelligent CAl system
consistent wth the principles of the present .

 nvent i bAC 980Pa8YiPE dEviagsrshiah 9rq IIGRTPRFR] Mpfdyconstitute a part
met hod, consistent with the principles of 10 the )

pr a5 speeifieptione flustrate a5 anbefiimentprdhe syyealen gnd, together with the
appropriate |l essons or questions; Fig. 4 is an

ex desptiption, eertve toyexpidia theopritipiesofahe mventionc oncept

tabl es associated with the concept matrix of the

pr esent Fighy @6 tuh eReémpibs) block Sia@RnfLABYAEM fENpiokiding an intelligent
Rel ati onshi p di agram of session tables consi stent

Wi EAT bR &RSHent SHE I Biiciphey G plisbed iffenfRP! ary

i
Entity Relations agramillustrating the

rel ati ogship_ _between concents and.sessiens rdin .

to the PPosdhi ERYENERHOCERisEra b A pleginy kD systent consistent
Ent | Rel| ati.onshj p di agram of novi e tables consi stent

wi WH%#P&W&&%%W%W@H?‘%%YGWP@ 8 i's anot her

exenplary Entity Rel ati onshi p di agram show ng conpl ex

20 novi Bigt 2k ansexeowdary ilomt chatttad atrhethpd, egpsistentvishn the gminciples of
and Fig. 9 is an exenplary entity relationship diagram

of thetpuemitinteantionsfoc prisvidihe ptdagogicilyt fyprgpreseztsons or questions;
invention. Detailed Description of the Invention WO

2004/ 01FiE84 idhal éAddndf I G/ BB ationship diagram of concept tables associated

with the concept matrix of the present invention;

Fig. 5 is an exemplary Entity Relationship diagram of session tables consistent
with the present invention;

Fig. 6 is an exemplary Entity Relationship diagram illustrating the relationship
between concepts and sessions according to the present invention;

Fig. 7 is an exemplary Entity Relationship diagram of movie tables consistent
with the present invention;

Fig. 8 is another exemplary Entity Relationship diagram showing complex
movie tables consistent with the present invention; and

Fig. 9 is an exemplary entity relationship diagram of student tables consistent

with the present invention.

Detailed Description of the Invention
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-6 Reference will now be nade in detail to specific
exenpl ary enbodi nents of the invention. \Werever

woassints] the sanme reference nunbers will be BEEMS2003/026217

t hroughout the drawi ngs and witten description to
refer to the sanme or like parts. OVERVIEWS5 Systens
and net hods consistent with the principles of the
present invention provide oné %r nore of the

fol | ow Rgfe?eg]\@%gg‘%% Y ﬁ%d@‘?ﬁ‘\ﬁ%fl%@@ cifid\bx Y5 nb&iments of

i nstruction based on enul atihg pedagogi ca

skjlls, with articular.focus on tailoring the .
ot U5 HFeR o A RTREET cRPSiPLeY all e Sefaienes Jgibdts will be used
|l earner's ability to solve _problens, master concepts,
anthreyghoyt the dragrngsand wdldensdeserantiog tfefee thesagper kil parts.
10 probl em sol ving; an educational programthat is
apPVERVIEVE for both instructivist and constructivi st
settings; and inproved nanagenent of |earner inpasses.
These gidtérhdbii® eflddd - confied@g@ith aiad prindples offaia gaR@ittinvention
of i npasses, and high degree of individualization)
P rl\#r’élvﬁfs dn@'or Sadpé 9PIHE follb® Wi abRafvel ShvesiRGldl €20%ystems: an
| NTELLI GENT CAI SYSTEM 15 By way Of a non-limting
exanpl H Q. Il [ e .

111nsrq%ucei‘:ionalt 1%26% (s)ércf'l (?1% e@éﬁ%ﬁgﬁﬁgﬁggﬁghl?%%ltls? Yk thgtwular focus on

envi I onmen np ares a
rinci.ples consistent with th resent, i nvention. ...

Sy taHlgF i FRsTARH 0 CodoPricy atleamar: GBRANEA SN BdoApRT Lbility to solve
110. Personal conmputer 110 includes, for exanple,

deBleblamse GrAsteL ecroncepis prndpanpdyniig e ber updmisipedigg of the concept to

devices, and Internet term nals. Personal conputer 110

i npiobtbes sAviGRLR edut2onad pEigr&aitha 26apeopreate for bbdi jnsiructivist and

di sc drive 145, an input device 140, and an out put

. deydr3@udthst KetiSHnaindC aiproed mMddgahest bNakatdes impasses. These

net wor k connection 155 for accessing the Internet

anghay SF Nak 8 fhodMe M odrdtht B inhRieddddBnd@high d f
i ntel Iuit%)gneg’cgld%sg em 1035 that,g vvhetn alcclfahgsed by (%b oEee O

1 Z%dixgaﬁ)a\fiiz Qtfogll) %m\g&dﬁg g?{i g%?% lr%?rﬁcl?tglg ﬁ%eﬁ?ﬁg légé%sli eglr@ng‘.l

experience a learn
INTELLIGENT CAI SYSTEM

By way of a non-limiting example, Fig. 1 illustrates an exemplary system
environment 100 for implementing the features and principles consistent with the
present invention. System environment 100 includes a personal computer 110.
Personal computer 110 includes, for example, desktop computers, laptop computers,
handheld devices, and Internet terminals. Personal computer 110 includes a CPU
120, a CD-ROM 125, a memory 130, a disc drive 145, an input device 140, and an
output device 150. Personal computer 110 also includes a network connection 155 for
accessing the Internet and/or external servers. Memory 130 may include an
intelligent CAI system 135 that, when accessed by CPU 120, provides a
pedagogically capable educational experience for a learner. Intelligent CAI system

135 may also be provided on a computer-readable medium, such as a disk, CD-ROM,
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by personal conputer 110 and processed by CPU 120.
The system may al so be downl oaded from for exanple,
the Internet, by way of network connection 155. CAl
system 135 is described in greater detail below |nput

S Rl P R B i o
o TR0 e BB Bal AL 5 el SREEL by wayof

devi ce 150 and sol ves problens _and/or answers _

qUBETOFR SonperiRg. 139U Allevatera 13468 despighedzini ascaiertflesaikbelow. Tnput
diagramillustrating exenplary conponents of

i ntletite §éhmaghhcludy s tkeybd:B8, mbudegbt bihentatCAintesingt d¥ices. Output
135 may include a session player 200, novie data 10

21Q@evied 18Qeidy BRBIdeCs AfhitoR SERRAEERE offRtk IdisplRBAeviddld A learner is
report adm nistrator 240. Additionally, agent engine

22 | G ' eyi.e -y e Vj

el oreE S Fkfaole ORI bARK SGITIEMT Hoves problems
in e access to the Wrl W de Wb and/ or the

In%%?%é ?%%ﬁqagﬁgwaP?n§&§§?8ﬁ“ﬁ?§4er 200 accesses

tutorial, sequences.and problens fromnovie data 210 .

and di s%‘wa? % higck ipgEare Husiirbing XAy icom@oRgty plntelligent CAT
| earner. Agent engi ne 220 determ nes which tutoria

s ejitame &35 akatplligand G1Ad wstemdds moasi iaclude a s@si@nglayer 200, movie data
appropriate for the | earner, based on concept natrix

231G rah tfmmt lepgina X20s ai apetpt Mepdr 23@dmdna stpat admdd@rator 240.
may provide reports of a learner's progress, as well
asAdawioysllys agénit &idee 2P0 Qliays comBlBitHe GVitlR af WRERRAL sebRr 250 via
an instructor or other supervisor. CAl system 135 nmay

bendtiBheBRRLaHhUE ) glarggvgdgﬂ AR5k ;aqa%pgmas Gedesi0) the World

by using rel ational ases to store rnformation

as ' i th, agent _engi ne 220 and/or _conc .
a0 5 antloh 4o Um0 Bl BRGIBLPBRE"E80 acccsses wtori
advant age of, ingcreasing perforpance of data searching
asSaREpRces and| prg eH grggy movie data 210 and displays the sequences and

questions to the learner. Agent engine 220 determines which tutorial sequences and
problems from movie data 210 are appropriate for the learner, based on concept
matrix 230 and the learner’s input. Report administrator 240 may provide reports of a
learner’s progress, as well as analysis of the learner’s mastery of a concept, to an
instructor or other supervisor. CAI system 135 may be implemented using Standard
Query Language (SQL), by using relational databases to store information associated
with agent engine 220 and/or concept matrix 230. Relational databases provide the
advantage of increasing performance of data searching as well as allowing easy
storage of large amounts of data; however, other forms of data storage may also be

used. Interfaces between session player 200, movie data 210, agent engine 220,
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storage of |arge anmounts of data; however, other forns
of data storage nay also be wused. Interfaces between

weoeeswioonispl ayer 200, novi e data 210, agent engPa®/UR2D3/026217

WD 2004/ 017181 PCT/ US2003/ 026217 -8 concept matrix
230, and report adm nistrator 240 may be programred
usi ng the Java progranm ng | anguage, although ot her
progranmi ng | anguages are al s68uitable. Agent engine

225 TR R L b OGRS o s
e A R T B

concept matrix 230 to determ ne relationships between
concept 4gearid chgine| 220 mapt vsed diistodeuinieommtiand and/or  identification
guestions within a particular concept in order to best

S einfaimation apputepeidtetosdatptaigea best ntpnast ofgirocertdthgfinihe learner’s
eval uating a response to a sequence or question in

Or gfifcafiGhal PAJeYSion NS hMicElal, RbEHtBALINRM28RMKssé concept matrix 230
| earner. Agent engine 220 works ina real-tinme 10

enyj H&@@ﬁf} 'reﬁlﬁ@@hﬁg bAFeOE¥bn ng&“%{bf Eevtg{%egfgﬁlﬁ&jiaq nsequences and

while 't earner 1I's 1 nteracti rent

seguepce or,.question. As such, .agent .engine 220 nmm

e dretignagihitl Attty coRcrRbitSraGia dasiGoNF GingBpEoPate sequence or
information quickly, so that the |earner is not_ I|eft

waflissHen a9 fohey £ SdEEROnER 100} SHAYERES Yrilucptipoingeder tg analyze
achieve real-tine interaction, agent engine 220 may

st bisterig tddrmation "shoxt as depaeanc e/Ageat tengime 220 vegyrks Hoos ereal-time
t he best 15 sequence or question based on the allotted

t i erviroAgent, seeking) the2t sbquenoayr ghestion widleathk dé@neruis dflteracting
by report adm nistrator 240. For exanple, the stored

dadvath TRY chrinéilt Wefiensd Bt §6dstiBRE 1RT suBRJaefNERPAS220 may need to sort
presented to the | earnér, as well ow well the

as
| eqyp co‘rﬁP a&da.ntd stdrie Qﬁfloﬁhgtﬁjonqgtgéﬁlbr,ogbswaﬂl%r I%aner is not left
y al so out’ "t he S

data provide an overview al ear ner
DU GBI RS AR, e A P g,
anagee)r(lte grgg!iger ﬁlzof rlng}yvstg;eaagcae 2?1111’? ‘tneg‘lg se%%grﬂ:te/qigs%iio?lg o; ?nray choose the best
sequence or question based on the allotted time. Agent engine 220 also may store
data later used by report administrator 240. For example, the stored data may include
subject matter and concepts presented to the learner, as well as how well the learner
answered the associated questions. Stored data may also provide an overview about
the learner’s ability compared to an average ability stored, for example, in concept
matrix 230.
Fig. 3 illustrates an exemplary flow diagram of an agent engine for
determining pedagogically appropriate interactions for the learner, that is, the
appropriate tutorial sequences and questions, consistent with the present invention.

Agent engine 220 first identifies learner information (Step 300). Learner information

may include demographic and grade level data as well as historic information about
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determ ni ng pedagogically appropriate interactions for
the learner, that is, the appropriate tutorial

weeoumTss and questions, consistent with the pCeasmio3/026217

invention. Agent engine 220 first identifies |earner
information (Step 300). Learner information 25 may

i ncl ude denographic and grade | evel data as well as

historic informati on about WD~2004/017181

P 3/ : - r., Hi i.C . .
S oA e nfofeefin E IR o kb ldsthssqcistod with a learer,
a | earner whi agent engi ne 220 na e .Jusin

o KBRSkt et 35 naPRE e Gag i ireF 2¥E he Iafher may 1og
intelligent CAl system 135, for exanple, by providing

a ke the, sptalligent C& HYSETC 433,087 29¥ETR1G 2258 WEMEINg e User name or
first time a |l earner uses the systema user nanme or 5

i didentifidatian iod a pagswoed. cTleafisttimés: lelraet esss tersysten 4 gees name or
the system the user nane or identification may be

usidentificativa ekayabel cighied e Adthehlesiner iGktesdBé 8ysd&H Othbaisefiname or
wth the learner, for exanple, in a session |og.

AGIRIBAL A8 bA En 20k B&Y Lo ARIRT HHNBSre (HE HARHAP gﬁtﬁtagsot%ﬁagédewith the

for the next sSequence or question to provide to

I For exanpl e, the possible states

mﬁ;@;ﬁﬁ% férn%b(?ﬁlgge}?%aesess%%gﬁ'ed “chal | engi ng, "

"reinforcing,”. or "reviewn states. Agent engi pe 220

consi der £ EBEBF P28 meH{cierinn (f REPIORERR dfatq {1 the néxt sequence

determ ne the appropriate state. For exanple, agent

ey pestoppopsgvide to the dearrgr §htep 3d Obf Ferraxample herpossible states may

previous |essons to determ ne correct answers to

qusstudertbe anayatied fosillengings’ eSporferemgl’d of €ssweasing” Istates.  Agent

agent engine 220 determnes a history of correctly

ansiyatee?l () ve@sidepnBistoriosl dta 'abb@ thergirmer to@demifie the appropriate

i nvoked. |f agent engine 220 determ nes a negative

treme, FoRSeRMpleNBefeends BRLALILALES s&si'bhqy%gﬂh@q'?;amer’s previous

state is appropriate. If no trend I1s evident, the

"rel cing' . IS, . enbodi nent, 1f

ndEHPBPlord bl et el Hion oy ARF oL PR Teonsds'to essons

avai | abl e, age ngi ne 220 _sw t ches between the .

" Clﬁ azfgeg{l ﬁpg@g E}é{h %e%p@me@va l%sto% gL Logigetly aggwered questions, the

appropriate state is determned. | . .
challenging” mode is invoked. If agent engine 220 determines a negative trend,

agent engine 220 determines a “reviewing” state is appropriate. If no trend is evident,
the “reinforcing” state is invoked. In one embodiment, if no historic data about a
particular learner is available, agent engine 220 switches between the “challenging”
and “reviewing” modes until an appropriate state is determined.

In the “challenging” mode, agent engine 220 may search for tutorial sequences
or questions that are above the learner’s demonstrated level of ability. This state
permits agent engine 220 to push and test the learner’s knowledge and allow the
learner to reach a higher level of learning. In the “reinforcing” state, agent engine 220
searches for tutorial sequences or questions that relate to information at the same level

as the learner’s demonstrated level of ability. For example, questions in the
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This state permts agent engine 220 to push and test
the learner's knowl edge and allow the |earner to
reach a higher level of learning. In the "reinforcing"
state, agent engine 220 search€s for tutoria

LS5 L0 1y 5000 L LR IR g sbout e
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shoul d not be easy but would require the learner to

t hitrike spypedevich agend srgiap 22p seuehesofon Avwtionhnot paetibealig been by the
the "reinforcing”" node searches for questions at the
salverneev & thedyentwiapystate, 226t sagine 2268 stathauos sdqubsces and types
not previously seen by the Ilearner. In the

" 1 eVinostiok' that teGearfGiaik aBREAGicdR8 &Q}?Eﬁﬂ)@@ bh& on underpinning
sequences and types 5 of questions that the | earner

ha&)ﬂ%}%tg.?dWh%hq G evﬂﬂgs.%{agéjﬁs ?%t%ﬁgd @5k 4 g%gkﬁg&r %g time, the

concep When the "revigw n e 1sinv

|l o ri f tine, the uesti,ons, and tutori . .
se@%gﬁg%ss 81?)(} g%tgﬂ'fﬂe RFes dﬁ?seﬁfeégwﬁé §|e€ QFW?ﬁlé’igié’r easier until the
until the. | earner hibits mastery of the

un]f?%‘inﬁ? W&lli’f& paies ﬁ(fg ﬁleA@]éﬁ’fplfgW@g FRECOPID next creates a
concept pattern of information to find a best 10

t ut or i afgedpueHee28 meguersttenna conepti paitern lof infetneativiirfedind a best
state (Step 320). Agent engine 220 nay create a |ist

of tutmoiat egiusncerraquestiondsstd ow tieafrterhisedastata §Stiop 320 dA gent engine
| evel value. The first list of concepts created may

I NnZdougley areatenKlidt @f EdiReptd ShErBRSdae R Goﬂeﬁi H4sOfnl Rbociated level value.
sequence accessed by the learner. If the systemis. in

t hens B aist 6 cgﬁc%t)ﬂgfc%ﬁé fhayShahe a 138ERL mENH: Q;l%leé%gl or tutorial
may search for a tutoria sgquence or question 11ke

t ren o) 5 ac ely rel.ated tutorial . —

s esbgfittck HBLes e e CAOBR Yo incBp o sl rpingpreing” sate,
the curren uestion. In the so-called "challenging”

st3eat e%@%é%gﬂ@r HArhAoF & BiPHH SSIEBRE OF Qresiamuke the clrrent one or
sequences or questions wWithin the concept but at

hi egﬁ]@,selygg}atqdemgprgﬂ aeahenes ph question based on the concept pattern of the

current question. In the so-called “challenging” state, agent engine 220 searches for
tutorial sequences or questions within the concept but at higher test levels and learn
levels. If the learner has reached the highest level of tutorial sequences or questions
for a particular concept, agent engine 220 seeks the next concept higher in a line of
concepts, based on “concept_link” tables, discussed below. Similarly, in the so-called
“reviewing” state, agent engine 220 searches for lower level tutorial sequences or
questions for a particular concept, seeking simpler concepts when the lowest level is
reached.

Finally, agent engine 220 accesses an appropriate tutorial sequence or question

based on the determined state and the concept pattern (Step 330). Agent engine 220
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higher in a Iine of 20 concepts, based on

"concept _|Iink" tables, discussed below Simlarly, in
the so-called "review ng" state, agent engine 220
sear ches for | ower | evel tutorﬂér sequences or

qu p rticula ept, seeki. i npl er
JoREhHRG® o, OB AL Mgl PE T8 BEERERY RORRIF) row of the
agent eng cess proprlate tutoria

Rl aééi@ fruss Dl LB ffe fapisraberkied aod apled by test
and the concept pattern (Step 330). Agent engine 220
wdezeloandoleangieveiCansP e igxse Isvel of sequencet off question identified by
concepts that are linked at the appropriate |evel or

r ovgent efigine 226G eEshe seaiticdisbssidnaib rgted Highet 886 hd@lr@Mt session, the
Each row is cross-checked and rated by test |evel and

| eqdafthle@ Viksial abpatest 18 Bt Slesdigy el ItPfonge&HI%Qﬁﬁeﬁr the search
guestion identified by agent engine 220.

S e@d'n@ﬂlxﬁgs ﬁ{l&ls Eq‘@s{yoﬁse{1 %t Feguﬂé@ I}E ror&&a{& Elﬂﬁ’l@ﬁ r %ﬂ%sé]ﬁ)fl or tutorial

session, €sSi on replaces

session. |In o e _enbodi t he searc t|n . 1o
unteapenge, o the %%n‘?r Of Eﬁﬁ qtneoS F’HO‘E#C]% P rSCQ:T gl? tSfesion_detail
guestion qr tutorial _sequence to the |ear ner or until

al fableshaysibsan gearghed: Ineanoithes ampbodipaents agant gngine a0 fatso creates a
tabl e have been searched. In another enbodi nent, agent
engingept2 patterhs dorc tesatams er mworec espﬂteqodt‘dlmﬂmgimg,” t ‘reinforeing,” or
or nore states ("challenging,” "reinforcing,” or 10

" reeviewinyf) hondéteained i srRf 310 &t ot 3géht Sdginda20a@8 P react more
engi ne 220 may react nore quickly to a determ ned

h%ﬂ&ﬁy*t@aﬁ&t@hﬁme&@ﬁan%@ﬁiﬁat%l ements of concept matrix
230 are discrete concepts that serve as building

bl ocks pfie lﬁm%l%ﬂ%ggad?%o ??ﬂa)fm? h3g a?ea r%fé & éeptsn,émat serve as

subject matter y, concep r|x

t mﬂe t he system
técﬂif& d@ scifp ﬂ‘g}t rﬂ%%erﬁl i°gnat ﬁ%m%}]g’f effibigst matter.

a.RartlcuIar set of tralnln
dditionally, concept matrix 230 may include data entered into the system by an

instructor or supervisor that may align the system to a particular set of training
objectives or to a syllabus. Concept matrix 230 also includes a set of information that
defines relationships between concepts, relationships between tutorial sequences and
questions and concepts, relationships between concepts and movie data, and
relationships between concepts and grade levels. Using these defined relationships,
agent engine 220 can evaluate student responses and search for the next appropriate
sequence or question. Agent engine 220 may also identify relationships between
concepts and levels of mastery thereof by a learner. Finally, concept matrix 230 also
identifies priorities and concepts for use in preparing reports and diagnostic analyses.
The data in concept matrix 230 may be changed to meet the needs of an

instructor or supervisor, as the data or records may be stored in table structures and
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tutorial sequences and questions and concepts,

rel ati onshi ps between concepts and novi e data, and

rel ati onshi ps between concepts_and grade | evels. Using

t hese defined rel ati onshi ps, 2332agent engi ne 220 can

ev Shi e S@S: f Hh t .
apgérl%prl a1 ge%gggglg&én%ﬂ%r Egﬁ@??ﬁ%ﬁ%ﬁ%eﬁﬁ%egﬁﬁég%g Fig. 4. A
may al so identify..rel ationships,betywee oncepts an
eutebGeeorddt o plidife Plosk Sh Pelbsblar e mefidiypay be defined and
concept matrix 230 also identifies priorities and

c ofiedksd ps fagrindiyuphuist eBeghi sogcert gesard maychayr agindaei mumber, such
anal yses. The data in concept matrix 230 may be

c hang &dortoepimikt thahés medds cofateainde@sl findstretveéenr other concept tables.
supervi sor, as the data or records may be stored in

t aRbeoras linl @t doneeptaable \Oeh A4 fddendsB dn 762 T EHIRRED BhIbE6D1 them. The
-12 rel ati onships as shown by the Entity Rel ationship

(" ' i - Ej (0] | ] P19
bt ) bR RoRhiy ity W ddined R SRampley abfle £; rent qoncept id
def4 and . tracked as an individual unit. Each. . .
coleRffe e b R0 Rt kPRl s iRt batoRBL gosier 0 view
"concept id," that |s used to create_ indexed |inks

pebE EROBPHEFIA P PREPLSa SSuRiReb ISyl | AR AXEBREBptonceD table
tabl e can have parents and/or children |inked to them

This g hedgwrar ent rel ationshi p may be defined, for

exanple, using a "parent concept id" identifier. This
Sy&bRELPI_idONCERAmMeCT €at es a hi er an giri &8kes 11 parent_concept
epsier t0 view how concepts relate to Ot her concep1g -
al_a subject level. An exenplary concept tabl LS
gl¥en bel ow clddedpi0f d nane short{Matb . .. <NULL>
pp2ent - concept| SimplatEddition Mat h <NUAd-itbnSi npl|e 1
apgi tion Addi t|i Simgle s@bfadtidre subt 1| Stibt@atiSnibt|r act | pn
14 Division Division 1

5 ‘ Simple division S Division 4

In the above example, concept 1 is the parent to concepts 2, 3, and 4. Concept
4 is the parent to concept 5. The “name” column in the concept table may be used to
store the full name of the concept. The “short_name” column name is used to store a
value that may be used as a label on reports and graphs to allow them to look and
format better.

The concept table may also include a “max_level” column, which includes a
variable representing the size or degree to which a concept can be tested or mastered.
For example, a “max_level” of 1 may mean that there is only one level for the
concept, whereas a “max_level” of 10 may indicate 10 different levels to which the
concept can be mastered, with 1 being the lowest level of mastery and 10 being the

highest level of mastery. Agent engine 220 uses this variable to determine when a
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concept 5. The "nane" columm in the concept table my
be used to store the full name of the concept. The
"short-name" colum nanme is used to store a value
that may be used as a | abel ont¥eports and graphs to
al 0 t e

:{)t‘?dgntt tﬂggﬁagtgklﬁn% lc&g:eptagnsd n%l%ﬁﬁ%o %ﬁ th ecfxe ng)g %ﬁgﬁeﬂked to the
|ncludes a Vvariable representing the size or degree
toCWﬁnEFPné?eEtoncept can be tested or mastered. For
exanple, a "max level™ of 1 may nean that there is
only on@theseehcans rtablpecolunansc eptaddifieanletebles mam)starey & example
of 10 may indicate 10 different levels to which the 20
cofraiu levaly’ be Trapdrertgst,” wi tfvolicdpeiadg,™t he “‘comeept lihkeyel and/or
of mastery and 10 being the highest |evel of mastery.

Ag%hc%ﬁ i@ 2 20GuaR Sl &egﬁgérﬁp g derislet QalE T Wh&D a learner
a WD 2 017181 PCT/US2003/ 026217 -13 student has

nasiltoﬁfdegtafl’% lg{%ﬂ% éndijl ng hQado 99 1&92\11 E@ E@?t The “ ade level”

concept to current conc
tabl e olunn or additiona
exXBPEE PP d}aeaﬂs poit ng%rseﬁ?@ Xmg saﬁtégbio él&l}cate when a
concept |n ang 5 "concept grad
§oRgent| Snsid b gléﬁttg 3 Hearpess | H8q eRPTLAYRY Vtiable is used to

| ear ner should start |earning and being tested on a o
padatérouhawheionpepshoulthee digplavkt inerdérto bestmepgst @ concept, providing
provi des an entry point on a school grading systemto

I nedpordt edwmimgdirator Qd0cepmesizoubdfing theairighbl eoricepta for a report.
| earner. The "report_type" variable is used to

d ety e adTairo B hdvafbtOMfsnEi ofl If6PIhRYRHcdph, MAARpst ékplain and
best report a concept, providing
track more detail about a concept. “Concept_adv” may be implemented as a separate
table as it is used by instructors and educators rather than agent engine 220.
“Concept_link” defines the relationships between concepts that are currently
being tested with higher or lower valued concepts. Each concept may thus build on
other concepts, which can be linked together. @ The “concept id to” and
“concept_id_from” provides a bridge between two concept records, indicating the
next concept for exploration and the previously explored concept. “Concept link”
may also store the levels a learner must attain in order to bridge to the next concept.
“Concept_link” may store these required levels using the columns storing “test level”
and “learn_level” information. A “test level” may indicate that the student has
successfully answered questions at an acceptable level of proficiency as defined by

session tables. Session tables are discussed more fully in connection with Fig. 5

below.
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track nore detail about a concept. "Concept_adv" may
be inplemented as a separate table as it is used by
instructors and educators rather than agent engi ne

220. "Concept-link" defines thje‘lT el ati onshi ps betvveen
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provides a bridge between two concept records,

| NAQ aayngllavhdor flexibildp e dpat thoerdex fdror dearper tinadwahes to a new
previ ously expl ored concept. "Concept |link" nmay also

st aneepth thel leadkiSisanolt aatomaticallyseqitddatoriearn abir sfothe bgbject matter of
bridge to the next concept. 20 "Concept |ink" may

st &ﬁﬁnt B&i%pfse %ﬂéle(g sdtﬁéﬁ@ﬁtsle%ﬁ | T PréiGerd! ¥ %h%h@&, %ll’ E‘)Qimple the

"test _|evel and "learn level" information. A"
! el\é er grﬁ&‘é'oﬁ% %({TE‘Q&vaLE‘e% tﬁﬁége”t has S“CCGSSf “' ly
swer e uestions an acceptabl e | evel of

rof|C| cy, as defined se on tables. Session
Prbl o S eiietic sae nisble TT ik oredHin & pi BROGHAT Erade level by
Fig.. 5. below. WD 2004/017181 PCT/US2003/ 026217 -14 A
" @amaﬂns\rbfr levghgt Whigh adeanemghouidbe.s dy gdditionathe “concept_grade”
previously been presented |essons and other tutoria
metpblei mas also dafihethel “teeflevedtaml “leassicvel.’t dlllectonokgemrade” table
engine 220 may allow for flexibility in that in order

f othug ebtablishes at degaety anaRuia0y ahatethe samiefieiould heve reached. Also,
| earner is not automatically required to learn all of

t hgofedy e%i‘hdé”%rh@iﬁe@ﬁn Rdfdfib el agRPNeRRLS 22@%}“ ﬁ{e 1Bvel of difficulty
sufficient |evel of proficiency 1s reached,

e Xtﬂgpéh@ ’quEQI%, shl)l?larb%%ﬁﬂ@¥ s{E‘&V %bt? [Pnzfs%r QPISC%E%% ?ﬂ)%%%astered

concep ncepts
R O AE AN e A N
" Cl?yn Ca?t%%mg rt%g “concept_to” or “concept from” variables, thereby shaping the
hierarchy of concepts through which a learner must progress. Instructors can also
alter the level value required to show proficiency in a subject, as well as alter the
“grade_level” value, causing agent engine 220 to focus on particular concepts for a
particular age group or grade level.

Each of the discrete concepts, or building blocks, corresponds to tutorial
sequences for that concept, as well as questions or problems associated with the
concept. In one embodiment, there are also guidelines that may be used by agent
engine 220 to generate new questions for a concept. The group of questions may
represent a range of problems suited to different learning types, such as equation

solving or word problems. Upon completion of each group of questions, the learner

should have mastered that concept sufficiently to apply that understanding to solving
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shoul d have reached. Also, "concept_grade" provides
an indication to agent engine 220 of the |evel of
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grade | evel. Each of the discrete concepts, or
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OrSXABPIE, P GBPSSRE Ievigyh Aeseipp e dsegs ehgrespat pappeen answered

questions, the learner 25 should have nastered that
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sol ving WD 2004/ 017181 PCT/ US2003/ 026217 -15 ot her
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These tutorial sequences and associ ated questions or

Priabl 285 i dRReRORTl deS edstns e IBdroN mayestsd Ofkebsidd @Sader” and

are used to store data about what tutorial sequences

angessHHACHLh PN BibRE SRheS B %%%&P_ dMati iP5 SREDDS iR “bddGion header.”

| earner —vi a session player 0.~ An 5 overview ER

di.agram.f or, .basi c. session tables - is .ilLlustrated.in. .

i BB B 7 g Sty or b o il it permits the

sequences and questions in | i near fashion, aﬁ S Ehe,
system to work with a smaller set of sessions that group together by limiting the

amount of data displayed at any one time. However, in another embodiment, all
“session_details” (or tutorial sequences and questions) may be grouped under the
same single session header. Sessions are linked to the concepts they represent in a
“session_concept” table, which permits the system to link concepts and sessions,
allowing agent engine 220 to search for tutorial sequences and/or questions by
concept. This relationship is illustrated in more detail with respect to Fig. 6.

The “session_concept” table allows agent engine 220 to search for sessions by
the required concepts. The session and concept link allows for different required
levels of skill required for a learner to work with the session.  The
“required_test level” and “required learn level” store the values that define the

required knowledge levels in order for a learner to advance.
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| earner to work with the session. The
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peFEEhHEgHR 80 ﬂ}@t thesastemecan gheck the response to a question.

Session player 200 acts similar to a movie projector playing “movies” which
include tutorial materials, questions, and game-like situations for the learner. Agent
engine 220 treats each interaction with the learner as a short movie with the agent
engine 220 acting as an editor. Information about the movies are stored as movie
tables, but unlike “page-turner” type CAI software, the values and data can be
changed, resulting in a change of “actors” and “scenes.” For this reason, a movie can
be used by more than one session, allowing for a flexible and expandable system. An
ER diagram representing movie tables is shown in Fig. 7. More complex movies may
be based on the movie tables illustrated by the ER diagram of Fig. 8. Additionally,

intelligent CATI system 135, at the direction of agent engine 220, may re-edit movies
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illustrated by the ER diagramof Fig. 8. Additionally,

intel | iggeRta folfurd pivalss HdPicader tWith e &potiQRitPto agra particular
engi ne 220, may re-edit novies WO 2004/017181

E%ﬁtgﬁfﬂ)g AURahke %g rl?alnéezf fPerdtBlick QBn%ershngleﬁJS\kranstesgced concepts with

resented in a ular novie t ear ner'

(RS WS R ST —

! gvlggrtnieroi?f place of, or as a supplement to, the movies stored in movie data 210 and
played by session player 200. A teacher may also incorporate history reports and
progress reports by linking to Web pages from concept matrix 230. Alternatively,
concept matrix 230 may refer to a Web page to receive content updates. One of skill
in the art would recognize that other media available for viewing on a Web site is
contemplated and consistent with the spirit and scope of the present invention.

The system may also use database tables to store historic information for a
particular learner. These database tables may be associated with agent engine 220.
Alternatively, the database tables may be stored in a separate component of intelligent
CAI system 135, such as a learner database (not shown). Fig. 9 illustrates an

exemplary ER diagram for student tables. Tables may be either associated with agent

engine 220 or concept matrix 230, or may be stored separately.
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intelligent CAl system 135 may store other data to
substitute teacher created 5 interactions instead of

woheosgtioised novi es. For exanpl e, concept matri RCRAB2008426217

store Wb addresses pointing to substitute materia
designed by a teacher or other third party for

i ncorporation into intelligent CAl system 135. In such
an enbodi ment, a teacher couttincor porate into

I ' . ' i . _
o O RS 30i8 U TRAP O B  cprc
Ol TR LS A OBLL LT, et S S B ssions

opportunity to define particular content for view ng
byPreEsaEade ABestione preseried, eathbeytike learme proveredhthoesquegtions may be
concepts with additional instruction. Intelligent CAl
sytemcidb dipjayprrerintke fatrha vivatepvit admirisirdtort 240. a

| earner in place of, or as a supplenent to, the novies

stored JtRhoEMitR @fetstcdiGhaEigdfes Al aded! dbYics 8ty embodiments
pl ayer 200. A teacher may al so incorporate history

repgyt o@%mﬁé,qg{eﬁ%%%@‘ﬂ%}zﬁenp Y35 %;ﬁé%rE&nMaQéggxscomputer,

from concept ‘natri X ernativ concept

mat 14 % 2 may_ refer.tq a \\b pa Q _receive content

sk Yo TERmF oo e B R g SR ek St S B soch as
ot her medi a avai e for _view ng on Wb site is

c RFA AsPa el oz &ng\hsqréﬁ% Fteriet h ﬁemisq Finpodipgnis cappgonents of
of the present invention, 20 The system may al so use
datAbawstere 486 erat e preeme ithiliienmit comptigrsneidrspample, gession player
particul ar | earner. These dat abase tables nay be

as¥ifcanglt mdviwidate 2lfemby essglenen 2 Fidst cotiphiter,wahiles edent efdime 220 and
dat abase tables may be stored in a separate conponent

of conbél mb@BNR30CAL R¥idERNMbA 3D sefdH@N ca@pitet GRIWRked to the first
dat abase (not shown). Fig. 9 illustrates an exenplary

S?s(,ﬁoiril i atrZS’ere\:PBrt it REathRBUE Smay] qglztgeﬁd@ﬂty ok lifd ‘35m¥n)1(ter, also

th agent 25 engi ne or concept matr

2 B3 38 5P 2R e RS0 kA ey e
pasretc&r?tljl/,l gsrusleresaI{eg rnotnlllaa}(re gﬁ tllilesceo%ago%e trsea t%lreesax?lerti%?e? ghtere%%r reducing
copying risks.

Further, in client-server and/or Internet-based versions, components may be
distributed in such a way to provide maximum performance with a limited bandwidth.
For example, movie data 210, including large audio and graphic files, may reside on a
client computer while the remaining components reside elsewhere. This reduces the
amount of data to be exchanged over the network. These alternate embodiments
provide a means for providing the CAI product on hand-held devices, where storage
considerations are essential. Additionally, in client-server and/or Internet-based
versions, by way of using network connection 155, intelligent CAI system 135 may

also allow multiple learners to collaborate together to solve a problem. For example,

learners using client-server and/or Internst-based versions may collaborate by each
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report adm nistrator 240. For exanple, information
about concepts nmastered, sessions presented,

wquesHoioiss presented, and how the | earner answeCeas2003/026217

those questions may be presented in display or
printed format via report adm nistrator 240. 5 It
shoul d be understood that Figures 1 and 2 depi ct
exenpl ary enbodi nents only. FbP-exanple, intelligent

[ on er ver. conputer,. o
i SRR ko R B S BF e o BlsRER B o GRE B avianed distnet
conput er, .vj.a .a network, YCh as a local area network
(L Olgﬁblﬁ & 5P i‘%’eql?pﬂi’ ot her enbodi ment,
components of CAl system 135 nmy be present in
di f f er edbe dolpwingriyovifer ar gampplery seewiesnoplaaseguente executed by
200 and novie data 210 may reside on a first conputer,
whigent angint 220gbne 122feraseskiort o Migiciplly, R tdainér 238 ddte® the system by
resident on a second conputer networked to the first

COpRiidfig aRRRCAdmAHNd PAssvbRL OOngélﬁlenEXmglehésel%%ge?ﬁg, QFknt engine

a third conputer, also networked to the firs

sesq T [ C .

ooy foesRE et dmer  B3E GBI il S Ruses sesgion player
th .tinme, thereby reduci.n 15 copying risks. :
Fu??(i zﬁlﬁp Y PR @Rmoé)’é‘gt\?etfavﬁ?anrscher ﬁé‘? Igyegapn screen includes
versions, conponents may be distributed in such a way

t oVHIWS iierR Srionsihat HerleBnerapeeselpat psing|mpyt device 140. For example,
bandw dth. For exanple, novie data 210, including

| athgarazigaiion spreengmaphickude alteadbarmmynprisgigderions oncinileating menu
conmput er while the remaini ng conponents reside

el eEwins peailabid for fledesas. t he 20 anount of data to be
exchanged over the network. These alternate

enbodi NEfS the rrﬂ*éi%@ﬁo@ sBR8AS tHeO lealfe® Vb &Eii0a L R&ibfMby selecting a
product on hand-hel d devi ces, where storage

considarat < . e | : ‘ K

o1 PR RS, £l hple ik WNBleclon boing oy govice 140
of cuUsi ng_net connection 155, intelligent CAl .

oy S SIS0 aF st e I sy toduction for the
col aboratg to%ether to solve a problem For exanple, )
2559leeHPR @pd agentfpeine; 2ZRtacsesserethedpners histosy date-fhrtheg particular
versions may col | aborate by each WO 2004/017181
PCMUSIes0026217

Agent engine 220 next reviews the learner’s history to determine an
appropriate slope value for concepts relevant to the selection. The slope value
represents an analysis by agent engine 220 up to the present of how well the learner is
doing with a given concept. Agent engine 220 may update an appropriate slope value,
such as one or more of a “challenge test slope,” a “ review test slope,” a
challenge learn slope,” or a “review_learn_slope” variables, based on a number of
inputs. For example, agent engine 220 may update slope values on the basis of
learner exposure to lessons and tutorials and learner respomses to interrogations

occurring during a learner session.
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-19 working to solve particul ar aspects of the problem
or by being each assigned distinct responsibilities

wonowewivisng t he probl em The foll ow ng provi deBCaws2003/026217

exenpl ary overvi ew of a sequence executed by agent
engine 220 for a learner session. Initially, a |earner
| ogs onto the systemby 5 providing a user nane and
password. Once the | earner ha$0-ogged in, agent engine

220 accesses the learner's data stored i ne

rat i x 3oaRe et b SR S PPt oS L eaper rosponse
an appropriate navigation screen. The n viqgtion

sde PErbleps i aecordapgs Mals et aHIuCBeR Yalugs Tonthe greRg problem.
may sel ect using input device 140. For exanple, the )
nallogpavaloes are veedh bymgert renginde224 toowsldsh theciwaxp pratileny in any given
various icons indicating nmenu 10 options avail able

f Qgarhdieschfan. NBor ekdndile,t @hd staitOsft 4 Odsiva) ®hen tHehlearner's historical
| earner begins a session by selecting a particular

OB, s HeRR IMUelYnto (cBhcep¥ AIHRNE 03 (TRl eI R T RV s appropriate
usi ng I nput device 140.  Session player 200 next

di spl a a roprj to | nt uct 4 f

¢ PSSO B AR RBELEE R R, RE Bl el LG 1o 8 compares
learner's history. data tfor that particyl ar 5 gane or.

| QBB ety FoR R it AT B i e valiBnaien: Heine 220
history to determ ne an appropriate slope value for

c salsdlpt Wnitiad meoggder the leamsr seskieBt i on. The sl ope val ue
represents an anal ysis by agent engine 220 up to the

pr esentAgent henginee 1220 t dext | eearemasr thes leatodrisghistaryy ® gietesmine the
concept. Agent engine 220 may update an appropriate

s lapplpYiateUslope? BorSttaideAS r€lBeand to NBleetedf gate' 6hddsk@ngdf a strongly
test slope,”" a " reviewtest-slope," a

ChRLIBRIGAEN RehbRPEn "thO lefner’ € Mty SHRTNBRR 220 invokes the
varrrabl es, based on a nunber of 1nputs. For exanple,

<980 . o0y P IO B BB B, B s i

L%?gé&fqﬁ;g{n%?@@@ﬁe _eg %ei“gﬁa?l{eglgi%gl’ in{)o %:. I r?e(l: crerr iis lgigtegt%(ri,i e?g%nt engine
220 invokes the “reinforcing” mode. Based on this determination, agent engine 220
selects an appropriate problem to begin the session and sends the problem data to
session player 220, which uses appropriate movie data 210 to display the problem on
output device 150. Alternatively, agent engine 220 could access server 250 by way of
network connection 155.

Upon viewing the problem, the learner may enter or select an answer for the
problem, or the learner may click on an icon located on the toolbar to display
additional options. Toolbar options may include a “Quit” command, which if
selected, results in the game or lesson terminating, causing session player 200 to
display the navigation screen and agent engine 220 to store in concept matrix 230

“Quit” as the response given to the problem and update concept influence and the

slope value accordingly.
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val ues for a given concept are updated with each

woOeemrnarist esponse to problens in accordance wWPCH/US2003/026217

"session influence" values for the current problem

Sl ope val ues are used by agent engine 220 to sel ect

the next problemin any given _|earner session. For

exanple, at the start of a sé<sion, when the learner's

ol o L &RNG: GAG BEShEIEADhORAMSCInb AR £ ORERP!ccBhAAS which if
230, agent engine reviews appropriate sl ope

val yes .for the concept el eyant to. the selected.gane
ortelegled Rrust aeeilsasine 22Da it srssion e DO fiFRlgY @ lovel 1
val ues. After review ng these val ues, agent engine 220 )
s dnterienEon Aer the consspieatfndtand agentr emeseistosiiore A apcept matrix
engi ne 220 next reviews the learner's history to

dex36riint as hiee red@nspgivaptd the reilepent apdae namppsinfluence and the
rel evant to selected gane or lesson. If a strongly

negspel VElubr £1rdifglylet ACIRE] 11N ikibReh®@] Bedy Sndlidd ?chiding hints,
agent engi ne 220 i nvokes the "review ng" node. [f a

SUHARGLY, RAFhIIL YEnihdGHth {8 1dgh&eted Tn the learner’s

history, —agent engine 220 invokes the "chal |l engi ng"

node. | ei.,ther is detected, agen nai 220 o
i nvokes‘&ttﬁg --‘%Pi’i"ﬂf" r gfengopﬁl?%dlg? é%‘télgge %nn]?%lps command, which if
det erm nati on, agent, engine 220 15 sel ects :

ap*ﬁl%sﬁefii SRUsehH PEBY ERsine 258dP e 608 B S A0serdigplin e lovel 2
problemdata to session player 220, which uses _
appieofentian oo icencept af rngd ang ageripingine: 228 torstiye dincencept matrix
out put device 150. Alternatively, agent engine 220

c A30d Hetit'esshs misprasse 256 lxy thagyoldém andtupdatk cammepenifivemce and the
155. Upon view ng the problem the |earner may enter

orsipr! 96lue adtcariany. f Ar 1&ke 2 2btepreatib®MnaPrintli@e more advanced
| earner may click on an icon |ocated on the toolbar to

di;5RA¥ioRa b BRtudePor %QénPl-anot!u al SRRLARS ABhitervention levels
[ude a "Quit sel S

i nclu command, which i cted, result

i qnérgaesegﬁﬁn@l}'a(fsr mé?%gc,%rﬁlé i H]’; @&gli@le%gd[ndol%c 1slldé] 910§ee & %{agrgte in§tructions
plrayer 2 0 splay the navigation Screen and agen

i ne 22 rein n ri 2
er}g%soving(ghet&oglteo.el concept matrix 230

If the learner enters or selects an answer for the problem, agent engine 220
will execute one of several outcomes depending on the learner's answer.

For example, if the learner's answer is correct, agent engine 220 causes session -
player 200 to display the “correct” movie outcome stored in movie data 210 based on
the problem's difficulty level, stores in concept matrix 230 “correct” as the response to
the problem, and updates the slope for the concepts embodied in the problem in
accordance with “session_influence” values stored for the problem.

If the solution to the particular problem is, for example, numerical and the
learner's answer is too high, agent engine 220 causes session player 200 to display the

“high” movie outcome, stores in concept matrix 230 “high” as the response to the
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"Quit" as the response given to the problem and update
concept influence and the 25 slope value accordingly.

wWoQRMOA8D17181 PCT/ US2003/ 026217 -21 Anot her POPAUIS203/026217

on the toolbar may include a "Hint" conmand, which if

sel ect ed, causes agent engine 220 to direct session

pl ayer 200 to display a level 1 intervention for the
concept at hand and agent engi2Ze 220 to store in

concept matrix, 230 "Hint" as, the response .gi,ven o i
t FEORFBp| 28fh URrktes pbRs opt,fe o <aRP SR GERRAEF i th problem in
sl ope value accordingly. A level 1 intervention may

i riebardangsrvwith Geessiprhimtusnce fustuesispsed i the prpblem.

rem nders to the learner. Athird option on the

t ool barAlayativeb), uflehe 1éasdrs "answamisndoo \éw,chgenf engine 220 causes
sel ected, causes agent engine 220 to direct session

PlRY&on aPert@0db AXpBY tBe FRWE! mavie ot @inke Botedin fehcdphifhatrix 230
concept” at hand and agent engine 220 to store in

CangeP tag F@rghr f.aeﬁ%)]ng% ﬁg Othe Z@Joglnen‘?santdh ﬁgﬂzﬁéso B> glo?ﬁ \eli%p th® concepts

the pro ate ncept 1 nfluence an

R DR o RS Y crios S T Sored for the

for exanple a tutorial sequence. As intervention

| g¥eblem.  ncrease, tutorials may become nore detail ed

and include nore el aborate instructions for solving

t he pr obftenthel gomyletidre of e prablerenpgend enginceP2Q revigyis the newly
answer for the problem agent engine 220 w | execute
ongdefed stoper fat tirudonosms beiapasdédpefore tdietingar mav psoblem. Agent
answer. For exanple, if the learner's answer is

C Qiofifel 22(R SR dRRFHINE WRIBh USRS SoBEW RigOfquiticdy @Fe dPftopriate for
I splay the "correct” novie outcone stored in novie

to
da&i@plé;% Rassdpn the problems difficulty Ievel,
store

I'n"concept matrix 230 "correct” as the response
0,20 B B ST T e iy 8BB6 oo o e
" sperggiiogg vprior‘g)gnlfl),e Qge%l’; 631\1/gailnleJ e230 Ssglgcr;ts Celmfi8éntitcgleorprrle%?llyeig]entical problem

based on the concept pattern and corresponding “test level” and “learn_level” for
each concept embodied in the problem.

If there has been a positive change in slope (as in the case of a “correct”
response), agent engine 220 selects a problem having a similar concept pattern that
may have higher “test_level” and “learn_level” values.

If, after a number of problems, learner performance creates a positive trend in
slope, agent engine 220 may trigger a change in mode from “reinforcing” mode to
“challenging” mode. In the “challenging” mode, agent engine 220 will alter the
concept pattern and select problems embodying concepts beyond the learner's

demonstrated level of proficiency and beyond the learner's grade level. Agent engine

220 will also update the slope values for these advanced concepts accordingly.
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If the solution to the particular problemis, for
exanpl e, nunerical and the l|earner's answer is too

waigi/o1agent engi ne 220 causes session player POD/US2003/026217

di splay the "high" novie outcone, stores in concept

matrix 230 "high" as the response to the WO

2004/ 017181 PCT/ US2003/ 026217 -22 problem and

updates the slope for the concepts embodied in the

pr obl emci a tth ' i epce’ 8§ 1: 1
tHer? %g& ggég-bg glﬁ,{géf%e chaﬁg§§rk Qﬁy’é '2% e ﬁlg casd BF YOS igh” or

stored Tor ternative

l egrner's answer i s .too |ow agent engi ne 220 causes .
s e aerte3Pay foropaTabIoR s, & Ieriuposo: Gect Dgme, 220 wil
stores in concept matrix 230 5 "low' as the response

t oselegba o iaviage siniler coneqpb patterpethitomay have dewrpitest level”
enbodied in the problemin accordance with "session

i rdnidubeace lewelll wabesst ored for the problem After the

conpl etion of a problem agent engine 220 reviews the

newy WREakREe Sk RBathRl abbe &GRASEPLE nkBl RGlk@ St Rticular learner
before sel ec??ng a %ew prgbl em Agent nb?o engi neﬁgtzo

SobolebEo RSl 8 PRk ) 00 SHAREE R, e s
been n in.the ca

h i 3 | . [4 f "’ [ "C( 2
- ceefR SRR B BPELE® SobtitalnS 2hcPtdfestnand sdeam lovel
D GBS oA HITEDN ABPH: BEPE GN MBI SSERARAGay with mastery of

"test-level" and "learn level" for 15 each concept
eryggipseningicanentpr 5o lcembirn its diagnesih agetty evging 230 siayishidt to a new
change in slope (as in the case of a "correct"”

r epos @attera genirirgtye mesp26d sadepinaing conadpt.em havi ng a
simlar concept pattern that may have higher

"t est-|@\wgbnt eﬂ?ﬂle”ﬁZ@a&Jﬂedt@ineéatY@ w&ft inl flop&fit Blayalso trigger an
nunber of problens, |earner performance creates a

POfiteverfioh ﬂgn% Resstdh %19?[?20@9? Hﬁﬁ%g%nﬁt%t Ymovie stored in

trigger a chang@ in no om "rel rcing” node to

movie data 210 or on server 250 rather than another problem. As previously
discussed, at their lowest level, interventions may consist of hints, formulae, or simple
reminders. At higher levels, intervention may include a tutorial sequence or detailed
examples. After displaying the intervention, agent engine 220 may display a problem
identical or nearly to the problem that triggered the intervention. However, if agent
engine 220 detects a sufficiently negative trend in slope, meaning a slope exéeeding a
particular threshold, it may trigger a downward chlcmge in mode from “challenging” to
“reinforcing,” or from “reinforcing” to “reviewing.”

Finally, when the learner elects to quit a session, agent engine 220 causes
session player 200 to display the navigation screen. Updated slope values and other

performance data are stored in concept matrix 230. From the navigation screen, the

learner may exit the system entirely or log back in to begin a new session.
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"chal | engi ng" node. In the "chall engi ng" node, agent
engine 220 will alter the concept pattern and sel ect

wonraoklemsi enbodyi ng concepts beyond the | ear nePC$/US2003/026217

denonstrated | evel of proficiency and beyond the

| earner's grade | evel. Agent engine 220 wll also
update the sl ope values for these advanced concepts
accordingly. WO 2004/017181 PCITUS2003/ 026217 - 23 | f

s h : . . . .
ere @§ns§$§g ﬁﬁt}fgfrﬁg %&ﬁﬁ}é&léﬁ%@ﬂ@ﬁfgge@ gﬁ%ﬁtl&lﬁsal%egt rr%r@?ne 220 may

case of "a respo ra pro

havi ng a nunerj cal answer agent . engi ne ,220 wi ||

o S SRR r. SRET kel i, tEoRRlErS Seihittr « gy such an
may have |ower "test level™ and "learn-Ilevel” val ues

5 rfangp@erf| agest enginfeddl My cxagHIst albwsh@nsz@r@vwggy asked and data
isolate a particular |earner m sconception by

s eprevided by all lezsedgs ecmesing theanieigenf CAE systand 3hakdrregample, agent
the sane concept pattern but with different

C oy 20 BSul @fexain@ft theels®d and@Mstatd @asstionsed®l Concept that students
val ues. Accordingly, agent engine 220 nmay identify

| eafinelively Bftér?éﬂs?ﬁéréﬁ‘ ihforPRal e dftfonaly) qgéﬂ?ci eﬁ@in@@zg §8u1d identify

concepts.” To confirmits diagnosis, agent engine

corpiets e Rafefiben SoprE BRERRR v Mol ol 200sb o examine

detects negative.trend in slope, it al so tr.i r, .
arpaterse  PERTB 70 Vg B AdeAERL 4P SFeh F%V@X%Ga?z gush Stidents in the
display an intervention novie stored in_ novie data )

2 15mey digestige t@ arastes the eaneept atHagieaiaoinesd. FHopiodidingagent engine
previously discussed, at their |owest |evel,

i N2 we Atservasextayalctortbe Karmef, sucessiil poblant s@yingrpaths used by one
sinmple 15 rem nders. At higher levels, intervention

MaainBE hid§l éhed Belkh@rddalitls ethdLRamety sodBitadth@dear@¥gplislearn from
After displaying the intervention, agent engine 220

g?%ﬁg?ééﬁﬂ ﬁ%b?enﬁ’ Ecﬁbinggigpfd%@ﬁgsi GRhdAfioN fRPEdeNt EMikd1£20, for example,

emthat trigge the intervention.” However, if

agent _engi ne, 220 detects sufficd I tq . .
t r%tﬁxar P%en% c(g)rl)l(le(f m?r%rgcr:]tl vrs{gtfl a:{lggl?toeﬁl g%z@gégi }%rgogglgaadd}{ﬁmal intelligence
partjcul ar..threshold, it may trigger a dowward change

| nenfderanedificationn 1 the ReTSHESYRE™:

Additionally, one of skill in the art will recognize that although intelligent CAI
system 135 has been described in relation to providing educational systems, other
various implementations and uses are both contemplated and consistent with the
principles of the present invention. For example, one could use intelligent CAI
system 135 to design games and for other entertainment uses, such as putting together
an interactive movie or television program by re-editing program content based upon
a user’s interactions with the system. In addition, intelligent CAI system 135 could
apply to training pilots or drivers of vehicles or to teaching employees how to perform
job-related activities, for example. Intelligent CAI system 135 could also implement
a sales cycle management system for displaying information to a sales person

regarding the next action the sales person should take to gain a sale or could perform



20 "reinforcing," or from"reinforcing" to
"reviewng." Finally, when the |earner elects to quit
wa 8|493718n, agent engi ne 220 causes session prPayas2@08026217
to display the navigation screen. Updated sl ope val ues
and other performance data are stored in concept
matri x 230. From the navigation screen, the | earner
may exit the systen1entire|y oP>Fog back in to begin a
ne 2004 01718 PCT/ 3/ 026217 . -24 .
ﬁ%%%g?@ﬁ Bl Bt s {SBao, A8 dopduct By acoumulating
i nvent agent engine 220 may ruyn on a computer or
s o gariTagx pustomers, atet skill e gt walkprrogpize that i pringiples of the
arrangement agent engi ne 220 nay exam ne all questions
pr vasentiShyendiok duivarfdbrad zapphieasiondedproyiding tdaelang expplications in a
accessing the intelligent CAl system 135. For exanpl e,
agenaticth oLfigilon® 226h cvardly examigtemhia. dat a and | ocate
qgquestions and concept that students collectively

of t en ans¥suRG1Y, MR &&bddmehd Hrtcho %lénﬁon EAe %?%&é}ﬁ to those

220 coul d identify concepts that earners need

SR A I B g
h h d
oA et A

agent englne 10 220 on a server external to the

| e S¥srenlary omby axidh a|trusrssepe And spivit afthsainmentivadeping indirated by the
| earner may then be shared with other |earners so that
ot fdlovliegelaimrss coul d | earn from successful problem
sol ving approaches. In addition to agent engi ne 220,
for exanple, other agents could interact with agent
engi ne 220 to provide additional intelligence and/or
nodi fications to the present system 15 Additionally,
one of skill in the art will recognize that although
intelligent CAl system 135 has been described in
relation to providing educational systens, other
various inplenentati ons and uses are both contenpl ated
and consistent with the principles of the present

i nvention. For exanple, one could use intelligent CAl
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system 135 to design ganes and for other entertai nnent

uses, such as putting together 20 an interactive novie
wonRod4@iesi si on program by re-editing program cearast003/026217

based upon a user's interactions with the system In

addition, intelligent CAl system 135 could apply to

training pilots or drivers of vehicles or to teaching

enpl oyees how to perform job-$etated activities, for

exanple. Intelligent CAl system 135 could al so

i npl ement  a sal es cycle nanéé@ﬁ%%t system for

di splaying information to a sal es person 25 regarding

the next action the sal es person should take to gain a

sale or could perform WD 2004/ 017181 PCT/ US2003/ 026217

-25 marketing analysis to measure custoner

sapmef Beldigeded: a product by accunul ating data from

custoners. One of skill in the art will recognize that

the principles of the present invention have a broad

app) i CahiEnb® fRRMcHiNDa [BARP WY a3RBA A9 IBpioPrifte

variety of fields to teach a variety o subjec¥

ma - ' . er enbodi nents of the

Pidiaion, @%ﬁ%@%‘pg‘lﬁxp%?sg‘% to those skilled in the

art fromconsideratian.of the.specification a , .

o ot | cabgine TrberRramati: eiEagatias Pfe e qamer's identicy

intended that the specification and exanples be

coficdatrerhoyt the leanenppigvipug tgractigneh a true scope and

spirit of the invention being indicated by the

f ol | owi gefermiinings:. state fonthe goerAdibRIRIedR@The82EOBINGA btikr

-26- Clains Wiat is clained is: 1. A nethod for

prageniatiogy a | earner with a pedagogi cally appropriate

5 interaction, the nmethod conpri sing:

creating a concept pattern based on the determined state; and

accessing the appropriate interaction based on the concept pattern and the

determined state.

2. The method of claim 1, wherein the possible determined states include at least

a first state and a second state.

3. The method of claim 2, wherein the determined state is the first state if the

determined learner information includes a positive trend in past interactions.

4, The method of claim 2, wherein the determined state is the second state if the

determined learner information includes a negative trend in past interactions.

5. The method of claim 1 wherein the appropriate interaction includes at least

one of: a tutorial sequence or one or more questions.
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determ ning | earner information, including at |east
one of the learner's identity or data about the

woOeenrnar18s previ ous i nteractions; determ ni ng RCTUAR@3/026217

for the interaction based on the determ ned | earner
information; 10 creating a concept pattern based on
the determ ned state; and accessing the appropriate

i nteraction based on the condé% “pattern and the
determined state. 2. The nethod of claim1, wherein

t he possible determ ned states include at least 15 a

4o B BRI PR oo BPaRy B Bncs

the determ ned |earner informtion |ncludes a

positive trend in past interactions. 20 4. The nethod

of claim2, wherein the determned state is the second
stat e i The imethodef elaim Bewhéretrthe conaspopatistt Butheniicludesa level
a negative trend in past interactions. 5. The nethod

of vathedsgvdiated &vithi dach bencapyin oy liaatof comdeptsact i on

includes at |l east one of. a tutorial sequence or one

or nore questions. WD 2004/017181 PCT/ US2003/ 026217

-27 6. The method of claim 1, wherein the concept

paé ter %ﬁ%efﬁgﬁ%f gln Ih%t Wﬁgre{hqgg ??t[eor?f rg:o%lZelp Tﬁﬁhé‘ﬁhpﬂgeso'j link to

rern the concep I'nc
ue .ass, C|at?d wi th each concept in the

a I eveI
|.%°&1°%ﬁse°o%@8m@y COREPRot hod of ol aim 6 wher ein

the list of concepts further includes a link to

concepts in a hierarchy of concepts. 10 9. The nethod

of claim1l, wherein accessing the appropriate

i M.er acThomethor off elaim d pwheremem cesstngghé agprapriadg irdemetion further
server to retrieve the appropriate interaction. 10. A
SysingirisEo hcdessisemt extgnal depaf tetetiidvichh@apgpediaipogintahdtion.

appropriate interaction,
10. A system for presenting a learner with a pedagogically appropriate interaction,
the system comprising:
an output device for displaying the interaction to the learner;
an input device fo allow the learner to interact with the system; and
a computer,
wherein the computer includes a processor and a memory, the memory including an
intelligent computer-aided instructional (CAI) system and
wherein the intelligent CAI system further includeé :
a session player for presenting the interaction to the output device;
amovie data component for storing media files to be used by the

session player;
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the system conprising: 15 an output device for

di splaying the interaction to the |earner; an input
wdevidpa780 al | ow the | earner to interact w th PO®US2003/026217

system and a conputer, wherein the conputer includes

a processor and a nenory, the nenory including an

intelligent conputer-aided instructional (CAl) system

and 2 0 mhereln the intelligent8CAl system further

i ncl udes: ?{‘? ﬁgi i @n@ ?rd8{6%1£ﬁ§ e %h%rogrelgtg é}gtgractlon to be

|nteract|on evice,

t for storin files to be used by the

s ol gh? gy ETsion i &%@&"ﬁ gﬁmmp@w wmgwol%gqmovmzi@ta
an agent engine for determ ning the appropriate
i n?wwnbque&csésse%bhgl@@eﬁsmp%@yeze:m on pl ayer and
for determ ning novie data in the novie data
conponent t oabenaptemtbdisby by e pestsingineib dy@frmina itk fpropriate
concept matrix used by the agent engine to determ ne
t hinta@p@ioapri ate 5 interaction. 11. The system of
claim 10, wherein the intelligent CAl system further
includes a report administrator for providing details
about the interaction. 10 12. The systen1of cl aim 10,

L B TGl

the appro |at nt er act n based on a network address

sp&ep e §}th OT B, (ﬁﬁl{sr gbeut the interaction.

12. The system of claim 10, further comprising:
an external server connected to the system via an Internet connection for
retrieving the appropriate interaction based on a network address specified by the

concept matrix.



