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Abstract

In this paper we present some results on the influence of different geographical, cultural
and social conditions in the observed level of mathematical competence in a group of
students. The experimental situation refers to the Course Mathematics Applied to Social
Sciences taught at UNED of Spain as a part of the Foundation Course for access to the
University of people 25 years old and over. As a tool, we used an evaluation model
designed by the authors for the assessment of competences.

Introduction

The implementation of teaching models aimed at developing competences has been
generalized to all levels of education in diverse fields. One of the keys to the
effectiveness of these models is to find a solution to the problem of evaluating
competence, i.e., it is necessary to have useful tools to adequately assess whether
students have acquired the competences designed by the curriculum.

Typical evaluation systems of competence models, such as oral presentations, skills
practice while the individual is under observation, or others, are difficult to apply in
many real situations because the circumstances of the teaching-learning process make it
complicated to follow the student on an individual basis. A particular case is a distance
education system with large groups of students distributed around the world. In this
context, if we do not want to give up the use of a competences model, it is necessary to
resort to adapting traditional evaluation systems by adding certain features to measure
the level that the student has in each of the competences set in the curriculum.

In previous work, Ramos et al. 2009, 2010, Levi and Ramos 2011, we presented
various ideas for developing a competence assessment model capable of being applied
in situations such as the noted above. We present an application of this model to a real
situation, consisting of evaluating the mathematical competence shown by students in a
course that is part of Direct Access Course for over 25 years taught at the National
University of Distance Education (UNED) from Spain. The main results focus on a
quantitative study of mathematical competence of students grouped by various
characteristics of geographical, social and cultural factors. In general, we obtained
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satisfactory levels of competence, although there are minimal differences between
groups.

Objectives and Hypothesis

Mathematical competence is developed when mathematical knowledge and skills are
integrated successfully so that they emerge in different areas of personal performance
directed by certain values and attitudes, Levi and Ramos 2011. The components and
subcomponents of mathematical competence that are considered are the following:
e Knowledge: 1) Mathematical language, ii) Quantity, iii) Space and shape, iv)
Change and relationships, v) Uncertainty.
e Capabilities: 1) Thinking and reasoning, ii) Argumentation, iii) Communication
iv) Modelling, v) Problem posing and solving, vi) Representation. vii) Using
symbolic, formal and technical language and operations, viii) Use of aids and
tools.
e Attitudes: 1) Security and confidence with information and situations that
contain mathematical elements, ii) Respect and enthusiasm for certainty through
the correct reasoning.

The main objective of this paper is to analyze the level of mathematical competence,
expressed in terms of its components and subcomponents, which reaches a group of
students from the Direct Access Course for over 25 years taught at the UNED of Spain.
This course serves as preparation for the entrance exam to the university for students
who have not finished the usual way of the "Selectividad" to complete secondary
education. The analyzed matter is Mathematics Applied to Social Sciences; this matter
is mandatory for students following options for Social Sciences and Health Sciences,
while it is optional for students of Arts and Humanities. Students in the field of Science,
Architecture and Engineering were not included in the study.

The course is taught according to the methodology of distance education distinctive of
UNED. Basically, it uses a set of studying materials developed by faculty and designed
for individual study, while monitoring of learning takes place through a series of
technological means of all kinds, which include the so-called virtual course through
internet. In addition, most students have in person tutorial support in study centers
spread throughout the country and even internationally, although in some cases there are
several factors that hinder or even preclude the effective use of such support. In any
case, students can always address the teaching staff directly to solve any difficulties
they may encounter in their study.

Although most students are Spanish and live in the country, there is a significant
participation of foreign students spread mainly around various countries in Europe and
America. Special mention may be made for a group of students from Equatorial Guinea
(Africa). UNED has maintained since its inception a historic commitment to the training
of Guinean higher education, with significant contribution of Access Course. Another
peculiar group is the group of students boarders in a prison. UNED has a program of
collaboration with the Directorate General of Prisons of Spain to facilitate access to
higher education of students in prison. The Access Course is also a way used by many
inmates to start university studies.
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In our study we intend to analyzed mathematical competence of the different groups of
students mentioned above. The objective of the analysis is to compare the influence of
different social, cultural and geographical factors in the acquisition of mathematical
competence.

Since Mathematics is a basic science and uses universal methods for the rational man,
we want to corroborate the hypotheses that there should be no difference in math
competence levels among different groups due to the influence of social, cultural or
geographical factors.

Methods

The target population was the group of students who take the examination in June 2010.
Considering the social, cultural and geographical factors outlined above, the students
were classified into four groups: Foreing, Guinea, Prison, Spain.

The assessment of mathematical competence was carried out by considering a form of
exam consisting of ten questions of objective-type with one foot and three alternatives
of which only one is correct. The correction answer indicator for the question i = 1,...,
10, is E, =1 if the right choice is selected, E, =-0.25when a wrong alternative is

selected and E, =0 otherwise. Traditional grade is E =Mix {0, Z:: E, }. Moreover,

each question of the form has an assessment value in each of the subcomponents of the
competence, given on a scale of 0 to 4 and prepared by the faculty. From these, it is
possible to calculate the score that the student achieves in each subcomponent of the
mathematical competence by using the expressions:
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where k; is the valuation of question i in knowledge j, c, is the valuation of question i

in capability £k and q, is the valuation of question i in attitude /; moreover,
k;= 1121 ki, c,= Z:gl ¢, and a, = Z: a, are, respectively, the total of the values of
the knowledge j=1,...,.5, capabilities k=1,...,8, and attitudes /=1,2 in the form. Finally,
the average values can be calculated:
s K, s C. 2 A K+C+A
K =2,'=1 ?J; ¢ =Zk:l ?J; A:Zm 7[; EC= 3

providing a measure of the level of each component of competence, (Knowledge K,
Capabilities C, Attitudes A) and overall assessment of the mathematical competence
EC.

Because multiple meetings for the examination with different locations and times are
required, it is necessary to use various forms of examination, identified by a code called
Type. To eliminate possible biases that may result from this fact, the analysis will be
presented later in place of direct scores we used the standardized scores, i.e., those
obtained by subtracting the mean and dividing by the standard deviation of the results of
each type of form. Thus, all assessments of the components and subcomponents of the
competence have a zero average and standard deviation equal to one.
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Results

Table 1 and Figure 1 show the distribution of the group of students. As we can see, the
largest group is the Spanish one (94,7%), although there is a considerable number, in
absolute terms, of members of the other groups.

GROUP Frequency Percentage Sro%  roREnG
FOREING 71 0.9% oo
GUINEA 190 2,3%
PRISON 169 2,1%
SPAIN 7719 94,7%
Total 8149 100,0%

Table 1: Frequency Distribution of Groups Figure 1: Sector Diagram of Groups

Figure 2 shows the distribution of standardized value of the different components of
mathematical competence and global assessment of the mathematical competence for
each of the groups considered.
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Figure 2: Distribution of the components of mathematical competence by group.
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Figure 3: Kruskal Wallis test for comparison of levels of the components of
the mathematical competence.

Figure 3 shows the results of Kruskal-Wallis test for comparison of the four groups,
including statistical significance levels of the test. As it can be seen, all the comparisons
are not significant, so we can accept the hypothesis of equal distributions of the
components of mathematical competence in the differente groups.

Comparing the subcomponents of mathematical competence there were differences only

in case of Uncertainty, see Figure 4. In this case, the statistics adjusted for ties is 55.496
and the p-value is 0.000.
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Figure 4 Kruskal Wallis test for comparison of levels of the subcomponent
Uncertainty
Discussion

Assessment of the mathematical competence can be accomplished by adapting
traditional assessment systems, such as the use of objective type tests, introducing
aspects that allow them to quantify the level of each competence's component and
subcomponent. Using this evaluation method is possible to obtain information about the
student competence level in a more complete way than that obtained by traditional
methods.

When comparing the level of mathematical competence among different groups of
students attending to social, cultural and geographical factors, such as the origin of
different countries, belonging to a developing country or the circumstances of these
criminal serving time in a center prison, there are no significant differences in the level
shown in the various components of mathematical competence. However, there are
significant differences in the level of Uncertainty subcomponent. This subcomponent
relates to knowledge concerning the study of phenomena involving chance and
probability, as well as mathematics relating to statistical thinking. We have no clear
explanation for this, although it may perhaps be due to cultural differences that may
exist in the understanding of chance and statistics.
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