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Abstract

Higher education should provide the acquisition of skills and abilities that allow the student to play a full and active role in
society. The educational experience should offer a series of conceptual, procedural and attitudinal contents that encourage
"learning to know, learning to do, learning to be and learning to live together”. It is important to consider the curricular value
of mathematics in the education of university undergraduates who do not intend to study mathematics but for whom the
discipline will serve as an instrumental. This work discusses factors that form part of the debate on the curricular value of
mathematics in non-mathematics degrees.
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1. Introduction

Higher education should prepare individuals to be competent professionals and/or researchers in a range of
fields. The educational experience should offer a series of conceptual, procedural and attitudinal contents that
encourage "learning to know, learning to do, learning to be and learning to live together”. In addition, it should
transmit the universal values of respect for others, life and liberty; values which themselves become part of the
curricular content.

More specifically, it is important to consider the curricular value of Mathematics in the education and training
of professionals who do not intend to study or teach Mathematics but for whom the discipline will be an
instrumental or applied science. To a greater or lesser degree, Mathematics has become a constituent part of
almost all the sciences. Scientific progress is impossible without the use of mathematical concepts to represent
phenomena and investigate them in the different spheres of reality.

During their preparation for professional life, university graduates use many of the methods of classical
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mathematics, and many mathematical concepts have become indispensable elements of our general culture. Even
in everyday life, knowledge of the speed variation of a magnitude (derived) or the summary effect produced by a
factor (integral) applicable to numerous situations, enhancing intellectual horizons.

2. Mathematics and the curriculum.

According to Kline (1968), mathematics is the simplest discipline created by humankind as it concentrates on
very limited aspects of reality. The simplicity of its concepts almost guarantees that the facts established in
relation to them are also elemental, but with a surprising effect on almost all aspects of life.

Nevertheless, the study of mathematics is conflictive and laborious at all levels of the education system,
including at university level. The usual style of mathematical statements is influenced by the elaboration of the
logical fundaments of this science which can occasionally hinder the student’s understanding of extremely useful
concepts and processes. In an attempt to provide a simple illustration of an important mathematical feature which
is vital for its understanding, Kline (1886) said:

Mathematics is, in itself, a skeleton. The flesh and blood of mathematics consists of what is done with it. In

order to understand mathematics, it is necessary to know why a particular result is desired, what importance it

has with regards to other results and what can be done with it.

Consequently, it is necessary to examine the elements that affect the design and development of mathematics
courses and teaching process and that may have a positive impact on students’ attitudes towards the discipline.
This study must of course take into account the context of professional training in the 21% although we
mathematics teachers still very much belong to the previous millennium.

Which factors should be analyzed when dealing with the problem of teaching mathematics in universities? In
the first place, the role of the teacher, as a mediator and a true master: there is a tendency to believe that the
university student does not require thoughtful didacticism as this would be the type of support required for the
immature intelligence of infancy. This is a mistaken belief. Everyone that begins the exploration of a discipline,
even if they are specialists in other areas, need the intervention and guidance of someone with greater knowledge.
There are few self-taught individuals that are able to reach a level where they can efficiently deal with the
challenges posed by other fields of knowledge, because learning is the ability to attribute more and more complex
meanings to achieve this we need sufficient, gradually delivered, information and the discipline and control of
someone that ‘knows more’.

Secondly, we need to consider the question of the curriculum. Every course and every curricular activity form
part of a whole: the education and training package that the university institution has to offer. Every course
makes its particular contribution to the package. Teaching of mathematics in a sociology degree is not the same
as in an agricultural engineering degree. In each case, the student uses mathematics for specific purposes. The
teacher must be aware of their position as part of a team that makes a multi-disciplined contribution to a field of
knowledge and competences.

The process of organizing the mathematics curriculum can be described according to the different theoretical
frames of reference. So for example, the German tradition refers to ‘Elementarization’ as the active
transformation of mathematical content to more elemental forms with a dual meaning: being fundamental and
accessible to the students that study it (Biehler et al., 1994); the French tradition describes this process with the
theory of ‘Didactic Transposition’, identifying the variables that take part in the transition of scientific
mathematical knowledge to the mathematical knowledge that is desired and able to be taught in an educational
stage. Hence the importance of contemplating the professional profile that is required and the skills that the
student is expected to acquire, thereby identifying the contribution of our discipline.
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3. Mathematics: Teaching and learning

Currently, one of the factors that deserves greater attention is the work of first-year students who have to
confront the problems associated with the transition from secondary to higher education. This transition has an
even greater impact on the teaching of mathematics which requires a clear understanding of pre-university
knowledge and skills in order to successfully deal with the new content that will be introduced. But these
difficulties are not limited to first-year university students; numerous studies on the assimilation of knowledge
and skills in a range of courses have found the basic educational levels, especially of first-year students, to be
insufficient.

The most common deficits are: Understanding of basic concepts and their formal accumulation; Skills for the
analysis and solution of problems; attention and application deficit; and insufficient development of creative
skills and abilities. First-year students also have problems related with time management and self-study.

It has been demonstrated that management and organization are among the factors that affect the results of
teaching processes on basic courses (Gonzalez et al., 1990). Rather than the simple accumulation of knowledge,
courses should be designed so that they guarantee certain ways of thinking and the independent acquisition of
knowledge, based on the essential elements that can be related to previously acquired knowledge and the
application of generalized methodologies. A transformational shift in traditional teaching is required. Higher
education must install a capacity ‘to learn’, that is to say, the role of the university does not only consist in
imparting large quantities of knowledge but in teaching the student to think and act independently. And this
implies organizing an educational system that encourages the development of the before mentioned capacity to
learn: the student as a passive subject becomes the centre point of the educational process, so the teacher must
systematically seek professional self-improvement, not only to keep abreast of new professional techniques but to
ensure that the students do not only acquire new knowledge, they also ‘learn how to learn’.

Classroom work should be undertaken to ensure that mathematics achieves the objectives set out in the degree
courses, and can be summarized as (Carlos, 2000): Mathematics as a calculation tool, as a tool for the modeling
and solution of engineering problems, mathematics as a universal language capable of contributing to the
knowledge and development of other disciplines relevant to other professional profiles and mathematics as a tool
for developing logical thought, reasoning and dealing with new situations.

The continuous development and training of the mathematics teacher should, therefore focus on the discipline
of mathematics itself, the knowledge of student profile, didactics of mathematics and new information and
communication technologies.

Clearly, self-improvement in mathematics must be systematic, even more so if the development of new
theories, such as fuzzy logic and fractals, are taken into account. Awareness of the student profile is of great use
to the teacher when giving examples, motivating the students, demonstrating the role that mathematics plays in
the degree and the logical link between mathematics and other academic disciplines. The teacher must be aware
of other disciplines that use mathematics as well as the tools, notations and methodologies that will help stimulate
student interest in mathematics and the degree course that is being followed.

Nevertheless, it should not be forgotten that mathematics, in addition to provide techniques that allow the
quantification of variables, also studies the structures of objects and their relationships. This helps to clarify
concepts from different disciplines and with different applications, thus creating a unified frame of reference and
logic. Obviously, the need to consider modern, quantitative analytical methods must not be purely teleological, in
the sense of an immediate practical application, as its pedagogic value is of the utmost importance in our search
for a deeper and efficient education of the student.

The educational system must confront the dilemma of defining its quality, taking into consideration the
continuous evolution of teaching models that may be of a more practical or theoretical orientation. It is clear that
the curriculum must simultaneously involve the two inseparable educational perspectives: basic (organization,
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intellect, conceptual analysis, theoretical criteria) and applied (organization for action, technical comprehension
and instrumental function).

The mental processes that supply the content for mathematical objects are complex. For the successful
completion of this task, there must be:

a)  Complete abstract understanding of the mathematical methodology to be applied.

b)  Knowledge of the problem to be solved: the identification of the intervening variables and their
interrelationships, and the establishment of the initial hypotheses in accordance with the nature of the problem/s.

¢)  The transformation of applied concepts to provide content for the mathematical objects, taking into
account the initial hypothesis

d)  The application of the methodologies indicated in point a) and results.

e)  The applied interpretation of the results obtained, taking into account the characteristics and peculiarities
of the phenomenon that we are attempting to describe/structure and/or quantify.

The development of the above steps not only requires mathematical knowledge but also specific knowledge on
its application. It requires a special ability to identify the multiplicity of variables found in the initial hypotheses
that are assigned. Using trial and error, these hypotheses can be discarded and reconstructed as often as
necessary, taking into account that the outcome of points d) and e).

The previous paragraph expresses the basic difficulties involved in learning and applying mathematics in
general and in the discipline in particular. The operations indicated in ¢) require the prior fulfillment of a) and b).
The first demands theoretical knowledge of the mathematical methodology to be applied. b) demands specialist
professional knowledge of the problem to be solved. Undertaking the transformation indicated in c) requires the
simultaneous use of the knowledge required by a) and b).

4. Mathematicsand assesment.

Assessment can be conceptualized as a dynamic, systematic and continuous process, focused on changes of
conduct and performance, through which it is possible to verify achievements made in relation to the objectives
that have been set. Assessment becomes more meaningful when it also tests the efficacy of the teaching activities
and enables their continual improvement. A key element in the contemporary conception of assessment is that it
should not be for its own sake, it should be aimed at improving programs, organizing tasks and shifting towards a
more efficient selection methodology.

When we assess a student, we are assessing ourselves as teachers. We are analyzing which strategies need
modifying to help students ‘compensate’ for the knowledge they should have acquired during a previous stage as
well as the shortcomings that limit student interest in learning. If these obstacles occur in previous educational
levels, institutional decisions will ‘compensate’ for these shortcomings, not rejecting the student but providing
them with opportunities to compensate for them.

In a more technical sense, assessment can be defined as:

.the stage of the educational process that has, as its aim, the determination, in a systematic manner, of the
extent to which the previously set objectives have been achieved. Education being understood as a systematic
process destined to achieve long-lasting and positive changes in the conduct of the subjects integrated in that
process, based on objectives that have been defined in a specific, precise, social and individually acceptable
manner.(Laforucade)

Assessment is an act that consists in emitting a judgment of value, based on information on the evolution and
results of the student, with the aim of taking a decision. (Maccario)

Assessment is a systematic operation, integrated in the educational activity with the objective of achieving
continuous improvement, through the most exact knowledge possible of a student in all aspects of their
personality, contributing information on the process itself and on all the personal and environmental factors that
may intercede. It identifies the extent to which the educational process has achieved its fundamental aims and
compares the fixed objectives with those that have been genuinely achieved. (Pila Telena).
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The majority of authors (Tyler, Bloom, de Landsheere, Maccario) group the objectives and functions of
assessment into three broad categories:

1) Predictive or Initial Assessment (Diagnostic): Determining the student’s aptitude prior to the educational
program to placing it at the correct level, categorizing them and tailoring the starting point of the educational
process on an individual basis.

2) Formative Assessment: at the end of every learning task, to provide information on progress and learning
difficulties, allowing the teacher to seek more successful educational strategies, and providing continuous
feedback on the development of the educational system.

3) Summative Assessment: completed after a learning period or the end of a program or course, its objectives
are to provide a qualification of performance, be the basis for an award of certification and to offer information
regarding the level reached to all interested parties (students, parents, the institution, teachers etc.).

These three assessment categories should be applied during the teaching process. They must be a medium that
not only determines if the objectives have, or have not, been reached, but it should also incentive learning by
assuring the students that their efforts are valued, this encourages responsible and efficient work, set knowledge
goals and organise the principal ideas through synthesis and analysis, facilitate the process of self-assessment so
that the students can recognise the progress that they make and identify, for diagnostic ends, the causes and the
nature of learning difficulties.

5. Conclusions.

There should never be, for any type of education, a division between the theoretical and the practical. What
can be varied is the emphasis placed on the two areas of knowledge in terms of the order and development of the
curriculum and this must be regulated by the types of skills and competences required of the students.

The teaching process should bring theory to the classroom in such a manner that historical antinomies between
intellectual knowledge and operational skills are cancelled out; both should be united in a convergence aimed at
integral human development, as in human resources training.
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