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Abstract

We describe in thispaper a computer program thabmbines Atrtificial
Intelligence(Al) techniques withMultimedia technologyfor the education of
mathematical modellingand simulation offood productionusing bacteria
growth. The computer programan be considered an Intelligent Tutoring
System (ITS) for the domain of Mathematioaddellingand SimulatioMMS)

of Food production (FP). TH&S hasthe goal oftraining new engineers in the
complex task of modelling food production and theperforming the right
simulations to obtaithe dynamicalbehaviors ofthe biochemical systenf-ood
production is the result of bacteria growth in a "bioreactor" that produces
chemicalcompounds critical téhe type of food that is desired. The computer
program can then be used in thesign of newbioreactors or in the control of
the ones that areinctioning, becausthe modelling of this systems enables the
understanding of thenderlying dynamics ofood production. The computer
program contains the knowledge of tlheman trainingexperts in this area in
the process of teaching MMS of FP. The knowledge base consistsebioa
fuzzy rulesfor performingthe mathematical modelling of a given biochemical
system and also set ofrules to perform thsimulation ofthe model. The ITS
usesefficiently fuzzy logictechniques to evaluate thhearning process of the
students (engineers) of tle®main. ThelTS also usesnultimedia to improve
the efficiency of the learning process.

1 Introduction

We describe a computer program that can be considerateiyent Tutoring
System, sedicCalla[14], with a multimedia environmerfbr the domain of
Mathematical Modelling and Simulation ¢food Productiorusing Bacteria.
The process of teachirtgis domain is difficult since itequires a background
on Mathematics (Differential Equations and numerical Analysis) and
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Biochemistry. In thidTS we areassuming that the people have the required
prior knowledge mentioned above h&h a newperson uses thg'S, he or she
enters anndividualized learningorocess of thelomain. ThdTS maintains, for
each studentall the relevantinformation about thelearning status of the
students. Also, th&€T'S monitors the actudearningprocess of the students by
applyingtests(periodically) and evaluatinthe responses by the students. the
learning process, considered in this ITS, consists mainly of four steps:

1.- Acquiring the basic concepts of MMS of FPB.

2.- Learning the process of mathematical modelling for the domain.

3.- Learning the method for simulation of the models.

4.- Learning to applyMMS to complexfood productionproblems and
learning to design bioreactors with the information from the MMS.

The ITS has the responsibility of giving tothe users the begiossible
information in each othe above steps, so thiéiey canget the bespossible
understanding of MMS for FPBOur prototype ITSuses Fuzzy Logic
techniques, see Badiru [1], to improtlee efficiency of the learning process
described above and also to evaluatel¢kel of understanding of the students
of this domain. The use &xpertSystems technology and Fuzzy Logitables
the right use of the knowledge of the human experts for training in this domain.

The reasonsvhy we consider that ahTS is needed for thislomainare the
following:

(1) There arenot enough training experts in Mathematiddiodelling and
Simulation of Food Productiorusing bacteria irthe food manufacturing
plants of Mexico.

(2) Thedomain ofMMS for FPB is acomplexone, because there amany
different types of mathematical models that canded for egiven problem
and also there arenany possible dynamicabehaviors for a particular
biochemical system, ranging from simple periosiitutions to complicated
"chaotic” solutions, see Devaney [10].

(3) There is aeed of makingnoreefficientthe control of the food production
process andhis can be done bgbtaining accuratesimulations of the
models and then by using this information to obtdia "best" control
possible.

We believe that afTS like ourscan help solvall of this problems. First of
all, the ITShasthe necessary knowledge to simulate traingperts forthis
domain. Second dll, the ITShasthe knowledge to teach to the user/student
how to obtain the "best" mathetital modelfor a given problem and also has
the knowledge to teach how to perforemulations ofthe model, and
consequently to obtain thdynamics ofthe biochemical system. Alsdhe ITS
can help inthe task ofobtainingthe "best" controlpossiblefor a particular
bioreactor, because understandingdireamics otthe system is very important
in determining the right path to "control".
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The authordave developed before sevepabtotypeintelligent systems for
mathematical modellingnd simulation, see Castillo adklin [4, 6, 8, 9], and
the Knowledge obtained in the development of th@stems has been used
now to build the "Expert Module" of théTS described in thigpaper. On the
otherhand, the authorsave also developed sevepabtotype ITS's for other
domains of application, see Castillo aveélin [3, 7], and this experience has
been usediow for building the 1TSdescribed in thipaper. However, whave
to mention that different problems have been encountered in devetbpihigS
for MMS thathavenot been addressed beforedar Knowledge. Also, in the
ITS for MMS of food production, we anacluding as aopic in the knowledge
base a new method developed by déhors for thadentification of bacteria
usingthe fractaldimension,see Castillo and/elin [5], which isbased on the
experimental fact that different types of bacteria have coloniediffefent
geometrical complexity. This method of bacteria identification is also based on
the mathematical concept of the fractehensionsee Mandelbrdtl 3], and we
consider that is a very importapart of theknowledge that thengineers have
to receive for understandinpe domain offood productionusing bacteria.
Finally, we have to say thathe need forbuilding anITS for Mathematical
Modelling and Simulation of FPB arisedter the authorslid the research on
modelling and simulationfor bacteria growth control, sddelin and Castillo
[15], becausall of the knowledge that was discovered had tdelaen by the
engineers of the food production plants.

2 The problem of food production using bacteria

Many products ofconsiderable economic valfer us hunansare the result of
the metabolic functions of microorganisms. Frahe industrial point ofview,
the substrate can be considered as thematerial andhe microorganisms as
the chercal "micro-industry” thatransforms this material into neproducts.
Some of the requirements for this industrial microbiological process are:

1.- The microorganism to be used has to be capable of producing large
quantities of the product. The microorganism has a high gratghand
is not harmful to the consumers.

2.- The substrate has to lavailable inlarge quantities and has to be
relatively cheap. In some cases the substrate is a subproduct of another
industrial process.

The productresulting from industrial microbiology can leassified in the
following groups: 1) Alcoholic Beverages, 2)Chemical Pharmaceutical
Products, 3) FoodSupplements and 4) OtheChemical Products. The
microorganisms usetbr developing thisproductscan be Fungi, Viruses or
Bacteria.
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We will considerbriefly the problem offood productionusing bacteria for
industrial purposes.Many differentfood products are the result bbcteria
population and the best example of this is the set of dairy (milk) products.

We will consider theproblem offood production for the case of yogurt. In
this casehe use of Streptococctisermophilus and Lactobacillus bulgaricus is
to produce Lactic &id which isthe critical chemical compound necessary for
obtaining thisproductwith the exact properties. The right usetlo two types
of bacteria in this case, i.e., right temperature and time, results in more quantity
of yogurt and of better quality.

Another case is the one of cheese productizifferent kinds of cheese
require different types of Bacteria and different production processes. However,
we can say that in genertidle goal is to produce thmaximum quantity of
cheese possible and this requires controlimeggrowth of Bacteria present and
also controlling in the bestvay possiblethe conditions of production
(temperature and time, fexample). We can say almdbe same thindgor the
butter and other food products.

We can sayhen, that fronthe industrial point ofview the goal is toobtain
the maximum quantity of the foodproduct with the desired cheical and
biological properties. However, this goal from the engineering point of view can
be translated to obtainintpe "best" controlpossiblefor the food generation
process, anthis involves modellindgacteria population in the substraféis
problem wll be discussed igreaterdetail inthe next section, wherefamily of
mathematical modelgof the Lotka-Volterra type) is presented for food
production mathematical modelling.

3 Mathematical modelling of the problem

The mathematical problem is thenmbdellingthe population of bacteria in the
substrate as thgyroduce the cheital conpound needed for the corresponding
food product. For apecificcase thisnayrequire testing several models before
obtainingthe "best" mdtematical modefor the food process. Ithis paper we
consider the bestodel the one thafits more closely the data for agiven
problem. After deriving this "best" model, théne problem is of obtaining
computersimulations to decide othe "best" controlpossiblefor the food
generation process. lthis paper we consider the best control the omat
maximizes food production for a specific case.

For the case of yogurt weeed to have a mathematical mod®l the
population of S. thermophilus and L. bulgaricus #relquantity of Lactidcid
produced by both bacteria. tinis case we require laotka-Volterra typemodel
consisting of a system dhree simultaneous differentiaéquations, mdelling
the situation oftwo bacteria populations and onehemical compound
concentration.
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For other food products theimber of bacteria needéal production may
be different tharfior our example. In this section wahow mathemtical models
for one, two or three bacteria to explain how we can try in model this problem.
We will consider firstthe case ofusing only one bacteria for food
production. The mathematical model in this case can be of the following form:

dN/dt = r(1 - N/K)N -BN
dP/dt =pN

where: N = population of bacteria, P = quantity of chengoatiuct, r = rate of
growth of bacteria, K4imiting capacity ofthe environmeni(substrate quantity)
andp = biochemical conversion factor.

We will consider now the case of two bacteria used for food production:
dP/dt =BN4 + YN,

where:N; = population of bacteriaN, = population of bacteria2, P = quantity
of chemicalproduct, § = rate of growth of bacterialy = rate of growth of
bacteria2, K = capacity ofthe environmentor bacterial, & = capacity of the
environmenffor bacteria2f3 = biochemical conversiofactor from bacterial to
product,y = biochemical conversiofactorfrom bacteria2 tgroduct,a;, and
0,1 are coefficients.

Another interesting caseilibe if one considerswo "good" bacteria for
food production and one "bad" bacteria that is "attacking" the other bacteria:

dNS/dt = [r3 - (I'3/K3)Nﬂ + O'1N1N3 + O'2N2N3
dP/dt BNy + YN,

where: Ny = population of bacteria3 (bad bacteriay, = rate of growth of
bacteria3, i§ = capacity ofthe environmentfor bacteria3 andi{, o, = rate of
attack of bacteria3 to the other bacteria.

This lasttwo cases are more interestifigm the matheratical point of
view, because it igell known fact fromDynamicalSystem theory that @odel
of three or more coupledon-linear differentialequations carexhibit the
behavior Known as "chaos". This chaotic behavior has to be avimdehis
kind of problems, because we need to have a stabte production process.
Then, part of theproblem in this case ilivbe to control the food production
process avoiding the chaotic regime of this type of mathematical models.
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4 Description of the intelligent tutoring system

We describe belowhe general architecture dhe ITS,and then we give a
detailed description for each of the modules, except for the InferenseeEng
The description of theinference engine is basechainly on the Prolog
Programming Language, see Bratko [2], and is not given in this paper.

4.1 Architecture of the intelligent tutoring system

The architecture of alTS isvery similar to that of aexpertsystem(ES) for a
specific domain of applicatiotdowever, there are also somaimdifferences
between aniTS and anES. One of the rain differences is irthe Knowledge
Base (KB), because for difS the KB needs to contain ExpeKnowledge
aboutteaching (training) methodologies andt only ExpertKnowledgeabout
the domain of application. The Knowledge Basetloé ITS consists of three
parts: Expert ModuleTeaching/Learning Module arstudent Module. For an
ITS thelasttwo modulesare the ones thanablethe training of new students
for the domain and also enable monitoring of their learning process.

4.2 Description of the knowledge base

The knowledge base of thé&S consists of three modules: tExpert Module,

the Teaching/Learning Module arttie Student Module. The Expédvtodule
contains the knowledge about the domain of MMS for food production, i.e., the
knowledge about the methods twbtain mathematical modelfor food
production and also the knowledge to perfamulations onthese models.
The Expert Module alsdnas the knowledge to generaggoblems for the
user/student to solve. The Teaching/Learning Module contaé&nowledge
about teaching/training methodologies artde knowledge fordiagnosis of
student's attributes. The Student Module is a dmise of the student's
performance history and a catalog of student's attributes.

4.3 Description of the expert module

The expert module contaiise knowledge abouhodellingand simulation for
food productiorproblems. First, we descriltke knowledge about the method
for mathenatical modelling that isontained in this module. Then, we describe
the knowledge about the method famulation ofthe models.Finally, we
describe a method for bacteria identification using the fractal dimension.

4.3.1 Method of automated mathematical modelling
The problem of automated mathematical modelling can be defined as follows:

Given : A data seftime series) with mata points, D = {g, d5,..., dm} where
dioRMi=1,..m n=1,2...

Goal : From the data set Ojiscover automaticallghe "best"mathematical
model for the time series.
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This problem isnot a simple onehecause in theory there can beirgimite
number of mathematical models that carbbid for a givendata set, see Rao
and Lu[17]. So theproblemlies in knowing which models téry for a data set
and then to select the "best" one. We can statprtidem mordormally in the
following way:

Let M be the space of mathatital models definetbr a givendata set D.
Let MA = {M 4, ..., Mq} be the set cadmissible models thare considered to be
appropriate for the geometry of the data set D. phablem is tofind
automatically the "best" model Mb for time series prediction.

We consider mathematical models"dgnamical systems" athe following
form: dY/dt = F(Y)
where Y is a vector of variables of the form: Y = (¥, ..., Yp) and F(Y) is a
non-linear function of Y Otherkind of mathematical modelsre the discrete
"dynamical systems" of the following form: ;¥ F(X)
where X = (%_1, Y2 - Yt-p) and F(X) is a non-linear function of Xote
that in this case we have deterministic models expressatiffaential or
difference equations.

The mathematical modef®r continuousdynamical systemsan be one-
dimensional, two-dimensional or three-dimensional. $¥®w below some
sample models [16] that the intelligent system explores:

a) Logistic differential equation:
dY,/dt = aYy(1-Yq)
b) Lotka Volterra two dimensional:
dY,/dt = aYy - bY;Y5
dYo/dt = bY;Y5 - cYs
c)Lorenz three dimensional:
dY,/dt = aYy-aYy
dYo/dt = -Y1Y 3+bY4-Y5
dYg/dt =Y;,YoCYq

The mathematical modefsr discretedynamical systemsan also be one,
two or threedimensional. Weshow below somesample model$16] that the
intelligent system explores:

a) Logistic difference equation:

Yipq = aYy(1-Yy)

b) Lotka Volterra two dimensional:
Yisq = @Yy - bYpX;
X 141 = bYX; - €%
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¢) Henon map two dimensional:
Yie1 = %
_ 2
Xtr1 = 8- %"+ DYy
In all of the above matheatical models a, b andare parameters thaeed
to be estimated using the corresponding numerical methods.

The algorithm forautomated mthematical modellingor prediction is
shown in Figure 1, see Castillo and Melin [6].

STEP I Read the data set D ={dd,, ..., dm}.

STEP 2 Time Series Analysis of the set D to find the componens.

STEP 3 Find the set ofAdmissible models MA = {M;, Mo, ...
Mq}, using the qualitative values ofthe time serie
components.

STEP 4 Find the "Best" mathentecal model Mb fromthe set MA
using the measures of "goodness" of each of nialeld
from the set MA.

U7

Figure 1 Algorithm for Automated Mathematical Modelling.

The expert module contains thre#bmodules fothe steps of thalgorithm
in Figure 1. The Submodule for Time Series Analysis contam&nowledge to
extractfrom the data the components of tiv@e series. Weise aclassification
scheme, see Castillo amelin [9], based on the use of the fraadahension as
a measure of the geometrical complexity of a time series. This schermetisfa
rules relatingthe value ofthe fractaldimension of a Time Series tosat of
qualitative values for the components.

The Submodule foExpertModelling containghe knowledge to obtain the
set of Admissible Models considered to be more appropriate fogigen
problem. This submodule consists et ofrules relatinghe qualitative values
for the Time SeriesComponents tepecific Mathematical Models considered
the most appropriate.

The Submodule for "Best Model Selection” contains the knowledge to
select the "best" ma¢matical modelor a given problemj.e., giventhe set of
selected models generated by the step 3 ddlwithm, decide which model is
the "best" one tdit the data. Inthis paper, we are€onsidering ashe "best"
mathematical modehe one thaminimizesthe sum ofSquares of Errors (SSE)
for all the Admissiblemodels ofthe problemThis criteria hagshe advantage of
been validfor all the types ofmodels that we consider the intelligent system
(statistical models and non-linear dynamical systems models).
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4.3.2 Method for automated simulation
The task of computesimulation ofthe non-linear mathematical model of a
particulardynamicalsystem, is dependent dhe appropriate selection of the
parameter values to perforthe best exploratiompossible ofthe dynamical
behaviors ofthe system. The problem of selectitige "best" set of parameter
valuesfor the exploration isiot a simple onesince it requires using heuristics
to develop aset ofadmissibleparameters AP, considered to be appropriate for
the given mathematical model, anthen using heuristics and statistical
calculations to make the final decision of which parameter valgesonsidered
to be the "best" set BP.

The algorithm for selectinthe "best" set of parametealues is shown in
Figure 2, see Castillo and Melin [8].

STEP I Read the mathematical model M.

STEP 2 Analyze the model M to "understand"” its complexity.

STEP 3 Generate a set admissibleparameters AP usinipe initial
"understanding” of the modeThis set is generatedsing
heuristics (expressed as rulestl® knowledge base) and
solving some mathematical relations.

STEP 4 Perform a selection of the "bestét of parametevalue
BP. This set is generated using heuristics (expressed as rules
in the knowledge base).

STEP 5 Perform the simulations by solving numerically the
equations of the miaématical model. At this time the
different types of dynamical behaviors are identified.

-

Figure 2 Algorithm for Automated Simulation of Dynamical Systems.

We areconsidering in this algorithrthe "best" set of parameteralues for
simulation,the ones thaénablethe correctidentification ofall the dynamical
behaviors for a particular mathatical model. This identification oéll the
dynamicalbehaviors is very important because ill ielp us inthe selection
process of the "best" control possible for a particular food production problem.

The knowledge base (KB) of the Intelligent Tutoring System consist of a set
of rules containing heuristics and mathematical knowledgerit theproblem of
computersimulation of non-linear dynamicatodels. This rulesvere generated
by machine learningechniques, using set oftraining examples (models). A
machine learninggrogram was developed to generate the KBsfowlation of
dynamicalsystems. To give an idea bbw this knowledge is contained in the
KB we will show below someample rulesor several types oflynamical
systems.
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1) Bidimensional ModelsThis type of mathematical models canvagtten in
the following manner:

X' =a f(X,Y)
Y'=Ba(XY)
In this model,the Equ_ilibr_ia(X*,Y*) is stableif: o f, + (g?q - B) < 0,where {
and g are partial derivatives. In Al language we have the rule:
RULE 1:
IF [af, + (gy - ) < 0] THEN Equilibria = stable
Also we have the following rule for a Hopf Bifurcation:
RULE 2:
IF ag=(- gy)/fx THEN Hopf_Bifurcation

We have tonote here that the computer prograan obtain thesymbolic
derivatives for théunctions inthe conditions of the rule$his is criticalfor the
problem of simulation, since we require this derivatives to olbkevalues of
the parameters andp.

2) Three-Dimensional Model3his type of mathematical models can be written
in the following form:

X' =a f(X,Y,2)
Y'=Bg(X,Y,2)
Z'=yh(X,Y,2)

In this model, the Equilibria (X*, Y*, Z*) is stable ifa, b, c > 0 and (ab - ¢) > 0,
where a, b and ¢ adefined bythe characteristic equation® +a\2 + b\ + c = Q
In Al language we have the following rule:

RULE 3:
IF a,b,c>AND (ab - c)>o0 THEN Equilibria = stable

Other rulesfollow in the same mannefor the different types ofdynamical
behaviors possible for the mathematical models.

4.3.3 Method of bacteria identification using the fractal dimension

This method usethe fractaldimension to make a unique classification of the
different types of microorganisms, because it is a known experimentahact
the colonies of different types of bacteria have different geometrical forms. The
problem is then tdinding a one to onemap betweerthe different types of
bacteria and their corresponding fractiinension, in this way obtaining a
unigue method of identification of microorganisifos the food industry. The
first step inobtaining this map is ténd experimentally (irthe lab) the different
geometrical forms forthe bacteria. The second step is dalculate the
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corresponding fractalimensiondor thedifferent types of bacteria. This fractal
dimension can be calculated for a selected type of bacteria with several samples,
to obtain as a result a statistical estimation tlé dimension and the
correspondinggrror of theestimation. Inorder tomake an efficientise ofthis
map betweerhe different types of bacteria and their corresponding estimated
dimensions, we need to implement it as a module in the computer program.
The method for thedentification of microorganisms usinthe fractal
dimension can bstatedmathematically irthe following form: let M,, be a one
to onemap betweethe sets |, and O, where the set | can be calledet of
identifications of microorganisms arttie set [3, can calledset of fractal
dimensions. The set of identifications can be as follows:

| y={staphylococcug ;e Streptococcyg ajis pseudomo%reuginosasalmonellﬁ,phi,...}

and the set of fractal dimensions can be as follows:

D = {Dgg Dsf Dpg Dsp -}

where Q5 is the fractal dimension dfie Staphylococcus aureus bacterigs i®
the fractaldimension ofthe Streptococcufecalis bacteria, 'Ba is thefractal
dimension otthe Peseudomona aureuginosg; i® the fractalimension of the
Salmonella typhi and so on.

In all of the above the fractaimension is given bthe following definition:
D = [log(N)/log(1/r)], for an object of N pareach scaled down by a ratio, r.
For an estimation of this dimension we can use the following equation:
N(r) = B 1/, where N(r) =number of boxes contained in a piece of object and
r = size ofthe box. Counting thewumber of boxedor different sizes and
performing a regression we can obtain the box dimension of an object.

The authors have implemented this method as a computer program to obtain
an automated method wlentification of bacteria, see Castillo adeélin [5]. In
this case this method is usedverify the types of bacteria that we have at any
moment in our industrial microbiologyrocess, irthis way controllinghetypes
of bacteria in the processhis is importanfor quality control because isome
cases harmful bacteria can appear during the production.

4.4 Description of the teaching/learning module

The Teaching/Learning Module consists tfo parts: The Instructional
Knowledge Base and the Controller Module. The "Instructistradwledge
Base" consists of teaching/training methodologies and a rule_badiagoosis
of student's attributes. The "Controller Module" updates the current student's
attribute values usingthe student's history and the current performance. Of
course,this Controller useshe Inference Bgine as a way to infeéhe new
student's attributes.

To give an idea ofhe way this Module isstructured, we W show some
sample rules ofhe part of thé'instructional Knowledge Base" that performs
the evaluation ofthe learningprocess. Wassume that @he end of draining
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sessiorthe student igiven a"test" by the ITS. Foexamplefor stage one of
the Learning process theevaluation is doneising three types of questions:
direct questions, thinking questions and explanation questions.
In figure 3 we show the rules to evaluate the level of learning of stage one.
In figure 4 we showthe rules needed tmake a decision otine acceptance
of the student to stage two of the learning process.

Rule 1:
IF Percent_of direct_questior90
AND  Percent_of thinking_questioes80
AND  Percent_of explanation_questieng5
THEN Evaluation_of _stage_one = excellent

IF 80< Percent_of direct_questions < 90
AND  70< Percent_of _thinking_questions < 80
AND  60< Percent_of_explanation_questions < 75
THEN Evaluation_of stage one = good

IF 70< Percent_of direct_questions < 80
AND  60< Percent_of_thinking_questions < 70
AND 50< Percent_of explanation_questions < 60
THEN Evaluation_of _stage _one = regular

IF Percentage_of direct_questions < 70
AND  Percent_of thinking_questions < 60
AND  Percent_of explanation_questions < 50
THEN Evaluation_of_stage_one = bad

Figure 3 Rules to evaluate the level of learning of knowledge in stage one.

Rule 5:
IF Evaluation_stage one = excellent
THEN Decision_learning_process = stage_two
Rule 6:
IF Evaluation_stage one = good
THEN Decision_learning_process = stage_one_revision
Rule 7:
IF Evaluation_stage_one = regular
THEN Decision_learning_process = stage_one_strong_revision
Rule 8:
IF Evaluation_stage one = bad
THEN Decision_learning_process = stage_one_almost_all

Figure 4 Rules of evaluate possible acceptance of student to stage two
of the learning process.
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Of course, the above rules are only for stage one of the learning process, but
there many more rules in the actual "Instructional Knowledge base" for the
other stages of thiearningprocess. Alsothis module containstherrules for
updating the student's attribute values using the student's history and the current
performance.

4.5 Description of the student module

The Student Module consistst@fo parts: The Student's Attribute Catalog and
the Student's Performance History. The Student's Catalog coimi@imeation
like Cognitive Levels, Thinking Skills, Learnin§trategies, Problensolving
Abilities and Domain Knowledg&tates. The "Studenterformance History"
contains information about the past evaluations for each of the students.

In our ITS we classified student's attributes in th#llowing manner.
"Problem solving abilitieséare classifiedas: low, intermediate artaigh-critical
thinking. Acquisition of "Domain Knowledge" is considerasl null, shallow,
intermediate, deep and expert. ThHeearning needs"are classified as:
individual, hands-on, experimental, learning cyclhe "thinking skills" are
evaluated as one of thellowing: know, understandapply, transfer and
analyze. The "Cognitivdevels" are considered as: concreteansitional and
formal. This classification is versimilar tothe one described in the papers by
Dori [11, 12], however there arsome differences reflecting sonspecific
problems in our domain of application.

The studenmodule contains rules to make an evaluatiorthef student's
attributes mentioned above, using as information the results t#dtsgiven to
the students in each stage of ke@&rningprocess. Also, the studemodule has
rules to buildthe "student's performance history" based on the student's
attributes obtained above. Of courdlas is alsothe nain information that is
used in the "teachingearning module'for the generation oproblems and
questions for the students during the learning process.

5 Validation of the intelligent tutoring system

The validation of anTS consists otwo parts: 1) testing the knowledge of the
domain ("Expert Module") and 2) testing the knowledge td#aching
methodologies ("Teaching/Learning Moduld=pr thefirst part, weperformed

an extensive validation dhe methods fomodellingand simulatiorfor food
productionusing bacteria. A number of re@st cases were used to compare
the solutions of the experts against the solutions by the "Expert Module". The
results of the Computer program (Expert Module) wemeect for 95% of the
cases considered in thalidationprocess.This in factonly validated that the

ITS had thenecessary knowledgebout thedomain(as to beable toteach it).

On the otherhand, to validate the knowledge of teaching of KR8, we
experimented withwo groups of students to see if tlearning process was
enhanced byhe computer program. The results are encouraging, over 90% of
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the students werable to learrthe domain(at certain level) in less time than
without the ITS.This infact, gave us some evidence that (8 helps in the
understanding of thelomain. We recognize however, that mdests are
needed to make a complete validatiorthe ITS. Wecan conclude from this
results that théT'S can be considered &fficienteducational (training) tool for
the domain of Mathematical Modelling and Simulation [eéod Production
using Bacteria.

Also, after usinghe ITS as draining tool inthe food processing plants, the
users suggested sevepaksible improvements to make it measy touse and
to extend theapplicability of the computer program. Several this possible
improvements suggested by them and also some that we think can be useful, can
be find in the next section.

6 Conclusions

We have developed an Intelligenttoring System for Mathematic®odelling
and Simulation ofFood Productiorusing Bacteria using Al techniques and
Fractal Theory.This computer program teaches the methods of automated
mathematical modellingnd simulation describdukfore. The idea is toapture
the dynamics of bacteria population and at theame time of chemical
production,using non-linear mathematical models. The modetsesent the
process ofbiochemicaltransformation between thmmicrobial life and their
generation of the chaoal production. The limate goal in foodengineering is
to maximizethe production of food anthis can be achieved by performing
simulations ofthe models. ThdTS monitors the actuakearning process for
each of the studenttil they achievehe requiredevel of understanding of
modelling and simulation of food production.

The importance ofieaving adTS for training new engineers in thi®main
can be seen from several points of view. First of all, fleeeconomical point
of view the impact of thisITS is in reducing costs of production for the
company, because d@he moreefficient training method resulting from the
application of Al and educational techniques to this domain. Secaill iodbm
the social point of7iew theimpact of thisITS is inmakingthe engineerdetter
at theirwork (increasingthe moral level). Third of all, fromthe educational
point of view theimpact ofthe ITS is in thecontribution to the advance of the
research in applications and methodologies of Al and Multimedia in Education.

The ITS can be improved in the following ways:

1.- Build a better user interface so that it can be used more easily.

2.- Provide a large domain of mathematical models rance methods of
simulation for the knowledge base.

3.- Refinethe teaching methodologies that are usedntke the system
more efficient in the task of training new students.

We are planing to work along the above lines of research in the near future.
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