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ABSTRACT

Romania occupied a back position in the international tests on Mathematics and
Sciences. Teachers stress out that one possible cause of this situation could be find-
ing on the Mathematics and Sciences curricula. This paper presents the results of
the comparisons of the Romanian curricula with the curricula promoted by the
international testing (PISA 2000, 2003 and 2006, and TIMSS 1995, 1999, 2003,
2007) and the curricula of the countries occupied the first places in these tests. The
comparisons underline those curricula approaches, which insure success on these
tests and realize the reasons of the lack of success of the Romanian pupils. These
results will be presented to the curriculum makers, universities and schools, to
identify the specific and transferable competencies of the pupils with success in the
above-mentioned disciplines.
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RESUME

La Roumanie se retrouve en bas du classement aux épreuves internationales de
mathématiques et de sciences, selon les enquétes internationales sur les compé-
tences en mathématiques et en sciences acquises par les éléves. Les enseignants
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roumains font 'hypothése qu’on peut trouver des explications causales a cette sit-
uation dans les programmes d’enseignement de mathématiques et de sciences. Cet
article présente les résultats d’une comparaison que nous avons menée entre les
programmes roumains d’enseignement, les programmes promus par les enquétes
internationales (PISA 2000, 2003, 2006 ; TIMSS 1995, 1999, 2003, 2007) et les pro-
grammes mis en oeuvre par les pays qui occupent la téte du classement dans les
enquétes. Les comparaisons attirent l'attention sur les approches didactiques qui
assurent la réussite aux tests et mettent en évidence les raisons du manque de suc-
ceés des éléves roumains. Les conclusions de notre recherche seront présentées aux
concepteurs du curriculum, aux universités et aux écoles, afin d'identifier les com-
pétences spécifiques et transférables des éléves qui ont obtenu de bonnes per-
formances aux disciplines mentionnées ci-dessus.

MOTS-CLES

Enseignement des sciences, enseignement des mathématiques, épreuves interna-
tionales, curricula scolaires

INTRODUCTION

Romania’s results on international testings PISA and TIMSS on Mathematics and
Sciences remain constantly below the international average (Noveanu, Noveanu,
Singer & Pop, 2002; p. 17-25; Noveanu, Noveanu, Singer, Tudor & Pop, 2002, p. 18-
28; Gonzales, Guzman, Partelow et al., 2004, p- 5, 19; Gonzales, Williams, Jocelyn et
al,, 2008, p. 7, 32; MEC, 2002, p. 12; OECD, 2007, p. 58, 318). These weak results have
multiple causes, as the crowded and often changing curriculum, the weakly trained
teachers, the uncertain quality textbooks, the insufficient of teaching materials, the lack
of pupils’ motivation for learning Mathematics and Sciences etc. (Miclea et al., 2007, p.
7). But the most important factor mentioned by the specialists and practitioners is the
school curricula, which has an important role in orientation and/or organization of the
learning process. (Schmidt et al.,, 1996, p. I5; Hook, 2005, p. I; Schmidt, Houang &
Cogan, 2002, p. 2; Noveanu, 2008, p. 25-37; Ciascai, 2009, p. 33; Marchis, 2009, p.
146). Thus in this article we propose to make a comparison between the 8th and 9th
grade Mathematics and Sciences syllabi in Romania and the syllabi, which is on the base
of the international testing. This comparison is extended to three countries, regularly
situated on the top of the hierarchy after these tests: Chinese Taipei, Singapore and
Finland.
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THE PosiTION oF RoMANIA AT PisA AND TIMSS TEesTS

At international tests on the performance of pupils in Mathematics and Sciences,
TIMSS 1995, 1999, 2003, 2007 and PISA 2000, 2003, 2006, Romania has a back posi-
tion, having results below the international average.

For example, at the first TIMSS testing, in 1995, 41 countries have participated. The
Romanian pupils have occupied the 33rd place at Mathematics and the 30th place at
Sciences. At the last international testing, TIMSS 2007, the score in Mathematics and
Sciences of |5 years old Romanian pupils doesn’t have relevant changes from the pre-
vious results, obtaining even a lower average from both subjects than in the previous
tests (see Table | and Table 2). With this average Romania occupied the 26th position
at Sciences and the 28th position at Mathematics, while 48 countries have participat-
ed in the testing. Romanian students have obtained a higher position in the hierarchy
than in the previous tests: the score of Romania has still situating under the interna-
tional average.

On PISA tests Romanian pupils had similar results. Between the first PISA test and
the last one the evolution of the Mathamatics and Science results was negative: if in
2000 the Mathematics score of Romanian pupils was 426 and the Science score 441,
these decreased in 2006 with | | point in case of Mathematics and 23 points in case of
Sciences. From 57 participated countries in 2006 Romania ocupied the 45th position
at Mathematics and the 47th position at Sciences, so back positions.

Analyzing the Mathematics results at TIMSS and PISA test, Romania has the score
lower than the international average, with one exception: TIMSS 2003. On this testing
Romania obtained 475 points, as the average is 466. The highest difference between
Romania’s score and international average was obtained at PISA 2006 test (see Figure
[). It is interesting to analyze the pupils’ results regarding the levels of Bloom’s tax-
onomy. The chose of this taxonomy is motivated by the fact that it is well known
equally by specialists and practitioners.

For example, at TIMSS 2007 three levels of the Bloom’s cognitive taxonomy were
analyzed: knowing, applying, reasoning. In Figure 2 the results divided to these levels
are given for the first five countries and for Romania are given. We could observe that
for Romania the difference between “applying” and “reasoning” cognitive level is the
biggest among the presented countries. In case of Chinese Taipei the score for these
three levels are similar, as for Japan the score for reasoning is highest than the other
two scores.
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The results of Romanian students at international tests in Mathematics

[Noveanu, Noveanu, Singer & Pop, (2002), p. 17-20; Noveanu, Noveanu, Singer, Tudor & Pop, (2002),
p. 18-22; Gonzales, Guzman, Partelow et al., (2004), p. 5, Gonzales, Williams, Jocelyn et al., (2008), p. 7;

MEC, (2002), p. 12; OECD, (2007), p. 318]

TIMSS tests

PISA tests

Year TIMSS Romania’s Year OECD Romania’s
average score average score
1995 519 474 2000 500 426
1999 521 472 2003 500 -
2003 466 475 2006 500 415
2007 500 461
— FIGURE 1

International testing in Mathematics
Romania's score

—&— Intemational average

—#— Romania's score

Difference between
international average and
Romania's score

The results of Romanian students at international tests in Mathematics
[Noveanu, Noveanu, Singer & Pop, (2002), p. 17-20; Noveanu, Noveanu, Singer, Tudor &
Pop, (2002), p. 18-22; Gonzales, Guzmén, Partelow et al., (2004), p. 5, Gonzales,
Williams, Jocelyn et al., (2008), p. 7; MEC, (2002), p. 12; OECD, (2007), p. 318]
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— FIGURE 2
Mathematics results at TIMSS 2007
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The Mathematics results at TIMSS 2007 by cognitive levels
[Noveanu, Noveanu, Singer & Pop, (2002), p. 17-20; Noveanu, Noveanu, Singer, Tudor &
Pop, (2002), p. 18-22; Gonzales, Guzman, Partelow et al., (2004), p. 5, Gonzales, Wil-
liams, Jocelyn et al., (2008), p. 7; MEC, (2002), p. 12; OECD, (2007), p. 318]

As regarding Romania’s results on Science, it always situated under the international
average (Table 2). The highest difference was recorded at PISA 2006 (Figure 3).

— TABLE 2

The results of Romanian students at international tests in Sciences

Noveanu, Noveanu, Singer & Pop, (2002), p. 21-25; Noveanu, Noveanu, Singer, Tudor & Pop, (2002),
g P P g P
p. 23-28; Gonzales, Guzman, Partelow et al., (2004), p. 19, Gonzales, Williams, Jocelyn et al., (2008),
p. 32; MEC, (2002), p. 12; OECD, (2007), p. 58]

TIMSS tests PISA tests
Year TIMSS Romania’s Year OECD Romania’s
average score average score
1995 518 471 2000 500 44|
1999 521 472 2003 500 -
2003 473 470 2006 500 418
2007 500 462
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— FIGURE 3
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Tests

The results of Romanian students at international tests in Sciences
[Noveanu, Noveanu, Singer & Pop, (2002), p. 21-25; Noveanu, Noveanu, Singer, Tudor &
Pop, (2002), p. 23-28; Gonzales, Guzman, Partelow et al., (2004), p. 19, Gonzales, Wil-
liams, Jocelyn et al., (2008), p. 32; MEC, (2002), p. 12; OECD, (2007), p. 58]

The most common explications of these mediocre results given by teachers, parents
and pupils are related with the content of the school curriculum, underlining the dif-
ferences between goals and topics (Noveanu, 2008, p. 25-37; Vlaston, 2008).

TRENDS IN INTERNATIONAL MATHEMATICS AND
ScieENCE STuDY (TIMSS) CuRRICULA

TIMSS represents a series of studies conducted by the International Association for
the Evaluation of Educational Achievement (IEA), by the TIMSS & PIRLS International
Studies Center. Created in 1959, the IEA has conducted many studies of cross-nation-
al achievement in curricular areas such as Mathematics, Science, Language, Civics, and
Reading. TIMSS data on the Mathematics and Science achievement of U.S. 4" and 8
grade students, compared to that of students in other countries, have been collected
in 1995, 1999, 2003, and 2007.

The curricula proposed by TIMSS 1995 and TIMSS-R 1999 for the fields of Mathe-
matics and Sciences have evaluated contents, performance, values and attitudes as well
(Martin & Kelly, 1997). The competencies evaluated on these tests were understanding
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theorizing, analyzing, solving problems; using tools, routine procedures, and science process-
es; investigating the natural world; communicating in the language of mathematics and of sci-
ences.

In 2003 TIMSS has identified three cognitive domains according to how the stu-
dents are expected to act or type of cognitive activity required, to reach a correct
response in Mathematics and Sciences (Mullis et al., 2001):

® factual knowledge: students have to demonstrate knowledge of relevant facts
in the fields of Mathematics and Sciences, information, tools and proce-
dures;

® Conceptual understanding (in Sciences) respectively using concepts and solving
routine problems (in Mathematics): students must be able to extract and use
scientific and mathematical concepts and principles to find solutions, sup-
port of statements of facts or concepts, demonstrate relationships, equa-
tions and formulas. These operations require mainly application of knowl-
edge and understandings.

® Reasoning and Analysis (in Sciences) and reasoning (in Mathematics): students
were challenged to solve more complex problems, to develop explanations,
to draw conclusions, to evaluate, to make decisions, to design experiments
and procedure. In fact, students have to extend their knowledge to new sit-
uations (sometimes by connecting knowledge and understanding from dif-
ferent areas and apply it to new situations) based on their conceptual under-
standing.

At the testing from 2007 also three cognitive domains were identified and tested:
Knowing, Applying and Reasoning. The first domain includes knowledge that students
have to posses about the science (facts, concepts, laws etc.), the second one could be
dividing in two sub-categories: applying knowledge (identifying, extracting and relating
knowledge, interpreting facts and dates etc.) and conceptual understanding involved in
problem solving or in answering to problem questions. Reasoning concern cognitive
processes involved in solving complex problems and tasks (Martin, Mullis & Foy, 2008, p.
[13; Mullis et al. 2008, p. 117).

In the 2007 TIMSS testing the accent was on the scientific and mathematical skills
of pupils, for example the Knowing domain doesn’t describe knowledge (contents) but
key skills: “making or identifying ...”, “recognizing and using...”, “describing ...” etc. In
consequence TIMSS testing covers the knowledge, understanding and reasoning and
application levels from Bloom’s cognitive taxonomy.
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THE CuURRICULA OoF OECD’s PROGRAM
FOR INTERNATIONAL STUDENT ASSESSMENT (PISA)

The Organization for Economical Cooperation and Development (OEDC) has con-
ducted three tests in 2000, 2003 and 2006 in the context of the international research
program on the pupils’ performance (PISA). The main goal of these tests was to obtain
information about the objectives of the educational policies and the instruction meth-
ods, which develop useful competencies in the adult life: the capacity to extrapolate
and apply the knowledge in new, original, and non-scholar situations. The interest of
pupils on learning has been also evaluated, and information on the learning context of
pupils’ (family, educational institution) has been collected, context, which could explain
differences in performance.

The main target group was the group of |5 years old pupils (from 15 years and 3
months old to 16 years and 2 months old).

The PISA testing in 2003 has evaluated for the first time the transdisciplinar com-
petencies of |15 years old pupils, introducing the Scientific and Mathematical Literacy con-
cepts, defined as follows:

® The Scientific Literacy: The capacity to use scientific knowledge, to identify
scientific questions and to draw evidence-based conclusions in order to
understand and help make decisions about the natural world and the
changes made to it through human activity” (OECD, 2003). It requires
understanding of scientific concepts, an ability to apply a scientific perspec-
tive and to think scientifically about evidence.

® The Mathematical Literacy: The capacity to identify and understand the role
that mathematics plays in the world, to make well-founded judgments and
to use and engage with mathematics in ways that meet the needs of that
individual’s life as a constructive, concerned and reflective citizen” (OECD,
2003). It is related to wider, functional use of mathematics, engagement
requires the ability to recognize and formulate mathematical problems in
various situations.

The assessment areas covered by PISA 2003 (OECD, 2004) refer to:

® the content and structure of knowledge that students need to acquire in each
assessment area (e.g., familiarity with mathematical concepts);

® the processes that need to be performed (e.g.,, pursuing a certain mathemat-
ical argument);

® the situations in which students encounter mathematical problems and rele-
vant knowledge and skills are applied (e.g, making decisions in relation to
one’s personal life, or understanding world affairs).
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Mathematics was the major domain assessed in PISA 2003. As consequence, the
assessment of mathematical literacy by PISA 2006 was less comprehensive than the sci-
ence assessment. PISA 2006 preserved the definition of mathematical literacy intro-
duced in 2003, putting the accent on the individual “an individual’s capacity to identify
and understand the role ...” (OECD, 2007).

Science was the major domain in PISA 2006. The concept of scientific literacy was
reviewed in PISA 2006 test, being defined in terms of individual’s: scientific knowledge
and use of the knowledge as an instrument to acquire new knowledge; understanding
science as a form of human knowledge and enquiry; awareness of science role in
developing our society (how science and technology shape our material, intellectual and cul-
tural environments); willingness to engage with science-related issues, and with the ideas
of science, as a reflective citizen (OECD, 2007, p. 34-35).

PISA 2006 testing has divided the scientific knowledge in two categories: Knowledge
from Science and Knowledge about Science (OECD, 2007, p. 37). The first category’s con-
tent is centered on systems: Physical systems; Living systems; Earth and Space systems;
Technology systems (OECD, 2007, p. 38). The second one concentrates on the sci-
entific knowledge process: scientific enquiry (Origin; Purpose; Experiments; Data; Mea-
surement; Characteristics of results) and scientific explanations (Types; Formation;
Rules; Outcomes). (OECD, 2007, p. 39).

The attitudes considered at PISA tests concern scientific knowledge and education
trough science (OECD, 2007), those important for a researcher: support for scientif-
ic enquiry, self-belief as science learner, interest in science; responsibility towards
resources and environments. (OECD, 2007, p. 39). The scientific contexts investigat-
ed by PISA 2006 were the familial context, natural resources, the quality of the envi-
ronment, risks, the frontiers of sciences and technology.

In consequence, PISA 2006 testing was realized on the base of important curricu-
lar reviews.

THE MATHEMATICS ANC SCIENCE CURRICULA OF COUNTRIES
HAVING FIRST POSITION IN INTERNATIONAL TESTING

In this study we refer to the Mathematics and Science curricula of the countries situat-
ed in the first places in the most recent international testing: TIMSS 2007 and PISA 2006.

Chinese Taipei has occupied the first place at Mathematics and the second place
at Sciences at TIMSS 2007.

Analyzing the scope of learning Mathematics in Chinese Taipei we observe the pre-
occupation for developing an abstract and algorithmic thinking, word problem-solving
skills and abilities to learn in this domain. The attitudes concerned are about develop-
ing the following: pupils should see the beauty of Mathematics (Mullis et al., 2008).
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As regarding learning Sciences, in Chinese Taipei the curricular orientations are
similar with those concerned by PISA 2006. Thus, the accent is equally on knowledge
from Science (science process skills, development of scientific attitudes etc.) and about
Science (e.g. understanding the nature of science). Also the interest of developing sci-
entific attitude is expressed.

Singapore was the first at Sciences and the third at Mathematics at TIMSS 2007.

The Mathematics secondary school curriculum from Singapore is centered on
acquisition of those mathematical concepts, which are necessary in everyday life and
on development of mathematical thinking, problem solving skills, communication skills
in the domain of Mathematics and a positive attitude towards learning Mathematics.

The Sciences curriculum (Mullis et & al., 2008) concerns the knowledge and under-
standing of the scientific language, fact, concepts, ideas and scientific instruments,
development of scientific thinking, investigation skills and scientific problem solving
skills, cultivation of ethical attitudes and behavior, which assure the scientific process.
The main interests concern the development of scientific knowledge, abilities and atti-
tudes in contexts as science in daily life, science in society and science and the envi-
ronment. These domains near the Science curriculum from Singapore to the curricu-
lum on which the international testing is based.

Finland occupied the first place in Mathematics and Sciences at the PISA 2006 test-
ing. Malaty (2007, p. 421) enumerates six reasons for success of Finland at international
testing: the successful pre-service teacher education, the culture of the teacher pro-
fession, the effective in-service teacher education, the development of the Mathemat-
ics Education, the daily traditions of school-life and the continuity of teachers’ work.
Bjorkgqvist (2005) also underlined, that there is no one reason for the good results of
Finland on the international tests, but there is a collection of factors that contributed
towards the success. Among these factors the system of in-service and pre-service
teacher education is an essential one.

Finnish Science curriculum emphasizes the nature of a teaching/learning process.
The analysis of the goals formulated for Physics and Chemistry education from 7th
grade to 9th grade permits the identification of many similarities with the goals formu-
lated for the international tests. Thus in the Finland curricula the accent is put on the
acquisition of a set of scientific skills as formulation of questions, perception of prob-
lems, construction and testing of hypothesis, planning and carried out a scientific inves-
tigation, construction of models and using them to explain phenomena, problem solv-
ing etc. (Lavonen, 2006, p. 6). These goals are not only stated, but also applied in prac-
tice. For example, Lavonen (2006) specifies that teaching Science and Chemistry starts
with the investigation of the pupils' empirical knowledge, prior skills, and experiences
acquired by their acting in nature. The construction of the scientific knowledge is made
based on these prior findings. In this construction of the new knowledge experimental
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activity has an important place. Experiments involve students in physical (hands on) and
mental activity (mind on), and help students “to perceive the nature of science and (ii) to
learn new scientific concepts, principles, and models; (iii) to develop skills in experimental work
and (iv) cooperation; and (v) to stimulate the pupils to study physics and chemistry (interest)”
(Lavonen, 2006, p. 4). As it could be concluded from these considerations, the Finish
Science curriculum has a very clear perspective concerning students’ acquisitions in
Science and teachers apply successfully these considerations in practice.

As regarding Mathematics Education, the Mathematics school curriculum has radi-
cally changed several of times in the last decades. Since the 1980’s problem solving
becomes one of the most important goal of Mathematics education (Kupari, 1999).
“Solving problems is not only a goal of learning mathematics but also a major means of doing
so. ... In everyday life and in the workplace, being a good problem solver can lead to great
advantages. ... Problem solving is an integral part of all mathematics learning.” (NCTM,
2000, p. 52). In Finland the policy makers realized, that changing the curriculum is not
enough to change the educational results, so they put an accent on problem solving in
pre-service teacher training, too. Also they organize seminars to help in-service teach-
ers to implement the new curriculum in an effective way. Textbooks based on prob-
lem solving were written. For example, the mathematics textbook for grades 7-9
“Matka matematiikkaan” [A Journey to Mathematics] (Espo & Rossi, 1996) was
launched. The focus in this textbook is teaching mathematics via problem solving, i.e.
almost all contents are introduced using proper problem situations. Pehkonen (2008)
studied how Finnish teachers implement problem solving in their classes and arrives to
the conclusion that teachers in Finland are changing in the direction of a more favor-
able attitude to problem solving. Since 1990 the Mathematics curriculum in Finland
puts accent on everyday life Mathematics.

METHODOLOGY

In this analysis, realized on the Mathematics and Science curricula in Romania, we refer
to the secondary school syllabi for 15 years old pupils, this age being concerned at
international tests. The analysis made on the school syllabi considers original Bloom’s
taxonomy of the cognitive domain, adapted for Mathematics and Science:

® Knowledge (know scientific facts, concepts, method and basic principles);

® Comprehension (understand scientific concepts, interpretate scientific prin-
ciples, translating symbolic representations, make inferences from observa-
tions of phenomena and/or events, estimate consequences based on findings
or data, justifying procedures in a process, explain or illustrate why a solu-
tion is correct, etc.)
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® Application (apply of scientific concepts and theories to explain phenomena
and processes, construct graph from data, use the scientific procedures in
new situations, organize data, choose appropriate information and solve a
problem quantitatively, etc.)

® Analyses (identify patterns and trends, identify a conceptual model based on
a given set of data, identify assumptions in a scientific proposition, recognize
fallacies in an argument, analyze the structure of a scientific investigation, etc.)

® Synthesis (draw conclusions, compare two competing theories applied to an
issue, propose procedures for solving a problem, integrate principles from
different branches of science, plan and develop an investigation starting from
a problem or hypothesis, etc.)

® Evaluation (evaluate conclusions based on scientific data, judge the adequa-
cy of an hypothesis or theory to explain a phenomena, compare solutions
to a problem by taking in consideration their strong and weak points etc.)
(Bloom, 1956).

Taking in account students’ cognitive level and underlining some scientific aspects, we
made some modifications. Knowledge and understanding were grouped together, as
they need simple cognitive operations on the acquired knowledge. Investigation and
modeling were placed on the application level (although generally they are mentioned
on superior levels) because in the analyzed school syllabi these two are referred as
transfer of knowledge in new situations (for example making experiments following
some given steps, realizing observations based on some criteria, using a model for
investigations or illustration of a process etc.).

The core-competencies from Mathematics and Sciences curricula are presented in
Table 3.

— TABLE 3
Core competencies in 5th to 9th grade Mathematics
and Sciences curricula (CNC, 2003; CNC, 2004)
MATHEMATICS PHYsICs, CHEMISTRY AND BIOLOGY
Knowledge, Knowledge and understanding of | Knowledge and understanding

understanding

the concepts, terminology and
calculation procedures specific for
Mathematics (grades 5th to 8th);
Identification of data and
mathematical relations and
correlation of them in function

of the context in which they

of phenomena (Physics, Chemistry),
of specific terminology and concepts
(Physics, Chemistry, Biology),

of the specific methods from
Physics and specific principles

of Biology (grades 5th to 8th);
Reception of information about
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— TABLE 3

Core competencies in 5th to 9th grade Mathematics
and Sciences curricula (CNC, 2003; CNC, 2004)

MATHEMATICS

PHYsICS, CHEMISTRY AND BIOLOGY

have been defined (9th grade);

the living world (9th grade);
Understanding and explaining

of some Physics phenomena,

of some technological processes,

of the operation and use

of technology products found

in everyday life (Physics, 9th grade);
Explanation of some phenomena,
processes, procedures found in
everyday life (Chemistry, 9th grade);

Investigation

Development of the ability of
exploration/ investigation and
problem solving (5th to 8th
grades);

Development of the capacity

to explore/investigate the reality
(Physics, Chemistry, Biology), to do
experiments using specific instruments
and procedures (Physics), to solve
specific problems for Chemistry

and Biology (5th to 8th grades);
Application of scientific experimental
and theoretical investigation

in Physics;

Investigation of some chemical
substances or systems (9th grade);
Exploration of biological systems
(9th grade);

Modeling Utilization of algorithms and Utilization and construction of models
mathematical concepts to and algorithms in order to prove
characterize local or global the principals of the living world
concrete situation (9th grade); (Biology) (9th grade);

Mathematical modeling of various
problem contexts integrating
knowledge from different domains
(9th grade);

Analyzing, Analyzing and interpreting the Development of the capacity to

Transferring & mathematical characteristics of analyze and to solve problems

Integrating a problem (9th grade); (Physics, 6 to 8 grades); Transferring

and integrating biological knowledge
and methods in new contexts
(Biology, 9th grade);

REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION
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MATHEMATICS

Core competencies in 5th to 9th grade Mathematics
and Sciences curricula (CNC, 2003; CNC, 2004)

PHYsICs, CHEMISTRY AND BIOLOGY

Processing data/
Solving problems

Processing quantitative,
qualitative, structural and
contextual data from
mathematical problems
(9th grade);

Expression of quantitative
or qualitative mathematical
characteristics of a concrete
situation and the algorithms
for processing these data
(9th grade);

Solving problems to establish relevant
correlations using deductive and
inductive reasoning (Chemistry)

(9th grade);

Evaluation

Evaluation of consequences

of processes and actions of

the chemical products on their
own person and the environment
(Chemistry) (9th grade);

Communication

Development of the capacity
to communicate on the
mathematical language

(5th to 8th grades);

Development of the capacity to
communicate using the specific
language for Physics/Chemistry/
Biology (5th to 8th grades);
Communication (Physics, 9th grade);
Communication of understanding
concepts in solving problems,
formulating explanations, in
conducting investigations,

and in reporting results
(Chemistry, 9th grade);

Oral and written communication
using the specific biological
terminology (9th grade);

Attitudes

Development of the interest and

motivation to study and apply

mathematics in various contexts.

(5th to 8th grades).

Formation of critical attitudes towards
the effects of Science on development
of Technology and of the society,
raising the interest toward the
protection of the environment
(Physics) (5th to 8th grades);
Development of values and attitudes
regarding the impact of Chemistry
and Biology on nature and society
(5th to 8th grades).

Protection of their own person, of the
others and the environment

(Physics, 9th grade).
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In order to offer a global perspective on the content of the Mathematics and Science
school syllabi, we presented in the same table not only the competences grouped
based on the Blooms’ taxonomy, but also the communication competence and atti-
tudes.

CRITICAL ANALYSIS OF THE ROMANIAN SCIENCE
AND MATHEMATICS CURRICULA

In Table 3 we observe that the main preoccupations of the curriculum developers are
concerning on knowing concepts and mathematical relations, constructing and apply-
ing algorithms for processing data. Mathematical communication and development of
children’ motivation for learning Mathematics are present in the curriculum, but does-
n’t have an important role. The analysis of Mathematics curriculum for 8th grade has
shown that it stops at the analysis level of the cognitive domain taxonomy of Bloom,
without covering the synthesis. The curriculum for 9th grade is similar to those of sec-
ondary school curricula, in addition requires only the integration of knowledge from
various fields. Curriculum in Singapore, for example, which is based on international
tests, specific the need for carrying out imaginative and creative works.

Science curricula address the levels of Bloom’s taxonomy of cognitive domain in an
extremely unequal way. For example, the competence of analysis and problem solving
is listed only in the Physics curriculum for 8th grade. Shouldn’t the students be involved
in analysis and problem solving at Chemistry and Biology classes! The authors of the
Chemistry curriculum for 9th grade have introduced this competence, those of the
Physics curriculum have withdrawn it, as the authors of the Biology curriculum con-
tinues to omit it, but instead they have introduced the competence to do modeling.
Also, in the Chemistry curriculum appears a reference to the evaluation level of the
Bloom’s taxonomy (evaluating the consequences ...). Modeling appears only in the Biol-
ogy curriculum. This omission is serious as in Science the model represents an inter-
face with the nature and modeling is an important tool for knowledge. In consequence,
the construction and utilization of models is an important scientific competence and
should be an important goal for Science teaching. In fact, the analysis of the Science
curriculum shows the fact that the authors have ignored that students must possess,
in addition to the knowledge of science and knowledge from science, series of scien-
tific thinking skills. A positive aspect of these curricula is the references to the every-
day life of the students.

Another aspect, which has to be mentioned, related with the curricula is the dis-
tribution of the competencies for study years. Every school curricula should be con-
structed spirally as regarding the competencies and contents. This principle orientates
the deepening of the knowledge from a study year to the next one. In case of Science
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curricula in Romania this principle is not totally respected. For example, the compe-
tence “Reception of information about the living world” (9th grade) can’t succeed an
“understanding” type competence formulated in 5-8 grades. Also in case of the Physics
curricula, if pupils should be able to make experiments in 6-8 grades, in 9th grade they
should have been expected to design experiment, not only to apply the experimental
method for developing knowledge.

CONCLUSION

Romanian students obtain outstanding results at the international Olympiads of Math-
ematics and Science every year. We enumerate some results in the followings. On
International Mathematics Olympiad in 2006 Romania obtained the 6th place among
90 participating countries (winning 3 gold, | silver, 2 bronze medal); in 2007 the | Ith
place among 93 participating countries (| gold, 4 silver, | bronze); 2009 the |3th place
among 104 participating countries (2 gold, 2 silver, 2 bronze) (IMO 2006, IMO 2007,
IMO 2009). On International Physics Olympiad in 2008 Romania won | gold, 3 silver,
| bronze medals (IPhO 2008); at International Chemistry Olympiad in 2003 won |
gold, | silver, and 2 bronze; in 2008 obtained 3 silver and | bronze medals (IChO 2003,
IChO 2008).

However at the masses, the results are sub mediocre, in the view of the interna-
tional tests. Analysis of Mathematics and Science curricula shows superficial concerns of
the authors of the curriculum in Romania for training and development of those skills
and competencies which are tested on the international tests or which are present in
the curricula of successful countries on these tests. It also shows lack of concern to
remedy the situation by reconsidering existing palette of skills, which are important to
be developed. In conclusion, the effort of adapting the Romanian curriculum to the
international ones should be a priority of Mathematics and Science Education.

Curricula of these subjects are only one cause of this situation; there are many oth-
er possible factors mentioned in the introduction.

A future research is concerned on studying the influence of these factors on the
results of Romanian pupils on international tests.
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