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ract

table model of an ITM user 1s presented in
s of concepls and mastery of abilitics. Then 1t
xwn how, via a fuzzy algebra, it is possible to
tor  and  evaluate  user's  cognifive  and
wlogical states,
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{roduction
ming in about 1960, Artilicial Intclligencs
attempied to build computenized systems thai
| perform in the same way as human boings.
¢ 1970s rescarchers attempted to develop
gent computer-assisted instruction sysiems,
said I1'Ss {acronym for Intelligent Tutoring
ms). [1Ss take inio consideration the
whual differences of cach user and provide
e individualization  of  instruction.
cver, even with the unquestionable success of
m cerfain environments  {Sleeman  and
m, 1982, Katz ¢f of, 1992, Ohlsson, 1987]..
verall performance of these svstems were not
sate {Sclf, 1990] ITMs (Intelligent Tutoring
media) are the cvolutionary successors of
and they heavily rely on the recent dramatic
1wes 0 the field of mulimedia. Although the

e eV

human teachers. The resull of bringing tc
multimedia devices and Al technology rep
a significant  improvement in  the
performance of the systems that can
more individualized instruction. This ada
to individual students has bcen made p
through the development of certain m
within an [TM. A vital role is played by
module  implementing the wver moded
tailoring the svstem's bechavior to the
needs. User modeling aims {o construct a
i order to make predictions about
bechavior, so that the sysiem can rec
misconceptions and problems, identify
and suggest suitable solutions. The user v
makes hypotheses about user's conceplio
reasoning strafegics emploved o achie
current knowledge state.

It i3 apparent that the task of ob
information about the wuser and in
conclusions on the basis of what is supg
very exacting, many interdisciplinary pro
arc to be tackled, and only partial solutio
be attained. However, this fact underh
importance of improving knowledge engir
technigues to more effectively  captur
portray the user's knowledge, This modul
a crucial role m the overall operatio
performance of the entire system. ke
running "snapshot” of the user and allov



modeling problems can be [ound in
sitovsky, 1996].
note that the learning process is meherently
deterministic and this circumstance induces
nceessity  of managing  uncertainty, The
riainly stems [rom several reasons, we just
: ambiguity and multiplicity. The ambiguity is
:d to the fact that user's crrors are anyway
ynal mistakes and thus the same error can be
>d, in different users, by different reasons.
multiplicity, in turn, is related to the fact that
ong behavior in order to solve a specific
lem can depend on several misconceptions
skill deficiencies.

use of fuzzy logic represents an interesting
ion fto the problem of dealing with
rtatnty. In fact, in such wayv one can manage
talively different situations that the classical
vitlued logic 1s unable to cope with. The basic
iples of fuzzy theory arc presented in [Klir,
| and several applications to leaching and
ing problems are in [Liou and Wang, 1994,
rice-Baumont and Derognal, 1994, Sawaragi
. 1991, Hawkes e o/, 1990. Biswas, 1995].
paper 18 organized as follows. Section 2
Is basic results of fuzzy theory, Next Section
s how 1l is possible {0 represent user's
ittve states and psychological characteristics
igh sutfable sirings. Section 4 presents the
- features of a fuzzy algebraic structure that
ges user representing strings. In Sechon S
concept of fuzzy scorc is infroduced in
on 6 it 18 shown that the fuzzy struciure can
lized to monitor the evolution of the leaming

css,  Section 7 tackles the problem of

ating the learmng process and fast Section
hasizes the expressive power of the modcl as
ared with other educational taxonomics

he theory of fuzzy sets
n a classical not-empty set 1], a fuzzy subset

pA: U ---> [0, 1]. The function LA(x)
viewed as an extensione of the conc
characteristic function. Alternatively, a fu
can be denoted as follows: if A = {xi,
Xnt 18 a finitc set and is represented as
X1+X2+ ... +Xp of its elements, then

A = PA(X1YX] + PA(X2)XZ +...+ LA
A is infinite then A = [ A%, wh
svmbol slash links cach clement of U
membership grade. In both cases, a fuzz
on U is completely characterized by the «
(%X, pA(x)) where x s 1,

Let U={a, b, ¢} be a set of persons. Si
that the mdmvidual a weighs 85 kilos, b
90 kilos and ¢ 130 kilos. This is a possibl
set for fat people:

A = 0.49/a+0.53/b+0.85/¢.

A fuzzy varable 1s a tnple (VI U, B(
where VT is the name of the variable, T
universe of discourse, u denotes the
element of U and R(VE u) is a fuzzy su
L. For example "budget” could be the nar
fuzzy variable where U=[0, «], and R(V
{(u, s(u) = 1), us [0 100]} .. {(u, s(u)
((H-IOO).QDO):Z]- ). ueg[100, «]}.

A linguistic variable is, in tum, a guintuy
T, U, g m) where V1 1s the nam
variable. T is the set of values or linguisti
of V1, U is the umverse of discourse,
synlaciic rule (a grammar) capable of gen
such hnguistic values and m is a seman
that attaches to cach element t of T its m
m(l), namely a fuzzy set on U. For cxam;
values of the lingustic variable "age" co
voung, rather voung, old, verv old, and
Fach value is the name of a fuzzy vari
the universe of discourse U = [, 100}, |2
We note that adverbs such as "very” "
arc called linguistic modiliers |Zadeh,
because modify the meaning of terms s
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ions one pets the triangular functions, i.¢. the
ular symmetric numbers that are the fuzzy
1sed to mathematize the terms of a linguistic
ble [Pedryvez, 1994]. lakoil  has shown
i, 1973] the necessity to define the terms of
uistic variable beginning from the generators
. The loliowing function is capable of
ating the 1erm set of a linguistic variable:

C 2 (x-a)(b-a)*T[a, (atby2] (%) +
(x-a)(a-b) * igarby2, b] (%),

R, abel],

ez 2=t g ixy ol

wisc 0.

s terms of the linguistic vanable "evaluation”
good, fairly good, not good, vemry good;
rding to what suggested by | Schwartz, 1989],
> following Sections we use for this variable a
nce ol values  adjacent and  uniformly
buted, rather than an infinite scquence of
s. If one wishes to use n ferms for
ation, the i-th term 1s the fuzzy set with
bership function different from zere on the
val  [Maxm™i, Maxm*(1 11))y2]. where x €
Viax R and Max=highest possible rating.
element of the variable "evaluation” can also
lenoted by the triple f[a. ¢, b] where
a+b)/2 and (x) = 0, if x<a,

= §, x) =01 x=b [9]

izzy modeling of an 'T'M user

fuzzy sets can be used to model the
vledge of a concept by a generic user. In fact,
troducing the notions of linguwistic vanable
luzyy variable onc can:
del the inhcrent wvagueness aboul  the
viedge of a concept
oduce dvnamically new terms (fuzzy labels)
e linguistic variable, using suitable modihiers
icve a rich descriptive structure of the user's
itive, psychological and mental states

Al e e i i e

In fact, we proposc that the user’s cognitin
be represented by a string of the type:

on on-1 ol
dn an-1 SO 2

where the clements of the sets {aj} a
didactic goals related to a specific nav
within the ITM, whereas the clements ¢
fuzzy variables, namely values of a lin
variable.

Let {Cj} be the set of concepts related fo
of the knowledge domamn present in th
and let {Oj} be the set of goals. We s
mastery of the concept Ci is very good
system, interacting with the user, genera
string  [O41, Of2, . .Oin]vg" where the lab
denotes thd vame “very good”. In gen
string such as the following ropresen
singles out different learming levels for cac
related to a specific concept:

gl

[0i1,, » » OKI™[Oitk+1)s + 5 Oigk2): -
., 70~ . . alE
Uikl < Oith+1): » - Oinj

where {an} are the values of the
evaluation.

Of course the user representation c
enriched by taking into account other
such as the psychological state. Such stax
be cvaluated using the hnguistic vz
"attention” and "mterest” assoctated K«
node ny visited by the user during the nav
within the ITM. In this case the ¢lemen
are the hypermedia nodes and the labels {
values of the linguistic variables. For exas
couple such as (node K, very interested) «
that the user, during the visit of the node
been deeply mvolved. In this way the 1
stvle ol a specific user can be represente
linguistic variables s




stions. choice of a specific hypertextual link,
bening on a concepl, request of an example.
nission of a topic already examined, access (o
ita base. Such actions can involve one or more
¢s i the hvpertext network and can be linked
L specific semantics. 1e. cach action can be
preted moorder to get information about user's
utive state. In such way the system can adapt
chavior to user's needs.

following table summarizes the possible
ms. o each clement describing the model,
“attached” the funciions and variables therein
aed. .

tive stite:
-Right translation
-Left transation
-Comparison
-Charige n leaming stafes
-Dnstanee betwoen cogmitive stales
nlogical stale;
-Attention \
--Intzrest
base onsntation: \\
-Pouk
-Feak difference \
-Per cent right transtilion 5
-Per vent lefl translaon i
g sty les: //'
Average length of "rieepemn._ path
we duralion of node visils
ge durahion of u tutorng session

> chosen the linguistic variable for evaluating
states. the table shows the translations that
e changes in the values of the linguistic
ble. Each architectural clement s linked with
ble functions and linguistic variables. Tach
istic variable and each function can be
fed depending upon the tvpe and strength of
vidence that appears in a user action. In the
1 we limit our investiation fo the variable
uation” previcusly introduced.

of attributes used to classify the elemen
We denote with a1 <o <, , ., < an th
numbers that represent the clements
variable evaluation Vi, aj — f—\i"] () is th
evaluated clements aj with respect

attribule  Aj belonging to AI The ::.,lnnc
n o~ o

an dn-1 - da]
is the classification of U with respect
atiribute  Aj [Gisolfi, 1992, Giselfi an
1995, Gisolfi and Cicalese, 1996, Gisc
Nunez, 1993, Di Lascio ef af. 199¢
svmbols aj denote the first parts of th
whereas o are the second parts.

(mfen the strings

om 5 an] 1ul

] ;

3ﬂd B bn’rgm b= ll ok . b].}jl:
with nzm, the operation I—[ Cvtmmtiuti
associative, associates with A and B the

on tin-1 o

{a an.1 a It

(hn m?}l Bm-1 b]BI)

- ‘.n rll’m—nl o tmen-2 v
© Ymtn-d Sm-n-2 w6

The operation 1T splits in two operatio
first is denoted by * and acts upon first pa
sccond with e and acts on sccond one
tradilional subscts ¢f and the fuzzy numi
ave oblained by applying the operators * ;
respectively.

The operation for the first parts is defi
follows:

=l @+ by, if 10 < me
G j=1.m -j+1 Mby ifm<i<n-l
‘ ; Lbj_._ Hn<i<ni

T aend Lo @ejed o
where o and ~ are the usual sci-th
operaiions defined on the power set (L)
Thm operation has the following properties

Erwa



Existence of the null element. namely U

e operation for the
fined as follows:
non-1 - 1) ® (FmPm-1 ---B1) =
min-1 Ymrn-2 - 71

second parts, in turn, 18

[ e
1ky+k2) di * Xj=1 i d2* dlj-j+1 *
(k1 * 04-j+1+ k2 * Bj), 1=i<m-1
= kit k) di *Zi-1..m d;i ‘dli.j|1*
(ki * fy.l_J 17 K2 ¥ Bj). mi<n-|
Viki= ko) di * ‘-—-‘] -l om. d
dli-j11 *(ky * oqgi 1+ k2 " ﬁ.‘i)=
n<ismen-1

d the values dj arc obtamed as

=1...i d1j*d2j-j+.

this operation the indices k1 ¢ k2, respectively
r A and B, and the arrays d1i{i=1..n) and d2;
=1..m), give the distributivity of the operation ~
ith respect to . The indices dlj and d2;
present, respectively for the first and the second
ring, the number of sets for which the union has
en catried out in order to get the 1-ih class; the
dices k1 and k2 denote the number ol scts
hose intersection has produced such sets.

iultiplying the first parts:

C1*Ca
I (¢ SV T E
B I 2] B (0]
i [O1] -]
| I 1-1 a4 .05

‘The operation e is

closed m the set

numbers  defined in  [0,1], s as

commutative and preserves the orderir

fuzzy numbers.

Example

Consider the following matrix {concep
that can be viewed as representativ

cognitive state of an ITM user:

__ 'Cl €2 C
01 g 1 q
02 !i g g
03 i q q
04 'S s q
05 s 8 B

We can vmtc

C1 = [0118]- 1“104 0s][02, m]
o~ [O"Igl“ﬂ [O4, Ulsl (o171
C3 = [021F101.03,041057°-1
Let U = [0, 1] and suppose that
g(ood) = [0.8, 1, 1},

g(uite good) = [0.5, 0.7. 0.9],
s(ufficient) = [0.2, 0.4, 0.6],
i(nsufficient) = [0, 0, 0.2}

{14 0‘.} - _[(')3103]
___{\_)43.)5} - [O1] -

A ‘



EHCa* O3

| SRS [01.02] [03.040s] [] Il

! o (021~ [01.03,041 [0s] [
EENC N -1 - S
IS I S R S A 0s] Il - |
O 101 [0304) 1 -

IE R o I S O I o

G ] 10210 (01 10304] [Os) 1L 1 I

s C1* C2* (3
I-1HO2][O1)103,04OsH-1I-lI-]

tiplving the second parts
=C1eC2 (&g s i)e(ggs D=
he. ks, kg, h3. h2, hy)
note that: dcy=doz=(1, 1,1, 1, 1, 1, 1)
kg =1
~1Ldm=2,dH3 =3 dH4 - 4
5-3,d1H6=2,dH7 = 1
7 - 2. because the string H represents the
fuct of two strings:
= 1/2 (1) ~ [0. 0. 0.2]
= 1A (i+stils) =[0.1,0.2.0.4]
= 1/6 (i+d+s tsi d+) = [0.233.0.366,0.5]
1/8 (trb—s+d«digtb+i) -
~{0.3735,0.525, 0.625]
1/6 (s+b+d—d+ b ) = [0.5,(1.7,0.833]
- 14 (d b bd) — [0.65. 0.83,1}.9_3_1
- 1,2 (b+b) ={0.8,1,1].

v we carry out the muliiplication

(b, d, s. 1) = (510. 89. 38, 57, 86. 83, 34, O3,
81) and we gel tor the not empty fust parts:
. 86, B85, d4) = (10.510, 0.699, Q.81
117, 0.383, 0.733] [0.325, 0.475, 0.042]
40, 0.360, 0.540]).

applving the procedure lor  linguistic
roximation described in [Gisoli and Nunez,

[0.417, 0.583, 0.733] ==-=
included between "s" and "q
10.325, 0.475, 0.642] ---> NT(s), name
to "s"

[0.240, 0.360, 0.540] ---> 8

B3(s.q),

The final _result s C\l’“ (k.
Soatton e B0y 0, s

5. From fuzzy scores (o linguistic terms
Let tjay, c. a2] and t1|b1. d. b2} be tw
sets whose membership functions are eiil
s or 7. In both cases two parame!
sufficient to single ouf univocally the fu
The center of the shell of a fuzzy set
real number mg = 0.5%(a1b).

The function

Q(tja1, ¢, a2}, 01fby, d, b2])=
=({a]+a2-{b1+b2)){az-a1+ b2-by)

is said superposition grade of two luz
and 11 JHellendoorn, 1992]. It is wordl
that: if © = 0, then the center of the
the fuzzy sets is identical; i €2 =0, the
me]; if €2 -0, then my << my1. Moreover
1, then we can adfirm that mg>>mgy, wi



wcans that the evaluation expressed by tis  more
worable than thal expressed by t].

et U={0, Max] be the interval of possible scores.
\ ficzzy seore 18 a fuzzy number FS: U - {0,
| defined as follows:

x) if x = [0, aj
S = 1 ifxsfa b)
1{x) ifx s [b. Max]

vhere {(x) is a function defined m U and whose
ange s [0, 1} increasing, left continuous and
uch that Kx)=0 for x & [0. A1]c.10, a] whereas
{x} is also defined in U and ranges in [0. 1], but
s decreasing, left continuous and such that (x) =
y for x 8 [a2, Max]o,[b, Max]. A class of
unctions satisfving such conditions arc just the
hove mentioned functions S and 7. In this way
-ach element of Vi is the linguisiic translation of a
fuzzy score.

t i casy, given a fuzzy score, to find the
sorresponding term of V. Let pbe a TS, if [ Q(p,
) ‘ = ming: Vi | L2, . then ty is the torm of
he hinguisiic variable Vi comresponding fo the
U2y Score.

Example

T={a, 10}

Vi={insulficient, sufficient, quite good. good.
very good}:

insuffictent = [0, 0, 10/3]

sufficient ~ [10/5, 0.5%(10/5+10/5%2), 1/5*2
guite good = [1V5%2, 0.5%(10/5¥2+10/5%3),
10/5%3]

good ~ [10/5¥3. 0.3%(1O/5%3+10/5%4), 10/5%4]
very good = [10/5%4, 14, 10]

Give FS = plu; 4; 6), one gels:
| Q. insufficient) = | (10-2)4(212) |
i I 1

Tiopmuoaen oo <whgmasioposo gy e ey e s L1

TS = p(u; 2; 3), one has:

| OX(p, insufficient) |~ | (5-2)41+2) |
| Q(p. sufficient) |~ | (5-6)/(112) |
iQ{_p, quite good) |=1 {5-10)/(1+2)
| Q(p, good) 1= | (5-14)(1+2) £

| Q(p, verv good) |= | (5-18)/(1+2)
and we get 'S — sufficient

For the sake of simplicity, withot
senerality, we use for the fuzzy sco
functions S and 7, in such way a fuzz]
be expressed either giving directly |
fuzzy number or considering a set of
FS(x)). We¢ denote this choice by
example, the fuzzy set

0/0+0/20+0.1/40+0.5/50+0.6/60 0.9
if we take seven pomts and Max =
example of discretized fuzzy set. |
case, in order to translate the fuzzy
into a tcrm ol the vanabic Vi 1 18 5
compute the minimum of the functic
In the sccond case, the couples of va
interpolated, and and the problem ca
by applying least squares method fi
and then for r(x). ‘theose sec
polynommal functions allow to smg
Zadel's function represented by thes
way we are lead to the first case, V
improve the linguistic approximatior
sutiable finguistic modifiers to the set

6. 'The assessment
The first column of the following ta
the goals related to a specific concept

Oy Iynoivie e e Iy | N
i . I
LOF IV | - Yiin.| L




he ITM expresses for cach Of the fuzzy score,
vhere vij j belongs to the interval [, 1]. s(xj) = Vij
neans that the assessmeni, which evaluates equal
> X%  the achicvement of the goal, is assigned a
redibility level equal to vij {31 A possible range
t values for xj is the following: 0%, 20%, 40,
(%, 60%, 80%, 100%. For the i-th row the sct
I couples (xj, KO, 1HXiTVi) Tepresents a fuzzy
core (FSz)  and thus such set should comply
ith the above definition of fuszy score IS In
in, if the scorc is expressed by the fuzzy
umber [a,e.b] it means that we arc sure thai the
oal cannot be achieved with a confidence level
wher than b% and lower that a%. whereas this
onviction for other values is cxpressed by the
metion i(x) and r(x) introduced in Section 3.
¢t us considere the i-th row of the previous table,
he vatues fviji single out cither a fuzzy sci t or
number S or n according to the cheice made. It
possible to locate two values (1 and (2 of ihe
nguistic variable Vit

th that t1<t=2. They can be computed by
oans of the Hellendoorn's function (2
- min | O Vi |

= mn i 24 V™ ! - where V' =V {2},
owever, in general { is different from 3. In such
ise the above mentioned procedure of linguistic
proximation {12} allows to single oui the
wuistic modifier and consequently the value of
¢ variable Vi related to cach row O in the
ble. These values are reported in the last column
- Hi. By using a larger subset of Vit the problem
finding the clement of Vit which best represents
¢ linguistic translation of the values vij can be
cided. The overall evaluation can be computed
follows:

ith sach fuzzy number E pets associated a
iguistic term. TTowever it is also possible to state
- overall assessment about the user. In fact. let

The product A = I Ap gives .
cvaluation ol the user described by t;
kind reported above.

7. Monitoring learning process

Let {C1, C2,, . Cn} be the set of co
can be grasped by the user during
session and suppose that the system
cach concept Cj a string whoge first p
the conditions O = Ci (o). v
quantitics o arc the values of th
"evaluation" as defined in Section 3.
way we have in differen! momenis
matrices (concept, goal). The se
matrices describes the temporal evolu
uset's learning process. At time | =
representation of the cognitive state &
the k-th matrix:

101 O

1 ler ooz - ogp
£ l2] @22 L o
Ch | On ] on2 Unh

For each matrix it 18 possible to can
products among rows:

Cit=11)=C1(t-i1) IT ...TT Cp{t-17). mu
C{E)-Cret) T T Cp(E), ma

Cit=t) - CHt=1K) T ... TT Cp(t=ty). ma
Fach product gives a classification
overall evaluation referred to the @
product is carried out. In turn, the prod
C =T C(=ty)

gives tise to a siring that represents 1l
cognitive state of the user.

By multiplyineg rows belonging to
matrices, one can get  informatic

cacmidnine Toxmda e omidy  vomenmeecd o



C” = Co(t=ty) I'T..... T1 Ca(t=tk);

(P SO TE. ... T Cali=ie)

Every C' represenis the user's lcarning level of
the concept Ci . As every siring is constructed at
different instants, the product represents the final
state of the cognitive evolution for a specilic
concept. While the previous string C gives the
final evaluation for cach didactic goal beginning
from the representation of the conceptualization
level achieved, the néw product:

ot |

& =T ¢
emphasizes the temporal evolution of the learning
process.
It is also possible to build strings relating goals and
concepls. We note that in mastery leaming the
tutoring strategy |Block, 1971] aims at give
students mastery about the basic elements of
knowledge. By hinking knowledge with concepts
and_ abilities with goals  a string, in which Cj =
(..')j'l( wi), evaluates the mastery level of each
ability related to concepts. Thus a string such as
the following:
O = [City, » - ikl [Cigk+1), . Cice2),
Cihl™™ . [Cih+1), + » Cin)™

adfimg that the concepts {Cit., , . Uikl
expresscd by mastery O, have been achieved with
cvaluation oy, Such string gives us a computable
schema to tackle the problem. For example, the
ability to solve a polynomial equation is related
both to the concept of zero ol a polynomial and to
the notion of algebraic siructure on which
depends the solubility of an equation. A string
such as the previous one offers information about
the way mastery levels of these concepts
coniribute  to  the overall ability. Thus by
multiplving the columns belonging to the same
matrix one gets the following string:

O(=t1)=01(t=t1) 11 ... 11 On(t=11). matnix 1;
O(t=2)=01(t=t2) I'T .... T1 On(t=12). matrix 2;

O(t=tg)=O1(t=tk) T1 .... T1 On(t=tk), matrix k;

and thus O = I} O(t=t), and a final label
expressing the confribute of cach concept to the
overall mastery is attached to cach concept.
Moreover the product of columns belonging to
different matrices:

ol =01ty 11 ..... 1T O1(4):
Q7 =O2(t=ty) 11 ..... T1 O2(t=tK);

O = Op(t=t4) 1 ... TT Op(t=tK);

expresses the overall contribution. in the mierval
[t1, t1]. of each concept to the goal taken into
account.  Thus in different strings the same
concept can appear with different labels. The
final product: )

g =T

which permits to attach, al the end of tutoring
sessions, one ¢valuation label to each concept.

8. Concluding remarks

Our approach to user modehng for ITMs allows
lo represent cognitive states, learming styles,
psychological states, mastery levels. The fuzzy
strings that are our basic clements are able to
express concepts and goals presented in the
taxonomies well known in the literature [De
Landesheere, 1990]. The algebraic structure
dealing with such strings allows to monitor and
cvaluate all the elements present in the learning
process of an TTM user and gives us a fuzzy
calculus on a set of words. We note that this
model of evaluation can be used both in an ITM
and during tutoring activity. In this second case
the degree of subjectivity during user's
assessment can be reduced so that the overall
evaluation can become more objective.
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