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INTRODUCTION

The mathematic is a subject with a high percentage of reprobation. But this is only a symptom, in this educational problem there are several factors that are of curricular type, caused by the teaching and learning, inferred to the study theme by itself, caused by the cognitive infrastructure of the students, due to social, emotional and economical factors, etc. [1].

Among the great range of problems in an education institution there are some specific that have something to do with the curricular situations that are mentioned below.

When for the first time a professor is going to teach a mathematic course, he finds a list of themes that he understands the best he can, which leads to make different courses in the same study program, one for each professor. If a professor is asked about why these themes are included in the study program is common that he cannot answer precisely and correctly.

As regards to the students, different exclamations are heard from them in the classroom as follows:  Which is the purpose of what we are studying the mathematic?, Why do we have to study this?. These questions, at best, are answered by the professor who says that in the engineering courses that they will take later they will use these themes.

From the percentage of students that does not approve the mathematic and from the teaching experience it can be said that the few interest that the students have for these science is because they do not see their immediate application, neither the object to use them. To a good extent an element that affects is the fact that there is not an appropriate curriculum to the engineering where these mathematic courses are taught [1], consequently the professors who teach them does not know why the contents are included in the study programs.

On the other side, in all the study plans of the engineering careers it is specified that the graduate should be a person with an integral education, competent to design, build, etc. If these objectives are taken into account and the fact that the mathematic as a basic science is a engineering supporting tool, not leaving behind the educational formative character it offers, it can be said that the mathematic also contributes to meet the objectives in the engineering careers.

With the background described, the problem of the research is based in terms of constructing a methodology for the design of mathematic study programs in engineering in such way that the professor has a clear idea of why each theme that is included in the program has to be taught and with this basis he can motivate the student, showing him the link between the mathematic and the engineering subjects and knowing what kind of skills development in the students, as well as how the mathematic contributes to the overall curriculum for the students integral development.

This way, the objective of the investigation is the elaboration of a methodology which guides the steps to design objective study programs and with the high level given by the mathematic function in engineering.

Is good to mention that when we speak about curriculum we are not just thinking in the disciplinary contents, we also need to give a guidelines to encourage the construction of the student’s knowledge.

FOUNDATION

The methodology for the development of the mathematic curriculum in engineering is founded theoretically in curricular ways, such as the one of Tyler [2], Taba [3] and Díaz Barriga [4], among others, all of them with a general view of the curriculum, but neither in engineering careers.

For the specific of the methodology that wants to be constructed it is necessary to take into account particular characteristics of the mathematic in engineering.

The engineering has as a mathematic foundation, because the mathematic is a engineering language and the mathematic makes sense to engineering, also the mathematic is a supporting tool, besides being educational forming subjects
 for the students [5].

Even more, the mathematic curriculum in engineering schools requires special attention, since the mathematic is not a goal by itself; in other words, no mathematicians are going to be formed [1].

On the other side, any science appeal to the mathematical description or mathematization of itself in order to be scientific founded; in other words, the mathematic is basic for any other science that wants to be theoretically founded [6, 7]. If engineering needs to be worked scientifically it requires to be described mathematically.

Educational Paradigm and Premise

The methodology for the curricular design of the study programs of the mathematic in the engineering careers, is founded in the following educational paradigm [1, 8, 9]: With the mathematic courses the student will have the cognitive elements and tools he will use in the specific subjects of his career.

Also, the premise among the methodology is that [1, 8]: The mathematic curriculum should be objective, that is to say, it should be curriculum based on objective basis.

WORK METHODOLOGY

The work method to follow required establishing a net between the problematic of the mathematic in engineering and the objectives to meet (both in the engineering graduate profile as well as the searched methodology) with the possible ways to tackle them. For such purpose, first the problems of the mathematic and objectives were re-written in terms of research questions in order to clear the working method (see figs. No. 1 and No. 2. respectively) 

In Fig. No. 1, in the second column are shown the selected research questions for the present study, which are co-related with the mathematic problematic. In the third column different forms to tackle the research questions selected are seen.

	Problematic
	Research questions
	Ways to tackle the questions

	Program as a thematic list of the mathematic.
	Why the mathematic themes are included?
	Identify what is needed from the mathematic in each engineering theme (text analysis) and determine if it is enough.

	Where will the mathematic be used.
	Where do they apply?
	Identify what is needed from the mathematic in each engineering theme (text analysis).

	Which is the purpose of the mathematic.
	Which is the mathematic function in the engineering?
	Determine how the mathematic themes in engineering are used (text analysis).

	Why to study the mathematic.
	Which is the benefit of the mathematic to the engineering?
	Investigate through history how does the mathematic contribute to the engineering.

	There is few interest for the mathematic.
	How to motivate the student?
	Analyze bibliography about which elements motivate the high level student.


Fig. No. 1.   Problems of the mathematic in engineering and how to tackle them.

We want to design a mathematic curriculum which contributes to the overall curriculum for the students integral development. So, the Fig. No. 2 shows, respectively, in column two and three the research questions selection and the way to tackle them, corresponding to the objectives of engineering graduate, as well as the searched methodology.

	Objectives
	Research questions
	Ways to tackle the questions

	Integral education is searched.

GO
	How the mathematic is connected with engineering subjects?
	Analyze the engineering texts.

	A graduate competent to design is required.

GO
	What is required from the mathematic in the professional work of an engineer?
	Interviews to the engineers in practice about the mathematic.

	Putting into practice engineering.

MO
	Which applications of the mathematic to the engineering?
	Analyze the engineering texts.



	An objective curriculum is wanted.

MO
	Where and how the mathematic is applied?

With which focus and notation?
	Analyze the engineering texts.



	How to construct knowledge.

MO
	What is it required so that the mathematic is significant for the student?  How to give sense to the mathematic?

How to tie up the cognitive structures of the student?
	Present the mathematic in the engineering context.

Determine the knowledge level of the students when they go into the superior level.


Fig. No. 2. Searched methodology objectives (MO), graduate objectives (GO) and ways to tackle them.

With the co-relation net between research questions and possible ways to tackle them (fig. No. 1 and No. 2), the tendency that minimizes the paths was established and the maximum activities to meet the objectives stated in the research project were taken.

The different activities described were the following:

1. Analyze the engineering texts.

2. Investigate how the mathematic contribute to the engineering through the history.

3. Analyze the bibliography of the elements which motivate the high level student.

4. Interviews to engineers in practice.

5. Diagnosis of the students when they go into the engineering career.

From these activities and what is expected from them there are two groups: which are general for any type of engineering, that is to say, that are independent from the engineering and the ones which depend from the engineering which is worked for. In the first category are the activities number 2 and 3, while the ones that really depend from the engineering are 1, 4 and 5.

General and independent elements of engineering

( The activity which describes: Investigate how the mathematic contributes to the engineering through the history, lead to make a study consisting of surveys made to historians and text revisions about the historical development of engineering and the mathematic. 

From this there were found results which respond to the investigation question. Which are the benefits of the mathematic for the engineering? The mathematic is a supporting tool to the engineering and an educational forming subject for the ones who study them. 

At the same time it was tackled the questioning of why to study the mathematic: because it supports the foundation of engineering.

Notice that the result is consistent with the foundation and educational paradigm described for the research development about the mathematic is the engineering supporting tool, not leaving behind the formative character offered by it. 

( The second independent point from the engineering says that the bibliography about the elements that motivate the superior level students have to be analyzed. For this work several theories were found about the motivation (among the most relevant references are: [10, 11, 12, 13], one that makes reference to the student’s age is the cognitive psychology of Ausubel [10]; although this theory does not specify the educational levels, they can be inferred according to the pupils ages and associate to them the corresponding motivators. For the superior level case the facts that contribute to the motivation are mainly the ones which surround the interests of the selected career; of course this is true as long as the superior level studies have been selected at the student’s full satisfaction.

So, from the statement which establishes that the studied engineering career is really interesting for the student, the question which asks about how to motivate the student to find interest, sense and liking to the mathematic in the engineering schools is tackled.

Several interviews were held with professors, students and engineers about how the students could be motivated so that they have interest in the mathematic, taking into account that they like their career. After analyzing the suggestions it was considered that the most frequent proposal was that applications to the engineering have to be given for the mathematic themes studied. So, it is necessary to show the link between mathematic and the engineering subjects.

Notice that it is consistent with the research problem about the student’s motivation trough to show to the students the mathematic linked and applications. 

It is good to mention that in these two partial studies only the results are presented due to the length of the investigation.

Dependent elements of engineering

It is known from the afore mentioned paragraph that from the independent elements of engineering the first one affects the foundation and educational paradigm in which the investigation is based, in other words, this element is in fact incorporated. The second, which is about the student’s motivation to the mathematic is an element that should be considered in the didactic guidelines that will result from the methodology for the design of study programs of the mathematic in engineering.

So the dependent elements of the corresponding engineering will be the ones that determine the methodology looked for.

THE METHODOLOGY DESIGN

In order to fulfill the premise into the educational paradigm frame an investigation strategy is proposed in three stages: the central, the preceding and the consequent [1, 8]. 

CENTRAL STAGE

Make a text analysis of the specific engineering courses in order to detect the mathematic contents, both explicit as well as implicit.

PRECEDING STAGE

Diagnose the knowledge level of the mathematic that the students have when they go into the career.

CONSEQUENT STAGE

Interview the engineers in practice and researchers engineers about the use of the mathematic in their professional work.

In order to realize the first stage, that is, the analysis of the mathematic contents it is necessary to know the profile of the engineering graduate that the institution wants, the study plan and the programs (themes and bibliography) of the engineering subjects that the student will course. These are the ones corresponding to the basic sciences in the engineering and the application sciences to the engineering blocks, as it is connoted by the ANUIES
.

With this information groups of mathematic teachers will be formed, which will analyze the engineering subjects; for such activity text books or the most used bibliographic references in the corresponding subjects to the engineering will be used directly, in order to get the required mathematic themes, including of course, the focus and depth of the themes, the notation with which they are described and their applications. With the described activity it is established the curricular link between the mathematic and the subjects of the basic sciences in engineering, as well as, between the mathematic and the engineering specialties.

These teacher groups should make a written report of the themes they detected, jointly with the focus required by said concepts in order to take them into account in the didactic proposal.

These teacher groups, who chose one or more subjects to analyze, after having revised the engineering text books will be competent to teach courses to the rest of the members of the corresponding Teacher Academy, with the purpose of spreading their knowledge about the focus, notation, depth and applications they found in the elected subjects. In the same way, these teachers could elaborate problems’ books and notes about the concepts they detected.

Once the contents of the mathematic needed in the engineering are determined, and we will tackle the second stage, based on the knowledge of this discipline and teaching experience we can determine the necessary requirements for the detected mathematic contents.

In other words, the link between the superior level and the middle superior level in the mathematic is established.

From these requirements the ones supposed to be received by the student in the middle level courses will be selected and the rest should be included in the curriculum of the first years of the career or as preparatory courses.

With this analysis the entrance profile of the student of the mathematic in the superior level is defined. Also, with this selection a diagnostic evaluation method is elaborated to determine the level of knowledge and abilities in the mathematic of the new student in the career.

From the concepts in which most of the students are deficient the following classification will be made:

a) Mathematic themes that should be known by the student and that he can to study by himself with a simple bibliographic orientation.

b) Mathematic themes that the students should be known and to have abilities, should be taken into account to be included as a preparatory part in the elaboration of the curriculum of the first courses of the mathematic.

With the end of the second stage the third will be tackled, in which interviews should be held to engineers being in the industry’s practice, that is to say, engineers that are designing about the use of the mathematic in their work activity.

It is good to make it clear that from this information there would be the contents detected from the text analysis and the ones that are not included. The results obtained from this study offer for the curriculum a better hierarchization of the importance that should be given to the mathematic themes. While the ones that are not included in the texts of the engineering careers are the themes and concepts of the mathematic that should be considered for the post grade engineering studies, establishing the link between the superior level and the one of post grade in the mathematic. With this stage the link between the mathematic of the engineering and the industry is also established.

After making the mentioned activities and with the reported information by the different working groups, the person who coordinates the elaboration and/or reorganization of the mathematic study programs could to group the mathematic themes founded in the subjects of the two engineering blocks, of the common themes for all the specialties (if there are), as well as, the necessary themes obtained in the second stage.

That is to say, as up to now there are only the mathematic themes that are going to be used in their engineering courses, to this should be added the mathematic contents necessary to build the logical structure of the knowledge, so that the teaching of the themes make sense.

From the above mentioned it can be deduced: the number of subjects to be taught from the mathematic. The location of these courses and the link with the other subjects of the curricular map of the engineer in question. For each course the thematic content with its extension, time and depth to be devoted should be determined, as well as, the focus, notation and applications that should be given to them.

Also, it is important to point out that this methodology has an integral character in overall curriculum since it takes into account the internal and external link of the engineering career within the frame of the mathematic. In fact, the internal link is established between the mathematic and the subjects of the basic sciences of the engineering, as well as, the application of the engineering itself, originated from the first stage; in other words, the interdisciplinary subjects of the curricular map now are in fact explicit and known by the professors. While the external link is established between the middle superior level and the engineering careers, which came out from the second stage of the methodology, as well as, among the latter with the post grade and the industry, determined by the third stage. See Fig. No. 3.

	
INTERNAL CURRICULAR LINK

                           MATHEMATIC                                       BASIC SCIENCES IN ENGINEERING

                           MATHEMATIC                                       ENGINEERING SPECIALTIES

EXTERNAL CURRICULAR LINK

                    MIDDLE SUPERIOR LEVEL                                         SUPERIOR LEVEL

                                     SUPERIOR LEVEL                                         POST GRADE LEVEL

                                             UNIVERSITY                                          INDUSTRY




Fig. No. 3.  Internal and external curricular link of the mathematic in engineering.

The methodology for the design of study programs of the mathematic in engineering has been denominated Dipcing
 methodology. With this methodology, as it can be seen, study programs can be designed where the professor knows why each one of the themes that constitute the program are included. That is, whether they are of direct application to engineering (where the professor knows exactly where they apply) or because they are added to form the logical structure of knowledge.

From the Dipcing methodology arise support elements for the execution of the study programs, as well as, an updating program for teachers [9, 14], where among others are included mathematic courses integrated with engineering. Also, arise a didactic teaching to follow in the engineering careers, where the mathematic should be presented to the students in an integral way with the engineering [6, 7, 15].

Execution of the study programs

Its good to make it clear that the study programs should include the contents of the themes and sub-themes; the themes objectives; the learning experiences that the student should have; the text book of the course and the recommended bibliography for each sub-theme; the type of materials of didactic support that exists for the course; the estimated time in hours and number of sessions for the subject and for each theme and sub-theme.

A study program however well designed it is, as the ones designed by the Dipcing methodology, could not go far if it does not have a good execution which guarantees its application as it is indicated by the methodology. That is, the study programs are not only the contents which should be taught but it has to be known how to execute them, which is not clear through the study program formats, there should be various elements which support them which will have to deal with didactic aspects, to say, teaching and learning process aspects that also includes the elaboration of didactic supporting materials for the courses; also another valuable element is the updating of the teachers, among others. Following these two factors are viewed from a general perspective.

Didactic aspects

From the methodology come off in natural way didactic guidelines to be followed by the mathematic in the engineering careers, among them is the context or link [6, 7, 15].

The didactic strategy called mathematic in context is the ideal way for the teaching of mathematic subjects, since it offers applications that are not artificial but all the contrary they are interesting for the student and they can be easily motivated with this, the mathematic in the engineering context is not so dry, and it is not out of the student reality and in fact it ease the teaching learning process.

If the student really likes his career he finds not only a need in the mathematic in context but also likes them very much and has a great interest to control them. He can tackle any problem in his future work life. More information, as a didactic strategy, can be find in references [1, 5, 6, 7, 15].

Some supporting didactic materials are found in problem books which are guides for the course both for the students as well as for the professors. For more information see reference [16].

Another important element is the use of electronic technology as a didactic support. Nowadays this aspect cannot be dismissed since the students are in direct contact with the computers and on the other side, in their work life they will use this tool. 

Teachers updating

Due to the way the study programs are designed and the didactic lead from them, it is observed that the teachers with a mathematical formation should be more prepared in the engineering areas they work for. The engineering teachers should receive a stronger preparation than the one they have when they graduate from their career, in the mathematic area they teach.

Obviously from this methodology the teachers updating courses should be courses that have the mathematic in engineering context, as well as, courses about the teaching and learning process, where they teach knowledge of what the complete career in general is about. For more information see references [7, 14].

CONCLUSIONS

With this methodology objective study programs of the mathematic are obtained in the overall curriculum and most of all linked with the subjects of the engineering they support, as well as, linked with a middle superior level, post grade and the industry. Also, the mathematic in engineering context are generated easily and the themes on which the professors must be updated are obtained.

DIPCING methodology helps the integral education of the graduates, as the overall curriculum mentioned, which makes a better professional quality. When the mathematic in context is presented the significant learning of the student is helped, which will influence durable and motivating learning.

Is good to mention that the Dipcing methodology has been applied in schools of the National Politechnical Institute of Mexico successfully.
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� Forming subjects, as well as, educational formative character, are expressions which we refer to the understanding abilities development, critical judgment, scientific heart, etc.  


� ANUIES means Asociación Nacional de Universidades e Instituciones de Educación Superior, of Mexico


� Dipcing means in Spanish: Diseño de Programas de Estudio de Ciencias Básicas en Ingeniería.
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