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Absiract

Fuzzy cognitive stractures may be used to facilitate in-
formation rense amd infepration in the realm of cognitive
diagnosis. In particoler, the uwse of furzy chain-of-thought
sirtctires [5], and their corresponding homomorphisms,
for cognitive dlagnoeiz in a tutoring environment is pro-
posed for gystemns that are distributed, heterogeneouns, and
possibly autonomous. Such systens are based on media-
tor and multiagent architecturez where multiple heteroge-
neovs information somrces are used o accomplish B
global task, A design framework is proposed for use with
intelligent mtoring systems that may be embedded into
existing web-based leaming and collaboration systems.

Keywords: Cognilive diagnosis, fuzzy chain-of-thought
stroctures, web-based lesming and collaboration systems.

1 Imtroduction

Cognitive diagrosis was defined in [4] as "the task of
inferring the differences between & person's perceived
cognitive state and some desired or expected target cog-
nitive stats”. We periorm thie task whenever we interact
with one another. When monitoring the problem solving
performance of an individual in a tutoring environment,
fcr:zample,nn appmmaﬁunufﬂnu individual's mental

cogaitive processes iz required to correctly ideatify mis-
conceptions or bugs in the problem solving appeoach [5].

Systems for cognilive diagnosis typically have several
modules that need o contribute and share information in
order to accomplizh common, global tazke. Diagnoktic
Fystems may atzo be concerned with information integra-
tion or, more generally, information fuzion. Such fusion
may stem from the dingnostic system’s use of various
tools to anvive at a unified diagnostic estimade abowt the
stots of the system being diagnosed.

The author has proposed the use of fuzzy copnitive
structures to model chainy of thoaght.  In [5), chains of
thought are defined as “'a siring of cognitive states repre-
senting some aspect of an indlvidual's thought proc-
esses.” These thought processes perinin to a {cognitive)
tack under consideration.

2 Motivation and Related Work

Next to expert systems design and implementation,in-
telligent totoring systems [10], or ITSs, were once one of

the larpest aress of research in artificial infelligence.
Perhape the biggest bottleneck in ITS research was the
developmentof a viable solotion to maintaining an accao-
rate and reliable stndent model. Not oo far off was the
developmentof a plavsible diagoostic method. Numer-
ous solutions were forwarded, but after a slow start, inter-
est in ITS research 3o0on waned.

Today, the Web it used as a distanee edocation me-
diom to provide web-based learning and collaboration
sysiems {1], such as ¥if (see hitp://virtoal-u.cs.6fu.ca)
and WebCT {see htip-fforww. webct.com). Sach systems
provide research and assessment tools that track cnline
course activities from varions perspeclives.  Althoogh
some of these tools facilitate the stody of user bebavior
and teaching/learning processes, these are n<d at the level
that cognitive diapnosis demands. Perhaps ITS research
can be revived by a need w provide thege web-based
learning and collaboraton zystems with built-in intalli
gent toors?

Tablzl. Varions combinations of teacher and mtor
interactions available to students.
: Teacher \ Tutor l Local Remuole
Local (L.L) (L.R)

Remaote (R.I (R.R)

Az shown in Table 1, the (LY teacher-tulor interas-
tion is the traditional instructional experience by a stu-
dent. Web-bared leaming and collaboration systems cur-
rently pravide students with {(R.L} teacher-totor interac-
tion, since these sysicms arc primarily uscd as distance
cdocation tools. In these siteatiots, remote students uss
the Web to asynchronously access live lectures and
course materials. Gearing ITS research for implements-
tions that may be embadded into web-based Jwaming and
eollabomtion rysteimns s 8 much more chaflenping onder-
taking than whatever cbstacles were prevalent up to the
late 1980z. The Web has changed the features of most
software systems, most of which are becoming more aml
more distributed, beterogensous (varying data models,



hardware platforms, operating systems, eic), and in some
cases aomomous [11]. ITS research should now focus
on the premise of providiog the student with either (LR
or (R.R) teacher-tutor interaction, where the tulor may
actually be an inanimete intelligent agent. In such an
arena, facilitating information reuse and integration be-
COmes more crocial. )

The uee of furzy chain-of ht structures to model
cognitive diagnosis in a ng environment was first
proposed in [5]. These structures are derived from a vari-
ant of fuzzy cognitive maps, whoze formulations also ap-
pear in [4]. Since the approximation of chain of thonght
structures is inherently fuzzy, its connection and rele-
vance to current work in computing with words [13] snd
fuzzy information gronulation [12] have also been inves-
tigated [3]. Furthermore, in [2]. details of inference and
decision making mechanisms wsing fuzey chain-of-
thought structures were presented and discussed,

More closely related to isspes of information integra-
tion or informpation fusion are morphisms. Preliminary
work on isms between fuzzy cognitive maps
and fuzzy chain-of-thought structores were presented in
[8] and generalized for hasse diagrams in [6). The dy-
namics anf semiotic implications of theae formalisms are
pressnted in [4,9].

In the next section, the author will bring together the
previoms work on fuzzy chaln-of-thought structures just
mentioned to illuctrats how these structures facilitate in-
formation rense and integration in the realm of cognifive
diagnosis. The underlying motivation is to eass the de-
sign and implementationof a distriboted, web-based in-
telligent tutoring system that conducts cognitive diagno-
sis by relying on various diagnostic toals.

3 Detail of Proposed Framework
3.1 User Interfare Considersifonsy

In designing a distributed, web-based intelligant tutor-
ing system, the design of an appropriate interface 1a one
of the most imporiant taaks. One way to look at this is to
noic thet i addition to the interface's implied primary
task of facilitating the uscr's experience and Interaction
with the underlying system, it shonid also contributs to &
global effort to construct an approximation of a novice
user's chain-of-thooght. Such an intelligent interface
may allow user interaction through various methods, In-
cluding linguistic-tikeinpot (typed or vocal), form-based
input (checkboxes, radio burtons, stc.), and the use of
ather domaln-gpecific tools. The intention in the last
method listed is to pravide tools that the user can exploit
in attempting to solve a problem, ot the same time pro-
viding the system with a way to reverse-exploitthe use of

these tools o determine some way of building a3 student
model. Soine examples of such domain-gpecifictools are
clickeble periodic teble andfor virtual laboratory for a
chemistry tator, an allele-based generntional drawing too}
for B genetics tutor, an icon-based data structures design
ool for an object-odented programming tutor, and many
others. After all, there is a growing desire for web-based
leamning and collaboration eystems that provide course
templates [1] to scrme degree, perhieps even at the user in-
terface Jevel,

To facilitate the rest of the discussion, the author will
focus on a proposed implementationcof an intelligenttu-
toring system called Dlagnosix im Problem Solving (or
IIFS) [4,5]. In particular, the discussion will revolve
around the Diagnosis Module of the Cube Processer of
DIPS (ses Figure 1). The DIPS Dingnosis Module con-
sistk of a Chain-of-thought Analyzer and a Cube Proces-
801, (The concept of the “Cube’™ is discnssed in [5] and is
not pertinent to this discussion.) The Chein-of-Thoeght
Analyzer embodies all FCM and chain-of-thoupght struc-
ture operations, including all homomorphims [S5).
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Figure 1. Suhmodules of the DIPS Cube Processor [5].

3,2 Representation and Operations

Each of the DIPS Cube Processor's submodules share
information throogh the use of fuzzy chain-of-thooght
structures amd their comesponding homorocphims. For
example, the response analyzer module (see Figure 1)
takes “linguiztic* inpuat frium the oser and converts itto a

fuzzy cognitive mep (or FCM), M = (Cy, Ru} where:

Cu= [0,1] is 8 fuzzy concept space of the fi-
nits undverse X; and

Ruis a furzy muliirelation on Cyem[0,1F.



Strocture preserving FCM homomorphisms, defined in
[5] a8 consisting of both node and path mappings, derive
a degree of similarity between FCMs,

Fozzy chaln-of-thoupht structeres are definedin terms
of FCM= [5). Denote by F{A) the fuzzy power sct of a
fuzzy set A€ [0,11". Then, a fuzzy chain of thought stroc-
hureise S-tuple S = {C, R, 'F, &, § where:

C aml R denote a fuzzy concept space and g
fuzzy multirelational epace for an FCM de-

noted by (C.R};

¥ and @ are sets of sub-FCM: of {C.R) such
that for {Ce Re'F and {CaRe=D then
Cu, CosFIC) and Re.RecFR);, ¥ and @ de-
oote the Enowledge sinle space and imma
space, respeclively, awl

& Px®—+¥a wansition function for the
chain of thonght struchoe,

Strucinre preserviog, transitlon preserving, and consis-
tency preserving chain-of-thouwght bormomorphisms, de-
fined in [5], are used to derive a dagres of shrmilarity be-
tween chain-of-thonght structures, -

Measures of similarity between PCMs and/or furzy
chain-of-thought stractures are used o cakoulate how far
or npear B wser's partinl andfor complete solutons are
from an “ideal”™ solution recognizad by the system. A
fuzzy rule base may then be usad to formulate appropri-
ate responses o the user.

3.3 Facllitating Information Reuse and Integration

The role of frzy rmls bages in the DIFS framework
was investigated in [2] where the suthor presented the
design of an intelligent comiroller for cogaltive dlagnosts
teted oo the DIPS Cube Processor. The intelligent con-
troller replaces the main control submodule (see Figure
1} of the original denign. This modificationis based on
the proposed use of fuxzy inferencing techniquesin con-
Junction with fuzzy decizion making techolques to cooe-
dinate the taskx of tha relavant submadules [2]. The
components of the propossd intelligent controller are
shown in Figore 2.

Recall the fimr possible combinations of teacher-tutor
interactions {sex Table 1} that a student can experience.
In the {L.L) teacher-mtor case, since both teacher and to-
tor are mvailable ot the local site, they can cocrdinate
their activities 50 85 to maximize the banefit for the stu-
dents. Current web-based leamning and coffaboration sys-
temms provide the (R0} teacher-tutoe coass, where sither
the teacher or the student may be ranately located {de-
pending ot the perspective) and the student may have ac-

CtS5 10 A totor locatky at the student's site. Hence, with
the (LR) and {R K} teacher-mator case whens the suthor
proposes that ITSs take the role of the trtors, thess ntos
have ta be designed a3 mediators in & collaborative learn-
ing environment. This medistor view of ITSs i based on
the metivation of making the (LK) and (R R} tencher-ty-
1of case closer to the traditional {L,L) teachsr-tutor case
where informationis shared between teacher and axtor a5
both coordinate their activities, As an example, note that
most web-based learning and collaboration aysterna pro-
vide assessment tools that are based on log data (logins,
page hits, messages scat, chat sessions, ete.) and student
recornds (scoresd/grades, distribution of scores, etc) {11
Similarly, in a tatoring situation within the (L1 teacher-
tator student cxpecience, such data would be pertinent in
entiching the tutoring experience. Hence, log data and
student records shonld be exploited by ITSs inteprated
itto web-based learning axd collaboration systems.

Main Cintrol

Figure 2. Components of an intelligent
caotrofler for cognitive diagnosisf2].

Based on the DIPS Cube Processor design depicted in
Figure 1, ITSs integrmted into web-bated learning and
rollsboration systema may nead to be designed as maltis-
gent systems.  Likewise, incosporating fuzzy inferencing
techniques amd fuzzy decision making technlques Into
ITSE {as exemplified in [2]) based on medintor and malt
ggent architaciures facilitates the integration of heterogs-
peows information sources, where the compatibility of the
information to be integrated or fused needs o be ad-
dresged. Information compatibility,in this sination, can
be plagued with questions of vegueness, ambiguity, and
aimilarity — all of which are typically fuzzy in neture.

As an example, a web-based ITS for & programming
clazs may be faced with the situation where:

(a) 2 shudent seems i exhibit good pecticipation in
class {this infermation may derived from Jogin
lopz and chal or bulletin board message Iogs):

{b) the same student seemsx to be dolog very good
with the laboratory exercises, but only fairly
with the quizzes and the exame {this informa-
tion may derived from student reconds, which
may alse provide stisdent performance in com-
parison with the rest of the class); and




{c) the game rmdant ix having dificulry sdving o
relatively simple problem that hefshe should
manage casily ot this point in the semester (thia
informetion may be derived foom the coment
mtering scEsion with the stodent, a recond of
et titoring kessions with the studeot, and the
sed4 course scbhadulafenrricuhim).

There are numercus ways 0 hamdle this sHoation, all of
which are based on the integration of the available infor-
mation from vecous sources.  Again, fuzzy inferencing
techuiques {where a fuzzy role hase may be used o rep-
resent subjective tntoring and/or pedagopical informs-
tion} and fuzzy decition meking techniques (slong with
sphjective prefersnce and objectives) may be used in
mamaging thiz featune of an ITS.

In [2], the suthar also emphasizes the use of fuzzy io-
ferencing techniquex and fuory dacision making tech-
nigues in the wser stema control moduole snd the dHag-
noser module (5= Figure 1), for npdatiog and meintaio-
ing a stadent model.

4 Summary and Conchasiens

Arnificial intelligence techmiqoss are finding theic
nicbe in information system integration. Typically, me-
distor and muohisgent architectires are wsed to integrate
beterpgencous information sources. by of destrib-
utaf AT techniquas [1FE. In this paper, the aotbow peo-
posed the use of fzey chaln-of thought structures [5] for
cogmitdve dagnosic in & toring environment, and the
use of the corresponding homomorphismsto facilitate io-
formation reuse and iotegration when Bystems ire dixtrib-
uted, heterogencons, and possibly satonomous. The pro-
possd framework raliss on furry Infersncing and fuzry
decigion making techniqoes [2], and 1z desigoed for nse
with intelligact Wrioring sysems (TT3) that may be em-
bedded into exiating weh-based leaming and collabom-
thon aystens.

The snthor slso proposes that ITS research focus oo
ITS integration ixte web-based systers, This seems o
ben promising erea for furthes ioformatioo reoss and in-
tegration reacarch,
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