
Educational systems worldwide are
being more influenced by the so-called kno-
wledge society. To a greater or lesser extent,
countries as Costa Rica see the need to in-

corporate issues of Science and Technology
in its national agendas. These initiatives in-
volve not only training in the Sciences as
such but, involve among other elements, an
oriented lifestyle management and utiliza-
tion of technology resources.

In Central America, on issues related to
incorporating technology in education, Cos-
ta Rica is an excellent starting point for un-
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derstanding what happens in many countries
of this region. This country is one that has
the largest per capita investment in educa-
tion in the region, but even so, has similar fi-
gures for desertion and failure to countries
that invest less in its education system. In
contrast, Costa Rica is a country that has be-
en able to sustain growth in access and co-
verage of basic and diversified education
(see e.g., Rodriguez-Clare, 2005).

This growth, although uneven, has ope-
ned the door for new challenges on issues
such as inclusion, time of graduation, dro-
pout, and mainly, it relates to the quality of
the system. This quality is influenced by
many factors, such as the number of stu-
dents per classroom, the resources for tea-
chers, the effectiveness and impact of trai-
ning for in-service teachers, and initial for-
mation of prospective educators.

Several reports indicate that in terms of
educational quality, the country is in an inci-
pient state. For example, the Second Report
of the State of Education in Costa Rica
(2008), says that “in relation to quality, aca-
demic performance indicators show that, far
from improving, grew worse academic per-
formance” (p. 25)1.

These reports also point out some weak-
nesses in the system; also highlight some of
the goals to follow. The report of the Plan-
ning Office of Higher Education (2006) sug-
gests that, to promote the achievement of the
factors that influence the quality of the enti-
re system it must:

1. Strengthen the teaching of mathe-
matics, science and technology.

2. Ensure that every person who gra-
duated from high school to master
two languages and have the techno-
logical flexibility.

3. Achieve the professionalization and
certification of teachers.

Also, the Central American Educational
and Cultural Coordination (CECC) and the
Spanish International Cooperation Agency

(AECI) reported that one of the major cha-
llenges that the region faces, is that for
countries, there is uneven development trai-
ning in ICT (Retana and Esquivel, 2006).

The goals and challenges indicate that,
although improving education is considered
as a shared responsibility, one of the major
routes around this quality is regarding to the
initial teacher training in universities. If this
is compounded by the steady increase in co-
verage, then it can infer that some of the res-
ponsibility for the quality of prospective te-
achers is related on the same quality stan-
dards that the country is committed to fulfill.
Added to this, some universities are affected
because, these invest more resources in im-
proving the quality of their graduates, a gre-
ater number of credits, graduation time and
accreditations with national and internatio-
nal agencies; this regards, Second Report of
the State of Education in Costa Rica (2008)
notes that

The characteristics presented by this
growth in academic offerings, risk educa-
tion system, for helping to incorporate pe-
ople who do not have the conditions for
quality education. These limitations are
the poor controls adopted by some univer-
sities in selecting students for careers in
education and for teacher training. In this
situation, we add the weaknesses of the re-
cruitment process by the MEP (Ministry of
Public Education) and the lack of incenti-
ves to attract and retain good staff. (p. 34)
(Idem footnote 1). 

Challenges and goals are critical, as we
discussed in this paper, the impact on
system quality refers not only, to the acqui-
sition of material resources or training or the
application of international tests per se. But,
we need to direct some efforts in understan-
ding the dynamic of initial training in Ma-
thematics and, in particular, initial training
focused on competencies, skills and abilities
with the use of technological tools.

For these reasons, the aim of this paper
is to offer to the community a variety of
perspectives on certain standards regarding
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to the quality of teacher training in mathe-
matics and, specifically, how incorporate in-
ternational standards defined by UNESCO
(United Nations Educational, Scientific and
Cultural Organization) based on teacher
training in ICT skills.

In first instance, it analyzes the main fe-
atures of competency-based curricula and
why this model offers certain advantages for
the incorporation of these standards. Se-
condly, it performs a scan to the UNESCO-
’s documentation and lastly, it tries to find
ways to incorporate this knowledge in a pro-
posal, previously developed by Morales
(2010). 

Technology Skills 
for Mathematics Education

About competency model and its relevance
The growth of the concept of competen-

cies was imminently economic. As early as
the 90’s, The European countries wanted to
move in groups. For this, it was necessary to
consolidate a way to include the most signi-
ficant sectors of the countries.

European countries experienced a lot
change to its laws, but perhaps a significant
event for the rest of the international com-
munity was the creation of a single currency.
As the Euro strengthened gradually, econo-

mic systems transcended the first experien-
ce on the new market and when its stabiliza-
tion was achieved, this sector was able to
concentrate on new challenges.

In the middle of 90’s already it was
known some efforts to create a model of
education in accordance with new era. Even
so, it needed a way to align and compare dif-
ferent curriculums (or programs), and speci-
fically, how to ensure quality. 

With different professionals, Euro zone
urged a system in which, they could ensure,
for example, that an engineer trained in Ger-
many had the “similar” knowledge and
skills that other trained in England.

After several attempts, was in Bologna
(July, 1999) when a meeting is held betwe-
en ministers of education in Europe and ge-
nerated a pact (with the Sorbonne declara-
tion on higher education one year before). In
summary, the Bologna Treaty was agreed to
adopt a system of readable and comparable
degrees, including degrees and postgraduate
courses, with credit-based system and to
promote mobility and quality.

Other declarations and statements pre-
ceded the Bologna Declaration (Prague,
2001; Berlin, 2003; Bergen, 2005; London,
2007 and Leuven, 2009); The Glasgow De-
claration (2005) described the need for Euro
zone; on its front page highlights the slogan:
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Figure 1. Glasgow Declaration (2005): Strong Universities for a Strong Europe.



Strong Universities for a Strong Europe (see
Figure 1). The Glasgow Declaration logo
expresses the intension to reform educatio-
nal systems in order to encourage professio-
nals in the Euro zone with the rest of the
world.

These facts in European community ga-
ve us a lesson in how a series of needs could
be translated in quality for Primary, Secon-
dary and Higher Education.

By creating a system that is comparable,
not only it created the opportunity to con-
trast the positive and negative outcomes of
educational programs, but, even more im-
portant it was having this model based on
competencies that professionals must acqui-
re during their training. 

This set of competencies reflects the ne-
ed of knowledge, but at the same time, it in-
troduces a model in which the abilities and
skills are as important as the theory.

As a result, it was important to redefine
the meaning of competence; certainly the
competencies involve the object of kno-
wledge (theory) and how that knowledge
will be useful (practice). 

Other definition was proposal in The
Tuning Project for Latin America:

The concept of competence in educa-
tion sits within a broad conceptual map of
the comprehensive education of the citizen,
including new approaches, such as signifi-
cant learning in different areas: cognitive
(knowing), psychomotor (know-how,
skills), emotional (savoir-être), attitudes
and values. In this regard, competence can-
not be reduced to simple professional per-
formance, nor to the mere apprehension of
knowledge to know how to do, but instead
encompasses a whole set of capacities,
which are developed through processes that
lead a responsible person to be capable of
performing multiple actions (social, cogni-
tive, cultural, sentimental, professional,
productive), through which they project and
display their capacity to resolve a given
problem, within a specific and changing
context. (Beneitone, Esquetini, González,
Marty, Siufi and Wagenaar, 2007, p. 32).

As stated above, competency-based mo-
del allows transforming the curriculum; in
consequence, the university, students, pro-
fessionals and employers from each country,
can determine, by consensus, the skills that
are necessary to their students. 

Therefore, the concept of relevance in
each curriculum will be defined through dia-
logue, making it context sensitive and, in
most cases, sensitive to change. 

The next section it will point out two
proposals related to this model.

International Programs
It is necessary to create benchmarks to

measure the way that some actions can im-
pact to the system (Primary, Secondary and
Higher Education).

In one hand, for secondary education, The
Program for International Student Assessment
(PISA) is one of the most distinguished pro-
grams. It was launched in 1997 under the aus-
pices of the Organization for Economic Co-
operation and Development (OECD) and its
main objective is to provide an evaluation fra-
mework for the knowledge of students in the
various participating countries and, at the sa-
me time, provide valuable information to go-
vernments to make decisions. This Program is
characterized by building and implementing
its assessments, and takes into account the
educational system and society.

Many publications of this project have
become a point of reference for determining
the needs for countries. In Table 1, it shows
some of these publications useful for Cen-
tral American countries.

It is not the aim of this paper to describe
the PISA project in depth, but there are so-
me reasons in which this program may be of
interest in the Central American context:

• PISA (OECD) is working on the eva-
luation of students with ages very clo-
se to 15 years; in many countries, this
is the age at which obligatory educa-
tion ends; this coincides with the Cos-
ta Rican educational program.

• PISA (OECD) is accepted as an in-
ternational assessment of educatio-
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nal quality. In 2009 was implemen-
ted in 67 countries; 30 countries we-
re OECD members and 37 countries
were invited.

• PISA (OECD) is not focused only
on cognitive aspects or areas, but, it
assesses the skills and abilities of
students for adulthood.

In other hand, for the higher education
level, it does not suggest a specific program,
but each career assesses the relevance of
changes in its curricula in terms of compe-
tencies; hence, each career approves a speci-
fic methodology to improve quality.

One of the most recognized methods is
offered by the Tuning Project, which is direc-
ted mainly to create knowledge about educa-
tional systems. To be precise, the Project
helps to compare degrees and curriculum.

This project started in Europe and was
product of the reform of the Bologna Decla-
ration. Tuning, as a methodology, has been
applied in over 175 universities in Europe,
and it was replicated in Latin America bet-
ween 2004 and 2007 in 19 countries. 

Tuning promotes assessments, but focu-
ses on providing participants a systematic
strategy in which is able to determine the
nature of a degree (or Career) and thus to
adapt the curriculum to the needs expressed
by all participants. The main feature of Tu-

ning is that uses the notion of competency to
understand and compare the programs. 

The teaching model involved in com-
petence-based education seeks to overcome
the barriers between the place of formal le-
arning and everyday family life, work and
the community, establishing a thread run-
ning between everyday knowledge, acade-
mic knowledge and scientific knowled-
ge…, Breaking down the borders between
formally and non-formally acquired kno-
wledge enables the recognition the value of
multiple sources of knowledge, such as per-
sonal experience, prior learning in different
areas of each person’s life, imagination, art
and creativity. (Mockus, cited by Beneito-
ne, Esquetini, González, Marty, Siufi and
Wagenaar, 2007, p. 31)

These two programs mentioned are
examples of potential sources of support
from the international community, with
perspectives in the modification of specific
sectors of the educational system. This does
not mean that these are the solutions to pro-
blems and system demands. As noted by De
Faria (2010), “it is not importing theories
from other latitudes. We need to assume a
reflective attitude and discuss the proposals
of individual projects and take the best for
us and our region” (p. 35) (Idem footnote 1).

7

Table 1. Some of the publications that are recognized as benchmarks for international assessment of edu-
cational quality.

Year Publication

1999 Measuring Student Knowledge and Skills: A New Framework for Assessment. 
2000 Measuring Student Knowledge and Skills: The PISA 2000 Assessment of Reading, Mathema-

tical and Scientific Literacy
2001 Knowledge and Skills for Life. First Results from PISA 2000
2002 Reading for Change – Performance and Engagement across countries
2003 The PISA 2003 Assessment Framework. Mathematics, Reading, Science and Problem Solving

Knowledge and Skills
2003 Definition and Selection of Competencies: Theoretical and Conceptual Foundations (DeS-

eCo), Summary of the final report «Key Competencies for a Successful Life and a Well-Func-
tioning Society»,

2004 Learning for Tomorrow´s World. First Results from PISA 2003
2005 Are Students Ready for a Technology-Rich World? What PISA Studies Tell Us

PISA Program, OCDE. 



In the next section, there will be a brief
detail on the proposal of UNESCO with re-
gard to standards of competency sets for te-
achers in initial training. Subsequently, it is
considered a component for the analysis of
these standards applied to a previous propo-
sal (Morales, 2010) and how it is redefined
through indication on the arguments and
perspectives of UNESCO.

Standards of UNESCO on ICT competences
for teachers

In January 2008, UNESCO published a
document which provides assistance and gui-
delines to create (or reform) programs of trai-
ning teacher with ICT; this in order to fulfill
the task of offering real training for students
(prospective teachers). These guidelines are
divided into three different frameworks: the
framework of educational policies (UNESCO,
2008a), standards of competence modules
(UNESCO, 2008b) and framework guidelines
for its implementation (UNESCO, 2008c).

This program assumes that with the use
of ICT, students may be competent (to use);
it can improve research capabilities, and dis-
crimination of the information; it can assist
students in problem solving and decision
making; it can stimulate creativity and pro-
ductivity, to be communicators, collabora-
tors and producers, as well as responsible
and informed citizens.

From educational policy framework, it
suggests three approaches:

• Technology Literacy. 
• Knowledge Deepening. 
• Knowledge Creation.

The first approach translates into tech-
nological understanding; the second is based
on the management of problem solving, as a
strategy, and the third, is based on the pro-
duction of new knowledge. In addition to
these approaches, UNESCO suggests a link
between the skills of five components of the
education system: pedagogy, practice and
training of teachers, Curriculum and assess-
ment, educational administration and orga-
nization and, finally, use of ICT.

Under the standards, the proposal offers
15 competencies, one competence for each
component and related to the three approa-
ches. As regards the framework of the im-
plementation guidelines, offers examples of
the methods to achieve the guidelines. 

In the following sections it examines the
competences for teachers of Mathematics
offered by Morales (2010) in the different
approaches of UNESCO.

About the previous proposal and the stra-
tegy for UNESCO standards compliance:
the case of Teachers of Mathematics

In the above scheme, it was offered an
initiative formulated through analysis of the
competencies considered from the academic
perspective and these were compared
against a range of possible activities to fos-
ter such competencies.

Furthermore, seven groups were defi-
ned, where it must develop these skills (Mo-
rales, 2010): basic technological competen-
cies, diversity-related technological compe-
tencies and computer ethics, technological
competencies related to the administration
of the educational process, technological
competencies related to pedagogical admi-
nistration of the educational process, metho-
dologies related technological competencies
in the educational process, technological
competencies related to virtual communities
and Blended Learning, and competencies
related to specific software.

Below is the proposal (Table 2) that has
been suggested on some of the competencies
embedded within the components of the in-
itiative designed by UNESCO and related
Technology Literacy Framework. In this pa-
per, it has been defined and redefined certain
competencies of the 27 originals (Morales,
2010) and included 8 new under the suggested
strategy in Verdejo (2008). These are the com-
petencies that, in consideration of the author,
should be analyzed in the context of mathe-
matics teacher training in Central America.

The following table shows the relations-
hip determined for the Knowledge Deepe-
ning Framework of UNESCO concerning
the above proposal (Table 3).
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Table 2. Technology Literacy Framework in the proposed competencies for prospective teachers in ma-
thematics education.

UNESCO Component Concrete competence

CURRICULUM AND The teacher is able to use word processors as a tool for presenting information
ASSESSMENT related to their tasks (tests, reports, plans).

The teacher knows the role of technology in the national curriculum.

PEDAGOGY The teacher manages information related to databases and spreadsheets used 
in teaching.
The teacher recognizes the relevance of using ICT in activities 
and presentations made in the classroom.

ICT The teacher explains the key concepts associated with ICT and in particular to 
the computer.
The teacher manipulates the computer functions properly.
The teacher knows file-management functions in an operating system.

ORGANIZATION The teacher is able to use spreadsheets as tools for managing information about
and their work.
ADMINISTRATION 

TEACHER The teacher is able to use spreadsheets to maintain and analyze information
PROFESSIONAL from their students.
DEVELOPMENT The teacher knows the basics of incorporating technology in various types of 

activities (group or individual)
The teacher builds documents for communication of past ideas in word 
processors, spreadsheets and WYSIWYG, On and Offline versions.
The teacher can differentiate between proprietary and free software.
The teacher can use the CAS as tools to simplify calculations.

Based on Morales (2010)

Table 3. Knowledge Deepening Framework in the proposed competencies for prospective teachers in ma-
thematics education.

UNESCO Component Concrete competence

CURRICULUM The teacher recognizes the importance of using material and technological
AND ASSESSMENT resources copyright (ethical approach).

The teacher is able to offer proposals on the use of educational software.

PEDAGOGY The teacher discusses the incorporation of technology in models based 
on solving problems.
The teacher can encourage collaborative work online.

ICT The teacher knows the concept of communication networks as the Internet.
The teacher knows the concepts of e - Learning and Blended – learning.
The teacher knows the hierarchy of identities in the creation of virtuality.

ORGANIZATION The teacher is able to offer (or to design) different learning environments.
and 
ADMINISTRATION

TEACHER The teacher can create structures at Dynamic Geometry Software (DGS) and
PROFESSIONAL problematize the visualizations.
DEVELOPMENT The teacher is able to flow charts outlining routines based on numerical methods.

The teacher is able to understand pre-built routines for data analysis and approaches
to solutions to issues of matrices, equations, numerical differentiation 
and integration).

Based on Morales (2010)



Table 4 shows the relationship determi-
ned for the Knowledge Creation Framework.

Framework guidelines for implementation

As it was indicated in the introduction,
the major weaknesses that have many coun-
tries in the region are the few policies in the
development of their university systems.
There are countries such as Costa Rica,
which have the advantage that the university
system is based on academic credits, which
has been important to avoid large gaps bet-
ween the universities. However, Fidalgo and
Garcia (2007) illustrate that the above con-
dition is not sufficient for the development
of the system.

The Tuning Latin America Project
(2004 -2007) is an excellent reference to un-
derstand where to direct the efforts. Among
the main considerations arising from this
project are: Build educational programs sen-
sitive to the comparison (by competencies),
develop knowledge about teaching metho-
dology for competency-based curricula, and
the academic credits and quality of pro-
grams.

In one way or another, these international
trajectories show to the countries in the re-
gion, that careers need to be “backed” by or-
ganizations for quality and accreditation to
ensure its excellence. Obviously, the fact that
two career have the same amount of credit is
not enough to say that retain similar characte-
ristics. For example, in Costa Rica, there are
differences in similar degrees in Mathematics
Education with one year or more (see, Ruiz,
Barrantes and Gamboa, 2009).

All the items above are relevant in deve-
loping countries in the region, but in our ca-
se, one of the greatest barriers is that the go-
vernment does not have a teacher recruit-
ment policy to ensure the employment of
skilled personnel.

Another factor that is considered essen-
tial in developing policies is that the region
has few specific researches on the use of
ICT. This causes that the definition of poli-
cies specific to the region is a task often the-
oretical, and without basis in research expe-
riences in our context.

Therefore, we consider necessary a rese-
arch agenda in mathematics education de-
signed to:
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Table 4. Knowledge Creation Framework in the proposed competencies for prospective teachers in ma-
thematics education.

UNESCO Component Concrete competence

CURRICULUM AND The teacher can assess the impact of other proposals.
ASSESSMENT The teacher recognizes the strengths and weaknesses of students when using 

methods supported by ICT.
The teacher knows incorporate methodologies such as WebQuest.

PEDAGOGY The teacher dominates the concept of WEB 1.0, 2.0 and 3.0, and its related tools
(Blogs, wikis, chats, IP - Communications, etc.).
The teacher is able to propose strategies for the effective incorporation of technology
as a pedagogical mediation.

ICT The teacher manages specialized search engines on these networks.
The teacher can pose strategies based on Computer Algebraic Systems (CAS), DGS,
statistical software and software-oriented modeling of phenomena.

ORGANIZATION The teacher is able to make proposals for innovation at the institutional level through
and the use of technologies.
ADMINISTRATION

TEACHER The teacher knows how to use technology as a support for qualitative research and
PROFESSIONAL qualitative.
DEVELOPMENT The teacher is able to raise their own training strategies.

The teacher knows how to share their experiences.

Based on Morales (2010)
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1. Research on the use of ICT and its
impact on achievement. 

2. Research on the use of ICT and en-
vironmental characteristics (age,
gender, race, socioeconomic status,
among others).

3. Research on the use of ICT and soft-
ware specializes in all areas (geo-
metry, functions, calculus, among
others) and strategies of learning. 

4. Research on the use of ICT and de-
sign of educational activities with
the computer.

Definitely, the policies needed for deve-
lopment in this discipline must be the result
of the confrontation of current needs with
the experience in the classroom. We will
know this experience through research. 

Conclusions

The education of the region has varia-
bles that could allow a development or pro-
gress in the quality of life of individuals
through the improvement of education
systems (and lifelong learning). Many of the
challenges that face these countries are to
analyze and implement programs aimed at
improving its systems.

For this reason, the implementation of
international programs will depend on re-
flection and research, generated primarily
from the same universities and research in
institutions of education.

In the case of the UNESCO’s proposal,
it considers putting a set of guidelines and
policies needed, but the task is to translate

these strategies into practice. In this sense,
this paper may provide a framework for dis-
cussion on possible competencies for pros-
pective teachers in mathematics. Of course,
such initiatives must be accompanied by in-
centives and commitments of all stakehol-
ders in the educational work. 

In addition, it is required a great effort
from the same governments to improve
standards and quality regarding the hiring of
professionals; it may, amongst other things,
improve employment opportunities and sa-
laries. In the case of Costa Rica, it has been
shown that although all sectors should be gi-
ven incentives; science-based sectors and
technology are fundamental to the develop-
ment of knowledge in the country, and evi-
dently in the region. So, it will be necessary
to teach highly skilled professionals that
meet current needs in mathematics educa-
tion and, at the same time, with skills that
respond to a variety of challenges. Central
America should focus on recent researches
as Pérez, Losada and González (2009) in
Europe, which showed trends towards im-
provement of education through the training
of teachers with high abilities.

To reach this goal, proposals are requi-
red, involving not only the improvement of
curriculum and educational programs in the-
se nations, but to involve the teachers in new
practices in the classroom. In short, we can-
not think about improving the system wi-
thout increasing the capacities of in-service
and pre-service teachers, and simultane-
ously, establish a curriculum “susceptible”
to the incorporation of didactic tools in line
with our context.
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