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Abstract. This paper show a research which determine a tizgson

and characterization of mathematical models in é&mgineering
careers, as well as a definition about “mathemktmadel” and
“mathematical modeling”; in the same way, it shdhes cognitive and
thinking skills elements that interfere in buildireg mathematical
model in engineering.

Introduction.

This research influences university studies wheaghematics is not a
goal themselves. Due to the mathematical richtiegts prevails in
engineering, the project comes particularly to ¢hetudying areas.
The mathematization of the phenomena and probleatscome up in
the working field of the future engineer is a cdiye conflict point
since he studied mathematics and engineering geparso that when
he uses both knowledge areas, these cognitive areaseparated and
he has to integrate them in order to mathematieeptioblem to be
resolved [1]. The intention is that the studentddomathematics for
all their future life. On the other side, the mattaical model is one
of the subjects that appear in the hidden curriroulef university
careers, since it is supposed that the graduatd kmosv how to
model, but in many study plans and programs tha temathematical
modeling” is not mentioned at all. Inside the goafistudy programs
of other curricula, it is said that the student trikrow how to model
problems from other areas of knowledge, and this tie included in
the subject programs in very few curricula. Butnim case it is said
how to include mathematical modeling in mathematoairses,
neither how to make students model situations tiertareas or
problems from the daily life [2,3]. In fact, ther® no engineering
subject that comes to work mathematical models.idBss the
mathematics teachers feel that this point is comezkby the teachers
of engineering courses, while the latest presuppts® the
mathematics teachers are the ones who have to tteactudents how
to model engineering phenomena [4]. This conflicing about how
to model problems from the working and professiordée
mathematically, fromMathematics in the Science Contéxtory, is
considered to be attended in an interdisciplinaay.wi he problem is



tackled by the mathematics teacher, who incorpsidethematics in
the Sciences Contetieory to his lessons. To come to an end, it is
pretended to have the necessary indicators thatrfené in the
mathematical model, to incorporate it consciousid &fficiently in
the mathematics courses, so that the studentsaaned to establish
the mathematical model. That is to say, it is neagsto know which
knowledge and skills are necessary so that theestuéarn how to
model, besides from the knowledge areas used indhxt process.
It is clear that he has to know about the mathematncepts, as well
as the context discipline concepts, but what etses de have to know
and dominate?

The research problem

We want to know the cognitive elements and thinksiglls that
interfere in building a mathematical model, as vesl| classifying and
characterizing the mathematical models in engingerTo tackle the
research problem, we have the following researd@stipns [5]: What
is a mathematical model?, What is mathematical hogly What
cognitive elements must the student know to buikel mathematical
model of a scholar engineering problem?, What tholkskills are
essential to build the mathematical model of a krhengineering
problem?, How are the mathematical models chaiaeterand
classified?

The objective. The objective of the research is to determine how t
classify and characterize mathematical models & ¢hgineering
careers, as well as how to define the “mathematiwadel” and the
“mathematical modeling”; in the same way, to kndw tognitive and
thinking skills elements that interfere in buildireg mathematical
model in engineering.

The theoretic framework. The theory in which this research is based
is Mathematics in the Sciences Contgx8,6,7,8], so | am going to
explain you briefly whaMathematics in the Sciences ContisxtThis
theory takes mathematics learning and teachinggmneering careers
as a system which includes the student, the teaemer the
mathematical knowledge, considering the interastibbetween the
student and the teacher, all included in the legrmeénvironment
where there are social, economical, political angnén relations
aspects. This systemic look makes five phaseseoMtithematics in
the Sciences Contetkteory, as we will see later.



Mathematics in the Sciences Contéxtbased in three paradigms:
Mathematics are supporting tools and educationabjests.
Mathematics have a specific function in each edocal level.
Knowledge is born integrated. The educational [Soihic
assumption of this theory is that the student @né&d to transfer
mathematics knowledge to the areas which requjreaitthat they
apply it in their working and professional lifehd five phases of the
theory are: The Curricular developed since 1984 Dldactic started
since 1987. The Epistemological tackled in 1988e Theachers
Training defined in 1990. The Cognitive studiedceii992.

This research presents incidence in the didactes@lhwhich has a
didactic proposition which is callelathematic in Contextthrough
which contextualized events are worked, that isbl@ms and projects
in the context of other student's knowledge ardasthe future
professional and working activities and, in thelydéfe. Due to the
globalization and the great competitiveness we fhogvadays, it is
important that the training received by the studeetmits him to
incorporate efficiently and effectively to his warg activity in the
national and international fields. This makes thecational system
incorporate the contextualized events from theyestident’s training.
Mathematic in Contextonsiders nine steps [1,2]: 1. Books analysis of
the other subjects studied by the student. 2. Esemiext establish. 3.
Determination of the variables and constants ofethent. 4. Inclusion
of the mathematical topics and concepts necessary tle
development of the mathematical model and its ®oiut 5.
Determination of the mathematical model. 6. Mathtrahsolution of
the event. 7. Determination of the solution reculiog the event in the
disciplines context field. 8. Interpretation of thelution in the event
terms and the disciplines context area. 9. Presenteof the
descontextualized mathematics in the classroomhab the student
knows that it is applied in other knowledge fietdsl that he develops
the skills given by the formal mathematics.

We can see that a the central element is buildmegnathematical
model. It is central in the sense that without tlkeiement the
Mathematic in Contexis not obtained, neither the resolution of the
event [2,3,7,8]. To resolve contextualized eventss inecessary to
build a mathematical model that describes the ewasnive saw in step
five [5,9]. In general, to speak abolMathematic in Contexis to
develop the mathematics courses for the requiresnant rhythm
indicated by the engineering courses. In fatathematic in Context
strengthen the cognitive reorganization of matherahtoncepts and
processes [7,8,10,11,12,13]. When we Msghematic in Contextve
work with groups of three students in the classrotaking into
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account the Vygotsky [14] socialization knowledde tackle the
contextualized events, Polya heuristics [15] ameswtered, as well as
metacognitive elements, thinking skills and studeheliefs [16,17].
Through Mathematic in Context the traditional educational
knowledge paradigm is changed. Now we are speaogt teaching
with integrated knowledge, linking mathematics @pts with the
other subjects studied and presenting them athisam and times
required by the student [2,3]. It is necessary @antion the profile of
the mathematics teacher that works vththematics in the Sciences
Contexttheory: If he is a mathematician he must learnethgineering
knowledge areas, while if he is an engineer he beishore prepared
in the mathematics knowledge [4].

Working methodology

Since, it is desired to characterize and classi§ghe@matical models
used in engineering, the methodology used will e éngineering
text analysis, such as the analysis of some enggeavestigation
projects and engineering text books. We have tokwath some
particular engineering areas, so, this text analgemes to electronic
engineering and its adjacent fields particularhs Kknown, the text
analysis is a methodology which works to detectaterelements
related with the teaching and learning of scienttedepends on what
is persecute, to look in the correct way thosestekhe text analysis
will be done in an implicit and explicit way. Thur engineering
mathematical models, we mainly look for: 1.- Estbhg problems
to be tackled. 2.- How the established problem® aepresented
mathematically. 3.- How the concepts of engineersudpjects are
described mathematically. Also, it is necessaryaasider a sample of
engineering students. They will have resolve soneblpms, in order
to identify the cognitive elements and thinkingliskthat interfere in
the process of building the mathematical modelhef problem. We
selected 21 students, 3 of each semester, fromhitieeto the ninth of
the Communications and Electronic Engineering cafeem the
National Politechnical Institute of Mexico.

Thetext book sample

For the text book analysis it was considered thassification

established by the “Asociacibn Nacional para Ursidades e
Instituciones de Educacion Superior en México” altbe engineering
careers subjects. This classification defines estitblocks: the basic
sciences, the engineering basic sciences, the esTgIg

specialization sciences, the social and humansstiences and, the



economical and administrative sciences. It is cthat the first three
blocks are the important ones for the present resefnside the basic
sciences are physics and chemistry as basic emigigesciences
foundations, while mathematics are supporting témigshem, without

forgetting the thinking skills development that mexhatics offer to
the future engineer [1,4,8]. The electric circuigdectromagnetism,
computation, basic electronics and basic commubitaubjects form
the basic engineering sciences, which are the fationts of

communications, electronics, control, acoustic,otms, telephony,
and computation, the engineering applying areass Glassification,

for electronic engineering and its adjacent fieldme called

engineering cognitive stages; as you can see ie tgbthe first line

includes these cognitive stages and their subjests in the

corresponding column.

Engineering Cognitive Stages Knowledge Areas
Basic Sciences Physic, Chemistry
Engineering Basic Sciences Electric circuits, Electromagnetic, Computatign,
Basic Electronic, Basic Communication
Engineering Specialization Sciences Electronic, Communications, Control, Acoustic,
Robotic, Telephony, Computation

TABLE 1. ENGINEERING COGNITIVE STAGES

Mathematical Models Characterization

To start, mathematics in engineering is a languayece almost
everything said in engineering can be representadugh
mathematical symbols [1,2,3]. Even more, represgntt through
mathematical terminology and since mathematics ased in
engineering, it helps the engineering to have anse character from
one side, and from the other, it facilitates itsncounication with the
engineering scientific community [1,2,3]. Insideethengineering
knowledge, there are engineering problems, algvethre engineering
objects that are represented mathematically foretteb use or
reference, and there are also situations that eatebcribed through
the mathematical symbols. These cases will peontharacterize the
mathematical models. Examples of each case aremiessbellowa)
Problems. We want to know the charge of a condenser (capacito
which capacity is C. This is connected in serié&h & resistor with
resistance R to battery terminals which provideoastant tension V,
this layout can be represented by the followingedin differential
equation: Rqg’(t)+(1/c)q(t)=V. That is to mentiorathunder the term
problem are included the phenomena presented imesring as the
charge of a condenser, the free fall of a body, tttwement of a
pendulum, etc.b) Objects. Consider an electrical signal of the
sinusoidal alternating type, the signal is the pegiing object which
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is represented through the function: f(t) = A @#iJ). c) Situations.
The charge condenser g=q(t) is totally dischargetiebeginning of
the problem. This situation may be represented emaditically, taking
into account that at the beginning of the problerh and the charge is
a time function, as: q(0)=0.

The mathematical model concept

From the three mentioned cases, the ones thatatbara the models
are the objects and the problems, so the definisp mathematical
model is a mathematical relation that describesieegying objects or
problems. The mathematical relations may be from an equation,
equations system, to a distribution probabilitg, ¢5]

Mathematical models classification

In the same way that any object can be classifedifferent ways, it
has been detected, through the analysis that thereat least two
classifications for engineering mathematical moddike first is
structured according to the use of the given mdxjekengineering,
while the second classification is done accordimghe knowledge
blocks that the student has to study.

|. Engineering objects

When the mathematical models descebgineering objecighere are
mathematical relations where the engineer has tondthematical
operations, and there are mathematical relationsrevkhe engineer
does not have to do mathematical operations, seetlmiginate
dynamic or static type models [5].

The dynamic models are mathematical relations that due to the
engineering requirements need mathematical motdits constantly,
thus mathematical operations are done with theme®ample of a
dynamic model is an electrical signal of the sindiab alternating
type, which is modeled mathematically by a realcfion of a real
variable: f(t) = A sin at. If its amplitude wave darfrequency are
changed, the new function is g(t) = B sin(bt), vehB=kA and b=ca,
then, the original function was modified by muliplg it by a
constant “k” and its composition with a linear ftina: h(t)=ct.

So, (K [f(t)] = kA sin at = B sin at

and  (f-h)(t) = fl(t)] = A sin a[h(t)] = A sin act =A sibt

Then, (k) [f-h](t) = (K)f[(t)] = kA sin a[h(t)] = kA sin act B sin bt = g(t)

The static models are mathematical relations which describe an
engineering object as if it was a “nickname”, tigtnothing else is
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done mathematically. An example of a dynamic masl¢he impulse
function in electronic engineering, which is modelaathematically
by the Dirac deltas(t) = {0“ 0 and °f(’)(t) dt=1

o, t=0 <
They only use this definition and the ones of dispment

o(t-a) = {O.t #a  and Té(t-a) dt=1

o, t=a b
and they do not do any mathematical operation.t A&an be observed
from static and dynamic models classification,sitaccording to the
use given in engineering, because it is obvious sghgiven model
could be dynamic in any engineering specialty, hil another it
could be static. So, from this point, it is img@ort to know which type
of engineering the teacher is working on.

[1. Engineering problems

On the other side, when mathematical models desergineering
problems the difficulty of each problem is different. # not the same
if we have a problem that includes a data collegteoproblem which
includes single elements; a problem that has maeyents where
each one is a single element, which are called mglements; a
problem which includes many complex elements; ablpra that
includes many single and complex elements and auatibns of
these; etc. as the following examples [5].

(a) If we are in a laboratory and we want to know wikahe relation
among the experimental data of resistance (R)agel{V) and current
(), we establish a mathematical relation whicthis Ohm law, V=RI.
This is a problem which includes single elementsictv are: voltage,
current and resistance, because they do not negdesirelement to be
determined. Another examples of these kind of @oisl are the
engineering phenomena as the condenser chargdrethdall of a
body, a pendulum movement, etc. In general, thesenathematical
relations that originate laws or theorems of thgsphand chemistry,
which are a foundation of electronic engineeringl ats adjacent
fields and which are basic sciences, as we sawable t1. We
classified these alirst generation models, they are the most simple
models.

(b) If we have a problem which includes single elenretdtions, that
is to say, first generation models, and we hawveltie them to build a
new mathematical relation which modeled the problem called it
second generation model. 1 will show you in example from a text
book about it [18].



Como ejemplo de un circuifRLC de segundo orden, considérese el circuito de w@alla que se muestra
en la figura 6-1.1. Aplicando la LVK (ley de vokafle Kirchhoff) a este circuito, podemos escribir

B ) t Si diferenciamos esta ecuacion y dividimos $dds términos entre L, de
Li'(t) + Ri(t) + (L/C) jl(r)dr =0

manera que el coeficiente del término de la deevdgmayor orden se haga igual a la unidad, obienem
2 )

df2|+5ﬂ+ii(t) =0

dt Ldt LC

As we said, the text book analysis can be doneiatpl and
implicitly. So, in implicit way we can see sevelfalst generation
models, as the Ohm law, Kirchhoff laws, the current condenser
and a bobbin, and condenser voltage: v(t)=RNt)t)+Vr(t)+vc(t)=0,
iLO+RO+O)=1, it)=q"(t), LiL"(t)=v(t), and ¥t)=q(t)/c These
generate the integrated-differential equation, wheach element
added is a first generation model, so the equadieecond generation
model. These kind of problems are studied in thextat circuits
subjects which are part of the engineering basenses, as shown in
table 1.

(c) In the text books analysis we detected problekesthe next one.

Empezaremos notando que los circuRisy RC de segundo orden deben contar con mas de unaanalla
mas de un par de nodos. Si éste no es el cas@ tlabrelementos que almacenen energia conectados en
paralelo o en serie en el circuito. Estos puedetaniente sustituirse por un solo elemento que anec
energia equivalente; el circuito resultante pueatanse entonces como uno de primer orden. Un &@emp
de un circuito que contiene dos inductores, eruel €stos no pueden reducirse en un solo indu@or, s
muestra en la figura 6-3.1. Para caracterizar egtito, es necesario escribir dos ecuaciones
diferenciales. Estas se encuentran aplicando la (¥ de voltaje de Kirchhoff) alrededor de las dos

mallas del circuito. De este modo, obtenemos ;. _;, and__ d(i, -i,) . di, [18]
R]i](t).”_Jldit?:o Rzlz(t)+LlT+L2F:0

As you see, in this problem all the elements actuded as in letter
(b), but it also includes other elements which mi@keombine some
of the second generation models. In this case, dt wetected
implicitly that we have an equations system; int,fage have two
electrical net works and they are modeled by eqoatsystem.

Rlil(t)+|_l%:o

Rz +1, 202t 1, S <o
This mathematical model is formed by two models seicond
generation, so it is callethird generation model. These kind of
problems are worked in electrical circuits subjegthich are in the
engineering basic sciences group, but they are aisgdvorked too in
the control theory subjects which belongs to trmugrof engineering
specialization sciences. We found this kind of ni®die engineering
specialization subjects.



(d) When the student is working with professional peot, as well
as his engineering specialization subjects, he iregjumodels that
describe problems where third generation modelsiraskeided and
other kind of complex elements which has to comland to build
new mathematical relations, these relations areedams fourth
generation models Sometimes, due to the problem complexity it is
difficult to tackle it, so it requires to be modelby simulation in the
computer, so a mathematical models family is bait the same
problem. These kind of problems are more commoprafessional
field, that is to say, in applied engineering.

From the aforementioned, the existing correlatiogtwieen the
classification of these models and the cognitivgireering stages are
observed, as demonstrated in Table 2.

COGNITIVE ENGINEERING STAGES TYPES OF MODELS
Basic Sciences First generation models
Engineering Basic Sciences Second generation models
Engineering Specialization Sciences Third genenatiodels
Applied Engineering Fourth generation models

TABLE 2. CORRELATION BETWEEN COGNITIVE STAGES ANMODEL TYPES

A summary of a mathematical models classificatiotoading to their
characterization is presented in table 3.

The mathematical modeling concept

After the detections made in the analysis of thebl@ms studied for
this research, we defined a mathematical modeliogcept. The

mathematical modeling is conceived as the cognpireeess that has
to be carried out to build the mathematical modklaoproblem or
object of the context area.

This cognitive process consists of three moments;iwconstitute the
mathematical modeling indicators: 1) Identify vaies and constants
of the problem, it includes the identification ohat changes and what
remains constant. 2) Establish relationships betveese, through the
involved concepts of the problem, either implicity explicitly,
whether they are from the mathematical or from dbetext area. 3)
Validate the "mathematical relation” that models @roblem, which
is made through going back and verifying that vtolwves all the data,
variables and concepts of the problem; dependinghenproblem,
some times the mathematical problem can be vatidhteugh seeing
if the mathematical expression predicts the expemiad given
information; in other cases, to validate the modteis necessary to



give a mathematical solution to see that the inedlelements are
predicted.

MATHEMATICAL MODELS CHARACTERIZATION

Engineering Objects Modeling Engineering Problenmib®ling
Theclassificationis in terms of the Theclassificationis in terms of
use given by engineering the engineering cognitive stages

Static Models Dynamic Models First G. Second G. | Third G. | Fourth G.
Models Models Models | Models
TABLE 3. CLASSIFICATION OF THE MATHEMATICAL MODELS

An important point to mention is that the mathecstimodel is not
unique, there are several mathematical represensathat describe
the same problem, this is the reason why its viidais necessary
(third moment). The way to tackle mathematicallg thathematical
model, is neither unique, this element permits vierify the
mathematics versatility as well as its consistency.

Cognitive elements which interfere in building a mathematical
model.

The analysis of the instrumentation problems, figr $tudent sample,
of each cognitive electrical engineering stage |iéech to detect the
regularities reported in this work, which are indeg@ent from scholar
levels and independent from the knowledge areais. ithportant to
mention that the small paper space does not paomgresent the
evidence of the research that makes these reButisder to tackle the
mathematical modeling it is necessary to have ¢heviing cognitive
elements=The focus of the mathematical subjects and condepts
the context area [2]. Each mathematical subject @omtept have
several focuses, for example, the derivative is wotignt of
differentials, it is a very particular limit, it i§e inverse operation to
integrate, it is a rate of change, it is the slopéhe tangent straight
line to the curve, etc. The knowledge of thesei$es is necessary for
modeling.=The contextualized transposition [19]. It is knotkat the
fact of scientific knowledge suffers a transforroatito become
knowledge to teach, denominated didactic transpaosit The
knowledge taken to the classroom suffers anotlarstormation to
become an applied knowledge, which is named caméxed
transposition, the student has to knowsithe conceptual handle of
descontextualized mathematics [6]. It is importdmt the student
knows that mathematics are universal in the sehsg¢ they are
applied in several contexts. Insiddathematics in the Sciences
Contextthe conceptual mathematic is conceived as a pbattif a
person has the concept, it is because this knowledgn be
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transferred, because the different concept focase&nown, because
the mistake control points of the concept are knobecause the
concept behavior standards are known when the deasn to

conform it are moved, because it is possible teetramong the

different representations of the concept, etc.

Knowledge abilitiesthat interferein building a mathematical model.

In the same way that in the cognitive elementgubh the analysis of
the instrumentation problems of each cognitive estaigthe electronic
engineering, thinking skills are detected whichigim action in the
building of a mathematical model. So, for tacklig mathematical
modeling it is necessary to develop in the studdet following
thinking skills: =Skill to identify the mistake control points. Ttskill
is part of having conceptual mathematics, as wee haentioned.
=Skill to translate from the natural language to thathematical
language or vice versa. We have a research alooutd categorize
the contextualized mathematics problems relatedhéo translation
from the natural to the mathematical language [28kills to apply
heuristics. The heuristics, as strategies to taakproblem, with the
classification given by Nickerson [21], to the orgisen by Polya
[15]. =Skill to identify regularities. Among the basic rtking skills,
this skill becomes notoriougSkill to travel among the different
representations of a mathematical element. The eseptations
described by Duval [22] are considered: arithmetigebraic, analytic
and visual, including the contextual representabbMathematics in
the Sciences ContextSkill to make “considerations” or “idealize” the
problem (when it is right). There are problems smplex that they
must be idealized so that they can be mathematizedother
occasions, it is necessary to consider, how torcbuériables so that
the mathematization can be done.

Conclusions

The mathematical models are a fundamental paNathematics in
the Sciences Contexthe classification and characterization of
mathematical models, as well as the cognitive eteésnand thinking
skills that had been detected give a knowledgecsotar teach models
in the mathematics classroom.
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