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Abstract

In this article we approach, in the Linear Prograngmdiscipline, the Mathematical Modeling as a
methodological option for teaching and learning eatatical contents. The Mathematical Modeling aitis,
developed with the students from an Informationt&ys Course, allowed for establishing a relatignshi
between mathematical contents approached in tloglite with some problems related to the studergality.
In this article we have, as an objective, to aralfre possibility of pedagogical contributions wheing such
association between curricular contents and thdicapipn of Mathematical Modeling, with the suppart
technology, in daily life student situation, espdlgi when such situations are related to their entrior future
professional activities. As main results we hightigon one hand, the perceptions by the studerdstabe
relevance of the discipline, being it for theireiectual formation or for their professional vakation and for
the technology applicability, through the use oédfic software, in a mathematical discipline tauglithin a
data processing field Course. And, on the othedh#me collaborative environment built among thedents
which contributed for their interaction in the gpowssignments and in the moment for academic and
professional experiences exchange.
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1. Introduction

It is quite usual for students to show difficultiben it comes to learning disciplines
like Mathematics, even for those who attended esgaignces courses. Such difficulties, on
one hand, may become worse if the students arabietto envision an usage for what they
are studying and, usually, they study only for iggthead on the course. On the other hand
the student involvement may occur in a deeper Wakid studied contents in the subjects
linked to mathematics were directly connected ®dhbjects of the chosen course. We have
noticed the existence of these two situations endisciplines that we teach.

Most of the students would rather attend mathemaéisses which do present some
level of connection to reality. For such studeris tconnection would allow for more
meaningful and less stressing learning. By appriogclthe perspectives that guide the
concepts of mathematic literacy extrapolating thditional concept related to the abilities for
calculation and problems solution and enlarginghtbiezons of its meaning, Jablonka (2003)
says that bringing to the classroom the mathenuaged on working environment is one of the
ways for associating the out of school mathematith whe curricular contents and,
consequently, of showing the mathematical practitifity. This association, by contributing
for the meaningfulness of the teaching activitiesthe students, on top of reducing what is
known as mathematical anxiety towards learning dbecepts and handling numbers and
algorithms, allows for the relationship between #mademic and professional learning,
valorizing the diversity of culture (mathematicepent on the working places.

However, many times, relating mathematical techesqused routinely in the work
place to curricular mathematic is quite hard beeauws top of the rigidity that usually
characterizes the courses curriculum, the meaniegfucept, in this case, must be relativized
in a way that, what may be meaningful for one stiisheay not be for another. Besides, most
of the time, the association between mathematic adity demands more effort and
commitment from the students than traditional @assentered on teacher lectures. It also



demands available time from the students for rebeand for other tasks away from the
classroom. This situation is worse for night clagsere most of the students do work during
day time and do not have available time for outlags activities, required for tasks of such
nature.

With the challenge of helping students on the ustdeding of the Linear Programming
discipline, the first author of this article hasndocted a pedagogical experience using
Mathematical Modeling on her classes for the Infation Systems Course students on the
night shift of a private school in Campinas, SPa#ir These students, usually, work
professionally in activities related to the datagassing field.

So, based on such experience, we have as theigbjdct evaluate the possibilities for
the teaching and the learning the mathematicalecdsitin graduation courses, when the
Mathematical Modeling is used with the supportesfhinology, based on problems related to
the students daily life, mainly when such situati@ne related to their professional activities,
current or future.

Next, on this article, right after some reflectiooger Mathematical Modeling, we
approach the methodology used in the study, weeptdle built environment and discuss the
results reached.

2. Some reflections over Mathematical Modeling intte classroom

The idea of creating models for understanding andly;ng a wide variety of
phenomenon is very old, since the man across tiaseused real world representations in
order to get a solution for the built model. Thdidation of such models is done through
analysis, reflections and discussions over thehescesults.

Mathematical Models are representations, in mathiealaterms, of the aspects of
interest from the problem being studied and canfdyenulated “[...] using numerical
expressions or formulas, diagrams, graphs or geanrepresentations, algebraic equations,
tables etc” (BIEMBENGUT; HEIN, 2000, p. 12). We higjht that one single model, with
minor adaptations, can represent many applicatibhs is very useful in the professional
modeling as well as in the classroom modeling, beeat allows for the utilization of a single
model to solve different situations.

The mathematic and the reality can be connectesligir modeling. This interactive
connection is done by using known mathematical ggscwith the objective of studying,
analyzing, explaining, forecast real daily lifeusitions around us (CAMPQOS, 2007).

The Mathematical Modeling, in a direction, on top being an important applied
mathematical tool for solving real problems, alseates the need for data gathering and for
simplification of real situations. In this same atiion Mathematical Modeling favors the
construction of an environment where the studeats merform simulations and analogies,
considering that the same model can be useful énrépresentation of many different
situations, helping the students in the identif@atof applications in other areas of
knowledge and under different environments.

In a second direction, the Mathematical Modelingnitify itself with a pedagogical
perspective focused in the citizenship construcaod a social/political conscience of the
student, who aims at valorizing their individualldiles required for an effective participation
in a democratic society and, similarly to the thigkof Skovsmose (1996), emphasizing the
critic evaluation of the practices that involve hwnhatic, taking into consideration the
cultural environment to which all the students bgloThis identification comprehend the
central core of a mathematical literacy turned talsasocial changes, as proposes Jablonka
(2003), aimed at the formation of a critical ciizevith a power of arguing and, as said by
Jacobini and Wodewotzki (2006) interested in qoestig the social issues relevant to the
community.



In a third direction, we see the role of data pssagg technology as an indispensable
actor for working with mathematical modeling, beih@s a operational supporting tool or as
a instrument that comes for contributing for ovenamy many challenges usually found in
traditional classroom, such as students lack adra@st or lack of required abilities for the
working environment. We highlight that we are nddon@ in valorizing data processing
technology role considering that currently, most tbk researchers interested in the
Mathematical Modeling considers indispensable, heirt studies, the presence of such
technology.

3. Methodology

Aiming at creating conditions for analyzing the @sation among curricular contents
and application of Mathematical Modeling with thepport of technology in the students
daily life situations, the first author of this gapconducted, during the second semester of
2007, a pedagogical experiment on the Linear Pmogdiscipline, which is part of the
Information Systems Course at a Private Colleg€ampinas, Brazil, where the students
were encouraged to work on real situations. In é&xigerience, as previously said, we have
tried to emphasize the construction of knowledge tanmake the students more critical and
with a higher arguing skill.

Linear Programming discipline is taught on the dhyear of Information Systems
Course and, at that point, the students usuallplaeady working, not as interns, but rather as
regular employees. This way, the time spent withost activities is very low, mainly for
mathematical disciplines which are considered @patiing subjects to the ones specific to
the students’ formation. This situation gets woasethe students are not able to visualize
immediate usage for the activities currently bedeyeloped at the Companies they are
working for. We believe that this is the main reasaor the difficulties the students face at the
discipline of Linear Programming and such situati@merate discomfort for the students as
well as for the teacher. Many times the studenés dapendent only on this discipline to
graduate from the Course and, consequently, gedrbmiportunities at the Company. On top
of this, the requirement for linear algebra knowledlo established discomfort moments for
many students that, by the time they attended distlipline, not only presented difficulties in
understanding the concepts, which are in genesdtadi, but also, some of them, have failed
in this discipline.

Lately it has been part of the evaluation procddhie discipline, the development of
assignments involving practical applications of subjects studied. At such assignments the
students (groups of two) chose problems relatedHhat is being taught at the discipline,
search for data, model the problems, that is, arynathematically represent it, solve the
problems using software required that are availabsialyze and validate the solution found. It
is worth to highlight that most of the doubles diot validate their solutions, as it will be
approached in the coming section. Since most othdents work professionally it is quite
usual that they gather data from the Companies @neyworking for and, next step, present
the mathematical formulation in the Linear Prograngmrepresentation. We have found,
many times, students not interested in working el problems from their daily life due to
the complexity demanded for data and informatiothgang, as well as the mathematical
representation, they would rather working with pineblems available on the text books.

In any situation, gathering real data or using dieden text books, it is required from
the students to use the software to solve the pnobepresented as Linear Programming.
They may ask for a license from a software suptieusing a specific tool, such as LINGO
— Language for Interactive Optimizer or use theueses available at the Microsoft Office
Excel.

By the end of the semester we request the studersesent to their classmates the
final assignment developed. The doubles presertedptoblem, the Linear Programming



formulation, justifying the variables, the obje&ifunction and the restrictions. In the
sequence, they presented the solution they araveuhd its interpretation and, at last, some
simulations related to the theory taught in classroln some cases, simplifications and
analogies were presented. It is worthwhile to hgitil that some of the assignments
envisioned Integer Programming or Non-linear Progréng for treating its applications.

The project evaluation represented 20% of the fstaldents grade and, for such
evaluation, it was taken into consideration: a) ¢benplexity of the problem chosen; b) the
mathematical formulation as well as the justifioatfor the objective function, the restrictions
and the variables; c) software simulations for thedecking and sensitivity analysis.

4. The modeling environment built during the secondemester of 2007

At the beginning of the semester the students rdemed that they will be asked to
perform a practical assignment involving real pemb] whose solution is obtained through the
content studied within the Linear Programming dliboe. They are also informed that this
assignment will be required by the end of the ocewansd that it must be presented the their
peers. It is up to the student to choose the pnolaled, at this moment the difficulties begin
for, in general, the students are not used todba of creating their own problems since they
are, in general, formulated and proposed by thehtza Considering that in this phase of the
assignment, the students find themselves lost agich path to take, they start their search
using the internet and/or through text books recemaed by the teacher. This phase is very
interesting because it entices the need for resggy¢hrough many sources and not just the
traditional didactic material provided by the teach

In the modeling environment, referred to by thisce, the students had the opportunity
to know many Linear Programming application exammptereal situations, with the proper
mathematical formulation. Many of these exampléssttated applications in the industry
and, some of them referred to situations expererne the teacher as a consultant in a
Optimization Consulting Company. Such problems wefated to optimized forest planning,
optimized poultry production integrated planningiring the presentation of such problems it
was highlighted that simplifications were requirgd order to reach a solution through
mathematical treatment. We took advantage of tlosment to show the students that, many
times, the same mathematical tool is used to stifferent problems, for instance, the model
used to solve the feed formulation problem can dsgpted for solving mixing problems for
juice, steel, etc.

During the subject for the assignments choosingsghmany students have opted for
working on projects related to real problems, maisthem directly related to situations
originated within their working places. Usually, imle companies, the professional activities
related to optimization problems, solved throughedar Programming resources, are found in
departments involving production control and plagniSo, within the working environment,
the requirement for the knowledge of such resouredtbough superficial, are justified,
mainly due to the application of theoretical corisepy the decision making process.
Reciprocally, at school, the possibility of praaticapplication constitutes itself in an
important motivational factor in the process ofcteaag and learning. About the relationship
between professional mathematic and classroom mmattiiee D’Ambroésio (2002), properly,
reminds us that the real life facts help us orkin@wvledge acquisition.

However, due to the complexity involving these peots, some students would soon
give up such choice, and rather follow the consitbns of simpler problems which would
require less effort from them. The students thait kieeir interest in the problems from their
working places, in order to present them as Liragramming, had to do simplifications in
the data gathering phase, as well as during theatesns formulation for the construction of
the mathematical model. This was meaningful fomth&nce they could realize the real



requirement to do simplifications on the originanditions that surround the problem of
interest in order to obtain a possible and viablatsn.

The discussions in the learning environment, bwiithin the classroom, produced, in
most cases, simplifications and reformulations am&iome other cases, abandonment of the
subject chosen and exchanging for another. Laterstihdents were oriented on using a
software for solving the problems. Due to its daading simplicity, part of the students
chose the software named LINGO — Language for deotere General Optimizer. Due to
acquaintance the remaining students chose the Miftr8preadsheet Software Excel.

The students, in general, presented some difficditying the results interpretation
provided by the software, as in identifying theimyatl solution and the value of the objective
function, in the understanding of the meaning efd$lack and surplus variables, as well as the
dual price. This problem was partially solved whieased on the classroom discussions, the
students listed the solutions representations fautidthe concepts studied during the course.
As an example we can mention the pedagogical momwben the students noticed the
application of many concepts seen in classroomhase related to the slack and surplus
variablesand also the Sensitivity Analysis Theory. The usafgeoftware packages to perform
many simulations which contributed to the undewditagy of the theory studied on top of
allowing for software packages comparison.

The difficulties in understanding the conceptsated to the Sensitivity Analysis
Theory were partially solved as the students, basethe simulations performed with the
support of LINGO or Excel, could perceive the picadity of such theory. This was
thoroughly discussed during the presentations ftbendoubles, when the results from the
simulations could be compared to those found irtlikery.

As mentioned before, by the end of the course thaps (two students) presented in
the classroom the results found. This procedureweag significant because it allowed, from
one side, each group to present to the class alpltfases of the problem directly related to
Linear Programming. And, on the other side, thatcalld visualize many application on
different areas. In many occasions the teacheitdhatermediate the discussion, relating the
students presentations to what had been taughteirclassroom. We can mention, as an
example, the moment when some of the doubles, éir fhresentations, approached the
necessity of doing simplification in the originailoplem such that it could be formulated as
Linear Programming.

We have noticed in these presentations, as webtading over the text provided, that
few of the doubles went back to the real situatioorder to validate the solution found. To
be able to reach to a solution was already corsidsatisfactory in the student’s point of
view. As it happens in many modeling assignmemaching to a result is the objective to be
met. In those, the discussions, being it relateth&oreliability and the adaptability of the
results obtained or related to the its meaning #&sdconsequences (social, cultural,
economical, environmental etc) to the daily livenfr where these problems were originated
are, most of the times, put asid®uring the assignments presentations we havd tde
approach such aspects.

Among all the assignments accomplished in the environmenthigielight initially
what has been developed individually by a studehy had previously failed this discipline,
and grabbed this opportunity, chose for the satutroa problem that he was facing at the
Company he was working for. This problem was relatethe wood boards bi-dimensional
cutting process for furniture manufacturingsing the subjects studied in the classroom and
also some additional help from the teacher and tighusage of Microsoft Excel e could

! These questions appropriately are argued in the spe of the Critical Mathematical Education.
(SKOVSMOSE, 1996; 2007; JACOBINI; 2007).



manage to reduce the loss on the wood cutting. 8¢mmplishment of such practical
assignment, beyond providing for the applicabitfythe school learning within his working
environment, also contributed favorably for thedsiut to overcome his difficulties with the
discipline and, as a consequence, get approvead @nitop of that, the presentation of better
solutions in his work place contributed to his pssional growing.

Other doubles have also chosen their assignmemidbas the requirements of the
company where one of the participants worked. Hsggaments from these doubles related to
(1) the optimization of the production line on a péant; (2) the expansion study on a textile
company; (3) the optimization on the employee allmn on a call center company and (4)
the optimization on the steel roll cutting process.

On top of theses students that have chosen fodekielopment of projects directly
related to their working environment, some otheesated fictitious problems, but related to
their professional fields. We included in theseesae projects related to (1) the optimization
on the number of internet users in order to redehddvertisement of a product; (2) the
optimization on the allocation of projects fromaitware company and (3) the optimization
on the employees hiring for a data processing compa

Other doubles would rather create models similarth® examples presented in
classroom, but in a certain way related to theferest such as, for instance, the projects
related to (1) the optimization on the manufactyriof a chemical fertilizer; (2) the
optimization on the manufacturing of chocolate; &) dieting problem; (4) the optimization
on the resources used in a farm and (5) the opiimiz on choosing a car based on its fuel
consumption.

5. Results

The assignments developed allowed for minimizing fidlling of lack of relevance
with respect to this discipline, for they could wadize many applications where Linear
Programming can help in the problem solving andhm decision making process for the
problems from their work places or in their dailyes. Beyond that, there was an intense
collaboration among the students allowing for adydahteraction which is highly significant
since meetings for exchange of ideas and expeseaaevery difficult considering they are
already working professionally. The debates in @mgironment were about what the students
have found in the text books and about their diffies in the software results interpretation.

The usage of software packages in the solutiomeforoblems brought about by the
students allowed for a greater interaction amomrgnthgenerated more knowledge e showed
them the possibility of interaction between matheenéhrough the contents related to Linear
Programming), real problems and technology. We lavesidered meaningful the perception
of such interaction since the students, usuallypmain exactly about the class taught in the
traditional form where the relation between whatytkearn and their real professional lives, in
the data processing field, are not perceivable. hWklight the presence of the technology as
an important tool for collaboration in the matheicetclassroom, for it allows the treatment
of real situations that involve different levels afgebraic complexity, mainly for the
Information Systems Course students, where the eusdgtechnology is their natural
environment. Text books, such as Winston, Albrigdtpadie (1997), Hillier e Lieberman
(2006), Colin (2007), in their approach to Lineapndgtamming associate examples of real
applications and the usage of computational regsurc

The mathematical modeling presents itself as agmgleal strategy that complements
this association between real application and thization of computational resources, as it
provides for the construction of favorable envirems for the students to choose their
problems of interest, gather their own data, andigg@ate on the investigations, analysis,
discussions and reflections.



Blum (1995) shows five arguments favoring the isan of the usage of such strategy
in the school environment: motivation, learningilftation, preparation for the usage of
mathematic in different areas, development of ganebilities for exploration and
understanding of the mathematic role in the sociktythis same line, Zbiek and Conner
(2006), highlight some objectives to be reached nviaorking with the Mathematical
Modeling in the classroom such as, prepare theestsdor working professionally with the
modeling, motivate the students by showing themagh@icability of the mathematical ideas
in the real world and provide opportunities for 8tadents to integrate it with other areas of
the knowledge.

The student’'s statements, some of them shown bel@agrize the professional
opportunities provided by the work performed. Tla¢so show the importance, for teaching
and for learning, of the learning environments tatsion based on this association between
mathematical modeling centered on real problemateelto the working world and the
utilization of computational resources. Such statet®m also confirm that the curricular
content involvement with a daily life mathematibr@ugh mathematical modeling) helps not
only to show the practical utility of mathematicadathe relevance of its learning but,
likewise, to reduce stress feelings and fear towdrd

“I have found very interesting the software Exggplecation for solving the problem, |
have learned a little more about this softwareuld not even think that it had such a tool”.

“This subject was very important to me, for solvimgpblems from my daily life and |
am also foreseeing the application of it in manyagions at the Company | work for”.

“I have been applying Linear Programming for gejtanbetter solution for the problem
at the Company | work for”.

“Among all of the Course subjects, this was the tha¢ was worthwhile”.

“I was very satisfied when | could solve my problehnwas afraid of this subject
because everybody say it was very hard to get apgdfo

“Currently | make money out of Linear Programming”.

6. Final Considerations

We have evaluated, from this experience, that Mattieal Modeling by providing the
students with opportunities for identifying and dstung problem-situation from their
professional realities or interests and by creatipgortunities for the construction of a more
critical and reflexive knowledge, presents itselfeen adequate pedagogical way for teaching
and learning contents related to Linear Programmivig have also evaluated that experiences
with Mathematical Modeling favor collaboration, Wween the participants of the groups (or
doubles in this case) and among all the studenwmnwduestions related to the software
utilization arise or in the interpretation of tresults obtained.

We also highlight the importance, in the createdrenment, of the interaction among
the students and with the teacher, through e-meaitange or through classroom talks, since
this, by providing a closer proximity among all y¢as contributes, on one hand, to the
expectations and questions from the students te&dily debated and clarified. And, on the
other hand, to facilitate the assignment execuéind experiences exchange. As the student
sees the teacher and his peers as collaboratofshéecan see the classroom and the working
place closing in and, as a consequence, he (skeg¢iates the knowledge resulting from the
pedagogical process with his (her) professionalireqents. In summary, the student can see
a practical meaning to what he (she) learns inacho

Finally we highlight the advances related to thewledge of available resources on the
software used (Excel and LINGO). Such advancesegrelly mentioned by researchers
interested in Mathematical Modeling as a pedagobgitategy. At the work referred here, the
students presented initially, some difficulties &wds the software usage, since not specific
activity had been previously taken place. As timentvby, com classes being taught and



mainly with the collaboration among them, with sohedping others, the difficulties were
overcome. It has also contributed to the enhancemehe software usage the results from
many researches over the internet, where user risawesae found by the students and made
available to all participantsBorba, Malheiros and Zulatto (2007) highlighted the
collaboration as part of the interactive procesemheacher and students act as partners in
the learning process.

We finalize this article with two considerationdated to the Mathematical Modeling,
environment built at the Linear Programming disoipl On the first we highlight, on one
side, the perceptions by the students of the ratmvaf the discipline, being it as much for
their intellectual formation as for their profegsab valorization, and the technology
applicability, through the usage of specific softevgpackages, in a mathematic discipline
taught within a Information System field course. Wédieve that the course has awaken in the
students the interest for learning and, despite shert contact with theory e with the
applications presented in the classroom, has a#aborated in such a way that they can
continue by themselves in the application and sotubf other problems, from the simple
daily life problem to more complex ones at theirrking places. And, on the other hand, the
environment built among the students has contribtdethe interaction in the assignments in
a group and in the moments of professional andeamedexperiences exchange.

On the second, we highlight that the option forcpcas that differentiate themselves
from the common way in a classroom, characterizathiy by predictable actions and done
with the single intention of transmitting informani intrinsic to the programmed content,
requires a lot of effort and dedication from thedm®er. So, jobs of such nature are
incompatible with a docent agenda full of classesany activities.
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